-1- METAL CHELATE COMPLEXES | MMOBI LI ZED ON SOLI D SUPPORTS FOR PEPTI DE
PREPARATI ON Descri ption Chem cal synthesis of peptides is well established.
In principal, tw different nmethods can be distinguished. The synthesis in
solution is often very tine consum ngland therefore not useful for
scientific research, whereas the synthesis on a solid support allows a fast
opti m zat i METGL CIRBIcA THAOMPLEXES INIMOBIPIZEDA SOLAY SUPRIR ES FOR PERBTIDE phase
peptide synthesis (SPPS) are based®RERARAFIOWErrifield technique (Merrifield,
R B., J. Arer. .Chem Soc. 85, 1963, 2149), to synthesize peptides with

defi ned sREREEBYOR an insol ubl e solid support ~which has the benefit that
separation of soluble reagents can easily be handled ( by sinple filtration.
The SPPS has devel oped extrenely fast to a nunber of variants (sumarized
here as Miéihanical dynthesis phtpeptides iandelf @staldlishedt Inherintipbl, cwwongliffereps: 1.
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by the appropriate protecting groups. 4. In the 4th step, the
Kt er m pr destMplg a@wpn-sTh%réRP&j hep i veieogd @%hﬂ%meldogﬁiket@ amurpbeac iof

derivati v, and st @Brinbrizb§ ARaeCds 'MErrififa 165E SMeR8si8f'dhd consists of the
following steps:
1. In a first step, a suitabie solid support matrix (resin) is chosen, to which
an amino acid derivative is fixed covalently through its C-term. Usually the
first C-terminal amino acid of the sequence to be synthesized is anchored to
the solid support by the help of a linker. The amino and side chain functions of
this first amino acid are protected by protective groups according to the state
of the art, usually compatible with Fmoc- or Boc- chemistry.
2. In a second step, the group protecting the N-term of the first amino acid
is selectively removed.

( 3. In a 3" step, the next amino acid derivative corresponding to the 2™
amino acid in the sequence to be synthesized is coupled to the free terminal
amino group of the first amino acid, while themselves having the amino and
side chain function protected by the appropriate protecting groups.

4, In the 4% step, the N-term-protecting group is removed from the freshly
coupled amino acid derivative and step 3 is repeated for the next amino acid.

Thus, solid phase synthesis of peptides includes a cyclic process by which a
defined sequence of amino acids can be built on a solid phase support. At the
end of the process, the peptide is released from the solid support e.g. by
treatment with trifluoroacetic acid (including different scavengers).
Simultaneously, the protecting groups which might have been present at side



Thus, solid phase synthesis of peptides includes a cyclic process by which a
defi ned sequence of am no acids can be built on a solid phase support. At
the end of the process, the peptide is released fromthe solid support e.qg.
by treatnent with trifluoroacetic acid (including different scavengers).

Si mul t aneously, the protecting groups which m ght have been present at side
- 2 - chains of the am no acids, therebygprotecting imdazole-, nercapto-,
carboxy-, am no-, alcohol- or other functionally relevant groups, m ght be
removed. This leads to the final peptide, which often needs to be purified
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at the build up of the primary structure, they cio not provide any tool to
control th&hilensynthesiscal smalopeptidemn (op tocttmeres) iansuadiyt naupyobleruetith es
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the purifi ésequantegt hsltuatse br secandaryCstsystse (e.g9. helix, beta-sheet) and a
tertiary structure (e.g. leucine-zipper, disulfide bridging of domains) to be
constructed. While the various variants of the SPPS technique aim solely at the
build up of the primary structure, they co not provide any tool to control the
intramolecular formation of secondary z2nd tertiary structures in a suitable
way. The lack of control mechanisms on -he folding of larger peptides is even
aggravated by the fact that the simultaneous detachment of all products from
the resin and removal of protective grcups leads to very high local product
concentrations. Under these conditions rot only intramolecular folding occurs.
In many cases, the small proteins released from the resin tend to interact with
each other instead of intramolecular fold ng. Similar probiems occur, when the
lyophitized fractions containing the purified product eluted from the LC-system
are reconstituted with solvent. Thus, intramolecular folding and intermolecular
interactions compete and there is no technique available to control this
process adequately. This often results n functionally useless multimolecular
aggregates, which do not show any desired biological activity.

b) In case of the synthesis of large peptides, it is preferred to use
appropriately modified (protected, partially protected or unprotected) peptide
fragments instead of single amino acid residues for each cycle of synthesis.
Usually, smali fragments are either connected by ligation or fragment



are reconstituted with solvent. Thus, intranolecular fol ding and

I nternol ecular interactions conpete and there is no techni que available to
control this process adequately. This often results in functionally usel ess
mul ti mol ecul ar aggregates, which do not show any desired biol ogical
activity. b) In case of the synthesis of |large peptides, it is preferred to
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peptide fragments instead of single amino acid residues for each cycl e of
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comercially available, these do not cover all |oadings and the best value
for a givei® overcome this problem is by coupling in solution. The classical SPPS does
not provide an approach to bring bott reaction partners in solution and
reattach them during the next step of the cycle, while repeating this procedure
at each step of the synthesis.
c) It is often difficult to control the desired density of starting residues on a
polymeric support and the loading of the resin with the first amino acid often
goes along with racemization. Though many preloaded resins are commercially
available, these do not cover all loadings and the best value for a given

peptide synthesis problem often is hard tc find.

——

Metal affinity had so far only rudimentary application in synthesis of peptides,
which is documented in the publication of Comely et al. (Journal of the
Chemical Society, 2001, 2526-2531). These authors complexed an amino acid
with chromium using aromatic electron-pi-systems e.g. as present in the side
chain of derivatized phenylalanine. These complexes were produced in solution
and the pre-existing chromium complex was then anchored to a solid phase
and one synthesis cycle was performed successfully. While the principal
applicability of metal complex anchoring to a solid phase was demonstrated,
the procedure differs in the following aspects from the invention presented
here.

Comely et al. attach the metal ion to the soluble part of the system first and



pepti de synthesis problemoften is hard tc find. Metal affinity had so far
only rudinentary application in synthesis of peptides, which is docunented
in the publication of Conely et al. (Journal of the Chem cal Society, 2001,
2526- 2531). These aut hors conpl exed an amno acid wth chrom um using
aromatic electron-pi-systens e.g. as present in the side chain of
derivatized phenyl al ani ne. These conpl exges-were produced in solution and
the pre-existing chrom um conpl ex was then anchored to a solid phase and
one synthesis cycle was performed successfully. VWile the principal

applicabiljty of tal compl ex anchor.i to a soljd phase s de strated,
t he procedm%' &\nf:\ggF 2thien Cgﬁhoq?)éﬁooﬁ ﬁaﬁgs%ﬁes LR lsﬁgori"ﬂ\\l/\%?ﬂ' oﬂﬁﬁ? d€nt ed
here. Coneinyeftioflpreséntkehhéreeisirisel droBtthehindat o9 bt iR to afsdlidepisaset em
first and - 4 then anchor the conplex to a solid phase in the second step,

whi | e t he fifsiyead dhepraRere dthee gEoViNG Reptidenchainatth veatsdlid pbese. Thiss to

a solid ph A g ' ' ' solid
phase. Tﬁi %6&5%%FiOzteegpméeﬁgéd?%@%%agcgﬁg%@ggﬁgP P?%edtggswe%bﬁ}% ’e\;r‘{B g:g by
Cornel y, whiscthatiis tHeatresuitingechremiliin-ogntaimingi complaxt at thagdidnphase, athet he
solid phase, the . coqrdinative bond between the am no acid side chai ns. and
ehr omi um | SOOTEaHEer P Ih PAHESBoHE LATVRR Adlr SRR RDARS PRE SBIRT piSor ¢ .

Thus, el ut §@Bngef tHAL L BBhE bativeBn CPFBRiIMOSTd Bhe!sB8Rd %Uﬁpﬁﬁgtﬂh‘g@f %feamalnex

always with chromumin stochionetric anounts being attache _
pepti de. Nef tther cemplexaniithstrempetiterspgiuies dinen@eptide camaieedalways with

Phar maceut gl 3¢ RccBMRIetAE SR hesl el chellnea de,comBlex. fafigdey fe

i nvention presented here 1s characterize t al

i on to theapalysid phdseparaticasiol Yor irteaded praroteieaticahuge tdf 4 beptidptthide

chain. This ends in elution of _the tide wthout substantial anmounts
of netal i@nss%@tﬂ% aﬂ?%cﬁ%ﬁ‘p(l@(i fqrﬁ@ﬁrggfy) égeal”.’v%@q/epfﬁﬁﬂﬁ‘ﬁg‘élalhe%nﬁ exes

formed by granmRidiszety BY SFongBhéiBtioh P thB\RBLI 96 B SAE1ILRE pHfse dril BadiRg

chel ation noieties, which coordinatively
reversible chelation with the peptide chain. This ends up in elution of the
peptide without substantial amounts of metal ions being attached to it.
Comely et al. use very unusual complexes formed by aromatic systems, while
the invention presented here is using chelation moieties, which coordinatively
bind the metal ion via N, P, S or O atoms. These atoms can be part of
standard organic groups. Such groups can be designed and optimized for
chelation and strength of binding using the whole repertoire of organic
chemistry and are not restricted to aromatic systems. The inventive principle
presented here offers thus much greater flexibility and adaptability than the
system of Comely.
The system presented by Comely is in so far disadvantageous in that it needs
inert atmosphere to protect some of the reagents used. Even under these
conditions the yield does not exceed 90% per each step, which means that
longer peptides than maximally decameres can not be expected to show
appropriate vields. The invention presented here and the complex chemistry
used for it are compatible with standard fmoc chemistry and do not need
special atmosphere or instrumentation. Comely employs a harsh procedure
that is slow and destructive to the resin to set the peptide free (48h oxidation
of the grounded polymer with air under white light in DCM).
While no other use was made so far from metal complexes in the field of
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The technical problem to be solved was tc establish a suitable method for solid
phase synthesis, purification and refolding/deaggregation of small and large
peptides including such with above 120 amino acids. To circumvent problems
of the SPPS for large peptides, the peptides should be reversibly attached to
the solid support. Another object of the invention was to refold and separate
synthesized peptides having wundesired misfolded structures and/or
intermolecular aggregates.

This problems could be solved by the method of claim 1.

Provided is the use of an activated solid phase comprising a solid support,
metal chelating ligands covalently bound to the solid support, metal ions M"*
with n = 1 to 3 coordinatively bound to said metal chelating ligands, said
activated solid phase providing coordination sites for the coordinative and
reversible attachment of an anchoring part of a peptide for solid phase peptide
synthesis or peptide purification.
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acids arefor contain natural and/or unnatural amino acids. Furthermore, the
appropriately protected amino acid derivatives or oligomeric fragments being
attached in each cycle of the Merrifield-type sequential reaction schedule can
be chosen freely.

Preferably the solid support is based on silica, glass or cellulose or a polymer
selected from the group consisting of polystyrene resins, melamine resins and
polyvinyl alcohol-based resins.

Other suitable supports of the present invention are for example polystyrenes
having functional entities, wherein said functional entities can be covalently
derivatized with suitable metal chelating ligands. Examples for such functional
entities are chlorotrityl, amino, heterocyclic nitrogen, carboxy, hydroxy,
mercapto and vinyl groups. For the solid phase peptide synthesis free carboxyl
groups or other reactive groups of the solid support have to be protected in a
manner that they can not interfere with peptide elongation procedures.

In a preferred embodiment the solid support contains ferromagnetic particles.
In a further preferred embodiment separation of liquid and activated solid
phase during synthesis cycles is achieved for example by sieving, size-based
separation, centrifugation or magnetic particle separation technology. Reactive
functional groups can be introduced to the solid support by means of reaction
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resins and polyvinyl alcohol-based resins. Qther suitable supports of the
present invention are for exanple polystyrenes having functional entities,
wherein said functional entities can be covalently derivatized with
suitable netal chelating |igands. Exanpl @s-for such functional entities are
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metal chel g(t)brrll 1:I r?gdssol|rc]ia\é8pégrtpesLﬁ{a(i)tleeclgnierigroups are for example amino,
carboxy, methylene, oxy, methylenedioxy, polymethylenedioxy, ethylenedioxy
and polyethylenedioxy groups. For the solid phase peptide synthesis free
carboxyl groups of the metal chelating ligands have to be protected in a
manner that they do not interfere with peptide elongation procedures.

Figure la depicts an example of a solid support derivatized with 5-amino-
1,10-phenanthroline.

To the skilled person, it is easily possible to identify numerous organic
moieties, which are able to coordinatively bind metal ions e.g. from databases
which can be used to find appropriate metal chelating moieties for the metal
chelating ligands according to this invention. Within the framework of this
invention, this existing knowledge can be used to identify suitable moieties,
which are in the scope of the invention. An example of a database containing
the respective data is given with exemplary data for groups suitable to
perform this invention as described herein, given in Table 1, below:



manner that they do not interfere with peptide el ongation procedures. Figure
| a depicts an exanple of a solid support derivatized with 5-am no-

1, 10- phenanthroline. To the skilled person, it is easily possible to
identify numerous organic noieties, which are able to coordinatively bind
metal ions e.g. from databases which can be used to find appropriate netal
chelating noieties for the netal chelatgng |ligands according to this

i nvention. r¥bidiz? ¢dippléR R dafbnt edge
can be used to i1denti F sul talgl(a Bn e '?Se":sahptg ﬁgmrﬁiyri ’ﬁ%ﬁ&éﬁg‘é@?%

i nvent i on. combinatians of a dat abase containing the respective data is given
w t h exenpl ary-dat-a-for- ‘groups- kg'séc% lonf‘step pxpgrgfgr Ak s e RH4-onas

descri bed h ,dghdl grven BL Tt =t —tetow T E&x_f_

Ci ation

constant s offnfkzap! dryTrgdnw metat—Tom—¢ K ERE D K Li

and m M2+, [Fe2+ Cot+ "Nt+" Cuz+""Z'r12"‘2"""|"rﬁ”daz 35 aaPl’

421; 255 BE
...... 3264 941, 4 5,53

7 72 4,89 . :3@5 7622:7_ %3810, 57;

7, 17 4 6,7} ; .,A.‘L.S!..Z.Nl Ce

1, 34: :.... .. 2:6p5

5,95: 4,92

9.21 I i nofisbtat&cacd T 4, 7P
7 82: 10, 1: 12,2 14,77 16,31, 4

10,44? 11, 98 14"33_? 163271943 14 4,24

P Ethylenediaminetetraacetic acid 11,1 14,35 16,5: 18,41 18,8 16,5
' Ethylenediamine 413 55 5 f
1,3-Diaminopropane
trans-1,2-Diaminocyclohexane 1 9! 11,09 6,37
........................................................................................... 2] i .20, 8 11,98
14 1|
1,4,7-Triazacyclononane 15, 6 __‘1“1.‘!\5"
1,4,7,10-Tetraazacyclododecan i16,2
:..1,05
1,45
, 2,26, 2"-Termpyridine
i

2,4,6-Tri(2-pyridy!)- 1,3, 5-tnazin
4-Hydroxypyridine-2,6-

dicarboxylic acid 2
............................................................................... o] 7,52 11,150 13,7, 16,
3 10,2 21§ 19 68§ : ;
2-Methyl-1,10-phenanthroline 1 .. 3. 42 51 595 74 4,96
2 55 7,9 10'§ : "

L

pK values at 25°C. The pK value is definded as the negative decadic logarithm of the
complex association constant K. In each column the pK for each consecutive
association step of the metal ion or its complex ML,.; with an additional ligand
molecule L (MeLny + L == MLy, K=c(MLmn)/(c(MLm-1)*c(L)) is shown. Taken from!
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In a further preferred embodiment, each metal chelating ligand covalently
bound to the solid support contains at least one moiety selected from the
group consisting of triphenylphosphine moieties, aminopurine moieties,
preferably 6-aminopurine moieties, phthalocyanine moieties, 1,10-
phenanthroline moieties, preferably 5-amino-1,10-phenanthroline moieties,
terpyridine moieties, preferably 4'-amino-[2,2';6',2"]terpyridine moieties,
triazacyclononane moieties, preferably [1.4,7]triazacyclononane moieties and
tetraazacyclododecanyl moieties, preferably [1,4,7,10]tetraazacyclododecane
moieties.

Preferably the metal M"* is selected from the group consisting of Mn?*, Cu**,
Ni%*, Co**, zn**, Mg**, Ca*', Fe?*, Fe’* and lanthanide ions, particularly
preferred M™ is Cu®*, Ni*, Co®* and Zn**.

Figure 1b depicts an example of an activated solid phase, comprising a solid
support, covalently bound 5-amino-1,10-phenanthroline metal chelating ligand
and chelated Cu?* metal ions.

Figure 1c depicts an example of an attached peptide, comprising a peptide
residue and an oligohistidine moiety anchoring part, wherein said anchoring
part is covalently attached to an activated solid phase, comprising a solid

Constants of Metal Complexes, Version 7", Texas A&M University, College Station, TX



2,2':6",211-Terpyridine .................. ... .. ... ... 4.44: 7,1 9.51.....
10 7...... 1-r,3. ... ... . ... .. 6 2 20,7 ! 18,6 21,8! 19,1 ' 2,4,6-Tri 2- rid
| -1 3,5-t tiazi n1 12,3: 4- Hyd roxypy ri dine-2,6- .4! 6,71 8, 4!
9,dicarbo lic acid 16,2: 17 3 22,1 1, 10-Phenanthro line 4 09. 585 7 18 7 9
1....7,52: 11,151 13,7; 16,8: 15,8412,08

.................................... == L0 e e -=10, 21 20
19 68: 24,4: 21 0317 1 2|\/Ethy| 1, 10- phenanthroline 31 4,2 5,1 5,97,4 496
........... -'-5" 5 ... ._10: 11,8 7,9" 10,8: 13,9: 16,7: 16, 95!.

12,7 pK valu t val_ue i finded as the tive, decadi

| ogarithm %.rpeqqgg &%%"%&%QQEQC%{“'BR ]dgﬁs?% ant r?'fpeegteﬁgﬁﬁhﬂﬁﬂr‘@ﬁ'gaﬁﬁ f or
each consegid tNelates ToeT atetanigisep of the net aI ion or its conplex M-m1
with an additional ligand nolecule L (MeLm1 + L -~ M.m

K=c(M.m)/(c(Mom1)*c(L)) is shown. Taken from A E. Martell, R M Smth,

'I?hug MOt el tcb§eracd%abftiﬂ§eaﬁ@1or%$orﬁd§%f§ereéﬂcﬁ%'r? & G aBl’ dnlb?ﬁmer?ca

data on the ex formati o i oNsS Wt
nol ecul es amgdk ACidS, ahel latter wanef arendefienrechtn pslamtartingt poiat (foe salid phase

dat ab T dt t abl K t he dat aba f Martell d
Covor Kor s RIGEHS HREGEso-PTh ENe, SHERAR, oby e MBI, SaUke SHRPOHC AN Pon

ligand i nt@sr&e@uem&er\?@éwatp&bam@a et Ewe Q:é@l'dlhtaaéntgtéﬁ of ﬂn@eaema’ﬂed' on
to the solid phase hese ands can also function in the side chain of

si ngl e or sdid gass pre ﬁaemvawr@uadméfﬂ@sarfaﬁm the densisy Q§ attashet peptiylegr oup

t hat binds n n..as t her
preferred aelli dtgpﬁn agﬁa?g%agc@qe@%elcg H?% Fggﬂé&jcova’}lﬂ gﬁ/ec'h oun%al% o&?he
i,ol i d suppsyrithesisj 6]DUﬂ$FI(EHtIdrE&B't refotdingi of ypaﬂ:lcmst @thdf ﬁ@rmiéthemlrmd)ttﬁy the
onsisting_of triphen I_ hi ne noi et am nopurine leties referably
6- ani nopur ?HEY H\g‘ﬁtsﬁéé rﬁoﬁ%ﬁso%%ﬁ e |ré15frb§m '1191@1 ﬂhe@ﬁﬂﬁwspfﬁﬁep
moi eties, preleyaRige of &iE §@ﬁacé@aﬁwééléméeéd ﬂ%nﬁ“?dn%Wr%urfaE@%Pé’é vl
noi eties, preferably 4' -amno-[2,2" ;6 dyrldlne nol et1 es,

and peptide numbers (measured in moles) and/or diameters.

