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LYSINE COMPOUNDS AND THEIR USE IN SITE- AND CHEMOSELECTIVE
MODIFICATION OF PEPTIDES AND PROTEINS

Field of the Invention

The present invention concerns the field of site- and chemoselective
modification of peptides and proteins. In particular, the invention provides new
thiolysine and selenolysine compounds that can be used as building blocks for said
peptides and proteins. The lysine residue thus included can subsequently serve as
the target site for conjugation with a functional agent, which functional agent,
typically, is then transferred to the € or a amine of the thio- or selenolysine residue.
The present invention also concerns these processes of site- and chemoselective
modification of selected peptide or protein sequences as well as the intermediate and
end products obtained in the respective steps of such processes.

Background of the Invention

The covalent site-specific modification of proteins is a crucial process in
biological systems. Enzymatic modifications (such as phosphorylation, glycosylation,
sulfation, acetylation, methylation, isoprenylation, ubiquitination, sumoylation,
neddylation) play a defining role in cellular processes including protein localization
and trafficking, signal transduction, transcriptional regulation, and targeted protein
destruction. Reproducing natural modifications on the surface of proteins is
invaluable for studying their function.

The site-specific covalent addition of ‘unnatural’ moieties, such as
fluorophores, affinity labels, spin-label probes, radiolabels and other (bio-orthogonal)
functional groups, to proteins and peptides has also proven useful for a vast variety
of applications and processes both in vivo and in vitro.

With the advances in biocompatible synthetic organic chemistry, a whole new
field of opportunity has opened up, affording high diversity in the nature of the ligation
components as well as a choice of ligation reactions. Chemical ligation involves the
chemoselective covalent linkage of a first chemical component to a second chemical
component. Unique, mutually reactive functional groups present on the protein or
peptide and on the second ligation component can be used to render the ligation
reaction chemoselective. Developing robust methods for selectively modifying
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proteins or peptides is however still quite a challenge, due to the variety and number
of functionalities present in a typical protein. There is, in general, a desire or need to
modify the protein site-specifically to optimally combine the conjugated functionality
with the intrinsic properties of the protein or peptide. For controlled, selective access
to such modified proteins, a unique, bio-orthogonal, chemical handle or attachment
site is thus often required for ligation or conjugation of a desired molecule thereto.

Most methods to produce bioconjugates exploit the nucleophilicity of either
amines (lysine side chains and the N-terminus) or thiols (cysteine side chains) on the
protein surface. For site-specific modification of proteins methods have been
proposed that include designing mutants having all of the lysine residues of a protein
replaced or a mutant having all but one of the cysteine residues replaced, in order to
limit the modification site to a single location.

Activated acids such as N-hydroxysuccinimidyl-esters can be used to target
amines; however, proteins typically contain multiple amines and, even with the
reduced pK, of the amino-terminus of the protein compared to the lysine side chain,
this labelling is generally nonspecific. To overcome this problem, researchers have
gone as far as evolving the protein target to eliminate all surface lysines.
Researchers performed phage display selections on tumour necrosis factor-a (TNF-
a) to evolve a protein without any lysines, allowing for the site-specific PEGytation of
the single remaining amine at the N-terminus. The evolved TNF-a with modification
at just the N-terminus has improved stability and bicactivity compared to the
randomiy labelled wild-type TNF-a. In general, large-scale amino acid-substitution
that replaces a given type(s) of amino acid at most of all sites has been associated
with the drawback of reduced protein activity.

Cysteine labelling is typically more specific than amine labelling as the thiol
group is more nucleophilic and a single cysteine can be introduced by site-directed
mutagenesis without affecting the function of the protein. Cysteines introduced by
mutagenesis are labelled with small molecule-linked maleimides, a-haloketones, or
other electrophilic groups that preferentially react with thiols. However, cysteine-
based methods alone cannot easily perform multiple modifications to a protein (such
as introducing two fluorophores for fluorescence resonance energy transfer (FRET)
analysis) except when the reactivity of the two cysteines is quite different, and not all
protein targets allow for the introduction of cysteines without impairing function.

Further methodologies that target additional functionalities present in the
natural amino acids are considered to be valuable additions to the chemist’s toolbox
for performing protein modification.
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Francis and co-workers (J. Am. Chem. Soc. 2004, 126, 10256) have identified
reactions that can specifically target both tryptophan and tyrosine residues. Using
rhodium carbenoids, the selective modification of the indole functionality in
tryptophan (at N-1 or at C-2) can be achieved. When applied to either myoglobin or
subtilising Carlsberg (with 2 and 1 surface tryptophans, respectively), modification
occurs exclusively at the tryptophan residues in about 50-60% vyield. While the
system requires a co-solvent to solubilise the organic reagents, this co-solvent
(ethylene glycol) is not expected to denature the protein targets. A more significant
limitation of the chemistry is the requirement of extremely low (1.5-3.5) pH that
causes denaturation of most proteins as well as loss of myoglobin's heme group.
While methods to reconstitute myoglobin could recover that protein’s structure, these
extreme conditions will be incompatible with many targets. The results do suggest,
however, that transition metal complexes can be used for specific bioconjugation of
aromatic residues in proteins.

Francis and co-workers (J. Am. Chem. Soc. 2004, 126, 15942) have also
described a Mannich-type reaction to selectively target tyrosines using an aldehyde
and an aniline at pH 6.5. By attaching a fluorophore fo the aniline, conjugation of
rhodamine to chymotrypsinogen A is achieved without altering the protein’s activity.
The relative surface accessibility of different tyrosines aliows for selectivity for
particular tyrosine residues; for chymotrypsinogen A, one of the three surface
tyrosines is preferentially targeted.

Some strategies make use of functional groups that do not occur naturally.
Such amino acids can be introduced by methods including total synthesis, semi-
synthesis by ligation of synthetic and biologically expressed fragments, transfer
reactions, etc. The presence of these non-naturally occurring functional bio-
orthogonal groups enables individual targeting without inadvertent cross-linking or
other reactions with naturally occurring amino acid side chain groups.

An example includes the controlied introduction of azides in proteins as the
bio-orthogonal ligation handie. A reaction that has proven useful in this regard is the
Sharpless modified Huisgen cyclization of an alkyne and an azide. In the presence of
catalytic amounts of Cu(l), this cyclization occurs chemoselectively to produce a 1,4-
disubstituted triazole ring. Cross reactivity with common biological functional groups
is not seen for either the alkyne or the azide, and both groups are stable under
biological conditions. This reaction has been used for applications ranging from the
modification of viral particles and proteins on cell surfaces to the identification of
carbohydrate-binding proteins and cellular proteins tagged by small-molecule activity
probes.
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As will be clear from the above, despite the extraordinary interest in
selectively modified proteins, each of the techniques currently available suffers from
specific draw-backs. Over and above that, there is quite a lack of generally usable
and flexible methods. Hence, additional chemical strategies for providing selective
(bio-orthogonal) ligation handles are still needed to complement and expand upon
methods from biology. It is the objective of the present invention, to provide such

strategies.

Summary of the Disclosure

The present disclosure provides a new and generally applicable approach to site- and
chemoselective modification of peptides and proteins, which is particularly fast, flexible and
economical, In  accordance  with the  disclosure, certain  novel  lysine
compounds are employed as building blocks in protein or peptide synthesis,
providing the specific ligation handle(s) for site- and chemoselective modification.

in a first aspect, there is provided a lysine compound represented by formula
(1a) or (Ib):

Y pi 1Y p!
sz S at

X

wherein

-X- represents (i) sulphur or (ii) selenium;

- P" and -P? independently represent (i) hydrogen or (i) an amine protecting group,
preferably an amine protecting group independently selected from the group
consisting of Carbobenzyloxy; p-Methoxybenzyl carbonyl; tert-Butyloxycarbonyl
(Boc); 9-Fluorenylmethyloxycarbonyl (Fmoc); Benzyl; p-Methoxybenzyl; 3,4-
Dimethoxybenzyl; p-methoxyphenyl; Tosyl; sulfonamides; allyloxycarbony! trityl and
methoxytrityl;
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-P3represents (i) hydrogen; (i) a group represented by the formula -X-R®, wherein -
R® represents an optionally substituted branched or straight chain, aliphatic or cyclic
alkyl, heteroalkyl, alkenyl or heteroalkenyl moiety; (iii) a thiol or selenol protecting
group, preferably a thiol or selenol protecting group selected from the group
consisting of benzyl; 4-methoxybenzyl; trityl; methoxytrityl; t-butyl; t-butylthiol; acetyl;
3-nitro-2-pyridinesulphenyl; acetamidomethyl; methanethiol and 2-nitrobenzyl; (iv) a
moiety —R° or (v) a moiety represented by the formula -C(=0)-R°;
-R%and ~C(=0)-R® represent a residue of a covalently bound peptide, lipid,
carbohydrate, polymer, organic agent or inorganic agent; and
-R’ represents (i) hydrogen or (i) an optionally substituted branched or straight chain,
aliphatic or cyclic alkyl, heteroalkyl, alkenyl or heteroalkenyl moiety,

or an ester, salt, solvate or hydrate of said lysine compound.

In a second aspect, there is provided a method of site- and chemoselective

modification of a selected polypeptide or protein sequence comprising

i) synthesis or production of said selected polypeptide or protein sequence wherein at
least one lysine compound according to formula (Ia) or (Ib) is incorporated by
addition or substitution in said selected sequence, wherein —P° represents hydrogen
or a protecting group as defined above;

i) removing in the residue of said lysine compound the group represented by —P° and
conjugating a group represented by the formula -R° or -C(=0)-R’, wherein —R° and -
C(=0)-R® have the same meaning as defined in relation to formulae (lia-Ilb), with the
residue of said lysine compound at the sulphur or selenium atom.

tn a third aspect, there is provided a method of synthesis of the lysine

compounds as defined above, said method comprising the steps of:

(ia) treating a 4-hydroxylysine or 5-hydroxylysine compound with an organoborane
compound o obtain an amino acid protected compound, which is subsequently
reacted with an amine protecting group, yielding the protected 4-hydroxylsine or 5-
hydroxylysine; or

(ib) ftreating a 4-chlorolysine, 5-chlorolysine, 4-bromolysine or 5-bromolysine
compound with an organoborane compound to obtain an amino acid protected
compound, which is subsequently reacted with an amine protecting group, yielding
the protected 4-chlorolysine, 5-chlorolysine, 4-bromolysine or 5-bromolysine;

(iia) mesylating the compound obtained in step (ia) and subsequently reacting it with
a suitable thiocarboxylic acid or selenocarboxylic acid or salt thereof to yield the
corresponding thio- or seleno-ester; or

(iib) reacting the compound obtained in step (ib) with a suitable thiocarboxylic acid or
selenocarboxylic acid or salt thereof o yield the corresponding thio- or seleno-ester;

4a
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(i) hydrolysis of the thio- or selenoester obtained in step (iia) or (iib) with an agqueous
solution of an alkali metal hydroxide, yielding the thiol or selenol compound, which is
subesequently reacted with an agent that can transfer a group -P3, as defined
above, to the thiol or selenol group; and

(iv) removing the amino acid protecting organoborane group, and, optionally,
subsequently reacting the compound with an amine protecting agent, to yield the
compound according to formula (Ia) or (Ib) as defined here above.

In a fourth aspect, there is provided the use of a lysine compound as defined
above as a building block in the synthesis of a selected peptide or protein to provide
a ligation handle for the site- and chemoselective modification of said selected
polypeptide or protein sequence.

In a fifth aspect, there is provided a non-naturally occurring peptide
represented by formula (ila) or (Iib):

. R?\N i R?\N _H

X

N
T
b4
B2 R4 R? B4
T
O O
(=) (IIb)

wherein

-R' represents (i) hydrogen; (ii) -P' as defined above or (iii) a moiety represented
by the formula -C(=0)-R®,

-R? represents (i) hydrogen; (ii) -P? as defined above, (ii) a C—N polypeptide
chain or (iv) a moiety represented by the formula -C(=0)-R”;

-R® represents (i) hydrogen; (ii) —P® as defined above; (iii) a moiety -R®; or (iv) a
moiety represented by the formula -C(=0)-R®;

-R* represents (i) —OH or (i) an N—C polypeptide chain;

-X- represents (i) sulphur or (i) selenium;

-R® and —C(=0)-R® represent a residue of a covalently bound peptide, lipid,
carbohydrate, polymer, organic agent or inorganic agent; and

4b
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-R’ represents (i) hydrogen or (ii) an optionally substituted branched or straight chain,
aliphatic or cyclic alkyl, heteroalkyl, alkenyl or heteroalkenyl moiety;

with the proviso that in the respective formula at least one of -R? and —R* represents
a polypeptide chain.

In a sixth aspect, there is provided a non-naturally occurring peptide as
defined above, for use as a therapeutic or diagnostic agent.

in particular, the disclosure entails the use of specific thiolysine and
selenolysine compounds, notably the compounds 5-thiolysine (also referred to as &-
thiolysine) and 4-thiolysine (also referred to as y-thiolysine) as well as 5-selenolysine
(also referred to as O-selenolysine) and 4-selenolysine (also referred to as y-
selenolysine), for the site- and chemoselective modification of a peptide or protein.
The lysine compounds of the present disclosure are easily synthesized in high yield
from commercially available building blocks, involving, a relatively low number of
synthetic steps, as will be illustrated herein.

The design of the present lysine compounds has two important features. First,
the positioning of the thiol or selenol group at the respective carbon allows for a very
efficient intramolecular transfer reaction to take place. Secondly, the thiol or selenol
group can subsequently be removed using reported procedures, thereby restoring
the native lysine structure, or be used as an additional conjugation handle. The
methodology is fast and gives well-defined material.

The presence of the thiol or selenol residue in the vicinity of the g-amine or,
where applicable, the a-amine of lysine allows for very favourable S to N or Se to N
transesterification reactions, whereby a selected functional agent, introduced in the
peptide or protein through thio- or selenoesterification, is transferred to said e-amine
or a-amine.

As will be explained in great detail in the examples, the present invenifors

have demonstrated the application of a lysine building block of the disclosure in the

4c
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ubiquitylation of selected peptide targets. By employing an E1-mediated synthesis of
full-length ubiquitin thioester and the newly developed amino acid 5-thiolysine, the
inventors demonstrated site-specific ubiquitylation of lysine residues in selected
target peptides, based on H2B, PCNA, PTEN and p53. This methodology is also
readily adaptable to other functional agents or ligands. The use of mild
desulfurization conditions after figation do not affect the functional infegrity of other
building blocks present in the peptide or protein or the selected functional agent.

In summary, the present disclosure concerns ceriain lysine compounds,
methods for synthesizing them and their use as building block in protein or peptide
synthesis, typically as bio-orthogonal target for site- and chemoselective
modifications of polypeptide or protein sequence. The disclosure also concerns
methods of synthesizing and modifying selected protein or peptide sequences using
the present lysine compounds. Furthermore, the disclosure concerns the intermediate
and end-products obtained in such methods. These and other aspects of the
disclosure, as defined in the appending claims, will be described and exemplified in

more detail in the following description and examples.

