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A method for labeling of aldehyde containing target molecules

The present invention relates to a method for binding to a target molecule
comprising an aldehyde a compound derived from N-(2-aminoethyl)pyrrole, which
compound also comprises a moiety of interest, to compounds (conjugates) obtained
by this method, comprising both the target molecule and the moiety of interest and

to novel substances derived from N-(2-aminoethyl)pyrrole.

Background of the Invention

Site-specific modification of proteins is a challenging problem especially with
antibodies used for diagnostic or therapeutic applications. Reliable methods to site-
specific polypeptide modification which are economic and applicable on industrial

scale are of great importance.

Early methods of protein functionalization exploited the reactivity of either
cysteine or lysine residues by reacting the protein with an excess of thiol- or amine-
reactive reagents, such as maleimides or N-hydroxysuccinimidyl esters,
respectively. These amino acids are abundant, widely distributed and ecasily

modified due to availability of appropriate coupling chemistry.

However, the “lysine-labeling” strategy, when e.g. used to label antibodies or
antigen-binding fragments thereof has several drawbacks: a) it often results in a
significant decrease in the antigen-binding activity (lysine in or close to the antigen
binding site); b) mono-labeled conjugates even at the same 1:1 stoichiometry
consist of mixtures comprising a label attached via different ones of the lysines

within the polypeptide and c) the yields of the desired 1:1 product are rather low.

One of the most important recent approaches for site-specific protein labeling is to
incorporate bioorthogonal functionalities into proteins at specific sites via
enzymatic reactions. For a recent review on “enzymatic labeling of proteins” see M.
Rashidian et al., Bioconjugate Chemistry 24 (2013) 1277-1294. The enzymes used
for site-specific conjugation covered in this review include formylglycine
generating enzyme, sialyltransferases, phosphopantetheinyltransferases, O-GIcNAc
post-translational modification, sortagging, transglutaminase, farnesyltransferase,

biotin ligase, lipoic acid ligase, and N-myristoyltransferase.
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A variety of chemical, enzymatic, and genetic methods have been developed to
introduce aldehydes and ketones into proteins site-specifically. These include
periodate oxidation of N-terminal serine or threonine residues (Geoghegan, K.F. &
Stroh, J.G., Bioconjugate Chem. (1992), 3(2):138-146; pyridoxal phosphate-
mediated N-terminal transamination to yield an alpha-ketoamide or glyoxamide
(Gilmore, J.M. et al., Angew. Chem. Int. Ed. (2006), 45(32):5307-5311; Scheck,
R.A. et al., J. Am. Chem. Soc.(2008), 130(35):11762-11770; Witus, L.S. et al, J.
Am. Chem. Soc. (2010), 132(47):16812-16817; addition of ketone-containing small
molecules to protein C-terminal thioesters generated by expressed protein ligation
(Esser-Kahn, A.P. & Francis, M.B. Angew. Chem. Int. Ed. (2008), 47(20):3751-
3754); genetically encoded incorporation of unnatural amino acids containing
ketones via amber stop codon suppression (Wang, L., et al., Proc. Natl. Acad. Sci.,
US4, (2003), 100(1):56-61; Hutchins, B.M., et al,. Chem. Biol. (2011), 18(3):299-
303; Kim, C.H., ef al., J. Am. Chem. Soc. (2012), 134(24):9918-9921); genetic
encoding of peptide tags that direct enzymatic ligation of aldehyde- or ketone-
bearing small molecules (Rashidian, M., et al.,, J Am. Chem. Soc. (2012),
134(20):8455-8467; Chen, 1., et al., Nat. Methods (2005) 2(2):99-104); and genetic
encoding of a site for modification by the formylglycine generating enzyme (FGE),
the "aldehyde tag" method developed by Carrico and Bertozzi (Carrico, L.S., et al.,
Nat. Chem. Biol. 3(6):321-322; Wu, P. et al,. Proc. Natl. Acad. Sci. USA (2009),
106:3000-3005; Hudak, J.E., et al., J Am. Chem. Soc. (2011), 133(40):16127-
16135; Hudak, J.E., et al. (2012), Chem. Int. Ed. (2012), 51(17):4161-4165;
Rabuka, D. et al., Nat. Protoc. (2012), 7(6):1052-1067).

The diversity of methods for introducing reactive carbonyl groups into proteins
stands in contrast to the limited number of reactions that have been widely adopted
for their chemical modification. The vast majority of reports use the hydrazone and
oxime-forming reactions mentioned above, due to their bioorthogonality,
operational simplicity (i.e., no auxiliary reagents are required), and good yields
under mild aqueous conditions. Unfortunately, the resulting C=N bonds are
susceptible to hydrolysis (Mueller, B.M., et al., Bioconjugate Chem. (1990),
1(5):325-330) leading to instability. However, longterm stability would be required

for many routine applications.