Since complexation reactions are usually fast, attachment can be completed in

the presence of an organic or agueous solvent within a few minutes.

Provided is a process, wherein an anchoring part of a peptide, said anchoring
part is coordinatively bound to coordination sites of an activated solid phase
comprising a solid support, metal chelating ligands covalently bound to the
solid support, metal ions M"* with n = 1 to 3 to said metal chelating ligands, is
detached from said activated solid phase by addition of a competitive ligand.

According to the invention a competitive agent can be added to the anchored
peptides in order to competitively detach the anchored part of the peptide
from the activated solid phase. Preferably the competitive agent is added to
the reagent mixture of the coupling step of a Merrifield-type reaction schedule.
A suitable competitive chelating agent has about the same or weaker affinity
for the free coordination sites at the activated solid phase as each individual
metal ion chelating moiety of the anchoring part of a peptide to said
coordination sites.



triazacycl ononane noieties, preferably [1,4,7]triazacycl ononane noi eti es and
tetraazacycl ododecanyl noieties, preferably [1,4,7, 10]tetraazacycl ododecane
noieties. Preferably the nmetal Mh+ is selected fromthe group consisting of
Whz+, Cuz+, N Z+, CoZ+, ZnZ+, Mgt+, Cat+, Fez+, Fe3+ and | ant hani de ions,
particularly preferred M+ is Cue+, N Z+, CoZ+ and Zn2+. Figure |b depicts
an exanple of an activated solid phase, jgonprising a solid support,

coval ently bound 5-am no-1, 10- phenant hroline netal chelating ligand and
chel ated Cuz+ netal ions. Figure 1c depicts an exanple of an attached
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Version 7", Texas A&M University, College Station, TX - 10 support,

coval ent | y"4388RH n'@x'éi-!'ﬁeﬁo- 1, 10-phenant hrol i ne netal chelating ligand and
chel at ed %ﬁgﬂﬁ% ) gr%ngﬁ]n%}@?’eacﬁ?g%‘cét?ﬁg%t wﬂeﬁfg‘ﬁé}?r\nﬁﬂw %%pékgﬂg:{gmaegaghof ed

(mono- or ofi1 gomeric atter one are reférre
starting penandrarirgppadt gfttecpeptégs isden sligdhietdme msiduee surface of the

tivated solid b trolled ily. Provided that th
e oor t nat i G canirast B8 thecdeiatfimaity & cepftachialt o thel anendriag mach Ghrihens
surface, tpeptitensid YarPfadiviatededolREPHISRS ic apEssibRY Y HiRRIn TheC AYiREAEe)

can be adjusted to the specific needs of synthesis, purification or

ref ol di ng EINtBEINT GEsachivpted selidhAsgds, Byccmmeetitivebagenband Lanenijtasbiedt s
added to tlgg%trideesi n during the 15 attachnment step. The coverage of the
surface can be cal cul ated from known surface area values and peptide
nunber s (nEasar preferregolesshodintmr witlinetkes sMefiifield-typepreaatidoonsarasitie, ons

are usual |y fast, attachment can be conpleted in the presence of an organi c
or aqugous'ye?&?%ﬁ?e% ‘Ftﬁaﬁr'ﬁdfqﬂ.’&{%q{ 2 .e.f%ﬁ'ﬁ\‘)’i”?ﬂaﬁ‘“ﬁg‘gag%%cess, wherein an
anchoring parfiguee 2bPeRé| PancipR! brapeRfddighent is depicted with an example
wherein the anchoring part of the peptide is an oligohistidine residue.
An example of the effect of competitor concentrations on binding of a given
peptide to an activated solid phase is shown in Figure 3a, where detachment
with increasing competitor concentrations is used for elution of a
coordinatively bound peptide. This process is reversible.

In a further provided process, the competitive ligand contains at least one
moiety able to chelate metal ions, preferably a nitrogen containing moiety,
selected from the group consisting of imidazole, N-methylimidazole,
aminopurine, phenanthroline, bipyridine, terpyridine, triazacyclononane and
tetraazacyclododecane, iminodiacetic acid moieties, nitrilotriacetic acid
moieties and ethylendiaminetetraacetic acid moieties.

In another preferred embodiment, the competitive ligands contains structural
moieties having electron pairs for coordinative bonds such as
triphenylphosphine moieties, 6-aminopurine moieties or phthalocyanine
moieties.

Specific examples for the competitive ligand are glutathione,
ethylenediaminotetraacetic acid, imidazole, N-methyi-imidazole,



part is coordinatively bound to coordination sites of an activated solid
phase conprising a solid support, netal chelating |Iigands coval ently bound
to the solid support, netal ions M+ with n =1to 3 to said netal
chelating ligands, is detached fromsaid activated solid phase by addition
of a conpetitive ligand. According to the invention a conpetitive agent can
be added to the anchored peptides in orger.to conpetitively detach the
anchored part of the peptide fromthe activated solid phase. Preferably the
conpetitive agent is added to the reagent m xture of the coupling step of a

Merrifield- e reaction sghedule. A suitable conpetitive chel ating agent
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non-attached peptide. In a preferred enbodinent within the Merrifield-type
reaction schedule, reattachnment is carried out prior to the follow ng
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Preferably mono- or oligomeric amino acids are added at the C- or N-terminus
to the “growing peptide” in a Merrifield-type sequential reaction schedule.

As mentioned before, a growing peptide comprising at least one mono- or
oligomeric amino acids covalently bound to a metal ion of an anchoring part is
regarded as a starting point for solid phase peptide synthesis. Examples for
such starting point is a single glycine residue covalently bound via its carboxyl
group to a metal ion complexing moiety.

Preferably the starting point comprises at least one side chain and/or C-
terminal modification, which is able to coordinate to the metal ions of an
activated solid phase. Said amino acids can be natural or unnatural.

Each anchored mono- or oligomeric amino acid used in a starting point for
solid phase peptide synthesis, has to be compatible with peptide synthesis
protocols.

Preferably the anchoring part of the peptide contains at least one metal ion
complexing moiety, each said moiety comprising at least one nitrogen,
oxygen, phosphor or sulfur containing group which is able to coordinate to the
metal ions of the activated solid phase.



coordi natively bound peptide. This process is reversible. In a further

provi ded process, the conpetitive |igand contains at |east one npiety able
to chelate netal ions, preferably a nitrogen containing noiety, selected
fromthe group consisting of imdazole, N-nethylimdazole, am nopurine,
phenant hrol i ne, bipyridine, terpyridine, triazacyclononane and

t etraazacycl ododecane, i m nodi acetic aciig moieties, nitrilotriacetic acid
noi eties and et hyl endi am netetraacetic acid noieties. In another preferred
enbodi ment, the conpetitive |ligands contains structural noi eti es havi ng
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the coordinative bond of the anchoring part of the peptide to said metal ions.

More preferably the nitrogen containing g-oup, able to coordinate to the metal
ions of the activated solid phase, is selected from the group consisting of
amino, hydroxyl, carboxyl, mercapto, imidazolyl, AN-methylimidazolyl,
aminopurinyl moieties, phenanthrolyl moieties, pyridyl moieties, bipyridyl
moieties, terpyridinyl moieties, triazacyclononanony! moieties,
tetraazacyclododecanyi moieties, iminodiacetic acid moieties, nitrilotriacetic
acid moieties and ethylenediaminetetraacetic acid moieties.

Particularly preferred said moiety comprises 2 to 10 natural or unnatural
amino acids. Suitable side chains for said amino acid containing metal ion
complexing moieties can preferably be selected from imidazolo, aming,
hydroxyl, carboxyl, mercapto, phenanthroline, pyridine, bipyridine,
terpyridine, triazacyclononane, tetraazacyclododecane or purine moieties and
derivatives thereof, which are still able to form metal complexes. Suitable
organic moieties being able to form coordinative bonds with metal ions can be
searched in databases as exemplary shown in Table 1. In order to ensure
peptide elongation procedures free carboxyl groups have to be suitably
protected.



group to a nmetal ion conplexing noiety. Preferably the starting point
conprises at | east one side chain and/or G termnal nodification, which is
able to coordinate to the netal ions of an activated solid phase. Said

am no acids can be natural or unnatural. Each anchored nono- or oligoneric
amno acid used in a starting point for solid phase peptide synthesis, has
to be conpatible with peptide synthesis 14rotocols. Preferably the anchoring
part of the peptide contains at |east one netal ion conplexing noiety, each
said noiety conprising at |east one nitrogen, oxygen, phosphor or sulfur
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nitrilotri acwbti@ine residues.
In a further preferred embodiment said mono- or oligomeric amino acids of
the anchoring part contain at least one 5-amino-1,10-phenathroline moiety.
It is possible to repetitively detach and reattach the growing peptide chain
from and onto the activated solid phase. In a preferred embodiment
detachment is achieved during the coupling step of peptide synthesis, while
reattachment is induced by dilution of the reaction mixture prior to the rinsing
steps preceding the following deprotection. Using these steps, it is possible to
use “transient” liquid phase synthesis and its advantages, especially for
synthesis of large peptides by fragment condensation approaches.

Preferably said anchoring part of the peptide chain is located at the C-terminus
and/or in at least one side chain of the amino acids of the peptide.

In a further preferred embodiment, said anchoring part of the peptide may be
extended by specific groups and/or sequences of natural and/or unnatural
amino acids wich allows further processing and detecting of the peptides.

In a preferred embodiment at least one amino acid of the anchoring part at
the C-terminus of the peptide is extended by one or more amino acids, which

allows detection by detection systems.



acid noieties and et hyl enedi am netetraacetic acid noieties. Particularly
preferred said noiety conprises 2 to 10 natural or unnatural am no acids.
Sui tabl e side chains for said am no acid containing nmetal ion conplexing
noi eti es can preferably be selected fromimdazol o, am no, hydroxyl,

car boxyl, mercapto, phenanthroline, pyridine, bipyridine, terpyridine,
triazacycl ononane, tetraazacycl ododecangsor purine noieties and derivatives
thereof, which are still able to formnmetal conplexes. Suitable organic

noi eti es being able to form coordinative bonds with nmetal ions can be
searched i n databases as exenplary shown in Table 1. In order to ensure
pepti de el ongation procedures free carboxyl groups have to be suitably
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site for a specific protease.

In a further preferred embodiment the starting point is extended by short
amino acid sequences, which code for protease recognition sites. This allows
selective removal of the starting point after the synthesis process and the
folding protocol.

In a preferred embodiment, the peptide is reattached to the activated solid phase
by diluting the reaction mixture of the Merrifield-type sequential reaction schedule
containing the competitive ligand.

Suitable competitive ligands have a similar affinity to the activated solid phase
(metal affinity resin) compared to the affinity of single residues of the,
preferably oligomeric nitrogen groups, of the metal ion complexing moieties of
the anchoring part of the peptide (starting point) to be detached. In a case of
oligohistidine as anchoring part of the peptide, suitable competitive ligands are
imidazole (in aqueous solvents) or N-methyl imidazole (in organic solvents).
Detachment is achieved by adding a large excess (typically 10% - 10° molar
excess of competitive ligand related to the attached ligand) of competitive
ligand compared to the attached peptide to the solvent. For example in
aqueous solvents 100 to 250 mM of imidazole (competitive ligand) are suitable



reattachment is induced by dilution of the reaction m xture prior to the
rinsing steps preceding the follow ng deprotection. Using these steps, it
is possible to wuse "transient"” liquid phase synthesis and its advantages,
especially for synthesis of |arge peptides by fragnment condensation
approaches. Preferably said anchoring part of the peptide chain is |ocated
at the CGtermnus and/or in at |east -on® side chain of the am no acids of
the peptide. In a further preferred enbodi nent, said anchoring part of the
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N-t er mi nusCEPMAtOdrARIIC RiPgedefiseritingr HiA anﬁ'aorang RABE{reMod metal affipity a
specific piRfease. In a further preferred enbodi ment the starting point is
extended by short am no acid sequences, which code for protease recognition
ZI tes. Thiln @ Iforther sprefetriede ermepadinentt attachstentt of gampodmthoafrigerparhefor
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Furthermore provided is a process for purification of, optionally protected,
peptides containing an anchoring part, said anchoring part is coordinatively
bound to coordination sites of an activated solid phase comprising a solid
support, metal chelating ligands covalently bound to the solid support, metal
ions M"* with n = 1 to 3 to said metal chelating ligands, is rinsed, to wash
away contaminants such as remnants of orotecting groups and scavengers or
undesired side products of peptide synthesis.

Another preferred embodiment of the invention makes use of chelating groups
attached in final steps of the synthesis to a peptide (at the amino-terminal
side of the chain, e.qg. a Gly-phenanthroline derivative). In this case,
purification of the raw product from contaminating side products is achieved
by a chromatographic procedure making use of the coordinativly attachment
of a peptide to an activated solid phase. This principle can be applied by using
regular end-capping of free uncoupled amino groups in each synthesis cycle.
In applying this principle, purification of a raw product can be achieved within
a single chromatographic run.

Detachment can be achieved by addition of a suitable competition agent as
described above or by increasing acidity of the soivent to a critical degree,



containing the conpetitive ligand. Suitable conpetitive |igands have a
simlar affinity to the activated solid phase (netal affinity resin)
conpared to the affinity of single residues of the, preferably oligoneric
nitrogen groups, of the netal ion conplexing noieties of the anchoring part
of the peptide (starting point) to be detached. In a case of oligohistidine
as anchoring part of the peptide, suitable conpetitive |igands are

i m dazol e (in aqueous solvents) or N-nethyl imdazole (in organic solvents).
Det achnment is achieved by adding a | arge excess (typically 102 - 106 nol ar

excess of fti | i.gand el to the attached |ligand) of conpetjtive
| i gand conégerr}g'ce?til% #ﬁ%a%g&oatgﬂgw 'S%S:gi'ﬁ@r? Br‘?%éa@MIWve'QPBE’e%n%RﬁQ'WV
aqueous solneithieol80 sbiut) wicH offéidazpiotndrc alegant! Wy | bOUGLCANG an
suitable - 16 to achieve conplete detachnment. At™the sanme conditions

r eat t achmeRPChQIRdmRePtigdanfrevea potaliaflinity fewn. t he sol vent containing the
conpetitive ligand, preferably by a factor of 10 to 20. This leads to a

drop in the concentration of the conpetitive |ligand and provides
r e- at t achnBrovigdéd tihenather geacedse basachonithg pforenmmntioredoepbdidisative aha

support. The nolar _ratio of the conpetitive ligand to the anchoring parts
can be easYq\S?rﬁ‘b?ee?{FFﬁ@WePSP ﬁa??%t'@to éﬁcarigWP 59“‘5 PRR8€acti vat ed solid
phase in the respective solvent by chronatographic procedures eluting the

anchoring part froma netal affinity resin. In a further preferred
enbodi nent Aat PERIeSent fost  esfoldingormisfolsledt structurept i ard/ynt Heaggragatiog a

ol i gohi sti g ' hi N re f i e | kal | ne..or
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eptides contai.ni,ng,an anchori art, said anchorjng part is coordinative
bound to cBUMAtAYITUA RiFees A0 Ber eatatiishiniaCorTerthhitided pepfide: stueUsel | d
support, nBs@ ,-;gh-@ Hd g&pgicgands covalently bound to the solid support,
Wt

nmetal ions + hn=11to3tosaid netal chelating Iigands, is rinsed,
to wash (a) exposure of the peptide to at least one chaotropic or denaturing
agent, and

(b} (b) subsequent exposure to a sequence of solvents to gradually
reduce chaotropy and to provid= reproducible conditions of refolding
and re-establishment of secondary and tertiary structure.

In a preferred embodiment the chaotropic or denaturing agent is selected from
the group consisting of urea, detergents such as sodium dodecylsulfate, high
salt concentrations and mercaptoethanol or mixtures thereof in a suitable
solvent.

Instead of covalent attachment to a suitable resin the present invention
provides the possibility to detach the growing peptide chain during the
coupling step, while it can be attached again before the following steps.
Moreover, the same principle of reversible anchoring of a peptide to an
activated solid phase can be used to control folding of a purified product. For
this purpose, the product is purified and reattached to an activated solid
phase, wherein the ratio of attached peptide molecules (measured in moles) to
surface area of metal affinity resin is chosen in such a way that attached
peptides are not likely to interact with each other. This prefers intramolecular
folding instead of intermolecular interactions (aggregation). Having been



away contam nants such as remmants of _rotecting groups and scavengers or
undesired side products of peptide synthesis. Another preferred enbodi nent
of the invention makes use of chelating groups attached in final steps of
the synthesis to a peptide (at the amno-termnal side of the chain, e.g. a
G y-phenanthroline derivative). In this case, purification of the raw
product from contam nating side produectgs s achieved by a chromatographic
procedure maki ng use of the coordinativly attachment of a peptide to an
activated solid phase. This principle can be applied by using regular
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of a suitable co etition agent as described above_or ;9)[( i ncreasing acidity
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6. ore PrEléd Vit rdtationiof REL OMis ARRE Bl Yin 2 AHEAL BoSiBloH! ineithelhi
of fers anot el’'egant way o chi'ng an anchor pept roma rre
affinity reml mf this\irdeedure dhetstabiliged cprosiuchds ectleasedch éranfi drhenaothwat&dd
coordi natiyv ver t achment.. of . a ptide.to an activate olid
phase. A piceB8asd, BV EFURER . hroninauae b iaRE B o nctedfingcagfud PR,

i nt er nol ecgmaéntaggregat es of an, optionally protected peptide, wherein the
anchoring part of the peptide is coordinatively and reversibly attached to
an activated solid phase, and re-establishing a correctly fol ded peptide
structure, | f t east
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system, although the product can be lyophilized and reconstituted in a suitable
solvent. From this solution the product is coordinatively reattached to an
activated solid phase. This can be done including the use of resins based on
unprotected iminodiacetic acid or trinitriloacetic acids. This is possible since
refolding usually does not use reagents, which activate free carboxylic groups.
Density of attachment (coverage of the surface) is chosen very low in order to
avoid that product molecules come into close contact with each other. After
completion of attachment a series of solvents is passed gradually along the
resin. In principle the first solvents are highly denaturing and/or chaotropic in
order to bring all product molecules in a comparable state of folding.
Gradually, the next steps and solvents will approach physiological conditions in
such a way that molecular folding is supported. At the end of the protocol, the
product molecules are in the desired, preferably aqueous, final solvent,
optionally sealed with e.g. a disulfide bond and can be released from the
activated solid phase.