Detailed description of the Invention

A first aspect of the invention concerns a lysine compound represented by
formula (1a) or (Ib):

R’ p! RN P
3 S Sy
X
p3
<
P> OH P OH
i NH
0
(Ta) (Ib)

wherein -X- represents (i) sulphur or (i) selenium; -P' and -P? independently
represent (i) hydrogen or (i) an amine protecting group; -P° represents (i) hydrogen;
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(i) an alkylthio, alkenylthio, alkylseleno or alkenylseleno group represented by the
formula -X-R®, wherein -R® represents an optionally substituted branched or straight
chain, aliphatic or cyclic alkyl, heteroalkyl, alkenyl or heteroalkenyl moiety; (jii) a thiol
or selenol protecting group; or (iv) a moiety —R® or (v) a moiety represented by the
formula -C(=0)-R%; -R® and —-C(=0)-R® represent a residue of a covalently bound
ligand, preferably selected from the group consisting of peptides, lipids,
carbohydrates, polymers, organic agents and inorganic agents; and -R’ represents (i)
hydrogen or (ii) an optionally substituted branched or straight chain, aliphatic or cyclic
alkyi, heteroalkyl, alkenyl or heteroalkenyl moiety; or an ester, salt, solvate or hydrate
of said lysine compound.

in the above formulae -X- can represent sulphur or selenium. The thiolysine
and selenolysine compounds can be obtained and used in similar ways.
Nevertheless, it was found that the benefits of the present invention are most
pronounced for the thiolysine compounds. Hence, a particularly preferred
embodiment of the invention concemns lysine compounds as defined above wherein -
X- represents -5-.

In the above formulae -P' and -P? may independently represent hydrogen or
an amine protecting group. As will be understood by the skilled person, the present
invention provides lysine compounds in unprotected, partly protected or completely
protected form. Since the use of the compounds in peptide synthesis will typically
require protection of all functional groups, a particularly preferred embodiment of the
invention concerns protected lysine compounds according to formula (la) or (Ib),
wherein —P1 and —P2 represent independently selected amine protecting groups.

The term ‘amine protecting group’ refers to any organic moiety which is
readily attached to an amine nitrogen atom, and which, when bound to the amine
nitrogen, renders the resulting protected amine group inert to the reaction conditions
to be conducted on other portions of the compound and which, at the appropriate
time, can be removed to regenerate the amine group. Examples of such amine
protecting groups are known to the person skilled in the art and include, but are not
limited to: acyl types such as formyl, trifluoroacetyl, phthalyl, and p-toluenesulfonyl;
aromatic carbamate types such as benzyloxycarbonyl (Cbz) and substituted
benzyloxy-carbonyis, 1-(p-biphenyl)-1-methylethoxy-carbonyl, and 9-
fluorenylmethyloxycarbonyl (Fmoc); aliphatic carbamate types such as ftert-
butyloxycarbonyl  (Boc), ethoxycarbonyl,  diisopropylmethoxycarbonyl, and
allyloxycarbonyl; cyclic alky! carbamate types such as cyclopentyloxycarbonyl and
adamantyloxycarbonyl; alkyl types such as trityl and benzyl; trialkylsilane such as
trimethylsilane; and thiol containing types such as phenylthiocarbonyl and
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dithiasuccinoyl. Preferably the amine protecting group in accordance with the present
invention is selected from the group consisting of Cbz; p-Methoxybenzyl carbonyl;
Boc; Fmogc; Benzyl; p-Methoxybenzyl, 3,4-Dimethoxybenzyl; p-methoxyphenyl; Tosyl;
sulfonamides; allyloxycarbonyl; trityl and methoxytrityl, all of which are, as such,
commercially available and well-known in the art. Due to their wide-spread
application, the exact chemistry involved in the use of these groups in peptide
synthesis has been described extensively and is part of the skilled person’s common
general knowledge. Amine protecting groups and protected amine groups are
described in, e.g., C. B. Reese and E. Haslam, "Protective Groups in Organic
Chemistry," J. G. W. McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapters 3
and 4, respectively, and T. W. Greene and P. G. M. Wuts, "Protective Groups in
Organic Synthesis," Second Edition, John Wiley and Sons, New York, N.Y., 1991,
Chapters 2 and 3.

in the above formulae -P°® may represent an an alkylthio, alkenylthio,
alkylseleno or alkenylseleno group represented by the formuta -X-Rf, —R®
representing an optionally substituted branched or straight chain, aliphatic or cyclic
alkyl, heteroalkyl, alkenyl or heteroalkenyl moiety. As used herein the term ‘optionally
substituted’ is meant to encompass any kind of alkyl, heteroalkyl, alkenyl or
heteroalkenyl which may comprise one or more substituents. Said substituents may
typically incorporate one or more heteroatoms, such as nitrogen, oxygen, sulfur,
phosphorus, boron, chiorine, bromine, or iodine. When —~P* represents a moiety of
formula —X-R°, typically, disulphide or diselenide compounds are provided, as will be
understood by the skilled person, in which form the functional group at the y- or &-
position can effectively be blocked or protected. Hence, since the minimal function of
the —X-R® moiety, if present, is only to block the thiol or selenol moiety, e.g. during
protein or peptide synthesis, the exact structure of —R® is not crucial. In a preferred
embodiment —R°® represent an optionally substituted lower alkyl or alkenyl moiety,
more preferably an optionally substituted C4-C4 alkyl or an optionally substituted C,-
C, alkenyl, most preferably a methylsulfide.

Furthermore, -P? in the above formulae may represent a thiol or selenol
protecting group. The terms ‘thiol protecting group’ and ‘selenol protecting group’
refer to any organic moiety which is readily attached to a thiol sulphur atom or a
selenium atom, and which, when bound to said atom, renders the resulting protected
group inert to the reaction conditions to be conducted on other portions of the
compound and which, at the appropriate time, can be removed to regenerate the thiol
or selenal group. Suitable examples of such protecting groups are known to the
person skilled in the art. Preferably the protecting group in accordance with the
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present invention is selected from the group consisting of benzyl; 4-methoxybenzyl;
trityl; methoxytrityl; t-butyl; t-butyithiol; methylthiol; acetyl; 3-nitro-2-pyridinesuiphenyl;
acetamidomethyl; Cbz and 2-nitrobenzyl. The use of thiol-protecting groups is well
known in the art, cf, for example, T. H. Greene and P. G. M. Wuts, Protective Groups
in Organic Synthesis, 3rd edition, John Wiley & Sons, New York (1999).

In the above formulas, -R® and -C(=0)-R” represent a residue of a covalently
bound ligand. Said ligand is preferably selected from the group consisting of
peptides, lipids, carbohydrates, polymers, organic agents and inorganic agents. In a
preferred embodiment said ligand comprises a carboxyl group through which it is
attached to the sulphur or selenium atom, in which case -P? represents an acyl. Itis
to be understood that —R® is used herein to denote a ligand without any restrictions
as to the nature of the bond between the ligand and the present lysine building block.
Hence, the formula —C(=0)-R?, which is used to refer specifically to a thio- or seleno-
ester of a ligand containing a carboxyl group, is encompassed by —R°, As will be
explained in more detail hereafter, an acyl, i.e. a moiety represented by the formula -
C(=0)-R%, can be transferred to the e-amine (or, in certain cases, the a-amine) of the
lysine building block. If the residue of the ligand, -R® is not an acyl, such an
intramolecular transfer is typicaily not possible, because the bond is less reactive. As
a further consequence of said bond being less reactive, peptides can conveniently be
synthesized using a lysine building block of the invention wherein —-R>, where it does
not represent an acyl, is already present. If, in the peptide, a ligand is to be
incorporated as a thio- or seleno-ester, i.e. where said residue of the ligand is an
acyl, it is more convenient to perform ligation after synthesis of the peptide.

Hence, in a preferred embodiment of the invention —R® in formula (la) or (Ib)
does not represent an acyl moiety, i.e. it represents a moiety other than —C(=0)-R%,
preferably it represents a primary, secondary or tertiary carbon structure, such as an
optionally substituted primary, secondary or tertiary aliphatic or cyclic alkyl,
heteroalkyl, alkeny! or heteroalkenyl, yielding a thio- or selenc-ether compound. In a
particularly preferred embodiment —-R°in formula (la) or (ib) represents a
carbohydrate such as galactose.

Within the context of the present invention, the meaning of the term ‘ligand’ as
such will be clear to the person skilled in the art. In particular, since the present
invention aims at providing a new method of site- and chemoselective modification of
proteins or peptides it will be ciear that said term is meant to inciude e.g. any agent
the conjugation of which to a selected peptide or protein has been described or
suggested in the art for a certain purpose. The introduction of the ligand typically
introduces or affects a particular functionality of said peptide or protein (which may
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therefore also be referred to herein as ‘functional agent’ or the like). Particularly
preferred examples of such ligands or functional agents include dyes, probes, labels,
tags, solubility-modifying  agents, enzyme targets, receptor ligands,
immunomodulatory agents, co-factors, and cross-linking agents. In an embodiment
the ligand is a therapeutic agent. In the examples hereafter ligation of certain
peptides with ubiquitin and ubiquitin-like proteins is disclosed. In the above
formula, -R’ may represent an optionally substituted branched or straight chain,
aliphatic or cyclic alkyl, heteroaikyl, alkenyl or heteroalkenyl moiety. The presence of
such a group will, after intramolecular transfer of the —C(=0)-R* moiety, yield a
tertiary e-amide, which typically can not be hydrolysed by proteases. This provides a
particular advantage, e.g. when the lysine building block is incorporated for
ubiguitination of a peptide or protein. In a particularly preferred embodiment of the
invention, -R” in the above formula (la) and (Ib) represents (i) hydrogen or (i) an
optionally substituted branched or straight chain alkyl, such as a lower alkyl, such as
methyl or ethyl.

As will immediately be recognized by the skilled person, the lysine
compounds of the invention contain 2 centres of chirality, such that four potential
sterecisomers are possible. The present invention encompasses (the use of) any
isomerically pure compound as well as any racemic or non-racemic mixture. Given
the intended application of the present lysine compounds, the natural L-amino acid
configuration is particularly preferred. Thus, an embodiment of the invention
concerns a lysine compound as defined herein above wherein the a-carbon atom has
the L-configuration.

Esters, salts, hydrates, solvates and other derivatives of these thiolysine
compounds are also within the ambit of the invention. Any such derivative may thus
be provided without departing from the scope of the invention, provided it is still
suitable for use as a building block in protein or peptide synthesis to provide the bio-
orthogonal ligation handle, without the need for major chemical modification prior to
said use.

In a particularly preferred embodiment of the invention a lysine compound
according to formula (la) is provided wherein -X- represents sulphur; -P* represents
an amine protecting group selected from Fmoc, Boc, trityl or methoxytrityl; -
P? represents an amine protecting group selected from Fmoc, Boc, trityl or

methoxytrityl; -P*

represents —S-CHs, trityl or methoxytrityl; and R’ represents,
hydrogen or methyl; or salts, esters, hydrates or solvates thereof.
in another particularly preferred embodiment of the invention a lysine

compound according to formula (Ib) is provided wherein -X- represents sulphur; -P’
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represents an amine protecting group selected from Fmoc, Boc, trityl or methoxytrityl;
-p? represents an amine protecting group selected from Fmoc, Boc, trityl or
methoxytrityl; -P° represents —S-CHj, trityl or methoxytrityl; and R” represents,
hydrogen or methyl; or salts, esters, hydrates or solvates thereof.

A second aspect of the invention concerns the synthesis of the lysine
compounds as defined herein before, said method comprising the steps of (i) treating
a 4-hydroxylysine or 8-hydroxylysine, represented by formula (lila) or (liib), with an
organoborane compound to obtain an amino acid protected compound, which is
subsequently reacted with an amine protecting group, vielding the protected 4-
hydroxylysine or 5-hydroxylysine, represented by formula (IVa) or (IVb); (ii)
mesylating the compound obtained in step (i) and subsequently reacting it with a
suitable thiocarboxylic acid or selenocarboxylic acid or salt or ester thereof to yield
the corresponding thio- or seleno-ester, as represented by formula (Va or Vb); (iii)
hydrolysis of the thio- or selenoester obtained in step (ii) with an aqueous solution of
an alkali metal hydroxide, yielding the thiol or selenol compound, which is
subsequentoly reacted with an agent that is able to transfer a group —P° as defined
herein before, 1o said thiol or selenol group, yielding a compound represented by
formula (Vla) or (VIb); and (iv) removing the amino acid protecting organoborane
group, and, oplionally, subsequently reacting the compound with an amine protecting
agent, to yield the compound according to formula (a) or (Ib) as defined here above.
In the formuiae (llla-Via) and (lilb-Vlb), -X-, and -P® have the same meaning as
defined here above in relation to formulae (la) and (Ib). In said formulae, -P’

represents an amine protecting group as defined above.
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Compound (liib), 4-Hydroxylysine, can be obtained by synthesis {J. Marin, C.
Didierjean, A. Aubry, J. R. Casimir, J. P. Briand, G. Guichard J. Org. Chem. 2004,
69, 130). Compound (llla), 5-Hydroxylysine, is commercially available, for example
from Bachem or Sigma Aldrich. 5-Hydroxylysine is available in enantiomeric pure
form (i.e. the natural 25/5R form) and as a mixiure of the four possible isomeres
(6S/R and DIL). All forms can be used in the synthesis of the corresponding
protected lysine building blocks.

As stated above, the synthesis preferably starts with the simultaneous
protection of the a-amino acid group by treatment with an organoborane compound.
A particularly preferred example of such an organoborane compound is 9-
borabicycloborane (9-BBN), the use of which for protecting functionalized amino
acids has been described in the art. Typically such a reaction is performed by adding
solid crystalline hydroxylysine to a solution of 9-BBN or other organoborane in a
suitable solvent, e.g. hot methanol, and subsequently refluxing under an inert
atmosphere. After completion of the reaction, the solvent is typically evaporated and
the residue is dissolved in a suitable solvent and reacted with the amine protecting
agent, e.g. di-tert-butyl dicarbonate. The compound according to formula (IVa) or
(IVb) can subsequently be isolated and purified by any suitabie method known by the
skilled person, e.g. using extraction and silica gel purification.

Subsequently, the compound of formula (IVa) or (IVb) is converted to the
corresponding thio- or selenoester of formula (Va) or (Vb) by mesylation and
subsequent reaction with a suitable thiocarboxylic acid or selenccarboxylic acid or
salt or ester thereof, Typically the compound of formula (IVa) or (IVb) is first
mesylated by reacting it, in a suitable solvent, with a mesylate such as MsCl. The
mesylated compound may be isolated and purified in using common techniques
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known by the skilled person. The mesylated compound is then reacted with said
thioacetic or selenoacetic acid or salt thereof in a suitable solvent to yield the
corresponding thio- or seleno-ester. In a preferred embodiment of the invention
thioacetic or selenoacetic acid or a salt thereof is used. After the reaction is
substantially completed common isolation and/or purification techniques may be
employed to yield the reaction product as a highly pure solid.

Next, hydrolysis of the thio- or selenoester with an aqueous solution of an
alkali metal hydroxide, such as NaOH, furnishes the thiol or selenol which, can be
converted to any other compound of formula (Via) or (Vib) by combining it, in a
suitable solvent, with an agent that can transfer a group —P° to said thiol or selenol,
to yield the compound of formuia (Vla) or (Vib). For example, a thioester represented
by formula (Va) may be converted to the corresponding thiol using 1N NaOH, which
thiol, in solution, is subsequently combined, drop-wise, with a solution of S-methyl
methanethiosulfonate yielding the compound of formula (Vla) wherein —X-P®
represents —S-S-CHs.

Finally, removal of the amino acid protecting organoborane moiety of the
compound of formula (Via) or {Vib), typically by heating the compound in a suitable

solvent, e.g. to 70°C in a solution of ethylene diamine in THF, and subsequent
treatment of the compound with a suitable am

o
=+

protected compound of formula (la) or (Ib). As will be understood by the skilled
person the corresponding unprotected compounds can be obtained by omitting the
last step of reacting with an amine protecting group, and, if desired, by removing any
other protecting groups.

in an alternative embodiment of the invention the above-described method
can start from corresponding chioro- or bromolysines instead of hydroxylysines, with
the particular advantage that the additional step of mesylation of the intermediate can
be omitted. In accordance with this embodiment of the method, step (i) comprises
treating a 4-chlorolysine, 5-chlorolysine, 4-bromolysine or 5-bromolysine compound
with an organoborane compound to obtain an amino acid protected compound, which
is subsequently reacted with an amine protecting group, yielding the protected 4-
chlorolysine, 5-chiorolysine, 4-bromolysine or 5-bromolysine; step (i) comprises
reacting the compound obtained in step (i) with a suitable thiocarboxylic acid or
selenacarboxylic acid or salt thereof to yield the corresponding thio- or selena-ester;
and steps (iii) and (iv) are as described herein above.