Indole compounds substituted at the beta-position have been described by T. Sasaki,
et al., Bioorg. Med. Chem. Lett. (2008), 18:4550-4553). In WO 2009/150865 a
method is disclosed for producing a modified protein by using the Pictet-Spengler

reaction. Heterocyclic indole derivatives substituted at their beta-C position are
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described and in the examples exclusively indole derivatives substituted at their

beta-C position are used and shown. The group of Bertozzi described indole #64

aminooxy or hydrazine functionality to increase reactivity (P. Agarwal, et al.,
PNAS (2013), 110 (1), 46-51; P. Agarwal, et al., Bioconjugate Chem. (2013), 24
(6), 846-851; WO 2014/078733) in a Pictet-Spengler type of reaction.

It has now surprisingly been found that compounds based on N-(2-
aminoethyl)pyrrole, wherein the amino-ethyl is attached via the nitrogen of the
pyrrole ring and further comprising a desired moiety of interest can be used in a
Pictet-Spengler type reaction with great advantages, e.g., in terms of reaction
kinetics and yield. In addition the conjugates (compounds) obtained by this method

are disclosed as well as certain N-(2-aminoethyl)pyrrole substances.

Summary of the Invention

The present invention discloses a method for binding to a target molecule
comprising an aldehyde a compound derived from N-(2-aminoethyl)pyrrole, which
compound also comprises a moiety of interest. More specifically it relates to a
method of producing a compound according to Formula II, the method comprising;
reacting a compound of Formula I with a target T comprising an aldehyde group as

given below

Formula I:
Rz R3
R1 N H
[-H,0]
NHRg . S —
R4 O T
R5
Re R7
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thereby obtaining a compound (= conjugate) according to Formula II,
Formula II:

R2 R3

A

R1 N

NRg
R4
R5
rRg R7

wherein R1, R2 and R3 independently are H, substituted or unsubstituted alkyl,
5 substituted or unsubstituted alkenyl, substituted or unsubstituted heteroalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl,

wherein R4, R5, R6, R7 and R8 independently are H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or -LM, wherein two of R4, RS, R6, R7,

10 and RS optionally are linked to form a substituted or unsubstituted cycloalkyl or a
substituted or unsubstituted heterocycloalkyl,

wherein L is absent or is a linker, wherein M is a moiety of interest, and wherein T
is a target molecule, with the proviso that at least one of R4, R5, R6, R7 or R8 is
-LM.

15 Further disclosed are the conjugates obtained by the method disclosed herein,
comprising both the target molecule T and the moiety of interest M, e.g., a

compound according to Formula II,

Formula II:

RZ2 R3

/ \

R1 N

NRg
R4

rg R7
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wherein R1, R2, R3, R4, R5, R6, R7, R8 and T are as defined above.
Further disclosed are substances according to Formula III,

Formula III;

R2 R3

/ \

R1 N

NHRg
R4

" Rre R7

5 wherein R1, R2 and R3 independently are H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted heteroalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl,

wherein R4, R5, R6 and R7 independently are H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,

10 substituted or unsubstituted heteroaryl, or -LM,

wherein R8 is H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted

heteroaryl,

wherein two of R4, R5, R6, R7, and R8 optionally are linked to form a substituted

15 or unsubstituted cycloalkyl or a substituted or unsubstituted heterocycloalkyl,

wherein M is a moiety of interest selected from the group consisting of a nucleotide,
an oligonucleotide, a peptide, a label, a cytotoxic agent, a partner of a binding pair

and a maleimide,

wherein the linker L is selected from substituted or unsubstituted alkyl, substituted
20 or unsubstituted heteroalkyl, or an oligopeptide and may comprise an amide

linkage, an ester linkage, an alkene or a triazole,

with the proviso that at least one of R4, R5, R6 or R7 is -LM.
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Detailed Description of the Invention

The present invention discloses a generic method for binding to a target molecule
comprising an aldehyde a compound derived from N-(2-aminoethyl)pyrrole, which

5 compound also comprises a moiety of interest.

In one embodiment the present disclosure relates to a method of producing a
compound according to Formula II, the method comprising; reacting a compound

of Formula I with a target T comprising an aldehyde group as given below

Formula I:

10

R

2 R3
R1INj
[-H.0]
R4 O T
R5
Re R7

thereby obtaining a compound according to Formula II,

Formula II:

R2 R3

/ \
R“II;XYT
4%('%
R4
R5
R6 R7
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wherein R1, R2 and R3 independently are H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted heteroalkyl,

substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl,

wherein R4, R5, R6, R7 and R8 independently are H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or -LM, wherein two of R4, RS, R6, R7,
and R8 optionally are linked to form a substituted or unsubstituted cycloalkyl or a

substituted or unsubstituted heterocycloalkyl,

wherein L is absent or is a linker, wherein M is a moiety of interest, and wherein T
is a target molecule, with the proviso that at least one of R4, R5, R6, R7 or RS is
-LM.