In a further preferred embodiment, the secondary and tertiary structure of a
peptide is maintained by covalent links between reactive side chains of said
peptide by treating the peptide with suitable agents, comprising the formation
of said covalent links prior to detachment of the peptide from the activated
solid phase.



In a preferred enbodi ment the chaotropic or denaturing agent is selected
from the group consisting of urea, detergents such as sodi um
dodecyl sul fate, high salt concentrations and nercaptoethanol or m xtures
thereof in a suitable solvent. Instead of covalent attachnent to a suitable
resin the present invention provides the possibility to detach the grow ng
peptide chain during the coupling step,loaMdle it can be attached again
before the follow ng steps. Mreover, the sane principle of reversible
anchoring of a peptide to an activated solid phase can be used to control
folding of a purified product. For this purpose, the product is purified
and reattached to an activated solid phase, wherein the ratio of attached
pepti de nofreferably (tmeasovalent nlimikd dejmed bstwéert ereactive ofideethhingf bf rthiey
resin is chasen . in such a way, th ttached .peptides are not likely to
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i nt er mol ecyl|Matichyeiragbhess (aggregation). Having been - 18 - purified and
attached, the product is then treated with a nunber of solvents which allow
a gradual folding of the nolecule and support the correct intranolecular
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sol vent. Usually, nmost preferred soflvent is the elution solvent froma
LC- chromat ography system al though the product can be |yophilized and
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trinitriloacetic acids. This is possible since N
chains of amino acids, preferably by closure of disulfide bonds from free
mercapto groups, the formation of amide bonds, or the formation of stable
aromatic or aliphatic hydrazones are achieved by passing reagent mixtures

along the refolded product, which is attached to the activated solid phase.

Provided is furthermore a specific process, for the synthesis of of a peptide
ofthe sequence

HHHH-XX-TIVESCNRWITFAQSISTLT-pAla-G-G-pAIa-TKKTQLQLEHLLLDLQMCLNGINN-XOXX (1)

with, X = d-alanine and BAla = beta-alanine, comprising the formation of a
disulfide bond between the cysteine residues, thus forming

8§ —s5§

HHHH-XX-TIVES NRWlTFAQSIISTLT-ﬁAla-G-G-BAla-TKKTQLQLEHLLLDLQNJCLNGINN-XX,

wherein X and pAla are as defined above.



refol ding usually does not use reagents, which activate free carboxylic
groups. Density of attachnent (coverage of the surface) is chosen very |ow
in order to avoid that product nol ecules cone into close contact with each
other. After conpletion of attachnent a series of solvents is passed
gradually along the resin. In principle the first solvents are highly
denaturing and/or chaotropic in order to bring all product nolecules in a
conparabl e state of folding. G adually2dhe next steps and solvents w ||
approach physi ol ogical conditions in such a way that nolecular folding is
support ed. At the end of the protocol, the product nol ecules are in the
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the activated solid phase. - Preferably the coval ent |inks forned
bet ween r exstgine "§Bl§-'éle§héf hﬂssweta@liaséioomel@tm@éprwaﬁgeautbermog writh @enibonds,

151 ng_ o 56 < oP oip. e rarliceBifhier iR PSP coptih FaBu AN Eson: o'
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are established for closure of coval ent bonds in convention solution phase
reacti ons can be chosen, too. Provided is a process, wherein the secondary
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is located at the N- or C- termlnal and/or in a side chain of the peptide,
contains at least one metal ion complexing moiety, each said moiety
comprising at least one nitrogen containing group, with the exception of
peptides, wherein said metal ion complexing moiety is an amino acid sequence
of 2 to 5 histidine residues.

Preferably the metal ion complexing groups, preferably nitrogen containing
groups of the provided peptides, are fixed to the N- or C-terminus or part of
the side chain of at least one amino acid and are selected from the group
consisting of amino, hydroxyl, carboxyl, mercapto, imidazolyl, N-methyl-
imidazolyl, aminopurinyl moieties, phenanthrolyl moieties, pyridyl moieties,
bipyridyl moieties, terpyridinyl moieties, triazacyclononanonyl moieties and
tetraazacyclododecanyl moieties, or combinations thereof.

In another preferred embodiment the amino acid moiety comprises single or
oligomeric natural or unnatural amino acids.

In a preferred embodiment, the anchoring part contains at least one imidazolyl
moiety. More preferably, the anchoring part of the peptide contains 1 to 10
imidazolyl moieties.

In another preferred embodiment the amino acid contains at least two, more
preferably 6 to 10 histidinyl moieties. In a preferred embodiment the amino



al ong the refol ded product, which is attached to the activated solid phase.
Provided is furthernore a specific process, for the synthesis of of a

pepti de ofthe sequence

HHHH- XX- TI VESCNRW TFAQSI | STLT- pAl a- G G pAl a- TKKTQLQLEHLLLDLQVICLNG NN- XX (1)
with, X = d-al anine and pAla = beta-al anine, conprising the formation of a
di sul fi de bond between the cysteine respdues, thus formng -S -S
HHHH- XX- TI VES NRW TFAQSI | STLT- pAl a- GG pAl a- TKKTQLQLEHLLLDLQ CLNG NN- XX,
wherein X and (3Ala are as defined above. - 20 The specific process for the
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rovi ded peptides, are fixed to the NN or Gtermnus or part of the side
chain of at |east one amino acid and are selected fromthe group consisting
of am no, hydroxyl, carboxyl, nercapto, imdazolyl, N nethyl-



i mdazolyl, am nopurinyl noieties, phenanthrolyl noieties, pyridyl noieties,
bi pyridyl noieties, terpyridinyl noieties, triazacyclononanonyl nvoieties and
tetraazacycl ododecanyl noieties, or conbinations thereof. in another
preferred enbodi nent the am no acid noiety conprises single or oligoneric
natural or unnatural amno acids. In a preferred enbodi nent, the anchoring
part contains at |east one imdazolyl - ppiety. More preferably, the
anchoring part of the peptide contains 1 to 10 imdazolyl noieties. In

anot her preferred enbodi nent the am no acid contains at |east two, nore

pr ef er abl to hi.sti dj ietihes. . .| referre odi nent _the am no
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the anchoring part contains 1 to 10 im dazolyl noieties. Another advantage
associated with the invention is that netal -affinity resins can be reused
after peptEXamypl@ssis. This can be achieved by renoving the cation and
reloading the resin with the same or another appropriate cation. Since the
bi ndi ng stAlgViatemst he VatISseRC&ations is different fromeach other, a

net hod of ﬂﬂ?i fiying the l\?Nt-B?rh lfoq%rb@reme%g@és rntﬂéggg%gzt and t he

stability of the resultind conpléexes I's ano r ion as
bridgi ng DECMand bet ween Dibkloresiethane {jpept dendyhtiesist grade)g poi nt of t he

synt hesi s. - 22 The invention is further ,ilJugtrated by the follow ng
non-1imit i"r'l(gBExarrp! es. 'E'!’(ﬂlr%\’b%l#'éﬁ‘ﬁ?i(aﬁ V%{H}ésba_nce DIVF
N, N- Di met hygifjor mami de ( pepBLgRzapi/bREs 4, 0T@tRc-7&AVbBhg hl or onet hane

(peptide synthesis grade) HOBT 1-Hydroxybenzotriazol e (anhydrous) DBU
1, 8- Di azab?¥BRP o[ 5, 4, O urkenzotriazeleshsyl-oxy-tris-pyrrolidino-phosphonium-

{ hexafluorophosphate
DIPEA, DIEA N-Ethyldiisopropylamin 98+%
TIS Triisopropylsilan 99%
MeOH Methanol HPLC (gradient grade)
TFE 2,2,2-Trifluorethanol 99.8%
EDT 1,2-Ethanedithiol
HCI Hydrochloric acid
NaOH Sodium hydroxide solution
THF Tetrahydrofurane
DMSO-d¢ Dimethylsulfoxide, deuterated
br broad (signal)
s singlet
( d doublet
t triplet
q quartet
p quintet
m multiplet
TFA Trifluoroacetic acid
NMI N-Methylimidazole

Ni-NTA Superflow Resin (Novagen)



PyBOP Benzotri azol e-1-yl -oxy-tris-pyrrolidino-phosphoni um

hexaf | uor ophosphate DI PEA, DI EA N-Et hyl dii sopropylam n 98+% TI S
Triisopropylsilan 99% McOH Met hanol HPLC (gradi ent grade) TFE
2,2,2-Trifluorethanol 99.8% EDT 1, 2-Ethanedithiol HC Hydrochloric acid
NaOH Sodi um hydr oxi de solution THE Tetrahydrofurane DVSO d6

D met hyl sul f oxi de, deuterated br broad2@si-gnal) s singlet d doublet t
triplet q quartet p quintet mnmultiplet TFA Trifluoroacetic acid NM
N-Met hyl i m dazol e Ni - NTA Superflow Resin (Novagen) - 23 Exanple 1:

Synt hesi s - - Hs4- . I t .St am no acid and

4mol DI Plﬁzaa'f@i %liss%y{j“é’%é?ﬁ %6%%#‘@9:&&%“%\'38% Efﬁg‘h']i s added to 1.0g

of dry 2-chlorotrityl chloride resin (200- 400 nesh) and the m xture all owed

to react for %?ecg nutes on a vortexer. At the end of the reaction the resin
c

is all oned™B the firele afinR 2@irnard 4romal NeBs ppPeAisseived i nl@es drvashed
Lwice w &%@@gﬁ%@u@ ﬁ?gﬁj’é‘f’éﬂr& L of By 2-2Rldbotriey) RARAJSPESH (2oce
400 mesh) and the mixture allowed to react for 60 minutes on a vortexer. At
the end of the reaction the resin is allowed to react twice with 20ml of
DCM/MeOH/DIPEA for 3 minutes, washed twice with 20ml DCM and twice with
DMF. The resin is then treated twice with 20ml piperidine/DMF (1:3) for 3/20
minutes and washed 6 times with 20m| DMF,
( Smmol of the amino acid, 7.5mmol HOBT and 10mmol DIPEA are dissolved in
15ml| DMF. After 5 minutes 5mmol of PyBOP and 10mmol DIPEA are added
and this solution is poured onto the resin. After 60 minutes on a vortexer the
resin is washed 6 times with 20ml DMF, treated twice with 20m!
piperidine/DMF (1:3) for 20/20 minutes and washed 6 times with 20ml| DMF.
In case of the N-terminal amino acd the resin is not treated with
piperidine/DMF.
After attachment of the last amino acid the resin is washed 6 times with 20ml
DMF, twice with 20m! DCM and then allowed to react with 50m! TFE/DCM
(2/8) for 60 minutes. The resin is filtered off, the solvents removed in vacuo
and the crude peptide fragment used without further purification.
The crude peptide, 10mmol CI-HOBT, 10mmol DIEA and 20mmol DIC are
disolved in a minimum dry DCM. The solution is allowed to react for 10
minutes and a solution of 10mmol DIEA and 10mmol Gly-Ome is added. After
2h of vortexing 100ml DCM is added and the solution extracted 3 times with
200ml portions of sodiumhydrogensulfate (1-2moi/1), 3 times with 200ml
portions of concentrated sodiumchloride and3 times with 200ml portions of
sodiumhydrogencarbonate (1-2mol/l). The organic layer is dried over
sodiumsuifate, the solvent removed and the crude peptide used without
further purification.
The crude peptide is dissolved in 50ml TFA/TIS/H.0 (95/2.5/2.5) and allowed
to react for 60 minutes on a vortexer. TFA is removed by coevaporation with
DCM. The crude peptide was dissolved in DMSO and 1000ut purified on a



m nut es and washed 6 tines with 20m DWMF. 5mmol of the amino acid, 7.5mmmol
HOBT and 10nmol DI PEA are dissolved in 15n DMF. After 5 m nutes 5mmol of
PyBOP and 10mmol DI PEA are added and this solution is poured onto the
resin. After 60 mnutes on a vortexer the resinis washed 6 times with 20nl
DMVF, treated twice with 20m  piperidine/DMF (1:3) for 20/20 m nutes and
washed 6 tines with 20mL DMF. | n case &4 the N-ternmnal am no acid the
resin is not treated with piperidine/DM. After attachnent of the |ast
amno acid the resin is washed 6 tines with 20m DV, twice with 20ml DCM

o0, hen a8hpe bty chen i AL O S oo S g5, i 1

is filtered i n vacuo  and e Cr
fragment uedientt rextended t from pGeAhf iagatbos. TFAe (OriRld pept30te, adetomitrile
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sol ution | ConFapiRs0, B ualtAT oveh g0 i 1S Aokt et whs: 20, MM HASI e £A
and 10mol aHdoyb&hes horaested. atA taim. 2h of vortexing 100m DCMis added and
the solution extracted 3 times with 200mlL portions of sodiunmhydrogensul fate

(1-2nol /1), 3 tines with 200m portions of concentrated sodi unchl ori de and3
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crude peptide used without further purification. The crude peptide is

di ssol ved in 50m _ TFA/TI S/ H20 (95/,2.5/2.5 nd _allowed, tq react for 60
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LCM5 System using a Kronasil RP Cl8 um. The |1 near gradient extended
fr om 5% actedmesinrand theymisusdallaweddei tasict for GOomintites ran ©. OBSEKEFFAL over

30 mn. Thed LAY bAlRe"Poadbd thl! Resilds Bfowdd SR PGS tiRR LRAEDGth 2F4n™
DCM/MeQOH/DIPEA for 3 minutes, washed twice with 20ml DCM and twice with
DMF. The resin is then treated twice with 20ml piperidine/DMF (1:3) for 3/20
minutes and washed 6 times with 20mi DMF.

Smmol of the amino acid, 7.5mmol HOBT and 10mmol DIPEA are dissolved in
15ml DMF. After 5 minutes Smmol of PyBOP and 10mmol DIPEA are added
and this solution is poured onto the resin. After 60 minutes on a vortexer the
resin is washed 6 times with 20mlI DMF, treated twice with 20ml
piperidine/DMF (1:3) for 20/20 minutes and washed 6 times with 20ml DMF.
In case of the N-terminal amino acid the resin is not treated with
piperidine/DMF,

After attachment of the last amino acid the resin is washed 6 times with 20ml
DMF, twice with 20ml DCM and then allowed to react with 50ml TFE/DCM
(2/8) for 60 minutes. The resin is filtered off, the solvents removed in vacuo
and the crude peptide fragment used without further purification.

The crude peptide, 10mmol CI-HOBT, 10mmol DIEA and 20mmol DIC are
disolved in a minimum dry DCM. The solution is allowed to react for 10
minutes and a solution of 10mmol DIEA and 10mmol Gly-Ome is added. After
2h of vortexing 100m| DCM is added and the solution extracted 3 times with
200m! portions of sodiumhydrogensulfate (1-2mol/1), 3 times with 200ml
portions of concentrated sodiumchloride and3 times with 200ml portions of
sodiumhydrogencarbonate (1-2mol/l). The organic layer is dried over



Exanpl e 2: Synthesis of Fnoc-dy-Hi ss-Ay-Ove [TAG3] 2mol of the first

am no acid and 4mmol DI PEA are dissolved in 10m dry DCM This solution is
added to 1.0g of dry 2-chlorotrityl chloride resin (200- 400 nmesh) and the
m xture allowed to react for 60 mnutes on a vortexer. At the end of the
reaction the resinis allowed to react twice wwth 20m. of DCM MeOH DI PEA
for 3 mnutes, washed twice with 20nm -DEM and twice with DM-. The resin is
then treated twice with 20nmL piperidine/DMF (1:3) for 3/20 mnutes and
washed 6 tines with 20nl DMF. 5mmol of the am no acid, 7.5mmvol HOBT and

| ommol DI PEA, Issol,ved i,n _15ml DM _Aft 5 mnputes . b | of Py130P and
10mmol DI ﬁéﬁ'@ﬁgugﬁ@ed{he&nﬁ?hﬁﬂ% rQH]QYteldor?"ids%bSuFr %rRQPt{C{gDUrS@gi r‘i‘m er 60
m nut es orfupchepfueieatibAe resin is washed 6 tines with 20nl DV, treated

twce wth 20nml piperidine/DMF (1:3) for_20/20 m nutes and washed 6 tines
with 20m TheFcrudenpeplide ds disselved i SOAHI TRAATHSY Rl §99h% 5/ 28)rand allewed

t ted wi.h ' lchi A\ ¢ ] aci d.th
resini's vaoagt 6t 68 AR e PR IR raine B8 B BhePahdt3 R Wihi Cuea
t(r)] reaf:t VDCH. STvel CFirg méntidélv@sdfﬁsoﬁﬁédﬂému%@tﬂ 'Enﬁif nesonl itpnrffidgt e'hteﬁ OIf,
the sol vents renpyed in. vacyo . and the cryde peptide fragnent used withou
further plélquncﬁaﬁéjﬂa. 'ﬂq‘égcgﬁa@%g‘ﬁ'f‘ae? ﬁﬁ?ﬂ’rgF'PCﬁE @ér,sg%m?mﬂnﬁ Hiveghd
20mol Dl Grabfentdiex@bi@st i frofn @%m&hébys% gp.eElA%glngbl B a%lewo}ﬁge}g

react for 10 mnutes and a solution of |onmo | onmol Qy-

added. Af tispntainingr C\8S%xTy overiS0DDIN . Thadiowd raved wase2@ shiutmitnaed tthact ed

3 tines Wé&orﬁ?&%%g%ﬁf&rga%tg%ﬁﬂi unmhydrogensul fate (1-2nol /1), 3 tines

wi th 200mL ~""po conce td sodiunchloride and3 tinmes with 200ni
p(ort i ons of sodi umhydrogencarbonate (1-2nol/1). The organic layer is dried

over 25 sodiunsulfate, the solvent renoved and the crude peptide_used
Wi t hout fﬁﬁqm@ep};évypmﬁm} Fmoc-GIy-H?s;-Gly-—Hls;.-GIy-OM% TAG4]

2mmol of the first amino acid and 4mmol DIPEA are dissolved in 10ml dry
DCM. This solution is added to 1.0g of dry 2-chlorotrityl chloride resin (200-
400 mesh) and the mixture allowed to react for 60 minutes on a vortexer. At
the end of the reaction the resin is aliowed to react twice with 20ml of
DCM/MeQOH/DIPEA for 3 minutes, washed twice with 20mi DCM and twice with
DMF. The resin is then treated twice with 20ml piperidine/DMF (1:3) for 3/20
minutes and washed 6 times with 20m| DMF.

5mmol of the amino acid, 7.5mmol HOBT and 10mmol DIPEA are dissolved in
15ml DMF. After 5 minutes Smmol of PyBOP and 10mmoi DIPEA are added
and this solution is poured onto the resin. After 60 minutes on a vortexer the
resin is washed 6 times with 20m! DMF, treated twice with 20ml
piperidine/DMF (1:3) for 20/20 minutes and washed 6 times with 20m| DMF.
In case of the N-terminal amino acid the resin is not treated with
piperidine/DMF.

After attachment of the last amino acid the resin is washed 6 times with 20ml
DMF, twice with 20ml DCM and then allowed to react with 50ml TFE/DCM
(2/8) for 60 minutes. The resin is filtered off, the solvents removed in vacuo
and the crude peptide fragment used without further purification.