Since ali of the above reactions are per se known in the art, albeit in relation
to the synthesis of different compounds, it is entirely within the skills of the trained
professional lto determine proper and optimal reaction conditions for each of the
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above steps as well as to apply any additional isolation or purification technique
between the above steps in order to obtain the desired compound in the highest
possible yield. A complete step by step description of the synthesis of certain
compounds of the invention is given in the examples below.

The present invention alsc concerns any of the intermediate products
obtained in the synthesis of the present lysine compounds, in particular those
represented by the above formulae (Ilia-Via) and (lilb-Vib).

A third aspect of the invention concerns a peptide represented by formula
(l1a), (fib) or (lic):

N RN, AR RAL AR

wherein
-R" represents (i) hydrogen; (ii) -P' as defined here above in relation to formulae (la)
and (lb); or (iii) 2 moiety represented by the formula -C(=0)-R®; -R" represents a
moiety represented by the formula -C(=0)-R”; -R? represents (i) hydrogen; (i) -P* as
defined here above in relation to formulae (la) and (Ib); (iii) a C—N polypeptide chain
or {iv) a moiety represented by the formula -C(=0)-R”; -R® represents (i) hydrogen;
(ii) —P* as defined here above in relation to formulae (la) and (Ib); (iii) a moiety -R% or
(iv) a moiety represented by the formula -C(=0)-R”; -R* represents (i) —OH or (i) an
N—C polypeptide chain; -X- represents (i) sulphur or (i) selenium; -R® and —C(=0)-
RY have the same meaning as defined here above in relation to formulae (la) and
(Ib); and -R’ represents (i) hydrogen or (i) an optionally substituted branched or
straight chain, aliphatic or cyclic alkyl, heteroalkyl, alkenyl or heteroalkenyl moiety;
with the proviso that in the respective formula at least one of -R? and -R* represents
a polypeptide chain.

The peptides of the present invention preferably are non-naturally occurtring
peptides, where the term non-naturally occurring is used to indicate that peptides

13



10

15

20

25

30

35

WO 2010/131962 PCT/NL2010/050277

oceurring in nature are not comprised within the scope of the invention, regardiess of
whether they were actually obtained by a process of the invention. Peptides differing
from a naturally occurring peptide by the presence of the lysine building block of the
invention and/or the presence of the group -R° or —C(=Q}-R®, are understood herein
to constitute non-naturally occurring peptides and are thus encompassed by the
scope of the claims.

As will be clear to the skilled person, the above peptides according to
formulae (lla), (Ib) and (iic), depending on the specific meanings of -R", -R?, -R® and
-R*, constitute the intermediate and end-products of the processes of the invention,
i.e. of peptide or protein synthesis wherein one or more of the above thio- or
selenolysine building blocks are incorporated, and subsequent site- and
chemoselective modification by covalent attachment of a ligand. The details of the
relevant reaction pathways are given here below.

As will be evident to the skilled person, the N—C backbone of the peptide of
the invention is represented by the R*—R* chain. The ligand or functional agent
which is covalently bound to the peptide using the ligation handie of the invention
may also be a peptide, such that in some embodiments, a second peptide chain may
be present orthogonally attached to the primary backbone represented by the R>—R*
chain. As will be explained in more detail hereafter, if a lysine building biock of the
invention according o formula (Ib) is incorporated as the N-terminal amino acid of the
R*—R* chain, i.e. when R? in formula (Ilb) represents hydrogen instead of a peptide
chain, the ligation handle may facilitate attachment of the modification ligand at the o-
amine group instead of the e-amine group. If in that case the ligand is also a peptide,
the resulting ‘'modified’ peptide may, depending on any further modification steps,
comprise a single peptide chain. Such ligation products are also within the scope of
the invention, provided they are not identical to a naturally occurring peptide or
protein, as explained before.

The present invention, as noted before, provides the possibility of including in
a peptide or protein sequence of interest, a ligation handle for site- and
chemoselective modification. In accordance with one embodiment of the present
invention, it is particularly preferred that the ligation handle is located within the
peptide or protein sequence of interest instead of at the C- or N- terminus of said
sequence. Hence, a preferred embodiment of the invention provides a non-naturally
occurring peplide as defined herein before wherein, R* and R* both represent a
polypeptide chain. In accordance with another preferred embodiment however, it is
preferred that the present thio- or seleolysine ligation handle is located at the N-
terminus of the peptide, for reasons explained in more detail hereafter. Hence,
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another preferred embodiment of the invention provides a non-naturally occurring
peptide as defined herein before, preferably according to formula (llb), wherein, -R*
represents a polypeptide chain and -R? represents -P? or hydrogen.

As will be understood by the skilled person, said ligation handle can be
incorporated in the peptide or protein of interest either by addition of the lysine
building block of the invention to said sequence or by substitution of an amino acid
residue from said sequence by the residue of a lysine building block of the invention,
in particular by the substitution of a ‘natural’ lysine residue.

Hence in one preferred embodiment, a non-naturally occurring peptide as
defined herein before is provided, wherein -R? and -R* are chosen such that they
include complementary parts of a full amino acid sequence of a naturally occurring
polypeptide or protein or functional variant or fragment thereof. In the context of this
invention, the term ‘complementary parts’ {or ‘complementary fragments’) is used to
indicate that the respective parts (or fragments), in a given direction, can be fitted
together in a consecutive order to form or include the respective amino acid
sequence, typically without gaps or regions of overlap between said parts or
fragments.

in another equally preferred embodiment, a non-naturally occurring peptide as
defined herein before is provided, wherein, -R? and -R* are chosen such that they
represent the C—N and N—C polypeptide parts flanking a selected single amino acid
residue, preferably a lysine residue, in an amino acid sequence of a naturally
occurring polypeptide or protein or functional variant or fragment thereof.

The specific choice of said naturally occurring polypeptide or protein is not
critical for the purpose of the present invention as will be recognized by the skilied
person. Any polypeptide or protein, the modification of which may be of interest to the
skilled person, e.g. for studying and/or modifying its natural course of action in vivo or
in vitro, may be employed, without departing from the scope of the invention. In the
examples hereafter modification of pb3, PTEN, hisione H2B and PCNA in
accordance with the invention is disclosed.

A functional variant of the naturally occurring polypeptide or protein, may
differ from said naturally occurring polypeptide or protein by minor modifications,
such as substitutions, insertions, deletions, additional N- or C-terminal amino acids,
and/or additional chemical moieties, but maintains the basic polypeptide and side
chain structure of the naturally occurring form as well as the ability to elicit a certain
biological function or activity in vitro and/or in vivo. Typically, when optimally aligned,
such as by the programs GAP or BESTFIT using default parameters, a naturally
occurring polypeptide and a homologue thereof share at least a certain percentage of
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sequence identity. GAP uses the Needleman and Wunsch global alignment algorithm
to align two sequences over their entire length, maximizing the number of matches
and minimizes the number of gaps. Generally, the GAP default parameters are used,
with a gap creation penaity= 8 and gap extension penalty= 2. For proteins the
default scoring matrix is Blosum62 (Henikoff & Henikoff PNAS, 1992, 89, 915).
Sequence alignments and scores for percentage sequence identity may be
determined using computer programs, such as the GCG Wisconsin Package,
Version 10.3, available from Accelrys Inc., 9685 Scranton Road, San Diego, CA
92121-3752, USA. Alternatively percent similarity or identity may be determined by
searching against datebases such as FASTA, BLAST, etc. A ‘functional variant
thereof’ herein is understood to comprise a polypeptide or protein having at least
70%, preferably at least 80%, more preferably at least 90%, still more preferably at
least 95%, still more preferably at least 98% and most preferably at least 99% amino
acid sequence identity with the selected naturally occurring polypeptide of interest
mentioned above and is still capable, under the proper conditions, of eliciting its
normal functions to a significant extent.

As will be understood by the skilled person modifications that may in
particular be employed in accordance with the invention, comprise inclusion of further
ligation handles, such as those in accordance with the present invention. In a
particularly preferred embodiment, one or both of the peptide chains -R* and -R*
comprises one or more additional lysine building blocks of the invention. Even more
preferably, a peptide as defined before is provided, comprising two or more lysine
building blocks of the invention, providing ligation handles with differential reactivity.
For example, a peptide may be provided comprising a first lysine building block of the
invention wherein -X- represents sulphur and a second lysine building block of the
invention wherein -X- represents selenium. [n another embodiment, a peptide may be
provided comprising a first lysine building block of the invention and a second lysine
building block, wherein -X- may be the same or different, and wherein the groups -P*
in both building blocks are different. Further embodiments are provided wherein more
than two building blocks are included each having differential reactivity, by suitable
selection of -X~ and -P>. As will be understood, by the skilled person, in accordance
with such embodiments the inclusion of two or more identical building blocks may
also be envisaged.

The term ‘a functional fragment thereof refers to a peptide fragment thatis a
portion of a full length naturally occurring polypeptide or protein or functional variant
thereof, provided that the portion has the ability to elicit a biological function or

actlivity, that is characteristic of the corresponding full length sequence.
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In the above formutas (ila-lic), -R° and -C(=0)-R® represent the residue of a
covalently bound ligand, as defined and explained here above in relation fo formulae
(la) and (Ib).

in an embodiment of the invention a preferred ligand is ubiquitin or an
ubiquitin-like protein. Ubiquitin conjugation or ubiguitylation is a process, occurring
naturally in all eukaryotes, that has been implicated in a wide variety of critical
cellular processes including protein stability, cell cycle progression, transcriptional
controi, receptor transport and the immune response. Ubiquitin and ubiquitin-like
proteins are ~ 100 aa polypeptides. To date, approximately 12 different ubiquitin-like
proteins have been identified, including NEDDS8, 1ISG15, FUB1, FAT10, UBLS5,
SUMO-1, SUMO-2, SUMO-3, UFM1, MLP3A-LC3, ATG12 and URM1. Peptides as
described above, wherein said ligand is ubiquitin or one of said ubiquitin-like proteins
are particularly preferred. In the examples hereafter ligation of certain peptides with
ubigquitin and ubiquitin-ike proteins is discliosed. For more deiailed information
regarding the function and structure of ubiquitin and ubiquitin-like proteins Jeram and
co-workers {Proteomics 2009, 922-934) may be referred to, the contents of which are
incorporated herein by reference.

In a particularly preferred embodiment of the invention, a peptide is provided
according to formula (lla), wherein -R? and -R* both represent a polypeptide chain; at
least one of -R' and -R® represents the residue of a covalently bound ligand as
defined above; -R’ represents hydrogen or methyl and -X- represents sulphur,

In another particularly preferred embodiment of the invention, a peptide is
provided according to formula (lib), wherein -R? and -R* both represent a polypeptide
chain; at least one of -R' and -R® represents the residue of a covalently bound ligand
as defined above; -R’ represents hydrogen or methyl and -X- represents sulphur.

in another particularly preferred embodiment of the invention, a peptide is
provided according to formula (lic), wherein -R? and -R* both represent a polypeptide
chain, preferably chosen such that they include complementary parts of a full amino
acid sequence of a naturally occurring polypeptide or protein or functional variant or
fragment thereof; -R” represents hydrogen or lower alky!, preferably methyl; and -R"
represents the residue of covalently bound ubiquitin or ubiquitin-like protein.

A fourth aspect of the invention concerns a method of site and
chemoselective modification of a selected polypeptide or protein sequence
comprising i) chemical, biochemical or biologica! synthesis or production of said
selected polypeptide or protein sequence wherein at ieast one lysine compound
according to formula (la) or (Ib) is incorporated, by addition or substitution, in said
selected sequence, wherein —P* represents hydrogen or, preferably, a protecting
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group as defined herein before; ii) removing in the residue of said lysine compound
the group represented by —P? and conjugating a group represented by the formula -
R® or -C(=0)-R%, wherein ~R® and -C(=0)-R® have the same meaning as defined in
relation to formulae (lla-tic), with the residue of said lysine compound at the sulphur
or selenium atom .

As explained before, a particular advantage of the building blocks of the
invention, resides in the possibility of transferring an acyl moiety, —C(=0)-R®%, from
the thiol or selenol ligation handle to the ¢- or, in some case, the g-amine. Hence, in
a preferred embodiment of the invention, a method of site- and chemoselective
modification is provided as defined herein before, wherein a moiety —C(=0)-R” is
conjugated to the residue of the lysine compound, replacing the group —P%, to yield
the corresponding thio- or selenoester and the method comprises the subsequent
step iii) of intramolecular transfer of said group represented by formula -C(=0)»-R” to
the a- or -£ amine group.

Chemical peptide synthesis methods are well known to the person skilled in
the art. In accordance with the present invention the peptides are typically chemicaily
synthesized, preferably using solid phase synthesis. In accordance with the present
invention, it is not critical whether the entire seguence is synthesised through
stepwise elongation only or whether the process involves ligation of two or more
separately obtained fragments. Typically, if the sequence length exceeds 100 amino
acids, it may be preferabie to produce separate fragments and ligate them through
processes known as fragment condensation and/or chemical ligation. As will be
explained in more detail hereafter, the present invention also provides a particularly
advantageous chemical ligation process for the purpose of peptide synthesis.
Alternatively the thio- and selenolysine compounds presented here can be
incorporated into a protein using orthogonal tRNA/aminocacyl-tRNA synthetase pairs,
which incorporates the unnatural thiolysine building biock in response fo a nonsense
or four-base codon in the gene of the protein of interest. To date this technology has
allowed the incorporation of approximately 50 unnatural amino acids (cf. J. M. Xie, P.
G. Schultz, Nat. Rev. Mol. Cell Biol. 2006, 7, 775 and/or P. R. Chen, D. Groff, J. Guo,
W. Ou, S. Cellitti, B. H. Geierstanger, and P. G. Schultz, Angew. Chem. Int. Ed.
2009, 48, 4052). For this purpose, the lysine building block of the invention is
preferably provided in non-conjugated and, preferably, non-protected form at the o-
amine and carboxylic acid.

If the group -R® represents the afore-mentioned optionally substituted primary,
secondary or tertiary aliphatic or cyclic alkyl, heteroalkyl, alkenyl or heteroalkenyl, the
conjugation typically comprises a reaction known as Williamson ether synthesis,
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where the unprotected thiol is reacted with a corresponding compound L-R®, wherein
L represents a halogen atom or ancther good leaving group.

The group represented by the formula -C(=0)-R” is typically conjugated to the
unprotected thiol or selenol group by reacting it with a corresponding acid or ester,
typically the carboxylic acid represented by the formula H-O-C(=0)-R%; the
thiocarboxylic acid, represented by the formula H-S-C(=0)-R”; or the
selenocarboxylic acid, represented by the formula H-Se-C(=0)-R%; or the esters or
salts of said acids.

Alternatively, depending on the exact nature of the selected ligand that is to
yield the moiety -R5 or -C(=0)-R5’ in accordance with the invention, the present
method may involve enzymatic conjugation instead of chemical conjugation. in some
cases this may be favoured due to, for example, increased specificity and/or mild
reaction conditions. Suitable materials and conditions for a given enzymatic
conjugation process depend on the exact ligand and will, in general, be known in the
art per se.