The word "comprise", and variations such as "comprises" and "comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integers or steps.

As used in this specification and the appended claims, the singular forms "a", "an",

and "the" include plural referents, unless the content clearly dictates otherwise.

As used herein, including the accompanying claims, the substituents have the

meanings commonly known to the skilled person.

The term "alkyl" by itself or as part of another substituent, means, unless otherwise
stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination
thereof, having the number of carbon atoms designated (i.e. C1-C20 means one to
twenty carbons). Examples of saturated hydrocarbon radicals include, but are not
limited to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl, sec-butyl, cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs
and isomers of, for example, n-pentyl, n-hexyl, and the like. In certain
embodiments alkyl is a linear or branched alkyl chain with a length of 1-20 carbon
atoms, or with a length of 1-10 carbon atom, or with a length of 1-6 carbon atoms.

In one embodiment, alkyl is methyl or ethyl.

The term “aryl” and “heteroaryl” by itself or as part of another substituent, means,
unless otherwise stated, an aromatic ring system (i.c. a 5 or 6 membered ring)
which may also be fused with additional aromatic ring systems (preferably from 1

to 4 rings). The “heteroaryl” ring system comprises 1-4 heteroatoms selected from
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O, S and N. Examples of “aryl” include, but are not limited to, groups such as
phenyl and naphthyl. Examples of “heteroaryl” include, but are not limited to,

groups derived from furane, thiophene, pyrrole, imidazole, triazole and indole.

As the skilled artisan appreciates, chemical entities like alkyl or aryl — just to
mention two non-limiting examples — may be “substituted”, i.e. one or more
hydrogen(s) may be replaced/substituted. In one embodiment a hydrogen is
substituted by a group selected from haloalkyl (e.g., -CF3 and -CH2CF3) and acyl
(e.g., -C(O)CH3, -C(O)CF3, -C(O)CH20CH3, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocycloalkyl, -OR', =0, -NR'R", -SR’, -halogen, -C(O)OR', -C(O)NR'R",
-OC(O)NR'R", -NR"C(O)R', -NR'-C(O)NR"R", -NR"C(O)OR', -S(O)R’, -S(O)2R’,
-S(O)2NR'R", -NRS(O)2R', -CN, halogen and —NO2, -N3, -CH(Ph)2, fluoro(C1-
C4)alkoxy, and fluoro(C1-C4)alkyl, wherein R', R" and R"™ are preferably
independently selected from hydrogen and substituted or unsubstituted alkyl.
Preferred substituents are alkyl like methyl or ethyl, aryl like phenyl or benzyl,
methoxy or ethoxy, an amine like dimethylamino, carboxylic acid derivatives like

carboxylic acid, ester or amides, and nitro, cyano, azide and halogen.

The term "heteroalkyl" by itself or in combination with another term, means a
stable straight or branched chain, or cyclic hydrocarbon radical, or combinations
thereof, consisting of the number of carbon atoms stated under “alkyl” above and
at least one heteroatom selected from the group consisting of O, N, P and S. The
heteroatom(s) may be placed at any interior position of the heteroalkyl group or at
the end position, i.e. opposite to the position via which the heteroalkyl group is
attached to the remainder of the molecule. The heteroatom(s) may also be
positioned between the pyrrole ring of the N-(2-aminoethyl)pyrrole core structure
and the (hetero)alkyl or (hetero)aryl substituent. Preferably, each heteroatom being
a member of a chain or cyclus at an interior position is flanked by carbon atoms.
Heteroatoms at interior positions may be unsubstituted, ¢.g. carry a hydrogen atom,
or may have at least one substituent selected from the group consisting of alkyl and
O. Examples of heteroalkyl include, but are not limited to, -CH2-CH2-O-CH3, -
CH2-CH2-NH-CH3, -CH2-CH2-N(CH3)-CH3, -CH2-S-CH2-CH3, -CH2-CH2-
S(0)-CH3, -CH2-CH2-S(0),-CH3, -O-CH3, -O-CH2-CH3, -NH-CH3, -NH-CH2-
CH3, -N(CH3)2, -N(CH2-CH3)2 and poly(alkylene oxide), especially polyethylene
glycol (PEQG) derivatives.
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The term “alkenyl” describes chemical groups that are but for the presence of at

least one double bond , otherwise as defined under alkyl above.