The crude peptide is dissolved in 50mM TFA/ TI S/H20 (95/2.5/2.5) and al |l owed
to react for 60 mnutes on a vortexer. TFA is renoved by coevaporation with
DCM The crude peptide was dissolved in MEOH and 1000pl purified on a

G | son Nebula LCV5S Systemusing a Kromasil RP C18 columm. The |inear

gradi ent extended from 5% aqueous TFA (0.1% to 80% acetonitrile

(containing 0.085% TFA) over 50 mn. The flowrate was 20 nL/mn and the
absorbance nonitored at 214nm Exanpl e 2% Synt hesis of

Frnoc-d y-Hiss-dy-11111153-dy-Ove [ TAGK4] 2mmol of the first amno acid and
4mmol DI PEA are dissolved in 10m dry DCM This solution is added to 1. Qg

of dry 2- ofHeokpided tpdptidd, onoﬁﬁnbmm@aﬁo 10419191dir9[§f9A HHH Dtfnox tiiice zp6 | owed

to react for 60 mnutes on a vortexer. he end of the reaction the resin
i s al | onedisQvedaot at WmigEMum Hﬂryoﬁamﬂ)f Thmlmm i3 Rilawest ta raacttfes, 10ashed

twice wit T ' n_t j_ce
't h20m TBIETS e BRedP 5 toimoPbiTea Bify A BRMel Byl cits ' SRR Allef
goml IDI él?h bfnvolrtexing heE)O?m DGMatIB dddéd@nmthé%@mtmdeiﬂﬁﬂtdd d Bl ﬂﬂlﬁésl akieh

i ssol ved j 5ml ter 5 m,nutes and 10mmp| DI PEA are
added anoéqrbrWé POSHADS Oqu\,sgdﬂgnhggrqgﬁ@uffﬁge r(és?W At & tEesi WiEhed08/M ! a
vortexer t a?ﬁl:l% 20mL
pi peri di ne%hs?gfbﬁ%wmog%awﬁs]&gﬁg washed st@‘%@?%h\y%ﬁn%w In
case of trs@dmumbvdfmncaﬁbmat@cu6!1-t2|nr¢olﬂésuﬁhfes arganicr dayed Ve t Hried over

pi peridin th t 0 acid the resi,n i. shed
6 tines wéﬁ%ﬁ@% ﬂ%% V\ﬁ!ggﬁg % r?% B%%I ziﬁ 'H{:f% aqqpaf%d L{SSdrévé 0

50m TFE DBOMhet puUBifickébn60 minutes. The resin is filtered off, the sol vents
removed in_vacuo, and the crude peptide fragnent used w thout further

auri i cat i BH Crudgspentide ds qtissahvas i S0mIGHIT e HaG0635/ 2545 andallaed

rzgg‘g‘to' f([))' Qfgr‘e%ct ‘i‘b%'oVﬁﬁnufésaoﬁ“d"bHHEkQF.yT% rdfived! by £88vasoratibAWERht ©
DCM. The crude peptide was dissolved in DMSO and 1000l purified on a
Gilson Nebula LCMS System using a Kromasil RP C18 column. The linear
gradient extended from 5% aqueous TFA (0.1%) to 50% acetonitrile
(containing 0.085% TFA) over 30 min. The flow rate was 20 mL/min and the

absorbance monitored at 214nm.

Example 4: Synthesis of Fmoc-Gly-5-Amino-1,10-phenanthroline
[TAG5]

2ml DIEA, 6mmol CI-HOBt and 12mmol DIC are added to a solution of
2.56mmol Fmoc-Gly-OH in a minimum of DMF. This solution is vortexed for 5

Pl

minutes and a solution of 0.5g 5-Amino-1,10-phenantroline in @ minimum of
DMF is added. The mixture is incubated for 12 hours and diluted with the 5fold
volume of ethylacetate. The solution is washed three times with sodium
hydrogencarbonate. The crude product precipitates, is filtered off and purified
by column chromatography or LCMS. The crude peptide was dissolved in
DMSO and 1000ul purified on a2 Gilson Nebula LCMS System using a Kromasil
RP C18 column. The linear gradient extended from 5% aqueous TFA (0.1%) to
50% acetonitrile (containing 0.085% TFA) over 50 min. The flow rate was 20
mL/min and the absorbance monitored at 214nm.



m nutes and a solution of 10mvol DI EA and 10nmmol dy-Ore is added. After 2h
of vortexing 100m DCMis added and the solution extracted 3 tinmes with
200nl portions of sodiumhydrogensul fate (1-2nol/1), 3 times with 200m
portions of concentrated sodiunchloride and3 tinmes with 200mL portions of
sodi umhydr ogencar bonate (1-2nol/1). The organic layer is dried over

sodi unsul fate, the solvent renoved and the crude peptide used w thout
further purification. The crude pepti ded’s -di ssol ved in 50ml TFA/ TI S/ H20
(95/2.5/2.5) and allowed to react for 60 mnutes on a vortexer. TFA is
renmoved by coevaporation with DCM The crude peptide was dissolved in DVSO
and 1000pl purified on a G Ilson Nebula LCM5S Systemusing a Kromasil RP C18
colum. The |inear gradient extended from 5% aqueous TFA (0.1% to 50%

acet oni t rixamplentsi nSynthe8is YofFA)Bisviert3putoxXycdFisonynetiy R aniino)e
m./mn and the abi rbance_nonitored at 214nm Exanple 4: Synthesis of
Froc- G y- Doghiaacid ITAS8Bnt hroline [TAGS] 2nl DIEA, 6mmol C - HOBt and

12 | D : i - = i } nd f
oF. Thi s b1 SYSAESEs' of EisktemtbtoxyeaMoy Ry Ealikld)-BcByfe, Be™ ©
5- Ami no- 1, hénpykastarn poTAG8aIn a nmi ni num of DM is added. The mixture is

i ncubat ed 12 h d dijuted with the 5fold f ethylacetate.
The sl ut i 4 MElGNEINS Hesevl R RrioRvialf A mipal dsbmiPafic aed Foic s ude
product priagypiesaireand i60 hhirofmHEACAfe aRdoRed i 89 miPYirgabMPN THar RIgRtiedr aphy

or LCMS. The crude peptide was dissolved in DWVSO and {g_OOpI purified on a
G | son NebWPHUIENS Wydexed uSirng dave-offeipitated saks carey fitterat off i ardithe

Ccont ai ni G0 5 R B 20 S kot I orgBhiE 165 °8 ftradted with .
absor bancetheofipltasvied sdiuibaam2x 20D miELANPa®©,: 38y aNhaleOH /bfine 1:1. The
(Bis-tert - OS5 08N G PRI TR! ﬁé’zls 4T1tﬁg)§olvent removed by vacuum destillation and
the crude product is purified by flash column chromatography (ethyl
acetate/hexane 1:4).
'H-NMR (400 MHz, DMSO-ds) ppm 7.42-7.29 (m, SH), 5.10 (s, 2H), 3.60 (s,

2H), 3.50 (s, 4H), 1.38 (s, 18H); LC-MS (ESI): (M+H)* = 394

b) Synthesis of (Bis-tert-butoxycarbonylmethyl-amino)-acetic acid
[TAG8b]

17.5 mmol (Bis-tert-butoxycarbonylmethyl-amino)-acetic acid benzyl ester is
dissolved in 75 ml THF and the catalyst palladium, 10% on charcoal, 0.70 g,is
added. The reaction vessel is flushed several times with hydrogen and the
reaction mixture is stirred under hydrogen until the hydrogen consumption
stops. The catalyst is filtered off over celite and the solvent is removed in
vacuo.

'H-NMR (400 MHz, DMSO-d¢) ppm, 12.2 (br s, 1H), 3.46 (s, 2H), 3.44 (s, 4H),
1.40 (s, 18H); LC-MS (ESI): (M+H)* = 304



acetic acid [ TAGBb] a) Synthesis of

(Bi s-tert-butoxycarbonyl net hyl -am no)-acetic acid benzyi ester [ TAGa] 20
mol d yci ne benzyl ester p-tosylate, 40 mmol Bronp-acetic acid tert- butyl
ester and 60 mvl DI EA are dissolved in 35 mMl dry DMF. The reaction m xture
I's vortexed for 4 days. Precipitated salts are filtered off and the

solution is dissolved in 250 ethyl acetatge- The organic |ayer is extracted
with the follow ng solutions: 2x 200 m 1N NaOH, 3x 1N NaOH brine 1:1. The
solution is dried with Na2SO4, the solvent renoved by vacuum destiilation

acet at o) nARBR]E]) Bt | SPHAGHE o b oo R 4T BUESRI S GRythaefivL |

(s, 2H), Ii:aﬁﬂ)dmpylmtyméﬁc(ds[TAﬁ)lmi] 38 (s, 18H) LC-MB (ESI): (MH)+ =
394 hb) Synt ert b toxycar bo Irret am no) - acetic acid

[ TAG8b] 172 tﬁ% ‘?‘é X"ﬁﬂ’ﬂtﬁu €  acigeibenzlzy |
ester is égmwﬁd;maa?S n1 THE and the cat aI yst pal [ adium 10% on
charcoal, O The reaction vessel is flushed several tinmes
with hydr ozjbrmamﬂ Rensanedigic Roid monabenzyk esterr r3€0 rumaéd roxayd r dderidenand t he

hyd of f |
the. ot verty dFBRkoBME® BRE“gisdcliel i Rl 3’ G iR rafifh o Bor o
1H), 3. 46 fefluxdtuntd.thd gias evdilition kt4Ps.(Fhe $8kdkionLis-ddeviabtlhated( With) 1o mI304 -

28 - Exanple 6: nt hesi s of 4-(Bis-tert-butoxycarbonyl nethyl -
car banoy| )tobiﬁqq ehgrqpe[ pp@gil@g] Isaglssolved in DCM and added drop by drop to a

i on) AP A ETHIB N BARATRYh O DR, oy

c(hl ori de, butyl ester and 26.4 mmol DIEA |n DCM at 0°C. The reaction mixture is stirred
for 1h at 0°C and at room temperature overnight. The solvent is removed in
vacuo and the residue is dissolved in 150 ml diethyl ether. The organic layer is
extracted with the following solutions: 100 ml 1IN HCIl, 100 ml half-
concentrated sodium hydrogencarbonate solution, and 100 ml brine. The
solution is dried over sodium sulfate and the solvent removed in vacuo. The
crude product is purified by silica column chromatography (ethyl
acetate/hexane 1:1).
'H-NMR (400 MHz, DMSO-ds) ppm 7.4-7.2 (m, 5H), 5.08 (s, 2H), 4.11 (s, 2H),
3.91 (s, 2H), 2.38 (t, J = 7.4 Hz, 2H), 2.28 (t, ] = 7.3 Hz, 2H), 1.75 (p, J=7.4
Hz, 2H), 1.41 (s, 9H), 1.39 (s, 9H); LC-MS (ESI): (M+H)" = 450

b) Synthesis of 4-(Bis-tert-butoxycarbonylmethyl-carbamoyl)-butyric
acid [TAG10b]

2 mmol 4-(Bis-tert-butoxycarbony!lmethyl-carbamoyl)-butyric acid benzyl
ester is dissolved in 20 ml THF and the catalyst palladium, 10% on charcoal,
0.09 g,is added. The reaction vessel is flushed several times with hydrogen
and the reaction mixture is stirred under hydrogen until the gas consumption
stops.

The catalyst is filtered off over celite and the solvent is removed in vacuo.
'H-NMR (400 MHz, DMSO-d¢) ppm 12.1 (br s, 1H), 4.11 (s, 2H), 3.91 (s, 2H),
2.30-2.17 (m, 4H), 1.68 (p, }=7.2 Hz, 2H), 1.42 (s, 9H), 1.39 (s, 9H); LC-MS
(ESI): (M+Na)" = 382



two drops DMF are dissolved in 20 Ml dry DCM The reaction m xture is
refluxed until the gas evolution stops. The solution is coevaporated with 10
m toluene. The crude product is dissolved in DCM and added drop by drop to
a solution of 12.0 mmol (tert-Butoxycarbonyl net hyl -am no)-acetic acid tert-
butyl ester and 26.4 mol DIEA in DCM at O0C. The reaction mxture is stirred
for 1h at 0OC and at roomtenperature overni-ght. The solvent is renoved in
vacuo and the residue is dissolved in 150 m diethyl ether. The organic

| ayer is extracted with the follow ng solutions: 100 mM 1N HC, 100 m

hal f- concentrated sodi um hydrogencarbonate solution, and 100 m brine. The
solution is dried over sodiumsulfate and the solvent renoved in vacuo. The
crude prodexamipdepu?i f Syatbesis | iofa 4d[drh0iRhenanthraling5¢yldarbamoyl)-

acetate/helfapﬁél;}oalc}d:ﬂ% 400 VMHz, DMSO-d6) ppm 7.4-7.2 (m 5H), 5.08 (s,

4.11 2.38 (t, J = 7.4 Hz, 2H), 2.2B (t, J = 7.3

Hz, 2 lay Symthesis. 6f iz( He >l
( M+H) T) 45)(7) b‘)’mSynt hesi s Og[ﬁlt))]P ﬁnﬂﬁolﬂ%—ykﬁ%dﬁoﬁﬁb"%%dﬂ :

4- (Bi s- terMﬁYb?ﬁﬁ’r’lﬁEﬂﬁlﬁ%@Lyl car barmyl) butyric acid [TAGLOb] 2 mol

4- (B t

i oo ved Yt adA HERSRNEFe B il SRl L0l A BlrOIRRz e a0 g

g, i s addedn ZhenlrdcbMin 6.8smeholi BIFA asdmadlded\m'rdas 5 inme| - thlohqda*rbgaw- and
th t t d_und til th

e on eSS4k it Lo oYK BD S0k ol SPof TR e
in vacuo solveMVBnd4 @Rcdéd , bﬁ@%@@erﬁ@%d%\ﬂ- \(&ttruufm @éﬁtﬂla‘ﬁoﬁl e e 3. 91
(s, 2H), 2.30-2.17 (m 4H)), D, 2H) , 2 (s, 9H), 1.39 (s,

9H); LC MProdest ys AUvifeg) byﬂey@zse maswld)m@ Qhrczsyatqqsapbvdﬂvlerck Lobar
4-([1,10] FRETSRLIM,| BruanY! SASBATPY S MBhKIh hydFbgehdLiBLAlle, 5 weight-%,

gradient: 20% to 40%)

'H-NMR (400 MHz, DMSO-ds) ppm 10.11 (s, 1H), 9.13 (dd, J=1.6, 4.3 Hz,
1H), 9.03 (dd, J=1.7, 4.3 Hz, 1H), 8.60 (dd, J=1.6, 8.4 Hz, 1H), 8.44 (dd,
J=1.7, 8.2 Hz, 1H), 8.17 (s, 1H), 7.82 (dd, J=4.2, 8.4 Hz, 1H), 7.74 (dd,
J=4.3, 8.1 Hz, 1H), 3.63 (s, 3H), 2.59 (t, J=7.2 Hz, 2H), 2.46 (t, J=7.4 Hz,
2H), 1.95 (p, 1=7.3Hz, 2H); LC-MS (ESI): (M+H)" = 324

b) Synthesis of 4-([1,10]Phenanthrolin-5-ylcarbamoyl)-butyric acid
[TAG12b]

1.5 mmol 4-([1,10]Phenanthrolin-5-ylcarbamoyl)-butyric acid methyl ester are
dissolved in 15 ml 1,4-dioxane and 15 ml destilied water. 1.5 ml of 1 N
solution of potassium hydroxide are added and the solution is refluxed for 1
hour. The solvent is removed by vacuum destillation and the crude product is
purified by reversed phase column chromatography (Merck Lobar RP18
column, eluant: acetonitrile/trifluoroacetic acid, 1 weight-%, gradient: 10% to
20%)

'H-NMR (400 MHz, CD;0D) as K salt: ppm 9.11 (dd, J=1.6, 4.3 Hz, 1H), 9.04
(dd, J=1.6, 4.4 Hz, 1H), 8.65 (dd, J=1.5, 8.4 Hz, 1H), 8.41 (dd, J=1.6, 8.1
Hz, 1H), 8.14 (s, 1H), 7.82 (dd, J=4.4, 8.4 Hz, 1H), 7.74 (dd, J=4.4, 8.1 Hz,
1H), 2.64 (t, 1=7.6 Hz, 2H), 2.36 (t, J=7.2 Hz, 2H), 2.10 (q, J=7.5 Hz, 2H) );
LC-MS (ESI): (M+H)" = 310



a) Synthesis of 4-([1,10] Phenant hrolin-S-ylcarbanoyl)-butyric acid nethyl
ester [TAGL2a] In an argon atnosphere 5 mmol 5-am no-[1, 10] - phenant hrol i ne
are dissolved in 25 mM dry DVW. 6.5 mmol DI EA are added and 5.5 mol

4-chl orocar bonyl - butyric acid nethyl ester are added drop by drop. After
stirring for 1h the solvent and excess base are renoved by vacuum
destillation. The crude product is puwi3do ed by reversed phase col um
chromat ography (Merck Lobar RP18 columm, eluant: acetonitril e/ amoni um
hydr ogencar bonate, 5 weight-% gradient: 20%to 40% 'H NVR (400 MHz,
DMSO- d6) ppm 10.11 (s, 1H), 9.13 (dd, J=1.6, 4.3 Hz, 1H), 9.03 (dd, J 1 7,
4.3 Hz, 1H), 8.60 (dd, J=1.6, 8.4 Hz, 1H), 8.44 (dd, 1=1.7, 8.2 Hz,

8.17 (s, Ijrthetn®dre( thhs d@ﬂta'mmg éthHZ dld&tlbox?hc? éc(d@dern)ét‘ivé?s tifard gﬂltarﬂ;H)
3.63 (s, J=7.4

3 2.5
3=7. 3Hz, 2@30' cae h@sﬁzemr)ed a(nmgousiy gqah%jﬂess ﬁi@ﬁ@@b%d @rotocols
4- ([ 1, 20] Phenant hrol i n-5-yl car banoyl )-butyric acid [TAGL2b] 1.5 nmol
4- ([ 1, 10] Phenant hrol i n-5-yl carbanoyl )-butyric acid nmethyl ester are
di ssolved in 15 m 1, 4-dioxane and 15 m destilled water. 1.5 m of 1 N

sol ution Oé’é$ SSi m% oxide e d the glu fluxe for 1
hour. The @' %Bgléﬁs'éy afi Lﬁ%ﬁeﬁip!‘ éﬂh ﬁeyﬁq"ﬁﬁé ME¥ict is
purified b‘yeﬁm Eim e Ec@ﬁ@gﬁ@“ﬁﬂppraphy (I\/Erck Lobar RP18 col urm,
el uant acet oni tr| le/trifluoroacetic acid, 1 weight- gradient: 10%to

209 ' H NNR 2B@I9RPRAtMOSRieSe ds inshWang, i tmqt (Sdlpad@dlwsh EmaciGly-QH) |

5,01, (SO CT Pghd e sitbendh ol opigheiont s J o) e 9 o,

3=4.4, 8. 1mHzowallb|)ovéh Gelydtem IBiBcovet?, bQIG)EM)2tr8'ée(mme§=f&Sr 30Hzecotids, TRel0

( 3=7. resin ISH?Na)Shed Llt%\ree ttﬁ'ne |th( MM_& and t%ree tlmgs with DCM. The resin is
suspended in 15 ml DCM and 9 mmol DIEA and 10 mmol adipoylchloride are
added. After vortexing the suspension for 30 minutes, the reaction solution is
filtered off and the resin is washed two times with DCM and one time with
DMF. The resin is suspended in 15 ml DMF and a solution of 3 mmol 5-amino-
1,10-phenanthroline and 5 mmol DIEA in 20 ml DMF is added. After vortexing
the suspension overnight the resin is washed six times with DMF and the
product cleaved from the resin by suspending in TFA/TIS/H,0 95:2.5:2.5. The
resin is filtered off and the filtrate is coevaporated several times with
chloroform to yield the product.