Intramolecular transfer of the group represented by formula -C(=0)-R°® to the
g-amine group requires deprotection of said amine group, by a reaction known per se
in the art, as explained before. The intramolecular S to N fransfer of the ligand, also
involves standard chemistry. Typically, after deprotection of the amine, the
intramolecular S to N transfer is chemically favoured and hence occurs
spontaneously, preferably in a neutral or (slightly) alkaline environment. If the lysine
building block according to formula (Ib) was used as the N-terminal amino acid
residue, the transfer reaction can be directed to the a- or e-amine group through the
specific protection/deprotection steps of the specific amings. It is within the capacities
of the skilled person to select the proper protecting groups and reaction conditions for
this purpose.

After transfer of the group represented by the formula -C(=0)-R* to the amine
of the lysine building block, an unblocked thiol or selenol group is again available in
the residue of the lysine compound of the invention. This group may be used again
as a ligation handle to attach a further group represented by —R® or -C(=0)-R°, which
may be the same as or different from the first one, to yield the corresponding
conjugate. In case the lysine building block according to formula (Ib) was used as the
N-terminal amino acid residue and the second ligand is also an acyl represented by —
C(=0)-R?, a second intramolecular transfer may also be available, if desired, as well
as the subsequent formation of a conjugate with a third moiety represented by —R° or
-C(=0)-R®%, which may be the same or different from the other ones. Alternatively, the
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thiol or selenol group may be removed from the lysine building block by reactants
and conditions known by the skilled person.

As noted before, the synthesis of the peptide is preferably performed on a
solid phase substrate, yielding a peptide that is covalently attached to said substrate.
Cne or more of the subsequent steps of the present method may be performed
before or after release of the peptide from said solid phase substrate. In an
embodiment of the invention conjugation of the ligand to the lysine building block is
performed on the solid phase as well. More preferably, the peptide is released from
the solid phase substrate after the final modification step of the invention, which may
be conjugation, intramolecular transfer or removal of the thiol or selenol group(s).
This strategy allows for the modified protein to be obtained directly in high purity,
potentially rendering any or all further purification steps superfiuous. Alternatively, the
method of the invention may concern solid phase synthesis without release from the
solid phase substrate prior to or after the subsequent steps of the invention, e.g. in
the case of protein (micro)arrays, where the protein can be synthesized directly on
the microarray surface.

Although the exact nature of the selected polypeptide or protein sequence is
not in any way critical for the purpose of the present invention, a preferred
embodiment of the invention concerns a method as defined above, wherein said
selected polypeptide or protein sequence is a naturally occurring polypeptide or
protein or functional variant or fragment thereof as defined herein above.

Furthermore, in a preferred embodiment said method of site- and
chemoselective modification is or includes ubiquitination. Hence, in a preferred
embodiment of the invention a method as defined above is provided wherein a
moiety —~C(=0)-R® is conjugated to the residue of the lysine compound replacing the
group —P* and said moiety —C(=0)-R® is ubiquitin or an ubiquitin-like protein.

A fifth aspect of the invention concerns the use of the lysine compounds as
defined herein before as building blocks in the synthesis of a selected peptide or
protein to provide a ligation handle for the site- and chemoselective modification of
said selected polypeptide or protein sequence. As stated before, an embodiment of
the invention concems covalent attachment, typically orthogonal covalent
attachment, of a functional ligand, which may be a peptide, to a functional peptide or
protein, typically a naturaily occurring polypeptide or protein or functional variant or
fragment thereof as defined herein above.

Another aspect of the invention, however, concerns the use of the present
lysine building block of formula {Ib) for linear attachment of one peptide fragment to
another peptide fragment, wherein the C-terminal carboxylic acid group of one
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fragment is attached to the g-amine group of the other fragments N-terminal thio- or
selenolysine building block, as aiready stated before. This has been found to be a
particularly useful tool in synthesis of peptides exceeding a certain length, where it is
often desired to attach separately build polypeptide chains to obtain, eventually, a
functional peptide or protein, which may or may not contain {bio-orthogonal)
functional ligands.

Hence, a further aspect of the invention concerns a method of synthesizing a
selected polypeptide or protein sequence comprising i) synthesis of a fragment of
said selected polypeptide or protein sequence wherein, as the N-terminal amino acid
residue, a lysine compound according to formula (Ib) wherein ~P° represents an
amine protecting group as defined herein before, is incorporated by addition or
substitution; ii) replacing in said fragment the group represented by —P*® with a
complementary peptide fragment of said selected polypeptide or protein sequence,
which is attached through the C-terminal carboxyl group; and iii) intramolecular
transfer of said complementary peptide fragment to the N-termina! a- amine.

As stated before, in accordance with such a method, after the intramolecular
transfer, the thiol or selenol group is again available in the thio- or selenolysine
residue as a ligation handle for site- and chemoselective (orthogonal) ligation of a
functional agent in accordance with the above described methods and uses. As will
be understood by the skilled person such an approach allows a single lysine block to
be used very efficiently in the synthesis and subseguent modification of peptides and
proteins, and therefore constitutes a particularly preferred embodiment. Alternatively,
the thiol or selenol group may be removed after linear ligation of the peptide
fragments, if desired.

A further aspect of the present invention concerns the use of the lysine
compounds as defined herein before as building blocks in the synthesis of a selected
peptide or protein to provide the ligation handle for linear, covalent attachment of
individual peptide fragments, in accordance with what has been stated before.

Yet, a further aspect of the invention concerns the use of the peptides or
proteins of formulae (lla-lic) as defined herein before as a therapeutic or diagnostic
agent. As stated before, chemo- and site-selectively modified peptides may find
applications in diagnostic and therapeutic methods. For example, endogenous
proteins and/or peptides labelled with certain tags, probes or markers may provide
useful tools as diagnostic agents. Furthermore, proteins currently known as
(potential) therapeutic or diagnostic agents may be modified in accordance with the
invention, such as to improve their clinical performance, e.g. by including solubility
modifying ligands. Peptidic as well as non-peptidic therapeutic or diagnostic agents
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may be ligated to a specific protein as the ligand, using the technique of the present
invention for targeting of said agent to a specific site of action.

In this document and in its claims, the verb "to comprise” and its conjugations is
used in its non-limiting sense to mean that items following the word are included, but
items not specifically mentioned are not excluded. In addition, reference to an
element by the indefinite article "a" or "an" does not exclude the possibility that more
than one of the element is present, uniess the context clearly requires that there be
one and only one of the elements. The indefinite article "a" or "an" thus usually
means "at least one".

The different aspects of the invention as described here above will be
Hllustrated in the following examples 1-3, and the figures 1-12 referred to therein.

Description of the Figures

Figure 1: BenchMark™ Pre-Stained Protein Ladder (Invitrogen)

Figure 2: SDS-Page (12%) analysis of reaction progression. Reagents and
condition: 50 mM Tris-HCI buffer pH 7.5 + 4 mM MgCl, + 2 mM ATP + 50 mM
MESNa + ~178 nM E1 + 25 uM Ub + 2 mM TRAVTK*YTSSK, incubation at 37°C.

Figure 3: SDS-Page (12%) analysis of minimal required peptide concentration
(in yM). Reagents and condition: 50 mM Tris*HCI buffer pH 7.5 + 4 mM MgCl, + 2
mM ATP + 50 mM MESNa + ~71 nM E1 + 25 uM Ub, overnight incubation at 37°C.

Figure 4: SDS-Page (12%) analysis of minimal required E1 concentration (in
nM). Reagents and condition: 50 mM Tris-HCl buffer pH 7.5 + 4 mM MgCl, + 2 mM
ATP + 50 mM MESNa + 250 uM TKAVTK*YTSSK + 25 uM Ub, overnight incubation
at 37°C.

Figure 5: ES" spectrum of formation ligation product after treatment of
disulfide intermediate with TCEP.

Figure 6: SDS-PAGE (12%) analysis ubiquitin ligation of peptides 1-3.
Reagents and conditions: 50 mM Tris-HCl buffer pH 7.5 + 4 mM MgCl; + 2 mM ATP
+ 50 mM MESNa; overnight incubation at 37°C. 1 = 5 yM Ub + 250 uM Peptide 1
(DMF, 5%) + 150 nM E1; 2 = 5 yM Ub + 500 pM Peptide 1 (DMSO, 10%) + 300 nM E1;3
=5 uM Ub + 500 uM Peptide 1 (DMF, 10%) + 300 nM E1; 4= 33 UM Ub + 45 yM Peptide
1 (DMSO, 1%) + 300 nM E1; 5= 33 yM Ub + 45 uM Peptide 1 (DMF, 1%) + 300 nM E1; 6
=5 uM Ub + 250 yM Peptide 2 + 1580 nM E1; 7 = 5 yM Ub + 500 uM Peptide 3 + 300 nM
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E1; 8 =5 pM Ub + 250 uM Peptide 3 + 150 nM E1; 9 = 5 yM Ub + 500 pM Peptide 3 +
300 nM E1. = ligation product; >—= E1, *-= peptide (residues).

Figure 7: SDS-PAGE ubiquitin ligation of peptides 4, 5 and TKAVTK*YTSSK.
Reagents and conditions: 50 mM Tris-HCl buffer pH 7.5 + 4 mM MgCl, + 2 mM ATP
+ 50 mM MESNa; overnight incubation at 37°C. 10=5 pM Ub + 250 yM Peptide 4 +
150 nM E1; 11= 5 yM Ub + 500 yM Peptide 4 + 300 nM E1; 12= 5 yM Ub + 250 uM
Peptide 5 + 150 nM E1; 13= 5 pM Ub + 500 yM Peptide 5 + 300 nM E1; 14= 25 yM Ub +
250 uM TKAVTK*YTSSK + 150 nM E1; 15= 25 yM Ub + 250 pM TKAVTK*YTSSK
(DMSO, 1.25%) + 150 nM E1; 16= 25 yM Ub + 250 yM TKAVTK*YTSSK (DMSO, 10%) +
150 nM E1. "= ligation product; *—= peptide (residues).

Figure 8: SDS-PAGE ubiquitin ligation of peptides 1-10 — Part Il. Reagents
and conditions: 50 mM Tris-HCI buffer pH 7.5 + 4 mM MgCl; + 2 mM ATP + 50 mM
MESNa + 250 nM E1; overnight incubation at 37°C. 17= 50 yM Ub + 50 uM Peptide 1;
21= 50 pM Ub + 50 uM Peptide 3; 18=100 uM Ub + 50 uyM Peptide 1; 22= 100 pM Ub +
50 uM Peptide 3; 18= 50 pM Ub + 50 uM Peptide 2; 20=100 uM Ub + 50 yM Peptide 2.
= ligation product.

Figure 9: SDS-PAGE ubiquitin ligation of peptides 1-10 — Part ll. Reagents
and conditions: 50 mM Tris-HCI buffer pH 7.5 + 4 mM MgCl, + 2 mM ATP + 50 mM
MESNa + 250 nM E1; overnight incubation 2t 37°C. 23= 50 uM Ub + 50 yM Peptide 4
27= 50 uM Ub + 50 uM Peptide 6; 24=100 yM Ub + 50 yM Peptide 4 28= 100 yM Ub +
50 uM Peptide 6; 25= 50 pM Ub + 50 yM Peptide 5; 26=100 yM Ub + 50 uM Peptide 5.
'—»= ligation product.

Figure 10: SDS-PAGE ubiquitin ligation of peptides 1-10 — Part ll. Reagents
and conditions: 50 mM Tris-HCl buffer pH 7.5 + 4 mM MgCl, + 2 mM ATP + 50 mM
MESNa + 250 nM E1; overnight incubation at 37°C. 29= 50 yM Ub + 50 yM Peptide 7
33= 50 yM Ub + 50 uM Peptide 9; 30=100 yM Ub + 50 yM Peptide 7 34= 100 yM Ub +
50 uM Peptide 9; 31= 50 uM Ub + 50 uM Peptide 8 35= 100 uM Ub + 50 pM Peptide 10;
32= 50 pM Ub + 50 pM Peptide 8 36= 100 yM Ub + 50 uM Peptide 10. "—= ligation
product.

Figure 11+12: S8DS-PAGE SUMO-1 and 2 ligation of peptides 1 — 10 (50 uM,
1 equiv). Reagents and conditions: 50 mM Tris<HCl buffer pH 7.5 + 4 mM MgCl, + 2
mM ATP + 50 mM MESNa + 100 yM SUMO-1 or SUMO-2 (2 equiv based on
peptide) + 250 nM SUMO E1; overnight incubation at 37°C. '—= ligation product.

1) p53: HLK*SKKGQSTSRHKKLMFKTEG (2.64 kDa);
2) p53: HLKSK*KGQSTSRHKKLMFKTEG (2.64 kDa);
3) p53; HLKSKK*GQSTSRHKKLMFKTEG (2.64 kDa);
4) p53; HLKSKKGQSTSRHK*KLMFKTEG (2.64 kDa);
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5) p53: HLKSKKGQSTSRHKK*LMFKTEG (2.64 kDa);
6) p53: HLKSKKGQSTSRHKKLMFK*TEG (2.64 kDa);
7) PCNA: GDAVWISC"AK*'DGVKFSASGELGNGNIKLSQ184 (3.18 kDaj);
8) PCNA: SC*AK*™DGVK168 (1.02 kDa);
9) PTEN: MTAIIKEIVSRNK*RRYQED (2.43 kDa);
10) PTEN: TSEK*VENGSLC*DQEIDSIC*SIERA (2.98 kDa).
Figure 13: Experimental setup used for the photochemical chlorination of
L(+)-lysine, comprising a CF41 Cryo-Compact Circulator (70 °C) (1) and a
Photochemical reactor medium pressure Hg lamp (450 W) (2).

Examples; General Material and Methods

General reagents were obtained from Sigma Aldrich, Fluka and Acros and
used without further purification. H-DL-8-Hydroxy-DL-Lys-OH-HCl was purchased
from Bachem and (5R)-5-hydroxy-L-lysine dihydrochloride monohydrate from Sigma
Aldrich. Ubiguitin was purchased from BIOMOL. SUMO proteins 1 and 2, E1 for
ubiquitin (UBA) and SUMO (AOS1-SAE2 dimer) were a kind gift from the group of
Prof. Titia Sixma (NKIFAVL). V50 (2, 2-Azobis(Z2-methyipropionamidine)
dihydrochloride) was purchased from Sigma Aldrich and VA-044 (2,2'-Azobis[2-(2-
imidazolin-2-yl)propane] dihydrochioride) was purchased form Wako Pure Chemical
Industries (Japan). Solvents were burchased from BIOSOLVE and Aldrich and dried
overnight over molecular sieves (4A for DCM, DMF and 3A for MeOH) where
necessary. Analytical thin layer chromatography was performed on aluminium sheets
precoated with silica gel 60 Fass using 20% ninhydrin in ethanol and heating by
heatgun. Column chromatography was carried out on silica gel (0.035-0.070 mm,
90A, Acros). Nuclear magnetic resonance spectra ('"H-NMR, 13C-NMR, COSY and
HSQC) were determined in deuterated methano! (MeOD-ds, "H reference & 4.87
ppm; "°C reference & 49.15 ppm), deuterated chioroform (CDCls, 'H reference & 7.26
ppm; °C reference & 77.00 ppm) or deuterated dimethyl sulfoxide (DMSO-ds, H
reference & 2.50 ppm; C reference & 39.52 ppm) using a Bruker ARX 400
Spectrometer (*H: 400 MHz, *C: 100 MHz) or a Bruker Avance-Il 300 Spectrometer
('H: 300 MHz, ®C: 75 MHz) at 298 K, unless indicated otherwise. Peak shapes in the
NMR spectra are indicated with the symbols ‘d’ (doubiet), ‘dd’ {double doubilet), ‘s’
{singlet), ‘br s’ (broad singlet), '’ (triplet) and ‘'m’ (multiplet). Chemical shifts (d) are
are given in ppm and coupling constants J in Hz. LC-MS measurements were
performed on a sysiem equipped with a Waters 2795 Seperation Module (Alliance
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HT), Waters 2996 Photodiode Array Detector (190-750nm), Waters Alitima C18
Column (2.1x100mm) and an LCT™ Orthogonal Acceleration Time of Flight Mass
Spectrometer. Samples were run at a flowrate of 0.40 ml min™ using two mobile
phases: A= 0.1% aqueous formic acid and B= CH;CN in 0.1% aqueous formic acid.