This procedure can also be applied analogously to other resin bound peptides
and other activated derivatives of dicarboxylic acids.

Example 9: 5-Amino-1,10-phenantroline / 2-Chlortritylchloride-resin

2mmol 5-Amino-1,10-phenantroline are suspended under inert atmosphere in
50mi dry DMF. To the resulting mixture 5g 2-Chlorotritylchloride-resin (200-
400mesh) is added and the resin is incubated at room temperature for Zhours.
The resin is filtered off and washed with DMF until the excess of Phenantroline
is removed. To block unreacted groups on the resin, it is incubated three times



Furthernore tags containing other dicarboxylic acids derivatives than
glutaric acid can be prepared anal ogously to the here descri bed protocols.
Exanpl e 8: Synthesis of [5-([ 1,10]Phenanthrolin-5-ylcarbanoyl) -

pent anoyl am no] -acetic acid [TAGL5] In an argon atnosphere 1 mmol Wang
resin that is |loaded with Fnoc-Gy-OH (0.7 mmol/g) is suspended in

pi peridine/ DM 1:3 and irridiated in a 3fi crowave oven (system "Di scover" by
CEM three times for 30 seconds. The resin is washed three tines with DW
and three tines with DCM The resin is suspended in 15 nml DCM and 9 nmol

Dl EA and i d M9/ . es. ter rtexing the suspensi on
for 30 m ﬁ{t@b?ﬁeb?ﬂctl oﬁ/%%?\uggghlf'gg ?)Ir| ?@r@&n%%s éﬁh M ig
washed twotimesesvitti t hOBCMDINE. Offes t fesin Weam b&MstorBae ureddrn DMFSBepessad in
15 M DW and a_sol utjgog oé iﬁm‘ml_ 5&61 no; .1, 10-@2enant_hrpl i ne and 5_mol
DI EA in 20°WP % LdRaY AR EFSif ovitR i gions, cthe, EeiRsiSoincybatad &t 30he
resin is washeesSvithtd s@Rired tdplihdn anslitihen DMEOHSE raiRs égj'bv? epfgsi n
by suspending in TFA/ TI S/ H20 95:2.5: 2. 5. tz1The resi nrléésI flgﬁ?ae'{ﬁe o] tjﬁ %ﬁg t he
filtrate i8Nty apRyicalkd: san dessearn. fifterp midditional iy Brwashings ¢hel follmving
product. Thi .£an al so be applied anal ogously to other resin bound
pepti des &r@egpﬁ%r%dgé fé\/(fldt ed derivatives of dicarboxylic acids. Exanple 9:
5- Ami no- 1, &6 pHaMa rMdethyinid2z&Ii002Smiol 4y chl ori de-resin  2mmol

5- Ami no-1, 10- troline are su nded under inert atnosphere in SOm dry
DMVF. To th %ﬁgﬁ'ﬁ?ﬂﬂdgf%ﬁml@aw @pﬁmﬂ& ritylchloride-resin (200- 400mesh)
is added apeh HEBMFERLMetryiit88RS @28k ol/pPm t enperature for 2hours. The

resinis filtered off and washed wth until the excess of Phenantroline

is remved2x5o BMEck unreacted groups on the resin, it is incubated three
times - 31,-,W MeOH DI EA (80:15:5) for 10 mnutes and then
B

washed 3 Inmes DMF. The resin can be stored under DVMF at room

t enper at ur ex15Fdsbpeshdritgd resin with Nit -ions, the resin is incubated for 30
1x5’ DMF
1x30’ DMF

ix1’ Isopropanol
1x15' Isopropanol
1x5" DMF
1x30" DMF
1x1’ Isopropanol
1x15’ Isopropanol
1x5’ DMF
1x30' DMF

Example 10: 5-Amino-1,10-phenantroline / Novasyn TG carboxy-Resin

5g of Novasyn TG Resin are equilibrated with 50ml dry DMF for 30 min.
10mmol DIEA and 10mmol HOBt are added. After Smin. of incubation 2g of 5-
amino-1,10-phenanthroiine and 10mmol Pybop as well as 10mmol DIEA are
added and the mixture vortexed overnight. The next morning the resin is
washed 6 times with 50m! DMF each. For loading the resin with Nickel 10 ml|
of a saturated solution of Nickel chloride in DMF are added and vortexed for 30
min. After this step the supernatant is removed and the resin is washed with



mnutes with a satured solution of NCIZ in DMF. The resin is washed with
DMF until no nore NiClZ can be seen. After 5 additional DWVF-washings the
following procedure is applied: 4x5 DM/ N-Methylim dazol (0.25nm0l/1)
4x15' DMF/ N- Met hyl i mi dazol (0.25nm01/1) | x| 2hDVF/ N- Met hyl i m dazol
(0.25m1/1) 2x5' DMF 1x1' |sopropanol 1x15' Isopropanol 1x5" DM 1x30'
DMF 1xi' Isopropanol 1x15' |sopropanel 321x5' DWMF 1x30' DMVF i xi'

| sopropanol 1x15' 1sopropanol 1x5 DW 1x30' DM Exanpl e 10:

5- Ami no- 1, 10- phenantroline / Novasyn TG carboxy-Resin 5g of Novasyn TG

Resi hLd ' . 3 L.l | DI EA d |
ot are Lrighes B e oM 806! nd B coBlur ShrTbB saert M Hio ShRaE Rt o1 | ne
and | onrmol AdBdrbpd aexaess af Hibkebl iobsEAs aremoaddedyartthet ollowkigir agmngexed

overnight. The next norning the resinis washed 6 tinmes with 50niL DVF each.
For | oadi ffoFRYsin with Nickel 10 M of a saturated sol ution of Ni ckel

chl ori de i4xPMDRAFAN-MERE i IEa¥R (02X of 30 mn. After this step the
supernatant is renmoved and the re(gi n is/washed with - 32 - batches of 50 ni

DVF until $6iRNHN-Mefihplimidazo!H8.2%®0!l/ih t he supernatant.
1x12h DMF/N-Methylimidazol (0.25mol/l)

2x5" DMF

1x1" Isopropanol

1x15’ Isopropanol

1x5" DMF

1x30' DMF

ix1’ Isopropanol

R

1x15’ Isopropanol
1x5' DMF
1x30’ DMF
1x1' Isopropanol
1x15’ Isopropanol
1x5" DMF
1x30’' DMF

Example 11: Synthesis of 1,4,7-Triazacyclononane/ 2-
Chlortritylchlorid-resin

2.5 g of 2-Chlorotritylchloride-resin (200-400mesh) is suspended in 40 ml dry
DMF. 500 mg 1,4,7-Triazacyclononane trihydrochloride and 2 ml
diisopropylethylamine is added. The resin is incubated at room temperature
for 8 hours. The resin is filtered off and washed with DMF six times. To block
unreacted groups on the resin, it is incubated two times with 20ml
DCM/MeOH/DIEA (80:15:5) for 30 minutes and then washed 3 times with
20ml DMF. Loading of the resin with Nickel can be done according to example
10. The resin is stored under DMF in the refrigerator.



Adsor bed excess of N ckel ions is renoved by the foll ow ng washing
procedure: 4x5" DVF/ N-Met hyli m dazol (0.25n01/1) 4x15" DMF/ N-Met hyl i m dazol
(0.25mo1/1) ixi 2hDVF/ N- Met hyl i mi dazol (0.25n01/1) 2x5° DWF 1x1'

| sopropanol 1x15' Isopropanol 1x5' DMF 1x30' DMF 1x1' |sopropanol 1x15'

| sopropanol 1x5' DMF 1x30' DMF 1x1' Isopropanol 1x15" |sopropanol 1x5'
DVF 1x30' DMF Exanple 11: Synthesis of 3B 4, 7-Tri azacycl ononane/ 2-
Chlortritylchlorid-resin 2.5 g of 2-Chlorotritylchloride-resin (200-400nesh)
is suspended in 40 mM dry DM 500 ng 1,4, 7-Triazacycl ononane
trihydrochloride and 2 m  diisopropyl ethylamne is added. The resin is

I ncubated at roomtenperature for 8 hours. The resinis filtered off and
washed wi tEx@mplei k21 Loadingofitagsk ontathactesingr(batchoexpeeiments) it is

i ncubated two times with 20mM DCM MeOH DI EA (80:15:5) for 30 m nutes and
then washed 3 tinmes with 20m DM-. Loading of the resin with Nickel can be

do]pe. aCCO[ﬂthth@\eeK@sﬁéchvelfbsiﬂ' he weshed i35 tisidy edthinsier (Pdbtide §fithesis
rerrrgerator. -

33
grade). 1mg of the tag is solved in 1ml DMF and 1 drop of DIEA is added. 50pl
of this solution are diluted with 950 water and analyzed by HPLC. The rest of
the mixture is added to the washed resin and incubated for 30 minutes. To
check the attachment of the tag to the resin 50ul of the solution are diluted
with 950! water and analyzed by HPLC.
Example 12a: Loading of TAG1 onto Ni-Phenantrolin-2CI-Trt-Resin
The HPLC of the supernatant liquid shows no more detectable TAG1.
Example 12b: Loading of TAG3 onto Ni-Phenantrolin-2CI-Trt-Resin
The HPLC of the supernatant liquid shows no more detectable TAG3. The
remaining traces with a similar retention time are minor impurities that did not
bind. This example also shows the potertial of the method for purification of
products from contaminants.
Example 12c: Loading of TAG4 onto Ni-Phenantrolin-2CI-Trt-Resin
The HPLC of the supernatant liquid shows no more detectable TAG3.
Example 12d: Loading of TAG3 onto Ni-Phenantrolin-Novasyn-TG-resin

The HPLC of the supernatant liquid shows no more detectable TAG3.

Example 13: Elution of TAG3 from the resins (batch experiments)



Exanpl e 12: Loading of tags onto the resins (batch experinents) 1m of the
respective resin is washed 3 tinmes with DMF (peptide synthesis grade). 1ng
of the tag is solved in 1nl DMF and 1 drop of DI EA is added. 501 of this
solution are diluted with 9501 water and anal yzed by HPLC. The rest of the
m xture is added to the washed resin and incubated for 30 mnutes. To check
the attachnment of the tag to the resim 5@ -of the solution are diluted wth
9501 water and anal yzed by HPLC. Exanple 12a: Loading of TAGL onto

Ni - Phenantrolin-2C -Trt-Resin The HPLC of the supernatant |iquid shows no

nmore det ecf f e ' ' t

Ni - Phenant r(ﬁﬁl 8 -2&8@]'?'?? ngg’r? ar%%“ﬁﬁh%ag% E??]%H g’l@?%ﬁﬂaﬁtm'xwm aﬂ%v@eno
nmore det ecneatm 6DTM@ inthelOr pordiamisngrhe aueermatant diquiidi isaremevedt ardh thene
are m nor ur.i id not This. exanpl.e al so shows the

poterti al r@p HQEH§$W9h%FO§"HUP?q5 ‘Hgbqgﬁ fBPO k?nﬁ om cont am nant s.
Exanpl e 12c: Loadi ng of TAG onto N -Phenantrolin-2C -Trt-Resin The HPLC of

t he supernat ant liquid shows no npre detectable TAG3. Exanple 12d: Loadi ng
of TAG ort!&N_Gne RN BviathigheaBxidized) iss2ml mingunerL €5eTmel® super nat ant

l'iquid shoqﬁ r T, u AGSfromthe
resins (ba cd?éxdgérﬁsnrﬂﬁtﬁgﬁhﬁle (?g’anycéf)a'ﬁﬁgﬁll éﬁét@ef ?ﬁ"ﬁ{)l vvashed 3 tines
with 20m @RAGEG)r &l ANAHChe resin splitted into 10 portions. The

super nat an and the resins incubated for 5 mnutes with
the foll omﬁﬁé%ﬁh%ﬂwmi@ 01) 6ng gl utathione (oxidized) in 2nml m xture
1 (5mml/l(§rAd3T/&C§§ Q?Bsﬁglﬁld#zé@im@ﬁi mhigeleetsrhmotM m xture 1 (Smol /1)
(TAG3_03) TAG3 _04) 2nl O 1IN HC (TAG3_05) 68ng i m dazole in

TN HOl
2l mixt ur@AGQ3Ae1 /1. %5"'(@' lagele in. @@Wlktﬁr@alzélémm0|2m mxture 1
(10mml 7 1)(taG3_07) 2.72mg imidazole in 2ml mixture 1 (20mmol/I)

(TAG3_08) 0.82mg N-methylimidazole in 2ml mixture 1 {(Smmol/l)
(TAG3_09) 1.64mg N-methylimidazole in 2ml mixture 1 (10mmol/l)
(TAG3_10) 3.28mg N-methylimidazole in 2mi mixture 1 (20mmol/l)

For experiments on the elution with higher concentrations of imidazole and N-
methylimidazole the experiments are carried out by using the resins from
tubes (TAG3-07) and (TAG3_10). These resins are incubated with increasing
concentrations of the elution reagents (100mmol, 200mmol, 500mmol), the
supernatant liquid is analyzed and the resin is incubated for 5 minutes with
the next concentration of elution reagent.

Results:

Elution of the tags can be easily achieved with hydrochloric acid.
Concentrations above 100mmol/l of imidazole or N-methyl-imidazole also elute
effectively.

Example 14: Binding and Elution of TAG3 from Ni-NTA Resin (FPLC-
Experiments)

Peptide: TAG 3 (Fmoc-(His)s-OMe, M = 1191.25 g/mol), HPLC-grade
Resin: Ni-NTA SuperFlow (Capacity about 5 pmol/ml)



(TAG3_07) 2.72ng imdazole in 2ml m xture 1 (20mmol /1) (TAG3_08) 0.82ny
N-nmet hyli m dazole in 2ml m xture 1 (5mmol /1) (TAG3_09) 1.64ngy

N-net hyli m dazole in 2nl mxture 1 (10mmol /1) (TAG3_10) 3.28ny

N-net hyli m dazole in 2nl m xture 1 (20mmol /1) For experinments on the elution
wi th hi gher concentrations of imdazole and N- nethyli m dazol e the
experinments are carried out by using théXxesins from tubes (TAG-07) and
(TAG3_10). These resins are incubated with increasing concentrations of the
elution reagents (i DOmol, 200mrol, 500mml), the supernatant liquid is
anal yzed arglykdie siepad 2.6 rhincubated for 5 minutes with the next
concentration of elution_reagent. Results: Elution of the tags can be

easi | y acHiRkWeBquinmnenty dkldarPharmaciei d.  Concentrations above 100mmol /| of

i mdazole or N-nethyl-imdazole also elute effectively. Exanple 14: Binding
and Elution of TAG3 from Ni - NTA Resin (FPLC- Experinments) Peptide: TAG 3
(Fnoc- (H QBEIQMen with AiQatiRbingidaeble, HPLC- grade Resin: Ni - NTA Super Fl ow
(Capacity about 5 prnol/m) - 35 - Colum: Biorad 2.0 nl FPLC Equi pnent: Akta
Pharmacia a) Elution with N-Methylimdazole 1.1 ng (0.92 pnol) TAG 3 in

0.75 m E af] El t A i
2,2,2-Trif ‘3(’}?’\ t dé%ﬁ'?’h@'c’f%?%‘ﬁ%?& @fﬁ)’ﬁeéﬁl% ﬁ-rﬁ/é?%?ﬂ?dm dazol
1:1: +1% +5riveRt ueht B, 2-ErFfR0EWhaAd MM, O1 Dilsoprdpy e bylamiky v ethyiimidarol
Program |Ipj.ect (5 A -9 Wash (10 Ml A) -> G adient: Elution (0 %B 4 100
% B for 0{];?1;:&13&%516‘ 5 mM B) 9 Regeneration (8 m A)

Eluent B: TFE/H,O/DIEA/NMI 1:1:4+1%:+500mM

Flow: 1 ml/min

Program: Inject (5 ml A) = Wash (10 ml A) = Gradient: Elution (0 % B - 100
% B for 10 ml) = Hold (5 ml B) & Regeneration (8 ml A)

TAG 3 is bound quantitatively and elutes at N-methylimidazole concentrations
of 100-125mM. Such an FPLC-procedure can also be used to determine
threshold concentrations, above which tre anchoring molecule is effectively
competed by the chelating agent. Below the threshold concentration, the
anchoring molecule is still bound to the resin. In a batch procedure, dilution of
the mixture to a point below a thresrold concentration would refix the
dissolved anchoring molecule to the resin.

b) Elution with hydrochloric acid

2.4 mg TAG 3 (2.0 pmol) in 0.75 ml Eluent A are injected in an Akta FPLC
machine. The following program is run:

Eluent Al; TFE/H,O/DIEA/NMI 1:1:4+1%:+5mM

Eluent B: TFE/H,O/NMI 1:1:45mM

Eluent A2: TFE/H,O/HCI 1:1:+10mM

Flow: 0.5-1 ml/min

Program: Inject (2.5 ml Al) = Wash (10 ml A1) - Gradient: Remove DIEA (0
% B > 100 % B for 10 ml) - then ,Step-Gradient™ to eluent A2 (10mM HCI:
20%, 40%, 60%, 70%)



TAG 3 is bound quantitatively and elutes at N-nethylim dazol e concentrations
of 100-125nmM Such an FPLC-procedure can al so be used to determ ne

t hreshol d concentrations, above which t'e anchoring nolecule is effectively
conpeted by the chelating agent. Bel ow the threshold concentration, the
anchoring nolecule is still bound to the resin. In a batch procedure,
dilution of the mxture to a point below a threshold concentration woul d
refix the dissolved anchoring nol ecufe3fo the resin. b) Elution with
hydrochloric acid K 2.4 ng TAG3 (2.0 prol) in 0.75 mM Eluent A are
injected in an Akta FPLC nmachine. The follow ng programis run: Eluent Al:

TFE/ H20/ DiTia&S BMIuteslatrd88s-Bnddnt Muent B: TFE/ H20/NM  1: 1: +5nM El uent A2:
TFE/ 2O HCl 1:1:+10nM Flow. 0.5-1 m/mn Program Inject (2.5 mM A) 4 Wash
(10 mM A) 4 Gadient: Renove DIEA (0 % B 4 100 % B for 10 nl) 4 then

"Step- G a@ ; I |E§gl( H@tp G % 60% 70% - 36 TAG 3

el utes at(iEl ogllégrﬁ ﬁm 5 %ga}gs yntnﬁgg/l S 'Cycle with Fnoc-dy Coupling
of TAG and Fnoc-Ady on TGreS|n im of TG resin which is |oaded with TAG3
i's washed 3 ti.nes w 5ni deprotect the N-term 5nl 20% Pi peridin

i s added Aling qfwtplt“%iaﬁ@u%&gyf E@O"erﬁ 'Mutes. The resin is then washed 6
tinmes with DMF and a preactivated solution of 1mol Fnoc-dy-0OH 2mmol

DI EA, 2mol HOBt and 2nmmol DIC i in a mininumof DMF is added. After 60
m nut es t HeEnk e6iTH-resinaxhiel is ippded with (TAGHIS pashednd tinesivitabinlsDMFres

W th 2m ey hipRted tHehtern] Bl 9BYE Piperidin is added and the resin incubated
for 30 minutes. The resin is then washed 6 times with DMF and a preactivated
solution of 1mmo! Fmoc-Gly-0OH, 2mmol DIEA, 2mmol HOBt and 2mmmol DIC
in @ minimum of DMF is added. After 60 minutes the resin is washed 6 times
with 5ml portions of DMF and 6 times with 2ml portions of water. To cleave
the peptide from the resin, 1ml 1N HCl is added and the resin incubated for 30
minutes.