LC-MS Program 1 (C18 column):

Waters Atlantis T3 C18, 2.1 x 100 mm, 3 yM); Flow rate= 0.4 mL/min,
runtime= 10 min, column T= 20°C, stroke volume= 25 yL; Gradient: 0.0 = 2.0 min:
5% B; 2.0 = 5.0 min: 5% B = 95% B; 5.0 = 7.0 min: 95% B; 7.0 = 7.2 min: 95% B
= 5% B; 7.2 =2 9.9 min: 5% B
LC-MS Program 2 (G4 column):

Waters Symmetry 300, 2.1 x 100 mm, 3.5 uM; Flow rate= 0.4 mL/min,
runtime= 24 min, column T= 20°C, stroke volume= 25 uL; Gradient: 0.0 — 2.0 min:
5% B; 2.0 - 20.0 min: 5% B = 90% B; 20.0 — 21.0 min: 80% B = 95% B; 21.0 — 24.0
min: 95% B = 5% B.

HPLC (C4, ubiguitin derived compounds):

Shimadzu LC-20AD/T using a C4 Vydac column (Grace Davison Discovery
Sciences™, cat # 214TP1022). Mobile phases: A= 0.05% aqueous TFA and B=
CH3CN in 0.05% aqueous TFA. Column T= 20°C. Flow rate= 10.0 mL/min. Gradient
as for LC-MS Program 2.

Example 1: Synthesis &-thiolysine building blocks DL-3.4 and L-3.4

NHSoC NHBo: NHBoc
\{S.,, NgrSe, NHBoc
] \S'S"‘ <
HzN 0 2w Hzﬁ O H;l\:' o L.
HaN", B”'O ﬁ\B:’O %\B_’O FmocHN OH
@]
SR-hydroxy-L-lysine L-3.4 L-3.2 L33 £-34
NHBoc¢ N+Boc NriBoc
o RZHz Ho ﬁo(s \S,s,,‘_) o Rr:naoc
: - Hafz 0 - H2; 0 - * Hz* f © :
HaNT, OH ﬁéfo ﬁa{o ﬁe_’o FmocHM Ot
Q o]
5RS-hydroxy-DL-lysine DL-3.4 DL-3.2 DL-3.3 DL-3.4
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“-teri-Butoxycarbonyl-5-hydroxy-DL-lysinato-bicyclononviboron (DL-3.1).

Ammonia solution (aq. 50 mL) was added to (5RS)-5-hydroxy-DL-lysine
hydrochloride (5 g, 256.2 mmol) at 0°C. After stirring for 30 min the solution was
concentrated and the crystalline solid was dried in high vacuum before further use.
The solid was added in one portion to a stirred solution of 9-BBN (7.00 g, 28.8 mmol)
in hot methanol (100 mL). The reaction mixture was refluxed (ca. 3 h) under nitrogen
until a clear solution was obtained. After evaporation of the solvent, the residue was
dissolved in 1,4-dioxane/water (1/1 v/v, 60 mL), cooled in an ice-bath and treated
with NaHCO, (2.5 g, 29.8 mmol) and Boc,0O (5.5 g, 25.2 mmol). After stirring
overnight, the reaction mixture was concentrated, diluted with brine and extracted
with EtOAc. After drying the organic layer and concentration, the crude product was
purified over silica gel (n-hexane/EtOAc; 1/0—-1/1->1/9). The title compound (R= 0.4,

EtOAC) was obtained as a white foam. Yield: >99% over 2 steps.

Ne-tert-Butoxycarbonyl-8R-hvdroxy-L-ysinato-bicyclononyiboron {L-3.1).

Ammonia solution (aq. 10 mL) was added to (5R)-5-hydroxy-L-lysine
dihydrochioride monohydrate (1.04 g, 4.11 mmol) at 0°C. After stirring for 30 min the
solution was concentrated and the crystalline solid was dried in high vachum before
further use. The solid was added in one portion to a stirred solution of 9-BBN (1.2 g,
4.7 mmol) in hot methanol (20 mL). The reaction mixture was refluxed (ca. 3 h) under
nitrogen until a clear solution was obtained. After evaporation of the soivent, the
residue was dissoived in 1,4-dioxane/water (2/3 v/v, 30 mL), cooled in an ice-bath
and treated with NaHCO, (0.5 g) and Boc,O (1.1 g). After stirring overnight, the
reaction mixture was concentrated, diluted with brine and extracted with EtOAc. After
drying the organic layer and concentration, the crude product was purified over silica
gel (n-hexane/EtOAc; 1/0-0/1). The title compound (R= 0.4, EtOAG) was obtained
as a white foam. Yield: 1.39 g, 3.63 mmol, 89% over 2 steps. On a 45.7 mmol scale,
the product was obtained (silica gef chromatography DCM—10% MeOH/DCM) in an
overall yield of 82%. *H-NMR (400 MHz, MeOD-d4) & 3.72 — 3.59 (m, 2H, H-a and H-
8), 3.12 = 3.01 (m, 2H, H-¢), 2.11 (m, 1H, H-B), 1.80 - 1.43 (m, CH-boron, H-B’ and
H-y), 1.43 (s, 9H, tBu Boc), 0.57 (d, 2H, CH, boron, J= 16 Hz). ®C-NMR (100 MHz,
MeOD-d4) 6 177.4 (C=0), 158.9 (C=0, Boc), 80.4 (Cq tBu), 71.6 (CH), 56.5 (CH),
47.5 (CH,), 32.7 — 32.4, 31.7 (CHy), 28.9 (tBu, Boc), 28.4 (CHj), 25.8 — 25.4 (CH,).
LC-MS program 1: R=6.9 min, MS ES+ (amu): 383.26 [M*H]", 765.01 [M-MeH]".
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Ne-terft-Butoxycarbonyl-5SR-(S-acetyl)-DL-lysinato-bicyclononylboron (DL-3.2).

Step 1: To a solution of DL-3.1 (0.95 g, 2.48 mmol) and EL,N (730 pL, 5.24
mmol) at 0°C in dichloromethane (15 mL) was added MsCi (326 uL, 4.19 mmol). The
reaction mixture was stirred overnight when TLC anaylsis revealed no compietion.
After adding another 0.52 mL of Et;N and 0.23 mL MsCl, the reaction was complete

within 1 hr according to TLC analysis. The crude product was purified over silica gel
(n-hexane/EtOAc 1/1-51/4) affording the mesylate (R= 0.8, EtOAc) as a foam after
drying under high vacuum. Yield: 1.09 g, 2.37 mmol, 95%. LC-MS program 1: R=7.2
min, MS ES+: 461.19 [MeH]". ®*C-NMR (100 MHz, MeOD-d4) & 176.9 (C=0), 158.7
(C=0, Boc), 82.4, 82.2 (CH), 80.7 (C4 tBu), 55.9, 55.8 (CH), 44.7, 44.6 (CH), 38.6,
36.3 (CH), 32.8, 32.7, 32.5, 32.4 (CHy), 30.4, 30.1 (CH,), 28.9 (tBu, Boc), 27.9, 27.6
(CH2), 25.8, 25.4 (CH,). The reaction was also performed on a 20 mmol scale and
the mesylate was isolated in >39% from 5RS-3-hydroxy-DL-lysine.

Step 2, method using DBU salt of thioacetic acid: A preformed solution of the
DBU salt of thicacetic acid, formed by the addition of 5 eq thicacetic acid to a cooled
solution of 5 eq DBU in dry DMF (3.5 M), was added to a solution of the mesylate
(1.0 eq, 0.45 g, 1.02 mmol) in dry DMF (2 mL). The reaction was stirred overnight at

rt when TLC analysis showed complete consumption of starting material and
formation of a product spot at Ry 0.6 in n-hexans/EtOAc 1/6. The DMF was
evaporated and the concentrate was dissolved in ethyl acetate, washed with brine,
dried (MgSO,) and concentrated. The crude product was purified over silica gel (n-
hexane—EtOAc 1/3) yielding DL-3.2 as a foam. Yield: >99%.

Step 2, method using potassium thioacetate: Potassium thiocacetate (1.75 eq,
was added to a solution of the mesylate (1.0 eq, 0.5 g, 1.1 mmol) in dry DMF (7 mL).
The reaction was stirred at 65°C for 2% hrs when TLC analysis showed complete
consumption of starting material and formation of a product spot. The DMF was
evaporated and the concentrate was dissolved in ethyl acetate, washed with water
and brine, dried, and concentrated. Yield after silica gel chromatography: >99%. LC-
MS program 1: R=7.3 min, MS ES+: 441.51 [MeH]", 882.46 [M-MeH]".

N-tert-Butoxycarbonyl-58-(S-acetyl)-L-lysinato-bicyclononyiboron (L-3.2).

Step1: To a solution of L-3.1 (1.35 g, 2.48 mmol) and Ef{;N (730 pL, 524
mmol) at 0°C in dichloromethane (15 mL) was added MsCl (328 ul., 4.19 mmaol). The
mixture was stirred for 1 hour when TLC analysis showed compietion. The crude

product was purified over silica gel (n-hexane/EtOAc 1/1-51/3) affording L-3.1 (R=
0.8, EtOAC) as a foam. Yield: >99%. "H-NMR (400 MHz, MeOD-d4) 5 6.40 (m, 1H),
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5.83 (m, 1H), 4.98 (m, 1H), 4.69 (m, 1H), 3.70 (m, 2H, H-a and H-d), 3.25 - 3.12 (m,
partially obscured by MeOD-d4 peak), 2.69 (s, 3H), 2.11 (m, 1H, H-B), 2.12 - 1.30
{m, CH-boron, H-B and H-y), 1.20 (s, 8H, 1Bu Boc), 0.57 (broad s, 2H, CH, boron).
LC-MS program 1: R= 7.3 min, MS ES+ (amu): 461.19 [MeH]", 920.77 [M-MeH]".

Step 2, method using DBU salt of thioacetic acid: A preformed solution of the
DBU salt of thicacetic acid, formed by the addition of thioacetic acid (5 eq) to a
cooled solution of DBU (5 eq) in dry DMF (3.5 M), was added to a solution of the
mesylate (1 eq) in dry DMF (2 mL). The reaction was stirred overnight at rt when TLC
analysis showed incomplete consumption of starting material. Another 2.5 eq of
fresh DBUHSAC was added. The reaction was left stirring overnight. The DMF was
evaporated and the concentrate was dissolved in ethyl acetate, washed with water
and brine, dried, and concentrated. The crude product was purified over silica gel (n-
hexane—EtOAc 1/3) yielding L-3.2 as a foam. Yield: 1.13 g, >99%.

Step 2, method using potassium thioacetate: KSAc (1.75 eq, 10.9 mmol, 1.25
g) was added to a solution of the mesylate (1.0 eq, 2.87 g, 6.23 mmol) in dry DMF
{58 mi). The reaction was stirred at 85°C for 3 hrs when TLC and LC-MS analysis
showed completion. The DMF was evaporated and the concentrate was dissolved in
EtOAc, washed with water and brine, dried, and concentrated. Yield after silica gel
chromatography: 2.21 g, 5.05 mmol, 81%. "H-NMR (400 MHz, MeOD-d4) & 3.64
(app dd, 2H, H-a and H-8, J= 4.8 and 8.5 Hz), 3.55 (dd, 1H, H-¢, J= 5.8 and 14.2 Hz),
3.12 (dd, 1H, H-¢’, J= 7.3 and 14.1 Hz), 2.33 (s, 3H), 2.10 ~ 1.30 (m, CH-boron, H-B
and H-y), 1.43 (s, 9H, tBu Boc), 0.57 (broad s, 2H, CH; boron). *C-NMR (100 MHz,
MeOD-d4) & 197.0 (C=0 SAc), 177.1 (C=0), 158.8 (C=0, Boc), 80.5 (C, tBu), 55.9
(CH), 45.7 {(CHa), 45.1 (CH,), 32.8, 32.7, 324 (4xCHy), 30.9 (CH), 29.6, 28.3
(2xCHp), 28.9 (1Bu, Boc), 28.4 (CHy), 25.8, 25.4 (2xCH,). LC-MS program 1: R= 7.4
min, MS ES+ (amu): 441.28 [MeH]", 880.97 [M-MeH]".

N°-tert-Butoxycarbonyl-5-(methyldisulfanyl)-lysinato-bicyclononylboron (DL-3.3).
Thicacetate DL-3.2 (1.00 g, 2.27 mmol) was dissolved in methanol (15 mL)

and treated with a TN NaOH solution (3 mL) for 15 min at 0°C. The reaction mixture

was carefully neutralized by the addition of equimolar amounts of HOAc and

concentrated. The concentrate was dissolved in ethyl acetate and washed with water
and brine, dried (MgSQy), and concentrated affording the crude thiol as an oil. Next,
a solution of the crude thiol in DCM (7 mL) was added dropwise to a solution of S-
Methyl methanethioisulfonate (3 equiv, 6.9 mmol, 0.66 mL) and Et;N (9 equiv, 2.76
mi., 20.4 mmol} in DCM (7 mL). The reaction mixture was stirred for 1 h after which
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TLC analysis (n-hexane/EtOAc 1/3) showed compiete consumption of starting
material. After evaporation of the DCM, the crude product was purified over silica gel
{n-hexane—EtOAc 2/3) affording disulfide DL-3.3 (R= 0.8, EtOAc) as a yellow oil.
Yield: 0.99 g, 2.23 mmol, 98% over 2 steps. Reaction on & 7.9 mmol scale gave DL~
3.3 in 80% over 2 steps. LC-MS program 1: R=7.5 min, M8 ES+ (amu): 445.47
[MeH]", 889.43 [M-MeH]".

N-tert-Butoxycarbonyl-5S-(methyldisulfanyt)-L-lysinato-bicyclononyiboron (L-3.3).

Thicacetate 1-3.2 (1.13 g, 2.5 mmol) was dissolved in methanol (15 mL) and
treated with 1N NaOH solution (3 mL) for 15 min at 0°C. The reaction mixture was
carefully neuiralized by the addition of equimolar amounts of HOAc and
concentrated. The concentrate was dissolved in ethyl acetate and washed with water
and brine, dried (MgSO,), and concentrated affording the crude thiol as an oil. *H-
NMR (400 MHz, MeOD-d4) 6 3.64 (app t, 1H, H-a J= 7.5 and 5.4 Hz), 3.28 (dd, 1H,
H-¢, J= 7.6 and 14.1 Hz), 3.13 (dd, 1H, H-¢', J= 6.8 and 13.9 Hz), 2.87 (broad s, 1H,
H-8), 2.10 — 1.30 (m, CH-boron, H-B and H-y), 1.43 (s, 9H, tBu Boc), 0.57 (broad d,
2H, CH, boron, J= 13.9 Hz). ®*C-NMR (100 MHz, MeOD-d4) & 177.3 (C=0), =159
(C=0, Boc, low intensity peak), 80.5 (Cq tBu), 56.2 (CH), 49.1 (CH,, partially
obscured by MeOD-d4), 41.5 (CH), 33.1, 32.8, 32.7, 32.5, 32.4, 29.7 (5xCH), 29.0
(CH), 28.9 (iBu, Boc), 25.8, 25.4 (2xCH,). Next, a solution of the crude thiol in DCM
(7 mL) was added dropwise to a solution of S-Methyl methanethiolsuifonate (3 equiv,
6.9 mmol, 0.66 mL) and Ei;N (9 equiv, 2.76 mL, 20.4 mmol) in DCM (7 mL). The
reaction mixture was stirred for 1 h after which TLC analysis (n-hexane/EtOAc 1/3)
showed complete consumption of starting material. After evaporation of the DCM, the
crude product was purified over silica gel (n-hexane—EtOAc 2/3) affording disulfide
L-3.3 (R= 0.8, EtOACc) as an oil. Yield: 1.1 g, 2.5 mmol, >99% over 2 steps. 'H-NMR
(400 MHz, MeOD-d4) & 3.68 (dd, 1H, H-a, J= 5.4 and 6.8 Hz), 3.29 (m, 2H, H-¢,
obscured by MeOD-d4 peak), 2.89 (m, 1H, H-8), 2.43 (s, 3H, SMe), 1.80 ~ 1.43 (m,
CH-boron, H-8 and H-y), 1.45 (s, 9H, tBu Boc), 0.58 (broad d, 2H, CH, boron, J=
12.3 Hz). ®*C-NMR (100 MHz, MeOD-d4) & 177.1 (C=0), 158.7 (C=0, Boc), 80.5 (C,
iBu), 66.1, 62.7, 48.9 (3xCH), 45.0 (CHy), 32.8, 32,7, 32.4, 29.6, 29.1 (6xCHy), 28.9
(tBu, Boc), 25.8, 25.4 (2xCH,), 24.5, 18.5 (2xCH).
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N%{Fluoren-9-vimethoxycarbonyl}-N°-ferf-Butoxycarbonyl-5-(methyldisulfanyl}-DL-
lysing (DL-3.4).

Compound DL-3.3 (2.6 g, 5.9 mmol) was dissolved in THF (40 mlL) and
ethylene diamine (3.0 mL) was added. The solution was heated to ~70°C for 5 min

when a white solid precipitated. The reaction mixture was filtered over Hyflo® and the
filtrate was purified by flash column chromatography (DCM=40% MeOH in DCM, R=
0.4). affording the free amino acid as an oil. ®C-NMR (100 MHz, MeOD-d4) & 177.3
{C=0), 158.6 (C=0, Boc), 80.4 (C, tBu), 56.1 (2xCH), 52.9 (CH), 50.0 (CH), 45.3
(2xCHy,), 30.1 (CHy), 28.9 (1Bu, Boc), 28.9, 28.4 (CH,), 24.5 (CH). LC-MS program 1:
R= 5.6 min, MS ES+ (amu): 325.25 [MeH]", 649.11 [M-MeH]". Next, a solution of
Fmoc-OSu (2.5 g, 7.4 mmol) in acetone (25 mL) was added to a solution of the crude
amino acid and NaHCO; (0.59 g, 1.1 eq) in acetone/H,0 (50 mL/50 mL). The
reaction mixture was stirred overnight at room temperaiure, concentrated, acidified
with 1N ag. HCl and extracted with DCM. The aqueous layer was exiracted again
with chloroform and EtOAc. The combined organic layers were dried (MgSO,) and
concentrated under reduced pressure. The residue was purified by flash column
chromatography {10% MeOH in DCM). Yield: 1.5 g, 2.7 mmol, 46% over 2 steps.
BC-NMR (100 MHz, MeQOD-d4) & low intensity for C=0 peak, 157.2 (C=0, Boc),
144.0, 143.8, 141.2 (C, Fmoc), 127 .4, 126.8, 124.9, 119.5 (CH Fmoc), 78.8 (C,tBu),
66.6 (CHy), 51.2, 50.9 (2xCH), 48.4, 47.0 (2xCH), 43.8 (2xCHy), 29.3, 29.1, 27.6
(8xCHy), 27.4 (1Bu, Boc), 27.3 (CHy), 23.0 (CH). LC-MS program 1: R= 7.5 min, MS
ES+ (amu): 547.14 [MeH]".

N°-(Fluoren-9-ylmethoxycarbonyl) -N*-fert-Butoxycarbonyi-5 S-(methyldisulfanyl)-L-lysine
(L-3.4).

Compound L-3.3 (1.15 g, 2.5 mmol) was dissolved in THF (40 mL) and
ethylene diamine (1.3 mL) was added. The solution was heated to ~70°C for 5 min

when a white solid precipitated. The precipitate was removed by centrifugation in a
Falcon tube (10 min at 4000 rpm) or by filtration over Hyflo®. The filtrate was
concentrated and purified by flash column chromatography (DCM—40% MeOH in
DCM, R= 0.4). Yield: 0.54 g, 1.67 mmol, 67%, oil. LC-MS program 1: R= 5.7 min,
MS ES+ (amu): 325.40 [MeH]", 649.39 [M-M=H]". Next, a solution of Fmoc-OSu (1.25
eq, 0.66 g, 2.0 mmol) in acetone (10 mL) was added to a solution of this amino acid
(0.51 g, 1.57 mmol) and NaHCOQO; (145 mg, 1.73 mmol, 1.1 eq) in acetone/H,0 (10
mL/10 mL). The reaction mixture was stirred overnight at room temperature,
concentrated, acidified with 1N aq. HCl and extracted with EtOAc. The organic layer
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was dried (MgSO,) and concentrated under reduced pressure. The residue was
purified by flash column chromatography (10% MeQH in DCM). Yield: 441 mg, 0.81
mmol, 51%, foam. "H-NMR (400 MHz, MeOD-d4) & 7.75 (d, 2H, Fmoc, J= 7.5 Hz),
7.64 (t, 2H, Fmoc, J= 6.5 Hz Hz), 7.37 (t, 2H, Fmog, J= 7.3 Hz), 7.29 (double t, 2H,
Fmoc, J= 1.2, 7.4 and 7.5 Hz), 4.31 (d, 2H, J= 6.6 Hz), 4.18 (i, 1H, J=6.9 Hz), 4.12
(dd, 1H, 4.8 and 8.2 Hz), 3.18 (m, 1H), 2.79 (m, 1H), 2.35 (s, SMe), 2.15 (m, 1H),
1.92 (m, 1H), 1.73 (m, 1H), 1.59 (m, 1H), 1.40, 1.38 (s, tBu Boc). ®C-NMR (100
MHz, MeOD-d4) & 176.9 (C=0), 158.7 (C=0, Boc), 145.5, 145.3, 142.7 (C4 Fmogc),
128.9, 128.3, 126.4, 121.0 {CH Fmoc), 80.4 (C,tBu), 68.1 (CHy), 55.7, 52.4 (2xCH),
48.5 (CH), 45.5 (CH,), 30.6, 28.8 (2xCHy), 28.9 (1Bu, Boc), 24.5 (CH). LC-MS
program 1: R="7.5 min, MS ES+ (amu): 547.18 [MeH]".

Example 2: Solid phase synthesis of peptides modified with DL-3.4 and (o-
nitrobenzyl)-cysteine

Peptides were synthasized on a Syro | MultiSyntech Automated Peptide
synthesizer by standard S-fluorenylmethoxycarbonyl (Fmoc-) based solid phase
peptides chemistry on a 25 or 50 ymol. Starting with the pre-loaded Fmoc amino acid
Wang resin (0.2 mmol/g), each successive amino acid was coupled in 4 molar
excess for 45 min with pyBOP and DIPEA. Deprotection of the Fmoc- group was
achieved with 20% piperidine in NMP (3x1.2 mL, 2x2 and 1x5 min). Peptides were
cleaved with TFA/IPrySiH/H,O (95/2.5/2.5) and precipitated in cold n-hexane/diethyl
ether. Purifications were performed on a Waters 1525EF Binary HPLC using an
Atlantis (Waters, 19 x 250 mm, 10 yM) preparative column. Flow rate= 1.4 mL/min,
mobile phases: A= 0.05% aqg. TFA and B= CH3CN in 0.05% ag. TFA. Column T=
20°C. Gradient: 0.0 - 1.0 min: 1% B; 1.0 - 11.0 min: 1% B = 90% B; 11.0 - 14.0 min:
90% B; 14.0 - 15.0 min: 90% B = 95% B; 15.0 - 23.0 min: 1% B.

NrBoc

S
FmockN OH H E ‘& /[[(1‘
G
o N

DL-3.4 R*

31



W5
<

15

20

25

30

WO 2010/131962 PCT/NL2010/050277

Table 1. Analysis Peptides modified with DL-3.4 and (o-nitrobenzyl}-cysteine.

Peptide , Mol Weight (Da) MS ES# found (amu) Rt {min)

TKAVTKYTSSK 1213 ‘ 1214.2 (MeH)" 9.7
TKAVTIK*YTSSK 1290 1291.8 (MeH)" 1.3
GDAVVISC*AK*DGVKFSASGELGNGNIKLSQ 3179 1588.8 (Me2H)** 11.0
SC*AK*DGVK 1021 1019.9 (Mek)" 9.9
TSEK*VENGSLC*DQEIDSIC*SIERA 20975 1487.3 (Me2H)** 11.9
MTAHKEIVSRNK*RRYQED 2430 1214.6 (Me2H)* 10.3-10.6
HLK*SKKGQSTSRHKKLMFKTEG 2636 1317.1 (Me2HY" 9.3-9.4
HLKSK*KGQSTSRHKKLMFKTEG 2636 1347.1 (Me2Hy>* 9.3
HLKSKK*GQSTSRHKKLMFKTEG 2636 1347.1 (Me2H) 93
HLKSKKGQSTSRHK*KLMFKTEG 2636 1317.1 (Me2H)?" 9.4
HLKSKKGQSTSRHKK*LMFKTEG 2636 1317.1 (Me2H)** 9.5
HLKSKKGQSTSRHKKLMFK*TEG 2636 1317.6 (Me2H)** 9.5

Example 3: Site- and chemoselective ubiquitination of peptides using the
traceless lysine building block §-thiolysine

General Protocol ubiguitin ligation of 8-thiolysine modified peptides.
Stock solutions reagents:

#® 200 mM MgCli,

W0.5MATP

M 2.0 M MESNa

M 10 mg mL ubiquitin in 50 mM Tris-HCI (pH 7.5)

W 71 uME1 and 7.1 pM (by diluting first stock 10x) in milliQ

Stock solutions peptides:

(0) Peptide TKAVTK*YTSSK: 20 mM in milliQ or 50 mM Tris-HCI (pH 7.5)
(1) " GDAWVISC*AK*DGVKFSASGELGNGNIKLSQ™: 5.0 mM in DMF or DMSO
(2) ®'SC*AK*DGVK'®: 500 uM in 50 mM Tris-HCI (pH 7.5)
(3) "MTAIIKEIVSRNK*RRYQED': 500 uM in 50 mM Tris-HCI (pH 7.5)
(4) ***TSEK*VENGSLC*DQEIDSIC*SIERA*™: 500 uM in 50 mM Tris-HCI (pH 7.5)
(5) **HLK*SKKGQSTSRHKKLMFKTEG*®: 1000 uM in 50 mM Tris-HCI (pH 7.5)
(6) *°*HLKSK*KGQSTSRHKKLMFKTEG®?: 1000 yM in 50 mM Tris-HCI (pH 7.5)
(7) *PHLKSKK*GQS TSRHKKLMFKTEG®: 1000 uM in 50 mM Tris-HCI (pH 7.5)
(8) *°*HLKSKKGQSTSRHK*KLMFKTEG®®: 1000 uM in 50 mM Tris-HCI (pH 7.5)
(9) *°*HLKSKKGQSTSRHKK*LMFKTEG®*: 1000 uM in 50 mM Tris-HCI (pH 7.5)
(10) **HLKSKKGQSTSRHKKLMFK*TEG®: 1000 uM in 50 mM Tris-HCl (pH 7.5)

Standard reaction mixture in 50 mM Tris-HCI (pH 7.5):

B 4 mM MgCl,
® 50 mM MESNa

32



10

15

20

25

30

35

WO 2010/131962 PCT/NL2010/650277

™ ubiquitin

¥ peplide

2 mMATP

.1

Reaction incubated at 37°C for >6hrs, sample diluted in NUPAGE® LDS sample
buffer (3x, Invitrogen), heated at 71°C for 10 minutes and loaded on 72% NuPAGE®
Novex® Bis-Tris Mini Gels (Invitrogen) using MES SDS running buffer (V= 200V). As
marker was used the BenchMark™ Pre-Stained Protein Ladder (Fig. 1, Invitrogen)

General Protocol for metal-free desulfurization.
A 0.5 mM solution of peptide in milliQ (400 yL} was incubated overnight at 37°C with:

m 100 pL of a 40 mM glutathione solution
w 80 plL of a 0.2 M VA-044 or V-50 solution (see the structures below)
m 400 pL of a 0.2 M sodium phosphate buffer (pH= 6.5) containing 0.5 M TCEP.

NH

)
N _N HoN N
NH

NH

VA-044 V50

Ub ligation on H2B(115-125) pepiide TKAVTKYTSSK modified with thiolysine
building block DL-3.4.

In order to evaluate the efficiency of the here presented thiolysine building

block in the ubiquitination of a peptide we choose to incorporate DL-3.4 in the peptide
used by Muir and co-workers (Angew. Chem. Int. Ed. 2007, 46, 2814),
TKAVTK*YTSSK. This sequence corresponds to residues 115-125 of the hisione
nucleoprotein H2B with the italic K* indicating the position of the thiolysine residue.
Furthermore, we decided to use the natural alanine residue at position 117 in
contrast to Muir and co-workers (Nature, 2008, 453, 812) who replaced this with
cysteine as a potential site for thiol conjugation. Based on the protocol by Balakirev
and co-workers (ChemBiochem, 2006, 7, 1667) the present inventors performed a
set of experimenis during which it was determined after how many hours complete
ligation of ubiquitin to the peptide was observed (Figure 2), the minimal amount of
peptide (Figure 3) and E1 concentration (Figure 4). The ligation reaction mixture was
incubated at 37°C and consisted of the following ingredients: 50 mM TriseHCl buffer
(pH 7.5), 50 mM MESNa, 4 mM ATP, 2 mM MgCl,, E1, Ub and TKAVTK*YTSSK.
Reactions were analysed by SDS-PAGE and LC-MS.
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The results in Figures 2 — 4 show that the Ub ligation is fast (complete
conversion in <4 hours), requires low nM concentrations of E1 (215 nM) and 210
equiv. of peptide for full conversion of ubiquitin (within this timeframe). When MESNa
was replaced for TCEP no ligation was observed, which supports the earlier
observation by Balakirev and co-workers that the MESNa thioester is the reactive
species. As expected, when the 5-thiolysine building block was replaced by a native
lysine (thus employing the peptide TKAVTKYTSSK) no ligation took place. Overall it
was established that the use of the thiolysine based peptide resulted in a very
efficient and economical ligation of ubiguitin. LC-MS and MALDI analysis showed
that a ligation product was formed which had a mass of 9.93 kDa, corresponding to
the asymmetrical disulfide of the expected ligation product (mass 9.79 kDa) and
mercaptoethanesulfonic acid (0.14 kDa). When an LC-MS sample was prepared in
0.5 M TCEP in sodium phosphate buffer pH 6.5, the reduced ligation product was
observed (Figure 5). A (HPLC) purified sample of the ligation product was subjected
to a selective thiol desulfurization protocol based on the use of thermolabile free
radical initiators VA-044 and V-50. Thus, when an ag. solution of
TKAVTK*(Ub)YTSSK was incubated overnight at 37°C with giutathione (hydrogen
source), VA-044 or V-50 and TCEP in sodium phosphate buffer (pH 6.5), the
desulfurized product was formed according to LC-MS and MALDI analysis.