Result: The cleaved peptide was analysed by LCMS on a Vydac C18 mass spec
column (218MS5415). A gradient from 5 tc 95% B over a period of 30 minutes
and at a flow rate of 1 mi/min was applied (A=water, 0.1% TFA; B=
acetonitrile, 0.085% TFA).

No Educts could be detected. The only peptide present in the mixture showed
the expected mass (M=1247, M2+ = 625). Besides HOBt no other significant
impurities could be detected.

Example 16: Synthesis of TAG5-G-A-Fmoc on Ni-NTA-Resin

2.65mg TAGS were bound in a 1.7ml Omnifit Column on Ni-NTA-resin. The
resin was transferred into a microwave reaction vessel and washed 6times
with 5ml DMF each. Supernatants were discarded and the resin incubated with
5ml 25% Piperidin in DMF while being exposed to 3x30 sec microwave pulses
at 50W each in a Discovery microwave oven (CEM GmbH). The Resin is
washed 6times with DMF. A solution of imM of the desired amino acid
(appropriately protected) in a minimum of solvent (DMF) is prepared. To this
solution 2mmol DIEA, 2mmol HOBt and 2mmol DIC are added. After Smin. of



the peptide fromthe resin, 1m 1N HCl is added and the resin incubated for
30 mnutes. Result: The cl eaved peptide was anal ysed by LCVM5S on a Vydac C18
mass spec columm (218Ms5415). A gradient from5 tc 95% B over a period of
30 minutes and at a flowrate of 1 m/mn was applied (A=water, 0.1% TFA
B= acetonitrile, 0.085% TFA). No Educts could be detected. The only peptide
present in the m xture showed the expected mass (M:=1247, M2+ = 625).

Besi des HOBt no other significant inpufi’ti-es could be detected. Exanple 16:
Synt hesi s of TAGS-G A-Fnoc on Ni - NTA-Resin 2.65ng TAGS were bound in a 1.7ml
Omifit Colum on N -NTA-resin. The resin was transferred into a m crowave

reaction Wﬁé@@étl&ﬂdtlwh%ﬁ@té&ﬁﬁonwihaéaé-d 1, g@&e“ ﬁl el %{:@sﬁn Wehe

di scarded and the resin incubated wt whi ['e bei ng
exposed t onBxgeaved foi SxGhaee vwith SOV each5efxseea:ohpllm ofhedestrmind @cipave

Cheasst 1 deaRmital oY Bradn oAbl el Peethfis WaRfed wERe8owiBN:

(DMF) is puatear@H abové W)s FnsﬂlwtlmhoP_mmDH Did-addaaml tHdORssiantthe masin ol C
are added. After i i ncubation tine, this solution is added to

5 :
t he depr ot'@@‘ﬂl&fieﬂegoﬁ a'-?ﬂj“‘ﬂn crtB%a\?é’EeffaﬁtaB‘RSdig'@@Vﬁﬂt reaBdwWREgserveds t dhe
coupling tica | CT d.
The resi nos:cu vvas%azg lgt ?]r;ggtlaﬁ%%d &%ﬁgpéﬁftﬁaggg@ﬁ;) Hél na|r| @L?E%PD% HC
i s added trecirhelatiesi nLC/M® reyveiales shei caruedt etbdsoof e rp.eptlt:llaeirstlber olyant
removed and serve d, .Th super.nat Lrectly used f nal
LG, CThebsrtid PRdR apt Rt R Bedtie Shripiiiatdns Mste. ftind oA
correct: nagg of the peptide in the only peptide peak detectable.

Non- pepti di c contam nations were HOBt and HOBt- H20 Exanple 17: Purification
qf an IL-2 | mmunoner

Example 17: Purification of an IL-2 Immunomer

Purification of IL-2 Immunomer (I2IMO3A) on Ni-NTA in 2,2,2-
Trifluorethanol/H,0/diisopropylethylamin/iV-Methylimidazol

Peptide: As specified in example 19 (M = 6237 g/mol), crude product from
resin cleavage;
resin: Ni-NTA SuperFlow

76.7 mg (12.2 umol), in 5 ml eluent A, injected in 5 fractions, see

documentation in Figures 3a-c.

column: Biorad 2.0 ml

Eluent A: TFE/H,O/DIEA/NMI 1:1:4+1%:+5mM

Eluent B: TFE/HO/DIEA/NMI 1:1:+4+1%:+500mM

Flow: 1 ml/min

Program: inject (5 mi A) - wash (10 ml A) < gradient: elution (0 % B - 100
% B over 10 ml) = hold (5 ml B) - regenerate (8 ml A)

The desired product elutes in a single peak at about 125mM NMI. The identity
is confirmed by analytical LC-MS.

Example 18: Postsynthetic Modification of a Peptide



Purification of IL-2 I nmunoner (DIM)3A) on NN-NTAin 2,2, 2-

Trifluorethanol /H20/di isopropylethyla mi n/Af- Methyl i midazol Peptide:
As specified in exanple 19 (M 6237 g/nol), crude product from resin

cl eavage; resin: N -NTA SuperFlow 76.7 ng (12.2 pnol), in 5 m eluent A
injected in 5 fractions, see docunentation in Figures 3a-c. | colum:
Biorad 2.0 ml Eluent A TFE/ H20/ DI EA/ NM381:-1: +1% +5nM El uent B:

TFE 2O DIEA/NM  1: 1: +1% +500mM Flow. 1 mi/mn Program inject (5 mM A 4
wash (10 M A) 4 gradient: elution (0 %B 4 100 %B over 10 m) 4 hold (5
m B) 4 regenerate (8 ml A) The desired product elutes in a single peak at
about 125mM NM . The identit is confirmed by anal ytical LC-M5S Exanple 18:
Post synt he€liogungaf the:d'tsudﬂde)gridg@é@thel@eptiee - Closure of the disulfide
bridge in the peptide H2N HHHHGC( Acm) GNGGEC(-rrt) GSGN-O00H Acm and Trt are
standard protecting groups for the SHnoiety at the cysteine residues. The
pepti de wag,N-HHMEGCLLHSNGGRTHSGESERPCOd® synt hesis and prepurified on an
LC M5 Systemtowé puritg abovg 95% im of Ni-NTA-resin which is |oaded with
the pepti dB°MARthdRedraStandasd frokecting Ifuns. fanthengHoRossy atddere/ss®ingt i on
(0.5mol /1) d d n ; WSEU ' at,ed addh b - m
{erper at ur SRS o Pebtie s ytie Ry, hRng Gept 88 Sy tfsh R0
(pH>7) andprepamifiedcarbandC/ M3 Bystem kiGla pandy. abave9686in is filtered off and
the solution anal yzed by LCMS. A single product peak is obtained, which
shows the correct nmass.

iml of Ni-NTA-resin which is loaded with the peptide is washed 3 times with
2ml MeQH. During 2h 50ul iodine solution (0.5mol/l) is added and the mixture

(
incubated for additional 2h at room temperature. The resin is washed 6 times
with MeOH, 3 times with water (pH>7) and then incubated with 2ml HCI (1N).
The resin is filtered off and the solution analyzed by LCMS. A single product
peak is obtained, which shows the correct mass.
Example 19:; Synthesis of an Interleukin-2 Immunomer using refoiding
steps of the procedure provided here
Chemical Formula of the substance to be synthesized:
| S—3 1
| |
{- HHHH—XX-—TIVESE@NRWITFAQSIISTLT—ﬁAla-G—G—[iAla—TKKTQLQLEHLLLDLQMgLNGINN—XX
X = D-Alanin
fAla = beta-Alanin
other letters = standard amino acid ccde

General strategy:

The synthesis is carried out on 2-chlorotrityl chloride resin (200-400 mesh)
with a substitution rate of 0.2mmol/g. The first seven amino acids are coupled
as a fragment. Attachement of the following amino acids is achieved by single,
double or triple coupling with 10fold excess of amino acids and



Exanpl e 19: Synthesis of an Interleukin-2 Imunoner using refolding steps
of the procedure provided here Chem cal Fornula of the substance to be

synt hesi zed: s-s

HHHH- XX- TI VESNRW TFAQSI | STLT- pAl a- G G (i Al a- TKKTQLQLEHLLLDLQPLNG NN- XX X =
D-Alanin Ala = beta-Al anin other letters = standard am no acid code General
strategy: The synthesis is carried out on 2-chlorotrityl chloride resin
(200-400 nesh) with a substitution rate3®f-0.2mol/g. The first seven am no
acids are coupled as a fragnent. Attachenent of the follow ng am no acids
I's achieved by single, double or triple coupling with 10fold excess of

am no aci dp BOﬂ/HOB?/Dm%UdﬂhBE%d@&nFé%UpN'-tf&rrﬁHﬁ'l' tde‘b?étecNohebmfﬁﬂ

deprotectlon of the rowi ng peptide chain is achieved by d | e treatment
with piper gmmegmﬁptlgmmam iR %nmeve,duhv gayble éretahme@ttwatwm'dm/@we

wi th DB ot penl dhna . o262l Sy oA MIRE i o RO IR SO BRI R Bffe O

cycl es use I'S™S oW ng Sch orna cul t
coupl i ngs/ cw;wesﬁcmerrmmgefr néatohpimgrartcbdepg)tei:tlmctlvclelsanm and ibyshown

HPLC- MVB. RES- XX DLLLHEL KKTBGEB- TLISI | SQAFTI WR EVI TXXHHHH
CoUPLING. 5o 35es 1 ing 1EPSBYE piIh A A L S A SR Ly
222222222233@@3@@%90@%33333%%%@3%3@@3@)1 2,3 = nunber of

coupling of deprotection cycles lanine B = B Al anine Protocol 1
Synthesis of the first peptide fragnment 2mmol of the first am no acid and
4mmol DI PEA are dissolved in 10m dry DCM This solution is added to 1.0g
of dry 2-chlorotrityl chloride resin (200-
_ RES-XXNNIGN~LCMQLDLLLHELQLOTKKTBGGE -TLTSIISQAFTIWRNCSEVITXXHHHH
( COUPLING: 22221211111111122222222-223333333333333333333333333
DEPROTECT: 22222222222222322222222-223333333333333333333333333
1,2,3 = number o¢f coupling or deprotection cycles
X

D-Alanine

B B-Alanine

Protocol 1: Synthesis of the first peptide fragment

2mmol of the first amino acid and 4mmol DIPEA are dissolved in 10ml dry
DCM. This solution is added to 1.0g of dry 2-chlorotrityl chloride resin (200-
400 mesh) and the mixture allowed to react for 60 minutes on a vortexer. At
the end of the reaction the resin is allowed to react twice with 20ml of
DCM/MeOH/DIPEA for 3 minutes, washed twice with 20m|l DCM and twice with
DMF. The resin is then treated twice with 20m| piperidine/DMF (1:3) for 3/20
minutes and washed 6 times with 20ml DMF. The attachement of amino acids
2-7 is achieved by the following procedure: Smmol of the amino acid,
7.5mmol HOBT and 10mmol DIPEA are dissolved in 15m| DMF. After 5 minutes
5mmol of PyBOP and 10mmol DIPEA are added and this solution is poured
onto the resin. After 60 minutes on a vortexer the resin is washed 6 times with
20m| DMF, treated twice with 20m! piperidine/DMF (1:3) for 20/20 minutes
and washed 6 times with 20ml| DMF, In case of the N-terminal amino acid the
resin is not treated with piperidine/DMF.

Protocol 2: Cleavage of the peptide fragment



400 nesh) and the m xture allowed to react for 60 m nutes on a vortexer. At
the end of the reaction the resinis allowed to react twce with 20mL of
DCM MeOH/ DI PEA for 3 minutes, washed twice with 20mL DCM and twi ce with

DMF. The resin is then treated twice with 20nl piperidine/DVF (1:3) for 3/20
m nutes and washed 6 tinmes with 20nml DMF. The attachenent of am no acids

2-7 is achieved by the follow ng procedu®:- 5mvol of the am no acid,

7.5mmol HOST and 10mmol DI PEA are dissolved in 15n DMF. After 5 m nutes
5mmol of PyBOP and | ommol DI PEA are added and this solution is poured onto

the resin. aidét Sfta@ﬂer'?ﬁ‘e'h‘t!tcﬁsth@%& NRNiNE K8k Méeru\/g% (snw§§n§\gr%h§®/eg Wito9n th

20mL DMF, treated twice with mL pi peri di ne/ 0 m nutes
and washedDBF; itwdee with 20mi W and these adowetleta\reacthiwith SOmindFEMHAMt he
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i s washed #nd thesrvdd pepfigd frd@vﬁent %@@mﬁdﬂJtZQFﬁheD@Mrm&dtlbhen allowed to
react with 50ml TFE/DCM (2/8) for 60 mnutes. The resin is filtered off,

the sol venfr®t ‘P‘é@fﬁfe%‘:‘-@ttﬁa%ﬂént ahthe Rertide de@gsBpPt de fragment used wi t hout
furth f f
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sol uti on isolatideds tadded o &. Ogrqf dF\cﬁl-ornlot'mUrttyll clttlbhdm ckssim € 206- 400 Or a0
mesh) and thglam xture a

r 12 hours on a rtexer t he
Tra e Ehcand Endintidi 3lowss doiRabF gt 10 Aoyté oict VRrfike? FERIESRE offthe
DCM MeOH DitefiohQthe resif @bﬂ@wew&%h@;‘éct ivice With sGAMSF BCYh ae0 HD IrEAVFd
50m DMF. Protocol 4: COUBM% VIVOf am no acids 8-57 The dried resin is
r

al'l oned t o3 sniELFes, rvagiad ah ROMVRCMI2 R twisie with 3AMLPMY. treated with

DBﬁpPlpg(ralrd'%n w((‘é%@?%%?f)?gﬁﬂggcﬁgt%est ;ﬁgt \i/gs\#efth ??gsofm th 30nl

DVF. | OmoThefdtiée mesimoisaalldwed5boroswelOBR 802 Qiperidimbg BAF a(/3) for 30
minutes, treated with 30ml piperidine/DMF (1/3) for 20 minutes, treated with
30ml of DBU/piperidine/DMF (2/2/96) for 20 minutes and washed 6 times with
30ml DMF. 10mmol of the amino acid, 15mmol HOBT and 20mmol DIPEA are
dissolved in 30ml DMF. After 5 minutes 10mmol of PyBOP and 20mmol DIPEA
are added and this solution is poured onto the resin. After 60 minutes on a
vortexer the resin is washed twice with 30ml DMF and the coupling repeated
once or (in difficult cases) twice for 60 minutes. The resin is then washed 6
times with 30m| DMF. The resin can directly be used to couple the next amino
acid or — after 2 washings with 30m| DCM - dried in vacuo and stored at -

( 80°C.
Protocol 5: Cleavage and deprotection
After coupling of the last amino acid the N-terminal protecting group is
removed by a double treatment with 30mli piperidine/DMF (1/3) for 20
minutes and treatment with DBU/piperidine/DMF (2/2/96) for 20 minutes. The
resin is washed 6 times with 30ml| DMF, twice with 30ml DCM and treated with
50ml TFE/DCM (2/8) for 180 minutes. After filtration the solvent is removed in
vacuo and the protecting groups removed by treatment with 30ml
TFA/TIS/EDT/water (94/1/2.5/2.5) for 180 minutes under an inert
atmosphere, This solution is poured into 300m! cold ether, the precipitate
dissolved in acetonitrile and the peptide purified by RP-HPLC (Kromasil 100 C4




di ssolved in 30m DWMF. After 5 m nutes SOmol of PyBOP and 20mmol DI PEA are
added and this solution is poured onto the resin. After 60 m nutes on a
vortexer the resin is washed twice with :30nl DMF and t he coupling repeated
once or (in difficult cases) twice for 60 mnutes. The resin is then washed
6 tinmes with 30nl DVMF. The resin can directly be used to couple the next
amno acid or - after 2 washings with 3Qnt DCM - dried in vacuo and stored
at - 80C. Protocol 5: Ceavage and deprotection After coupling of the |ast
amno acid the N-termnal protecting group is renoved by a double treatnent

ith 30nl { i /%? ' : ith :
V[\)ABU/ pi peri ié}?pﬁﬁ; BI%EQ?'ZI / é%ﬁg?étp teg%ol%gﬁeuﬁ%ﬂlﬁﬁgad??eeést{yﬁﬁ#gaé%m% r%fogqnﬂgs
with 30nl DEedurd.ce with 30 DCM and treated with 50m TFE/ DCM (2/8) for

180 m nutes. After filtration the solvent is renpbved in vacuo and the
protecting groups renoved by treatnent with 30mL. TFA/ Tl S/ EDT/ wat er

(94/ 1/ 2. 5/ Rrdrnatiely] 8Re TLIBmMUHBHEr A8wigielLCt 2AABEPHEfifed BRiestival Wi

; nis
poured into 300nl cold ether, the precipitate dlssolveg I'n acetonltrlﬁe and
t he pepti d8eflraffinidy aUMP: HPLC (Kronasil 100 C4 - 41 104m 250x4. 6nm) and
the collected fractions directly used for the refolding procedure.
Alternatively, the IL-2 i munoner raw product can be purified effectively on

a netal - dfiLf2 rawy poaduotn 761 . +2g r(@®. Dredoigf in 6ot Bom Buéntorplinjected mbsut 5
m Eluent A, inj ect%ﬁi ig_ 5 é%un s (see also Figures 3a-c) Colum: Omifit
1.7 m B JONIR(SeeRISLOIOBrenARM) 1: 1: +1% +5nM  El uent B: TFE/ H20/ DI EA/ NM
1:1:+1% +500nM Flow. 1 m/mn Program Inject (5 mM A) -4 Wash (16.5 m A

-4 Gadient: Elute (0 %B 4 100
( Column: Omnifit 1.7 m/

Eluent A: TFE/H;O/DIEA/NMI 1:1:+1%:+5mM

Eluent B: TFE/H,O/DIEA/NMI 1:1:+1%:4+500mM

Flow: 1 ml/min

Program: Inject (5 ml A) - Wash (16.5 m|l A) > Gradient: Elute (0 % B = 100
% B Uber 10 ml) - Hold (5 ml B) > Regenerate (8 ml A)

Protocol 6: Refolding Procedure

The respective elution fractions were diluted to a final volume of 20ml using
exactly the same solvent as being present in the elution fraction. This solution
of the purified product was incubated for 30 min. at room temperature with
10ml Ni-NTA Superflow (Qiagen) under slight agitation in a beaker. The
Superflow particles were packed into an empty FPLC Column and attached to
an FPLC-machine. Using the chromatography programme of this machine, the
solvent was exchanged in a 10 min. Gradient by Water, then another 10 min.
gradient was used to change the solvent to a mixture of water/trifluorethanol
(1/1). During a 24h period, this solvent was oxygenized by bubbling oxygen
through the reservoir bottle and using oxygen as atmosphere in the bottle in
order to close the disulfide bridge. During oxygenation, a constant flow of 0.1
ml/min was passed overnight along the column, while the eluate was
constantly recirculated into the reservoir bottle.