Ub ligation on d-thiolysine peptides derived from PCNA, PTEN and p53.
Building block DL-3.4 was subsequently incorporated in a set of peptides

derived from three biologically relevant monoubiquitinated proteins (Table 1).
Peptides 1 and 2, respectively, correspond to residues 155-184 and 161-168 of
PCNA (Proliferating Cell Nuclear Antigen), a processivity factor for DNA
polymerases. Building block DL-3.4 (K*) was incorporated at position 164 which is a
conserved (yeast and mammalian) monoubiguitinated lysine residue. Peptides 3 and
4, respectively, correspond to residues 1-19 and 286~309 of the tumor suppressor
PTEN (Phosphatase and tensin homolog on chromosome TEN). DL-3.4 was
incorporated at position 13 and 289 which have been shown to be two major
monoubiguitinated sites of PTEN, regulating its nuclear import. As all four peptide
sequences contain a cysteine residue we chose to incorporate it as S-(o-nitrobenzyt)
cysteine (C*, Table 1) as the nitrobenzyl group should be compatible with the ligation
conditions and is easily removed by photolysis. Finally DL-3.4 was incorporated in a
p53 sequence corresponding to residues 365~389 of its C-terminal regulatory part. It
is interesting to note that C-terminal p53 peptides have been shown to enhance
radiation-induced apoptosis in human mutant p53 cancer cells. As all 6 lysine
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residues in this sequence are known fo be ubiquitination sites, a set of 6 peptides
were synthesised.

Peptides 2-10 were found to be soluble in the Tris-HCI pH 7.5 buffer used
during the ligation reaction. Peptide 1 however, proved to be only soluble in polar
organic solvents such as DMF and DMSOQ. This is not surprising as this peptide is
made up for =50% of hydrophobic amino acids and contains 3 beta-strands in the
native PCNA protein (see Supporting Information). Besides performing the ubiquitin
ligations with an excess of peptide (rxn 1-3 and 6-16, Figures 6 and 7), it was aiso
observed that the use of (roughly) equimolar amounts of ubiquitin and peptide (rxn
4,5 Figure 6 and Figures 8-10) allowed ligation. In order to be able to develop the
here presented ligation methodology for solid phase peptide synthesis, with the
peptide being anchored fo the solid support, it is important to fully conume all
peptide. In order to confirm that a polar organic solvent is compatible with the
reaction conditions, we repeated the ubiquitin ligation of the H2B peptide
TKAVTK*YTSSK, using a DMSO stock of the peptide, up to a final concentration of
10% DMSO (rxn 14-16, Figure 7). As seen with rxn 1-5 (Figure 8), DMSO did not
have a negative effect on the ubiquitin ligation reaction.

To demonstrate the generality of our approach for conjugating ubiquitin-like
proteins (Ubl), peptides 1 - 10 (Table 1) wer

1) were also ligated with SUMO-1 (Figure 11)
and SUMO-2 (Figure 12) using 250 nM SUMO E1 (Ao

0s1-SAEZ dimer),

Example 4: Synthesis y-thiolysine building block 4

NHBoc
NH.
HCl 2 HaI
—---h-
HoN OH B/O
o]
L-iysine 41 4.2

NHBoc NHBoc

NHBoc
SAc S
Hzgs; o L. HZN — SIS\K
B FmocHN ©
OH

%ﬁfo /O

4.3 4.4 4.5
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y-chloro-L-lysine di hydrochloride (4.1).

The synthesis of 4.1 was performed following the literature procedure as was
described by Kollonitsch ef al. (/. Am. Chem. Soc. 1964, 86, 1857) using an
experimental setup as is depicted in figure 13.

Chlorine was bubbied trough a solution of L{(+)-lysine monchydrochloride (150
g. 821 mmol) in HCI (36%) at 70°C. The mixture was irradiated with a medium
pressure mercury lamp while stirring. After 2 h the reaction mixture was cooled to
7°C and a seed crystal was added to induce crystallization. After one hour the
resulting crystals were filtered off and the crude product was triturated twice with
MeOH. The crystals were coliected to afford 4.1 as a white solid. Yield: 12.6 g, 49.7
mmol, 6%. "H-NMR (300 MHz, DMSO-ds) 5 8.81 (br's, aNH;, 3H), 8.43 (br s, eNHa,
3H), 4.48 (m, yCH, 1H), 3.96 (br s, aCH, 1H), 2.94 {m, eCH2, 2H), 2.31 {m, BCH; +
BCH, total 3H), 2.04 (m, 8CH, 1H). *C-NMR (75 MHz, DMSO-ds) & 169.9 (C=0),
56.6 (yCH), 49.6 (aCH), 38.4 (¢CHy), 36.1 (BCH,), 35.1 (BCH,). LC-MS program 3:
R=1.05 min, MS ES+ (amu): 180.94 [M+H]".

“-tert-Butoxycarbonyl-L-lysinato-bicyclononylboron (4.2).
DiPEA (1.75 mL, 10.0 mmol) was added to a stirred solution of 4.1 (1.27 g,

5.0 mmol) in dry MeCH (25 mL). The reaction mixiure turned turbid and after 5

minutes 9-BBN (1.40 g, 5.75 mmol) was added. The suspension was heated at 70°C
under nitrogen until a clear solution was obtained (approx. 2 h). LC-MS analysis
confirmed complete conversion to the boronated product: R= 6.73 min (LC-MS
program 3), MS ES+ (amu): 300.98 [M+H]"). The solvent was removed in vacuo and
the residue was coevapporated twice with DCM. The residue was dissolved in dry
THF {25 mi.) and DIiPEA (1.75 mL, 10.0 mmol} and Boc,O {1.091 g, 5.0 mmol) were
added. The reaction mixture was stirred for 3 h before 1IN KHSO,4 (25 mL) was
added. The THF was removed in vacuo, and the remaining aqueous phase was
extracted with EtOAc. Subsequently, the organic layer was washed with 1N KHSO,
and brine, dried (Na;SQO4) and concentrated. The product was isolated as a white
foam by flash column chromatography (EtOAcin-hexane 3/7 — 1/1 viv). Yield: 1.84
g, 4.6 mmol, 92% over 2 steps. R= 0.25 (EtOAc/n-hexane 1/1 viv); 'H-NMR (300
MHz, CDCls) 6 5.64 (m, aNH, 1H), 6.07 — 4.87 (m, aNH + ¢NH, total 2H), 4.31 (m,
yCH, 1H), 3.88 (m, aCH, 1H), 3.21 (m, eCH,, 2H), 2.55 — 2.43 (m, 8CH, 1H), 2.19 —
1.29 (m, BCH + yCH, + 6xCH; borane, total 156H), 1.37 (s, tBu, 9H), 0.54 (br s, 2xCH
borane, 2H); *C-NMR (75 MHz, CDCl3) & 173.9 (@C=0), 156.3 (C=0, Boc), 79.8 (C.,
tBu), 58.9 (yCH), 53.8 (aCH), 39.5 (BCH;), 38.5 (8CHy), 37.7 (¢CHy), 31.8 (CH,
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borane), 31.5 (CH,, borane), 31.2 {(CH,, borane), 31.1 (CH,, borane), 28.4 (3xCHj,
tBu), 24.4 (CH,, borane), 24.1 (CH, borane), 23.8 (CH,, borane), 22.6 (CH, borane).
LC-MS program 3: R= 10.74 min, MS ES+ (amu): 401.00 [M+H]".

N-tert-Butoxycarbonyl-4-{S-acetyl)-L-lysinato-bicyclononviboron (4.3).

KSAc (122 mg, 1.07 mmol) was added to a solution of 4.2 (244 mg, 0.61
mmol) in DMF (10 mL). The reaction mixture was stirred at 65°C for 3 h before the

soivent was removed in vacuo. The residue was redissolved in EtOAc, washed with
brine, dried (Na,S0,) and concentrated. The product was isolated as a white foam by
flash column chromatography (EtOAc/n-hexane 3/7 - 1/1 v/iv). Yield: 229 mg, 0.52
mmol, 85%. R= 0.17 (EtOAc/n-hexane 1/1 viv); "H-NMR (300 MHz, CDCl3) & 5.42 —
5.17 (m, aNH,, 2H), 5.04 (br s, eNH, 1H), 3.68 — 347 (m, aCH + yCH, total 2H), 3.35
(m, eCH, 1H), 3.15 — 3.01 (m, ¢CH, 1H), 2.47 — 2.30 (m, BCH, 1H), 2.38 (s, CH;,
SAc, 3H), 2.21 ~ 1.36 {(m, BCH + 8CH, + 6xCH, borane, total 15H), 1.44 (s, 3xCHj,
tBu, 9H), 0.64 (br s, CH, borane, 1H), 0.51 (br s, CH, borane, 1H); *C-NMR (75
MHz, CDCl3) 6 189.2 (C=0, SAc), 173.5 (aC=0), 157.3 (C=0, Boc), 80.04 (C,, Boc),
53.6 (aCH), 38.4 (yCH), 37.7 (eCH,), 37.1 (8CHz), 36.2 (BCH_), 32.0 (CH, borane),
31.4 (CHy, borane), 31.3 (CH,, borane), 31.0 (CH,, borane), 30.7 (CH3, SAc), 28.3
(3xCHs, 1Bu), 24.5 (CH,, borane), 24.0 (CH, borane), 23.9 (CH,, borane), 22.5 (CH,
borane). LC-MS program 3: R= 11.14 min, MS ES+ (amu): 440.99 [M+H]".

N-tfert-Butoxycarbonyi-4-(fert-butyldisuifanyi)-L-lysinato-bicyclononvylboron (4.4),

Thioacetate 4.3 (597 mg, 1.36 mmol) was dissolved in methanol (14 mL) and
treated with 1N NaOH (1.36 mL) for 30 min at 0°C. The reaction mixture was
carefully neutralized by the addition of equimolar amounts of HOAc and
concentrated. The concentrate was redissolved in ethyl acetate and washed with 1N
KHSO, and brine, dried (Na,;S0,), and concentrated affording the crude thiol as an
oil. In a separate flask, a mixture of MsCl (0.53 mlL, 6.80 mmol), 2-methyl-2-
propanethiol (0.767 mL, 2.72 mmol) and Et;N (1.80 mL, 13.6 mmol) in DCM (25 mL)
was stirred for 30 min before a solution of the crude thiol and EfzN (0.190 mL, 1.36
mmol) in DCM (25 mL) was added. The reaction mixture was stirred for an additional
2 h. Next, 1N KHSO, (50 mL) was added and the DCM was removed in vacuo. The
aqueous residue was extracted with EtOAc and the organic layer was washed with
1N KHSO4 and brine, dried (Na;S0Q4) and concentrated. The product was isolated as
a white foam by flash column chromatography (DCM — EtOAc/DCM 1/1 viv). Yield:
398 mg, 0.82 mmol, 0% over 2 steps. 'H-NMR (300 MHz, CDCls) & 5.40 (m, aNH,
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1H), 5.16 (m, oNH, 1H), 5.03 (m, eNH, 1H), 4.17 — 3.99 (m, aCH, 1H), 6.54 (m, eCH,
1H), 3.18 ~ 2.99 (m, £CH, 1H), 2.90 (m, yCH, 1H), 2.24 (m, BCH,, 2H), 2.07 - 1.27
(m, 6CH; + 6xCH; borane, total 14H), 1.39 (s, 3xCHjs, tBu Boc, 9H), 1.32 (s, 3xCHs,
SStBu, 9H), 0.62 (s, 2xCH,, borane, total 2H). *C-NMR (75 MHz, CDCls) & 173.7
(aC=0), 157.0 (C=0, Boc), 79.9 (C,, tBu Boc), 53.5 (aCH), 48.5 (yCH), 48.4 (C,,
SStBu), 37.9 (eCHy), 36.9 (dCH,), 35.8 (BCH,), 32.2 (CH,, borane), 31.3 (CHa,
borane), 31.2 (CHa, borane), 30.9 (CH,, borane), 29.9 (3xCHj;, SStBu), 28.3 (3xCHs,
tBu Boc), 24.3 (CH;, borane), 24.0 {CH, borane), 23.8 (CH,, borane), 22.5 (CH,
borane). LC-MS program 3: R= 12.58 min, MS ES+ (amu): 487.00 [M+H]".

N*({Fluoren-9-yimethoxycarbonyl)-N*-terf-Butoxycarbonyl-4-(fert-butyidisulfanyl)-L-

lysinato-bicyclononylboron (4.5).
2N LiOH (7.5 mL) was added to a solution of 4.4 (243 mg, 0.5 mmol) in THF
(7.5 mL) and was stirred vigorously for 2 h before the THF was removed in vacuo.

The aqueocus residue was acidified to pH= 4 with 1N HCI, and washed with DCM.
The water layer was concentrated to 25 mL and the pH was brought to 8.5 with Et;N.
A solution of Fmoc-OSu (252 mg, 0.75 mmol) in MeCN (25 mL) was added. The
reaction mixture was stirred at room temperature while the pH was kept between 8
and 8.5. After 30 min the reaction mixture was acidified to pH= 3 with 1N HCl and the
MeCN was removed in vacuo. TN KHSO, (25 mL) was added and the mixture was
extracted with EtOAc. The organic layer was washed with 1N KHSQ, and brine, dried
(NaxS04) and concentrated. The product was isolated as a white foam by flash
column chromatography (5% MeOH in DCM — 10% MeOH in DCM v/v%). Yield: 63
mg, 0.11 mmol, 21% over 2 steps. "H-NMR (300 MHz, CDCls) § 7.73 (d, J=7.5 ,2xAr-
H, Fmoc, total 2H), 7.60 (d, J=6.4, 2xAr-H, Fmoc, total 2H), 7.41-7.24 (m, 4xAr-H,
Fmoc, total 4H), 6.17 (br s, aNH, 1H), 4.89 ~ 4.57 {m, eNH + oCH, total 2H), 4.49 —
4.13 (m, CH Fmoc + CH, Fmoc, fotal 3H), 3.44 — 3.11 (m, eCH,, 2H), 2.94 (m, yCH,
1H), 2.34 — 1.60 (m, BCH, + B3CHy, total 4H), 1.44 (s, 3xCHj3, SStBu, 9H), 1.30 (s,
3xCHs, tBu Boc, 9H). “C-NMR (75 MHz, CDCls) 156.8 (aC=0), 143.9 (C=0), 143.8
(C=0), 141.1 (4xCq, Fmoc), 127.8 (2xAr CH, Fmoc), 127.1 (2xAr CH, Fmoc), 125.3
(2xAr CH, Fmoc), 119.8 (2xAr CH, Fmoc), 79.8 (C,, tBu Boc), 67.3 (CHz, Fmoc),
52.6 (aCH), 47.7 (C,, SStBu), 47.1 (CH Fmoc), 46.2 (yCH), 37.8 (¢CH,), 36.0 (8CH,),
35.3 (BCHy), 30.0 (3xCHs, SSiBu), 28.4 (3xCHjs, tBu Boc); LC-MS program 3: R=
12.18 min, MS ES+ (amu): 610.89 [M+Na]".
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Example 5: Synthesis of a galactosyl bromide modified thiolysine building
block.

AcO

NHBoc OAc

: 0 NHBoc
i ACO AcO. 3.,
OAc
. 5 5% NazCO3 ACO /(
R,
O AcO o
ACO DMF/H,0 HzNA\F
%B’O

Nétert-Butoxycarbonyl-5-thio-{B-tetra-O-asetyl-
galactesyl bromide -lysinato-bicyclononylboron

Nftert-Butoxycarponyl-b-thio-
iysinato-bicyclononylboren

tetra-O-acetyl-gatactosy!
bromide

To a solution of N°-fert-Butoxycarbonyl-5-thio-lysinato-bicyclononylboron (100
mg, 251 ymal) and tetra-O-acetyl-galactosy! bromide (180 mg, 440 ymol, 1.75 eq) in
10 mL of DMF was added 10 mbL of 5% Na,COjs. After stirring the mixture overnight
LC-MS analysis showed no presence of thiol and the formation of the thioglycoside.
The reaction was diluted with EtOAc, washed with brine and sat. NaHCOs;, the
organic layer was dried over MgSQO, and concentrated in vacuo to give a residue that
was purified by flash column chromatography (n-hexane—EtOAc). Yield: 45 mg, 62
pmol, 25%), yellow oil. LC-MS program 1: R= 11.8 min, MS ES+ (amu): 629.2
[(M-Boc)eH]", 751.23 [MeNa]". {Ref: X. Zhu, K. Pachamuthu, R. R. Schmidt J. Org.
Chem. 2003, 68, 5641).