0/6 Bfiber 10 M) 4 Hold (5 M B) 4 Regenerate (8 ml A) Protocol 6:
Ref ol di ng Procedure The respective elution fractions were diluted to a final
vol une of 20mL using exactly the same solvent as being present in the
elution fraction. This solution of the purified product was incubated for
30 min. at roomtenperature with 10m N -NTA Superflow (Q agen) under
slight agitation in a beaker. The Super4?ow particles were packed into an
enpty FPLC Columm and attached to an FPLC-nachine. Using the chromatography
programme of this nmachine, the solvent was exchanged in a 10 mn. G adient

by Water, hbeRe e bethd Q4 aerioer?%ifﬁial édué@%ézig%(‘raﬂﬂaédtal?ﬁ $QAUEMHy L0 a

m xture of water/trifl uorethanol ). rrng a period, this solvent
was oxygenflisaifidg/brdaing wgs elytgenby the sisgrofiRiwspbste Boffiered Saline {RBSuPHg

oxygen as at > i i r I h i f.i,de, bridge.
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al ong the colum, while the eluate was constantly recirculated into the
reservoir Eottle - §2 - At f,he enfj 2f_the 24h period, the final product,
bei ng ref oF¥EMBlGy 203 &ewpling; <af 1 (Bis-Serabutgxvsareenylmethylaming)of
using O IV rad CIAGBHITShEN tpt PR BeBtig ol ing of o
(Bi s-tert-but oxycar bonyl et hyl ~an ho) _ acetic acid [ TAGBb] to the N term of
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pr ocedur es 2aghlofeityli drddride rexsiantG0-490 weahddoliovkingl stadidded procéduidkeasTag8b

to the Ntermaof the peptide the procedure for coupling amno acids are
appl i ed andPEgHRAY p E%ﬁ%ﬁﬂ'e &P PEY®SO! . 5srmpl HOBT and 10rmmol DI PEA are

di ssol ved ih tMeouhid M SN5F|ET% f0 gy@ Qipge are

added and thidslrégtl uti 8%6{; sq%ggrbed (L)Hr?t%o t he r%sh\. Al tg%ng%ém nu!tagl?égﬁ%a

vortexer theupléyd rammnonvasicsd aget appledy aral@gosly. Smmo! of Tag8b, 7.5mmol
HOBT and 10mmol DIPEA are dissolved in 15ml DMF. After 5 minutes Smmol

of PyBOP and 10mmol DIPEA are added and this solution is poured onto the

resin. After 60 minutes on a vortexer the resin is washed 6 times with 20ml
DMF, twice with 30mi DCM.

Cleavage and deprotection of the peptide is affected following standard
procedures: The resin is treated with 50ml TFE/DCM (2/8) for 180 minutes.
After filtration the solvent is removed in vacuo and the protecting groups
removed by treatment with 30ml TFA/TIS/water (95/2.5/2.5) for 180 minutes
under an inert atmosphere. This solution is poured into 300ml cold ether, the
precipitate dissolved in acetonitrile and the peptide purified by RP-HPLC
(Kromasil 100 C4 10um, 250x4.6mm).

During the deprotection step the tert.-butyl esters groups of the Tag are
cleaved as well to yield the peptide Tag8-WETGLRLAPL.

LC-MS (ESI): (M+H)*: 1331



DVF, twice with 30mM DCM C eavage and deprotection of the peptide is
affected followi ng standard procedures: The resin is treated with 50ml
TFE/DCM (2/8) for 180 mnutes. After filtration the solvent is renoved in
vacuo and the protecting groups renoved by treatnment with 30m

TFA/ TI S/water (95/2.5/2.5) for 180 m nutes under an inert atnosphere. This
solution is poured into 300nl cold etherd3 tthe dissolved in acetonitrile and
the precipitate peptide purified by RP-HPLC (Kromasil 100 C4 10m
250x4.6mm . During the deprotection step the tert.-butyl esters groups of

he T d I h L,
L5 59 S EyaRlB 281 ek S el i el

4- (Bi s- tercammmkrmwmmmmmmmwmwm ofca peprid Ob] to the N
termof a peptide 1 mmvl of a peptide with the sequence GDQYlI QQAHRSHI has
been prepared on a 2-chlorotrityl chloride resin (200-400 nmesh) follow ng

standard propesdwfes peptiteswithbetk seqliR@PGEO@EIQQRIRSEDIhat. bddn pFESIreto

couple Tagl O to_the N termof the petldethe rocedure_for coupling am no

acids are @ppld ed- mocsaads@'orsﬂmre%ﬂ K2E0cH00 7 repsin)  Falomingn gtangarel
DI PEA are g@%@m‘é‘@aé’ae&éﬂﬂ?wa%ﬁé I,;BdBth%? 15rrrm| of PyBOP and 10mol

Dl PEA are and this solution i onto the resin. After 60
m nut es onlra ordet égecouple FTagleb ite mmeuelﬁntmﬁrﬂme \peptiide0Ohile pbvEeduns tor wi t h

30nmL DCM Cl eavage and deprotectio e s aff ect oW ng
standard  FRURLL pEONOAEEsCaTs, spBlef catalfolith. Sinirorey BeREDby gy SRS s
m nutes. ADBAT ahd | LOMBMADIFEA A URRbIVel reBNebMFY AP RRnLBS BRrEhECt i ng
groups renpved by treatnment with 30mL TFA/ Tl S/water (95/2.5/2.5) for 180

m nut es uﬂGBVB@R ane rkOmmal HiFEAe arermidsledodnd itbis selugenrisPquied @vonthecol d

ether, theresin, After 60 minutes on a vortexer the resin is washed 6 times with 20m|
DMF, twice with 30m| DCM.

Cleavage and deprotection of the peptide is affected following standard
procedures: The resin is treated with 50m! TFE/DCM (2/8) for 180 minutes.
After filtration the solvent is removed n vacuo and the protecting groups
removed by treatment with 30ml TFA/TIS/water (95/2.5/2.5) for 180 minutes
under an inert atmosphere. This solution is poured into 300ml cold ether, the
precipitate dissolved in acetonitrile and the peptide purified by RP-HPLC
(Kromasil 100 C4 10um, 250x4.6mm).

During the deprotection step the tert.-butyl esters groups of the Tag are
cleaved as well to yield the peptide Tag10-GDQYIQQAHRSHI.

LC-MS (ESI): (M+H)*": 1783



precipitate dissolved in acetonitrile and the peptide purified by RP-HPLC
(Kromasil 100 C4 10m 250x4.6mm . During the deprotection step the
tert.-butyl esters groups of the Tag are cleaved as well to yield the
pepti de Tagl O GDQYI QQAHRSHI . LC-Ms (ESI): (MtH) +: 1783 -44- Cains 1. Use of
an activated sol.id phase conprising a solid support, nmetal chelating
| i gands coval ently bound to the solid support, nmetal ions Mhi" with n=1t1to
3 coordinatively bound to said netal dWeIatlng | i gands, said activated
solid phase providing coordination sites for the coordinative and
reversi bl e attachment of an anchoring part of a peptide for solid phase
peptid 1a@hﬁg5|s on said activated solid phase, wherein the peptide is a
gromﬁqg peptide” and subject to peptide elongation procedures. 2. The use
of claiml, mhereln the solid support is based on S|I|ca gl ass

cel I ul ose lor Use pef yiferagivaied e8olid ophasr ErBRESEGNA RO lidg sEpPORal ;‘m&tﬂ ene

resins, mnela fniCl @i N8
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i gand-netal baond. 4, of any of c ne 1 to 3 erein each neta
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elongation procedures,

2. The use of claim 1, wherein the solid support is based on silica, glass or
cellulose or a polymer selected from the group consisting of
polystyrene resins, melamine resins and polyvinyl alcohals.

3. The use of any of claims 1 te 2, whareln each metal chelating ligand
~ contains at least one nitrogen, oxygen, phosphor or sulfur atom which
Is able to establish a coordinative ligand-metal bond.

4, 'The use of any ‘bf claims 1 to 3, Wheréin each metal chelating ligand
contains at Ieast one functional group selected from the group
consisting of amino, heterocyclic mtrogen, carboxy, hydroxyl and
mercapto.

5. The use of any 6f claims 1 to 4, wherein each metal chelating ligand
covalently bound to the solid support contains at least one moiety
selected from the group consisting of triphenylphosphine moietles,
aminopurine ‘rnoieties, preferably  6-aminopurine moieties,
phthaiocyamne moletles, 1,10-phenanthroline moieties, preferably
S-amino-1,10- phenanthrolme moieties,  terpyridine  moieties,
preferably 4.‘-arnmo-[2,2';6‘,2"]te_rpyridine moleties, triazacyclononane
moieties,  preferabiy [1,,‘4,'?:]triazacyclononan_e moieties  and



pht hal ocyani ne noi eties, 1, 10-phenanthroline noieties, preferably

5-am no-1, | Ophenant hroline moieties, terpyridine noieties, preferably
4'-amno-C 2,2':6',Z"]terpyridine noieties, triazacyclononane nvieties,
preferably [1 4, 71tr| azacycl ohonane noi-eties and -45- tetraazacycl ododecanyl
noi eti es, preferabl y [1,4,7,10]tetra azacycl ododecane noieties. 6. The use
of any of clainms 1 to 5, V\/nereln the netal M+ is selected from the group
consi sting of MiZ+; Cue+, Nit+, CoZ+, -#hZ+, MyZ+ , Cat+, Fe2+, Fe3+ and

| ant hani de lons, particularly preferred M+ is Cue}, Nit+, CoZ+l ZnZ* MyZ+.
7. The use of ét}géigcfydm@a yhe anchori nghdqigtiés, of a pepti deppefeftiipched
fromsaid actlvated solid phasé by addition of a corrpetltlve 't gand. 8. The
use of clai m [1,4AgEjtatrabzacuripdodedare mojeties.cont ai ns at | east one noiety
able to chelate netal ions, preferably a nitrogen containing noiety,
sel ected fromthe group consisting of imdazole, N methylim dazol e,
ami nopur i ng, TﬂE%@eanraW GPdgF\hEyi 'tG“SP%N F“éuﬂ?%hb%%a\ M““ '@é?re
tetraazacycl ododecane, I'm nodl acetic éC| noi eti es, race
moi eties and thégroepdicasistirigeof Mnst Co?adiid’, Go?*etﬂn% NB;Z*'I,'r@azdsEeﬁﬁ
claim8, wher non or. ol i rrerl C 0, aci ar e plde e or
N-term nus toﬁ?ﬂé" ‘8\*7?'?\6‘3[5@?}8 S iRp ‘CN/&"V b P§ Fﬂ'eﬂ/ﬁg '%gl:f n'f'ﬁzg'l C&+act|on
schedul e. 10 FZhe*uggzof any of claims 7 to 9, wherein the anchoring part of
the peptide contains ‘at least one metal ion conpl exi ng noi ety, each said
noi ety conpr|5|ng at | east one nitrogen, oxygen, phosphor or sulfur

ot vat ea Lol pibel tati pameid 06 RrtfbRobopid ol F Rl ferachEn.

ni trogen cont gidm saidaetivated solid phase by addition of a competitive ligand.

aC| d

8. The 'use_ of claim 7_,'whe'rein the competitive ligand contalns at least one
ﬁwoiety able to chelate metal ions, preferébly a nitrogen cohtaining
nioléty; selected from the Qroup consisting of imidazole, N-
methylimidazole, aminopurine, phenanthroline, bipyridine, terpyridine,
triazacyclononane, tetraazacyclododecane, iminodlacetic acid moieties,
nitrilotriacetic "acid moleties and ethylendiaminetetraacetic acid

moieties.

9. The use of claim.8, wherein mono- or oligomeric amino acids are added
at the C- or N termmus to the growing peptide in a Merrifield-type
sequential reaction schedule,

10.The use of any’ of claims 7 to 9, wherein the anchoring part of the
peptide contains at least one metal ion complexing moiety, each said
moiety comprising at Ieast one nitrogen, oxygen, phosphor or suifur
containing group which is able to coordinate to the metal lons of the
écti?a_t,ed solid phase. -

11.The use of any of claims 7 to 10, wherein the nitrogen containing group
being able to coordinate to the metal ions of the activated solid phase,
is selected from the group consisting of amino, hydroxyl, carboxyl,



being able to coordinate to the netal ions of the activated solid phase, 1is

sel ected fromthe group consisting of am no, hydroxyl, carboxyl, -46-
mercapt o, i mdazolyl, N-nethylimdazolyl, am nopurinyl noieties,
phenant hrolyl _ noieties, pyridyl noieties, bipyridyl noieties,

terpyridinyl noieties, triazacyclononanonyi noieties, tetra

azacycl ododecanyl noieties, imnodiacetic acid noieties, nitrilotriacetic
acid moieties and ethyl enedi ami netetrad€etic acid noieties. 12. The use of
any of clainms 7 to 11, wherein the anchoring part of the peptide chain is

| ted at th - ] [ t t 1_nO, id side chain. of
Lhe pept | de. | 13 ekaPRe  Bniatafl, | B-RiathBmicSftiyE Tdingbusivg o Relliest 1 e
anchori ng pa\r,\Ehéhahﬂﬁa—dﬁyl‘t‘errﬁbré!&sg)f bbﬁd?ﬁptﬁﬂ@eﬁés,exwmmy Mmoftfds, More

am no aci ds, i ch al | ows detection by detection systens. 14.The use of any
of claims 7 totarpyrigieyki n t heoigliesori ng Seipzacyclonenapuptli de i sneietiesded at

Its N-termnus ] ' eque pr oy di a.recogni,tion site for a
speci fic prot egﬁé%%gg%@éaﬁfﬁan "(géﬁ(ef'ai nif\"levo?igacﬁ{c wh gi n,mQ%lt'&S'

det achnment, theitridegridcdeici sacigatioldtis t and heetholdnsaisirktetdarbBse Jud
diluting the reaction mxture of the Merrifield-type sequential reaction
schedul e cont &'9EHESt he conpetitive ligand. 16. The use of claim1,
conprising a step of refolding msfolded structures and/or deaggregating

I nt er nol ecul ar aggregates of the, optionally protected peptide, wherein the

anchoring ph2.Thef uséeofoanyi ¢ claimscRofgdiNat wiierain aihé BAYR6SHE! parkt dehed to
an activated solid re-establishing a correctlé f ol ded peptide

phase, and ) : { :
structure, cpnﬂPPSF’ﬁg&ﬁ?\B is é@-ﬁﬂi@dcﬁt %Ceﬁﬁpﬁgw&aﬂ/@m@ pk|rasi@neaming east
one chaotropi C 5@(d side chain of the peptide.

13.The use of claim 12, wherein at least one amino acid of the anchoring
part at the C-terminus of the peptide is extended by one or more
amino acids, which allows detection by detection systems.

14.The use of any of claims 7 to 13, wherein the anchoring part of the
peptide is extended at its N-terminus by an amino acid sequence
providing a recognition site for a specific protease.

15.The use of any of claims 7 to 14, wherein, after detachment, the
peptide is reattached to the activated solid phase by diluting the
reaction mixture of the Merrifield-type sequential reaction schedule

A ,r_:’onfalning the competitive ligand.

16.The use of claim 1, comprising a step of refolding misfolded structures

'and]c‘n:". deaggregafing' intermolecular aggregates of the, optionally

protected peptide, wherein the anchoring part of the peptide is

coordinatively and reversibly attached to an activated solid phase, and

re-establishing a correctly folded péptide structure, comprising the
steps of |

(83) exposure of the peptide to at least one chaotropic or

denaturing agent, and



denaturing agent, and 47- (b) subsequent exposure to a sequence of solvents
to gradually reduce chaotropy and to provide reproduci bl e conditions of

refol ding and re-establishnment of secondary and tertiary structure. 17.The
use of claim 16, wherein the secondary and tertiary structure of the

peptide is maintai ned by.coval ent |inks between reactive side chains of said
peptide by treating the peptide with suyitable agents, conprising the
Formati on of said coval ent |inks pridfifo detachment of the peptide fromthe
activated solid phase. 18. The use of claim 17, wherein the coval ent |inks

are disul fide bgnds, am de bonds or stable aromatic or aliphatic

hydr azones. 19.He ussé‘béFqHFﬁfﬁé‘p?,s”'i%tt%rﬂjsﬁuFﬁFe Pﬁe's"é‘ﬁﬂtﬁet?l graguailypept i de
of the sequence ¢ : i

HHHH- ) O( TI VESCNRW TFrAchjéfﬁest%9gXP Y. ?Q% tE?Alpar-o 1 %&?%r_ofﬁfﬂbﬂﬂ 7 'f\'l?i"ﬁn\f)’fox (1)
wi th, X = d-al ani ne eefdlqinga andbeesestablishmeentoopr setorglarie ahdr rtattiany of , a
di sul fi de bond between the cysteine residues, thus formng s-s-

HHHH- XX- TI VES NRW TF%@ YSPT. Al a- G G 4Al a. TKKTQLQLEHLLLDLQVICLNG NN- XX,
wherein X and (3Aia are as defined above. 20. A nethod for solid phase

synt hesis of peptides by non-coval ent attachnent of a grow ng peptide chain
to an abi.Thet vse Kfl Clairpht§e wharsir the secondary \and: tensiang retrudturéofr thepect i ve

solid pha L. _f.ormed. by tal chelate conpl exes with f.ree coordinatjon
sites for PRBHRe S HREREA By AR rksCR e Rl Reshthvh. SR renes, Of fld
activat edﬁ&ptiué byhapgating ol péptide OWRNPSUMRIDIE BHERR) cainprizird CH | N
part of the -48- grow ng peptide chain, wherein the netal chel ate conpl exes
are formation of said covalent links prior to detachment of the peptide from the

activated solid phase.

18.The use of claim 17, wherein the covalent links are disulfide bonds, amide
bonds or stable aromatic or aliphatic hydrazones.