Example 6: Synthesis of a Fluorescence polarization assay reagent via an
Fmoc-thiolysine building biock.

b} PYBOP, DIPEA, NMP

sulforhodamine B
acid chloride

li ¢) TFA, H,O, Br, Stk

r ™~ Sulforhadamine B-thiolysine-Gly-OH

0,0 &) 20% Piperidine/NMP
\ 1
{Joﬂ el

NHBoc

0
2} 20% Plpendmel‘\MP Fwoch\)L
\)k b} PyBOP. DIPEA, NMP
FrmocHN Fmoc-5-thiolysine-OH had

Fmoc.-thiolysine- Gly -resin Fmoc-Gly-PEG-PS resin

0.18 mmotig

Nidp
/ s
RN s a) 20% Piperidine/NMP
i 4o b) PyBOP. DIFEA, NMP
i ¥ | i .
d S 5N N\)L‘OH _
N # H ) 5(6})-carboxytetramethylrhodamine
\ 7/ €O ) TFA, Hp0, iPraSiH
—N
\ 5(6)-TAMRA-thiclysine-Gly-OH
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5{6)-TAMRA thiolysine-Giy-OH Suiferhodamine B-4hiolysine-Gly-OH

a) Ub, E4, Tris pH 8, 37°C, ATP, MgCl,, MESNa

i b} VA-044, TCEP, 37°C

5(6)-TAMRA-lysine{Ub)-Gly-OH Sulforhodamine Bysine{Ub)-Gly-OH

(a). Synthesis of 5(6)-TAMRA-thiolysine-Giy-OH and Sulforhodamine B-thiolysine-
Gly-OH conjugates.

(b): E1 mediated synthesis of the fluorescence polarization assay reagents 5(6)-
TAMRA-lysine(Ub)-Gly-OH and Sulforhodamine B-lysine{Ub)-Gly-OH (Tirat ef af.,
Analytical Biochemistry 2005, 343, 244).

TAMRA-thiolysine-Gly-OH

To Fmoc-Gly-PEG-PS resin (1.0 g, 0.18 mmol/g) was added piperidine:NMP
(20:80 v/v, 5 mL). After shaking for 45 min, the resin was washed with CH,Cl,. This
procedure was repeated, followed by washing with CH,CL/NMP (1/1, v/v) and NMP.

To the resin was added N*-(Fluoren-S-yimethoxycarbonyl)-N-terf-Butoxycarbonyl-5S-
(methyldisulfanyl)-L-lysine (196.8 mg, 0.36 mmol), PyBOP (206 mg, 0.40 mmol),
DIiPEA (138 pL, 0.79 mmol) and NMP (5 mL). The resin was shaken ovemnight at r.t,
washed thoroughly with CH,CL/NMP (1/1, v/v) and after a final wash with Et,0, dried
under high vacuum. Spectrofotometric analysis of the Fmoc content showed that the
thiolysine modified resin had a loading of 18 mmol/g (»99% yield).

Next, the resin (255 mg, 45.9 pmol, 0.18 mmol/g) was treated 3x for &
minutes with 20% piperidine in NMP (5 mL) and washed exiensively with
CHCL/NMP  (1/1, viv). To the deprotected resin was added 5(6)-
carboxytetramethylrhodamine (TAMRA, 23.7 mg, 55.1 ymal), PyBOP (28.9 mg, 55.1
umol), DIPEA (18 pL, 103 umol) and NMP (5 mL). After shaking overnight, the resin
was washed with CH,CIL,/NMP (1/1, v/v) until the flow-through was colorless. The
resin was then treated with TFA/H,O/Pr;SiH (90/5/5, v/viv, 4 mL) for 1 h. The solution
was eluted and the resin washed with TFA/CH,CI, (1/1, v/v) followed by CH,Cl,. The
flow-through was concentrated and dried under high vacuum, affording TAMRA-
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thiolysine-Gly-OH (29.3 mg, 92%, 3 steps) as a purple oil. LC-MS program 1: R= 6.4
min, MS ES+ (amu): 693.46 [MeH]".

Sulforhodamine B-thiolysine-Gly-OH

To H-Gly-PEG-PS resin (1.0 g, 0.18 mmol/g) was added sulforhodamine B
acid chloride (31.9 mg, 55.3 pmol), DIPEA (18 pi, 103 pymol) and CH,Cl, (5 mL).
After shaking for 15 min, the resin was washed with CH,CIL/NMP (1/1, v/v) and
treated again with sulforhodamine B acid chioride (13.3 mg, 23.05 pmol) and DIPEA
(8 uL, 46.1 pmol). After overnight shaking at rt, the resin was washed with
CHCLINMP (1/1, v/v) until the flow-through was colorless. Deprotection with TFA
was performed as described for the TAMRA conjugate gave the desired
Sulforhodamine B-thiolysine-Gly as a purple oil (33.0 mg, 87%). LC-MS program 1:
R=7.5 min, MS ES+ (amu): 821.16 [M=H]".

Conjugation of Ub to 5(6)-TAMRA- and Sulforhodamine B-thiglysine-Gly.

Reaction mixtures Table 2: 100 mM Tris-HCI pH 8.0, 4 mM MgCl, (4 mM), 50
mM MESNa, 25 uM Ub, 25 — 500 uM 5(8)TAMRA- or Sulforhodamine B-thiolysine-
Gly-OH, 4 mM ATP and 100 nM E1 were incubated at 37°C for 3 h, fed with an
additional 4 pL of ATP and incubated overnight at 37°C. Analysis by LC-MS showed
complete ligation in all cases; SDS-PAGE analysis followed by fluorescence imaging
of the gel (ProXpress 2D, Perkin Eimer) confirmed conjugation of the dye to Ub.

Table 2. Reaction conditions for the ligation of Ub to Sulforhodamine B and 5(6)-
TAMRA conjugates

Tris-HC) VT die-thiolysine-Gly ‘
A ‘ 461 k. . 10 pt 4 pL 125 pt. . 1.25ul 25 uM) 10.7 ul 1uk o
B 456 pb 10 uL 4yl 12.5 pl 6.25 yl. (25 M) 10.7 pl 1 pl
C 449 1L 10 uL 4L 12.5 ub 12.5 UL (25 pi) 10.7 pub 1ubL
D 443yl 10 pL 4L 125 pl 18.75 pL (25 pM) 10.7 pL 1k
E 437 pl 10 pL 4 pl. 125 ph 25 b (25 uM) 10.7 yl. 1uL

Desulfurization of 5(8)>TAMRA- and Sulforhodamine B-thiolysine{Ub)-Gly-OH

To a crude reaction mixiure (1.88 mL, final concentration 12.2 yM) was added
0.5 M TCEP (1.88 mL, final concentration 0.24 M) and 100 pL of a 0.2 M VA-044
solution (final concentration 5.2 mM). The reaction was incubated at 37°C overnight,

after which LC-MS analysis showed complete desulfurization of the starting material.
The reaction mixiure was diluted with 100 mM Tris-HCI pH 8.0 to a total volume of 15
mL and filtered over an Amicon Ultra-15 Centrifugal Filter device (3 kDa cut-off, 30
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min at 4000 rpm). After repeating this 6%, a coloriess fiow-through was obtained
indicating that no TAMRA-thiolysine-Gly-OH was present. This was confirmed by LC-
MS analysis. The desulfurized product was collected in a total volume of 4.0 mL
corresponding to a final concentration of 3.13 uM. LC-MS program 2: R¢= 9.0 min,
MS ES+ (amu): mass found 8157 Da (deconvoluted).

This procedure was identical for the sulforhodamine B conjugate and gave
identical results. LC-MS program 2: R¢= 9.2 min, MS ES+ (amu): mass found 9285

Da (deconvoluted).
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1. Lysine compound represented by formuta (la) or (ib):

y:3) p! R7 p!
1;3 \N/ \N'/

X

(a) )

wherein

-X- represents (i} sulphur or {ii) selenium;

- P' and -P? independently represent (i) hydrogen or (i} an amine protecting group,
preferably an amine protecting group independently selected from the group
consisting of Carbobenzyloxy; p-Methoxybenzyl carbonyl; terf-Butyloxycarbonyl
(Boc); 8-Flusrenylmethyloxycarbony! (Fmoc), Benzyl, p-Methoxybenzyl; 3 4-
Dimethoxybenzyl; p-methoxyphenyl; Tosyl; sulfonamides; allyloxycarbony! trityl and
methoxytrityl;

-P?represents (i) hydrogen; (i) a group represented by the formula -X-R®, wherein -
R® represents an optionally substituted branched or straight chain, aliphatic or cyclic
alkyl, heteroaiky!, alkeny! or heteroalkenyl moiety; (iii} a thicl or seleno! protecting
group, preferably a thiol or seienol protecting group selected from the group
consisting of benzyl; 4-methoxybenzyl; trityl; methoxytrityl; t-butyl; t-butylthiol; acetyl;
3-nitro-2-pyridinesulphenyl, acetamidomethyl, methanethiol and 2-nitrobenzyi; (iv) a
moiety ~R® or (v) a moiety represented by the formula -C(=0)-R%:

-R°and -C(=0)-R" represent a residue of a covalently bound peptide, lipid,
carbohydrate, polymer, organic agent or inorganic agent; and

-R represents (i) hydrogen or (i) an optionally substituted branched or straight chain,
aliphatic or cyclic alkyl, heteroalkyl, alkenyl or heteroalkenyl moiety,

or an ester, salt, solvate or hydrate of said lysine compound.
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2, Lysine compound according to claim 1, or an ester, salt, solvate or hydrate
inereof, wherein X represents suiphur.

3. Non-naturally occusring peptide represented by formula (lla) or (Iib):

. R7\N R R7\N R

!

X

wherein

-R' represents (i) hydrogen; (i) -P' as defined in claim 1 or (jii} a moiety represented

by the formula -C(=0)-R¥;

-R? represents (i) hydrogen; (ii) -P? as defined in claim 1, (iii) a C—N polypeptide
10 chain or (iv) a moiety represented by the formula -C(=0)-R*"

-R® represents (i) hydrogen; (i) ~P° as defined in claim 1; (iii) a moiety -R®; or (iv) a

moiety represented by the formula ~C(=0)-R;

-R* represents (i) ~OH or (ii) an N—C polypeptide chain;

-X- represents (i) sulphur or (i) selenium;
15 -R® and ~C(=0)-R* represent a residue of a covalently bound peptide, lipid,

carbonydrate, polymer, organic agent or inorganic agent; and

-R’ represents (i) hydrogen or (i) an optionally substituted branched or straight chain,

aliphatic or cyctic alkyi, heteroalkyl, alkenyl or heteroalkenyt moiety;

with the proviso that in the respective formula at least one of -R? and —-R* represents
20  a polypeptide chain.

4. Non-naturally occurring peptide according to claim 3, wherein -R® and —
C(=0)-R" represent a residue of a covalently bound functional agent selected from
the group consisting of dyes, probes, labels, tags, solubility-modifying agents,

25  enzyme targets, receptor ligands, immunomodulatory agents, co-factors and cross-
linking agents.
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8. Non-naturally occurring peptide according to claim 3 or 4, wherein R? and R*
are chosen such that they include complementary parts of a full amino acid sequence
of a naturally occurring polypeptide or protein or functional variant or fragment
thereof.

6. Non-naturally occurring peptide according to any one of claim 3 or 4, wherein
R? and R* are chosen such that they represent the C—N and N—C polypeptide parts
flanking a selected single amino acid residue, preferably a lysine residue, in an
amino acid sequence of a naturally occurring polypeptide or protein or functional

variant or fragment thereof.

7. a non-naturally occurring peptide according to formula (lib) as defined in claim
3 or 4, wherein -R® represents a polypeptide chain and -R? represents -P? or
hydrogen

8. Non-naturally occurring peptide according to any one of claims 3-8, for use as
a therapeutic or diagnostic agent.

8. Method of site~ and chemaoselective modification of a selected polypeptide or
protein sequence comprising '

i) synthesis or production of said selected polypeptide or protein sequence wherein at
least one lysine compound according to formula (1a) or (Ib) is incorporated by
addition or substitution in said selected sequence, wherein —P° represents hydrogen
or a protecting group as defined in claim 1,

i) removing in the residue of said lysine compound the group represented by ~P° and
conjugating a group represented by the formula -R® or -C(=0)-R¥, wherein ~R® and -
C(=0)-R" have the same meaning as defined in relation to formulae (lla-llb), with the
residue of said lysine compound at the sulphur or selenium atom.

10.  Method according to claim 9, wherein a moiety ~C(=0)-R® is conjugated to
the residue of the lysine compound, replacing the group ~P® to yield the
corresponding thio- or selencester and the method comprises the subsequent step
iif) of intramolecular transfer of said group represented by formula -C(=0)-R*¥ to the -¢
amine group.
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14.  Method according to claim 9 or 10, wherein the production of said selected

polypeptide or protein sequence inciudes incorporating the lysine compound using

orthogonal tRNA/aminoacyl-tRNA synthetase pairs, wherein said lysine compound is

incorporated in response o a nonsense or four-base codon comprised in the gene
5 encoding the selected sequence.

12.  Method according to any one of claim 8-11, wherein said selected polypeptide
or protein sequence is a naturally occurring polypeptide or protein or functional
variant or fragment thereof.

10
13. Method according to any one of claim 8-12, wherein said selective
modification includes or constitutes ubiquitination.

14.  Method of synthesis of the lysine compounds as defined in claim 1, said
15  method comprising the steps of;
(ia) treating a 4-hydroxylysine or 5-hydroxylysine compound with an organoborane
compound to obtain an amino acid protected compound, which is subsequently
reacted with an amine protecting group, vielding the protected 4-hydroxylsine or 5-
hydroxylysine; or
20 (ib) treating a 4-chlorolysine, S-chierolysine, 4-bromolysine or 5-bromolysine
compound with an organoborane compound to obtain an amino acid protected
compound, which is subsequently reacted with an amine protecting group, yieiding
the protected 4-chlorolysine, 5-chiorolysine, 4-bromolysine or 5-bromolysine;
(iia) mesylating the compound cobtained in step (ia) and subsequently reacting it with
25  a suitable thiocarboxylic acid or selenocarboxylic acid or salt thereof to yield the
corresponding thio- or seleno-ester; or
(iib) reacting the compound obtained in step (ib) with a suitable thiocarboxylic acid or
selenocarboxylic acid or salt thereof to yield the corresponding thio- or seleno-ester;
(i) hydrolysis of the thio- or selenocester obtained in step (iia) or (iib) with an agqueous
30 solution of an alkali metal hydroxide, yielding the thiol or selenol compound, which is
subesequently reacted with an agent that can transfer a group ~P°, as defined in
claim 1, to the thiol or selenol group; and
(iv) removing the amino acid protecting organoborane group, and, optionally,
subsequently reacting the compound with an amine protecting agent, to yield the
35  compound according to formula (1a) or (Ib) as defined here above. '
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15.  Use of a lysine compound according to any one of claims 1-2 as a building
block in the synihesis of a seiecied peptide or protein to provide a ligation handle for
the site- and chemoselective modification of said selected polypeptide or protein

sequence.
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