19.The use of ciaims 7, 16 and 17 for the synthesis of a peptide of the

seguence

HHHH-)OC-TIVESCNRWITFAQSHISTLT-Ala-G-G-Ala-TKKTQLQLEHLLLDLQMCLNGINN-XX (1)

with, X = d-alahine and pAla = beta-alanine, comprising the formation
~of a disulfide bond between the cysteine residues, thus forming

HHHH'-XX-TIVESgNRWW FAQSIISTLT-ﬁAIa-G-G-BAIa—TKKTQLQLEHLLLDLQMALNGIN N-XX,

wherein X and ﬁAla are as defined above,

20.A method for solid phase synthesis of peptides by non-covalent
attachment of a growing peptide chain to an activated solid phase,
wherein the active component of the respective solid phase is formed
by metal chelate complexes with free coordination sites for non-
covalent attachment of a growing peptide chain to the activated solid
phase via chelating groups being present at an anchoring part of the



R

formed by conpl exes between a netal ion and a netal -chelating |igand, which
ligand is directly or via a linker nolecule - covalently bonded to the
solid" phase. 21.The nethod according to claim20, wherein a fully
established netal conplex for repetitive synthetic cycles during peptide
synthesis conprises the solid phase, the netal-chelating |igand, the netal
lon - the netal ion being interposed between netal-chelating |ligand and

chel ating groups of the anchoring part48cf the peptide chain - and the

chel ating groups being present in N or Ctermnal position and/or In side

chains of nono- or oligoneric¢c am no, aci ds, which formthe anchoring part of
the peptide GFaMiNghPERtIdE ng‘f‘h.ﬁrﬁnst@%mﬂ%ﬂ nehelete dermplexese are
repetitive syn ' yGl ‘hqd rdi.ng to.a e of t.he
clainms 20 to*gﬁ'?j%\tﬁngbr"éi%rﬁﬁreex-%ﬁo;@gggghegt "g%%?c'gbr %Inﬁlgtq \%‘eg%]t %!E%‘.Fréﬂg of

t he net al |0ﬂi§éihd',hﬁhidlﬂiﬁhhdhi%| at dingetly @2nda h@sinke? treRatile -0E6@alEABY the
force of attachment to the chel ating groups. 23.The nethod according to any
one of the clhangedto the splidahdss.n the nmetal conplex structure consists of
a) netal -chelating |ligands which are covalently fixed to the solid phase

and are able to chelate netal ions via N, O, P and/or S atons, b) netal ions
(Me[n+]; n between 1 and 3, preferably 2, which are conptexed by the

avai | abl o, SLyTTd: Foftbos: a6ForgRD o LR GRETAMeA (Dl estahlshed dpeta
o G Ler i nalThBlek | RrOSBELAVE NyrRRET yeles G peptdes ShESsY
abl e -49- to awonpheeswhehsdlitcphase, thermetetdhaiating digaath ahedmeyalt lon -
partially s el CRIPbRISS Alkellily ShEhELh AkbPERSRal olhe ooa° ™
chelating groups of the anchoring part of the peptide chain - and the
chelating grouﬁs being present in N- or C-terminal position and/or in
side chains of mono- or oligomeric amino acids, which form the
anchoring part of the peptide chain which is growing in a stepwise

manner due to the repetitive synthetic cycles.

22.The method according to any one of the claims 20 to 21, wherein the
nbnfcpilaleh_t and céordinative attach‘ment of the metal ion to the
rﬁ;a(tal-‘ii:hgia_t‘ing 'li:gahd_ _h.as_, a ~stronger force than the force of
attachment to the chelating groups.

23.The method according to any one of the claims 20 to 22, wherein the
metal complex structure consists of

a) metal-chelating ligands which are covalently fixed to the solid phase
and are able to chelate metal ions via N, O, P and/or S atoms,

b) metal ions (Me[n+]; n between 1 and 3, preferably 2, which are
complexed by the metal-chelating ligands, while free coordination sites
still remain available,

c) single or oligomeric natural or unnatural amine acids containing -
naturally occurring or chemically modified - side chains or N- or C-
termirial mpdiﬁcations, which harbour che|ating groups and thus are able



activated solid phase described under a) and b) and clains 1-4, whereby the
chel ating groups are able to chelate netal ions via N, 0, P and/or S atons,
and whereby at |east one, preferably 1-3 chelating groups can be present in
one side chain in order to forma stable anchoring part for attachnent of
the growi ng peptide chain. 24.The nethod according to any one of the clains
20 to 23, wherein the solid phase is characterized by the presence of
functional chem cal groups belng sel-d8ted from anmi no-, heterocyclic
nitrogen-, carboxy-, hydroxyl-, thiol-groups or other functional entities

cher cal o oupl® SER” Bt ik, TREE oqRaRirREleD sl pted JFEL, HF PatRy
derlvatize the Swraﬂ’.tpmgpl‘é’kéb 6f TRbEdI-cHdatig mgdnaawtmcmevﬂuaast@t the
claims 20-23. 25.The nethod according to any one of the clainms 20 to 24,

wherein the nedelivairg salihphesegadassribediunderaa) andihband daisup Indi avheses) e

CorTa phace BBt gD BRAERPE e oot Wil SIS 81 Sherdf
ligands as wel | gesmshandhghétdbydatieastsonss, pmfeﬂa ?d@%ﬁh‘q‘atnﬁb%r‘@p@@ﬁ ®ieng
to claim23 contain one or nore, ﬁreferabl unctional groups bein

able to conpl exPresent iropseasider ghaig i ordar rﬁOSfOFM/BE sfablecpnghedngcpan ?Crl'om
am no-, heteroc r boxy groups, sul phur- or
phosphor us cont éﬁékﬁ'ﬁ% %%gsg'%%ngﬁ%%%(é@ébcor ding to any one of the

claims 20 to 25, wherein netal ions (Me"*) are conplexed with

net al - chel at | ng lllg%tal[n]ds on a .solid phase, these petal_ |ons bei ng se| ected
from M2+, e ogpcegrdingrta angone ofdhe clpims 4 to 43 nwhiegeln the .

-50- 27.The ”%tolnad Reserdi SHaFeﬁ:téﬁie NSy Qfhel PP e£éﬁ’dé‘f'6f2ﬁ:ﬁcﬁoﬁﬁl Mignial 2

sequentlal reactlo I's used to atta addi ti onal nono- or oligoneric amno

acids to the @roupsNbeiognselested feorhuaminest hetéronpdioraitabgen-, carboxy-,
hydroxyl-, thiol-groups or other functional entities for which per se
known coupling reactions exist, whereby these functional chemical
groups and the coupling redctions are used to covalently derlvatize the

solid phase with a metal-chelating ligand accerding to claims 20-23,

25.The method aéccrding to any one of the claims 20 to 24, wherein the
metal- chelatlng llgands contain a functlonal group which epable
chemical couplmg to the functional t_hermcal groups at the surface of
the solid phase according to claim 24, and wherein the same metal-
chelating ligands as well as the cheléting groups of amino acid side
chains according to claim 23 contain one or more, preferably 1-3,
functional groups being able to complex metal ions according to claim 5
(Me"™), being selected from amino-, heterocyclic nitrogen, aza groups,
carboxy groups, sulphur- or phosphorus contalhing moieties.

26.The method according to any one of the claims 20 to 25, wherein metal
fons (Me“"’) are complexed with metal-chelatmg ligands on a solid
phase, these metal jons bemg selected from Mn?*, Ni?*, Cu?*, Co?* o
Zn*t Caz'r Fez‘*, Fe3+ or lanthanide i jons.



conpl ex according to claim2l; the appropriately protected am no acid
derivatives or oligoneric fragnents being attached in each cycle can be
chosen or conposed freely fromany natural or unnatural am no acid. 28.The
met hod according to any one of the clains 20 to 27, wherein a conpetitive
chel ation agent |Is added to the reagent m xture of the coupling step of the
Merrifield-type reaction schedule in order to conpetitively detach the
growi ng peptide chain fromthe solid phase during that step; suitable
conpetitive chel ating agents have abod?-the sane affinity for the free
coordination sites at the activated solid phase as individual chelating

f 5 ' t - | ic,_.am i d t h
Shets ot 7 JBeC HRER o B B8 Y P PR Bl ABcES 26 chBRER B P g
agents are sQeddleptian r"eb@tibﬁa&e!&%ed”Edtd&ﬁ:fpfad‘d'ﬂ‘?oﬁé]uﬁ*iﬁkﬂ %Peariﬁdmeﬂe not

react or otherwse interfere wth the ingredients of the reagerm mXture of
t he coupl i ng &0l aridsTHe the Hed eicdbterminuso of| ai fuls eskablishied t lrretatact i on

m xture of t pl i t lbRi;ng the co titive chelati,ng agent Is
Gituted priotomEPat e Ry SRIbT At O et SR RGPt e BB ac
mono- or ol idprivativescor oligewiedic fragricrts HengRthiticddinbaséh efdeharPaet i de
chain to an activated soli1d phase prior to subsequent steps Such as rinsing

or washi ng. D@SeROMEQRBased fenealy fpmemnpatira! of unmaturaliamiroacid. 29,
wherein a detached and deprotected raw product of a peptide synthesis
har bouring nono- or oligoneric amno acids with side chains or N or

C-t er mi nal28het iresthoidt Scedrding] itoJaly QS ofCEY dididhs! 20CtAI IR, 2@heFeidPhe toO
forma metal conplex with a solid phase according to any one of the clains
20-26 and carfofRPeliRYacFhelatiersaaenhys rddrsd 3o- the raagentemixyrexpbshag a
solution of t u o 1 ME .d_p cor dj tqQ._clains
Soe 26, under é@?{%l?l#%ﬁ:gﬁ' wﬁf Clﬂ'u% %eﬁ%él&%@ ra8tlifn PRASEIREC I dbter Yo
:cpmpetitively detach the growing__ peptide chain from the solid phase
during that step; suitable competitive chelating agents have about the
same affinity for the free coordination sites at the activated solid phase
as individual chelating groups of side chains of the mono- or oligomeric
amino acids used to anchor the growing peptide chain to the solid
phase, the cornpetitive chelating agents are soluble in the reagent
mixture of the coupling step and do not react or otherwise interfere

with the ingredients of the reagent mixture of the coupling step.

29.The method accqrdin‘g to claim 28, whérein the reaction mixture of the
coupling step co'htaining the competitive chelating agent is diluted prior
to the following washing steps in order to re-attach the mono- or
oligomeric amino acids forming the anchoring part of the peptide chain
to an activated solid phase prior to subsequent steps such as rinsing or
washing. -

30.T ﬁ'é'rﬁethof(i"according; to any one ‘-of. the claims 20 to 29, wherein a
déééched | and -ﬁeprdtectéd‘ raw product of a peptide synthesis
harbouring mond- or oligomeric amino acids with side chains or N- or
C-terminal moietjes with chelating‘grou;';_s according to claim 23 is able
to form a metal compiex with a solid phase according to any one of the
claims 20-26 and can be further processed by being



reattach the desired product to the solid phase and by washi ng away

contam nants such as remmants of protecting groups and scavengers or

undesi red side products, with excess of solvent, while selectively keeping
t he product conpl exed on the activated solid phase, and further by b)

el imnating possible undesired m sfol ded structures of the product and

I nt ernol ecul ar aggregates of the product nol ecul es by exposing the bound
product to chaotropic or denaturing agents e.g. urea, detergents such as
sodi um dodecyl sul fate, high salt concentrations, nercaptoethanol, or

ot hers, whereby the bound product is transferred into a denatured state,
which is characterlzed by the destruction of the secondary and tertiary

structure, | S oy hod

according to c )g?%lggarl\’i\’h%?@?%ﬁ%é%ﬂg?w%gqhgohﬁ an Egg%aa?ﬁr é‘gsaééqduct S
exposed to a waljdeprmsel amwoveinigs, tot mtalmum% ofunder! \oomidstidres n@hmﬁl gned
and optim zed for the respective product, to dual I%greduce chaot ropy and

|l ead to reprodBaHECE Ynarsired Praduct &95"‘%“5196 WASEINE BWaY ecul es

as well as co F&%r \V

whi | e keepi ng%“g‘l’”l‘ﬁﬁ% @rﬁ%%c Esﬁﬁﬁﬂ Cﬁ rs@mt"ﬁ;st ﬁgéescﬁggH%e met hod
according to Giraum:léﬁr'edldfde ;ﬂ"b,dumtee,rmth excesseoft sblvtelm, vﬂﬁte/vsetecswdw chai ns
of am no aci ds referably the closure f di fi mfree

sul fhydryl gr M‘"?h’é‘% SrRAHFL FospPisXEH0R ‘?Tt?s Cgﬂ at 58n 19 st abl e
aromati c or alfpsalritey hydr azones are achi eved by passi ng reagent m Xt ures

al ong the refolded product, which-is bound to. the solid phase. - 52 33.The
met hod accor d|bﬂgehmim'ammWSIMﬁelmdeﬁlltaﬁbt‘mﬁﬂoﬂied)Bawtlusaschb$ba produont

silica, cellul gee: Qe hl BLAGH A5 R gabl b 1AL Profbl A HRoR L ) B osing
the bound product to chaotropic or denaturing agents e.g. urea,
detergents such as sodium dodecylsulfate, high salt concentrations,
mercaptoethanol, or others, whereby the bound product is
transferred into a denatured state, which is characterized by the
destruction of the secondary and tertiary structure, while binding to
the solld phase Is maintained.

31.The method according to claim 30, wherein the purified, bound and
denatured product is exposed to a sequence of solvents, the sequence of
'solvents being designed and optimized for the respective product to
gradually reducé chaotropy and lead to reproducible conditions of
refo_l'di‘ng of the bound _p_rod_uct molecules as well as controlled
reappearance of secqhdary Ian»d tertiary structure, while keeping the
produ& mofecules bound to the solid phase.

32.The method according to claim 30 and/or 31, wherein covalent links
between side chains of amino acids, preferably the closure of disuifide
bonds from free sulfhydryl groupé, the formation of amide bonds, or the
formation of stable aromatic or aiiphatic hydrazones are achleved by
passing reagent mixtures along the refolded product, which is bound to
the solid phase.



resin crosslinked with divinyl benzene, chlortrityl resin, fromderivatized -
preferably carboxylated - nelam ne particles, or fromderivatized -

pref erably carboxyl ated - pol yvinyi ai cohol polyneric support. 34. The net hod
according to claim?24 and/or 33, wherein the resin matri x contains
ferromagnetic particles and allows the application of nmagnetic particle
separation technol ogy. 35. The nethod according to any one of the clains 20
to 27, wherein the nono- or oligonmerpz- am no acids contain imdazol e side
chains, preferably not |ess than six histidine residues, two or nore

hi sti di i dues: f |y, $:10 histidine resi ._36. The met hod
accor i n 518 ElefReg Fchrtlng Bl F4nantchis the Sol BRSR 1s hiAskd aci ds
used are exhepHes)ied, tARINSE CHFIFRIH Pbﬂy"t‘nér'%‘}rﬁref%\?HLP FAGnd Sgg@gmiiﬁge to any

providing a specific protease recognition site. . A met ho
one of the cesinnerogginiasl wittv divirgdbenbenei ¢hlortity Inedird,i fedmoderivatized -ed

(according to glajm 35), mono- or oliganeric I no acids are extended at the
C-t ermi nus We‘l(:ﬁﬁ'@"@r Cﬁéb%x\aﬁﬁ%@ - JEF%‘?'%i 'gqqsovPrdeff%r@t ds%ivatizee: act i on
systens suchragrabR! &drb8 - B | | ﬁfgtcp% ed to enable

det ecti on b?ravi dlbﬁl%?exygﬁggra?tq%ﬂgemé%&%%%g@ a o?gi ng to any one
of the claims 28 and/or 29, and/or 35- 37, wherein the conpetitive chelating
agent co ns structural noiefies. ¢ rigin tal - chelating, noi etjes

havi ng e{i‘gﬁﬁn-_ H?g ET%PT"'E‘SO%%F?HW g_gp Fﬂé_tﬂgégslwa‘%—e%pﬁ?/lrﬁ BB,

i m nodi acet icgnefing . ferfirhdghei¢ ipdakles a6d Glanoe-leémher&isgﬁﬁhﬂ%eéfr Aidfierfc aci d,
am nopurine, -53- phenanthroline, bipyridyl, terpyridinyl, triazacyciononane
or tetraazR@yHrieRRracakien dechnel@gyei eti es, 39. The nethod according to any
one of the clainms 20 to 26, wherein the chelating |igand contains

structural noieties having electron pairs for
35.The method according to any one of the claims 20 to 27, wherein the

mono- or oligomeric amino acids contain imidazole side chains,
preferably not less than six histidine resldues, two or more histidine
residues; more preferably, 6-10 histidine residues.

36.The method according to claims 23 and 35, wherein the mono~ or
oligomeric amino acids used are extended at the N-terminus by a short
amino acid sequence providing a specific protease recognition site.

37.A'-_Mgthod accordlng‘ to any one of the ciaims 23, 35 and/or 36, wherein
th"edmod,iﬁ'ed of u_r;‘mo‘diﬁed {according to claim 35) mono- or oligomeric
amino acids are extended at the C-terminus by one or more amino
acids, which allow detection by detection systems such as a biotinylated
amino acids which are attached to enable detection by avidin-like
interactions. ‘

38.The method according to any one of the clalms 28 and/or 29, and/or 35-
37, wherein the competitive chelating agent contalns structural moieties
comprising meﬁal-chelating moleties having electron-pairs for
coordinative imidazolyl, N-methylimidazoly!, iminodiacetic acid,
nitrilotriacetic acid, ethylendiaminetetraacetic acid, aminopurine,



~
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coordrmative bonds such as tri phenyi phosphl ne, 6-am nopurine, a

pht hal ocyani ne. 40. The net hod according to claim 39 wherein the ligand is
5-am no-1, 10- phenanthroline or am no-terpyridine or triazacycl ononane or
tetraazacycl ododecane or derivatives thereof. 41. The method according to any
one of the clainms 20 to 40, wherein the chelating groups of the side chains
of am no acids are chosen from i mdazolo, am no-, hydroxyl carboxy-,

thiol-, nitrllotriacetic acid-, Inigpdiacetic, acid-, phenanthroline-,
pyridi ne-, bipyridine-, terpyridine, triazacyclononane, tetra

azacyci ododecane or purine- noieties or derivatives of these noieties,

whi ch are sphéhapreiing, f owibPEal COpRIRRYIACCOEMMEych NS @ the

cl ai ms 20-26. 42. The method accord ing to any one of the'clains 20 to 41,

wher ei n t hetetneazasyclododgcepedarivast axbletdespat i bl e with synthesis roboters
and wherein separation of liquid and solid phase during synthesis cycles is
achi eved by per se known nethods preferably by sieving, size-based

separ at | @9.TK€ ThethdAccORdiAY FRAAY! bife ¥ tHeC ERIFRPA0D 28, WREYEHh Ate-
chelating ligand contains structural moieties having electron pairs for
coordinative bonds such as triphenylphosphlne, 6-aminopurine, a
phthalocyanine.

40.The method according to claim 39 wherein the ligand is 5-amino-1,10-
phenanthroline or  amino-terpyridine or triazacyclononane or
tetraazacyclododecane or derivatives thereof.

41.The method according to any one of the claims 20 to 40, wherein the
chelating groups of the side chains of amine acids are chosen from
imidazolo, amino-, hydroxyl-, carboxy-, thiol-, nitrilotriacetic acid-,
lmmodlacetu: amd- phenanthrohne-, ovyridine-, bipyridine-, terpyridine,
tnazacydononane, tetraazacyctododeaf.ane or purine- moieties or
denvatlves of these mo!etles whicn are still able to form metal
complexes according to any one of the claims 20-26,

42.The method accordlng to any one of the claims 20 to 41, wherein the
method is fully autornated compatible with synthesis roboters and
wherein separation of liquid and solid phase during synthesis cycles is
achleved by per se known methods preferably by sleving, slze-based
separation, centrifugation or‘magr{'ét'ié particle separation technology.