The term “heteroalkenyl” describes chemical groups that are but for the presence of

at least one double bond, otherwise as defined under heteroalkyl above.
In one embodiment R1, R2 and R3 independently are H or methyl.
In one embodiment R1, R2 and R3 all are H.

As the person skilled in the art will appreciate a “linker” is any appropriate
structure providing for an attachment between two moicties with any desired
distance. The two moieties thus are not bound directly to each other but via such
linking structure or linker.

The linker L as comprised in Formula I or II, respectively, in one embodiment may
be defined by its backbone length and in one embodiment has a backbone length of
between 1 and 100 atoms. In one embodiment L has a backbone length of between
I and 50 atoms. In one embodiment, L is a straight or branched saturated,
unsaturated, unsubstituted, or substituted C1-C50 alkyl chain, or a 1 to 50 atom
chain with a backbone consisting of carbon atoms and one or more heteroatoms
selected from O, N and S, or a 1 to 50 atom chain with a backbone consisting of
carbon atoms and one or more heteroatoms selected from O, N and S comprising at
least one aryl, heteroaryl, substituted aryl or substituted heteroaryl group (wherein
¢.g. a phenylene ring accounts for a length of four atoms). In one embodiment the
linker L in a compound according to the present invention is a saturated C1-C20
alkyl chain, or a 1 to 20 atom chain with a backbone consisting of carbon atoms
and one or more heteroatoms selected from O, N and S, or a 1 to 20 atom chain
with a backbone consisting of carbon atoms and one or more heteroatoms selected
from O, N and S comprising at least one aryl, heteroaryl, substituted aryl or
substituted heteroaryl group (wherein e.g. a phenylene ring accounts for a length of

four atoms).

In one embodiment the linker L, as comprised in a compound of Formula I or
Formula II, respectively, is absent or selected from substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, or an oligopeptide and may
comprise or consist of an amide linkage, an ester linkage, an alkene or a triazole. In

one embodiment L is selected from substituted or unsubstituted alkyl, substituted
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or unsubstituted heteroalkyl, or an oligopeptide and may comprise or may consist

of an amide linkage, an ester linkage, an alkene or a triazole.

In one embodiment the linker L, as comprised in the definitions for a compound of

Formula I or Formula II, respectively, is absent.

In one embodiment the linker L, as comprised in a compound of Formula I or
Formula 1II, respectively, is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, or an oligopeptide and may comprise or
may consist of an amide linkage, an ester linkage, an alkene or a triazole. In one
embodiment L, as comprised in a compound of Formula I or Formula II,
respectively, is selected from substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl, an amide bond and an oligopeptide.

In one embodiment L, as comprised in a compound of Formula I or Formula II,
respectively, is selected from substituted or unsubstituted alkyl and substituted or

unsubstituted heteroalkyl.

The peptide that may be comprised in L in one embodiment is an oligopeptide and

consists of between 2 and 20 amino acids.

In one embodiment L, as comprised in a compound of Formula I or Formula II,
respectively, is bound to the moiety of interest M via an ester, an ether, a thioether,
an amine, an amide, a disulfide, a carbonate, a carbamate, an alkene, a triazole, a

dihydropyridazine or a phosphodiester bond.

In one embodiment the “moiety of interest” (M) as comprised in a compound of
Formula I or of Formula II, respectively, and used in a method as disclosed herein,
is selected from the group consisting of a nucleotide, an oligonucleotide, a peptide,
i.e., an oligopeptide, or a polypeptide, a label, a cytotoxic agent, a partner of a

binding pair and a functional group.

In one embodiment the moiety of interest M, comprised in a compound of Formula
I or Formula II, respectively, is of low molecular weight, i.e., it has less than 20000
Dalton in molecular weight. In further embodiments the moiety of interest has a
molecular weight of between 100 and 15000, of between 100 and 10000, of
between 100 and 5000 and of between 100 and 2000 Dalton.

The peptide that may represent the moiety of interest M used in a method disclosed

herein, in one embodiment consists of between 1 and 100 amino acids.
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In one embodiment only one of either the linker L or the moiety of interest M is an

oligopeptide or a peptide, respectively.

The oligonucleotide that may represent the moiety of interest M used in a method

disclosed herein, in one embodiment consists of between 2 and 100 nucleotides.
In one embodiment the moiety of interest M comprises a nucleotide.

One of the moieties of interest M, comprised in a compound of Formula I or
Formula II, respectively, is a label. Any label which can be covalently attached to
the linker (L) can be used. The label may function to: (i) provide a detectable
signal; (i1) interact with a second label to modify the detectable signal provided by
the first or second label, e.g. to give FRET (fluorescence resonance energy
transfer); (iii) affect mobility, e.g. electrophoretic mobility or cell-permeability, by
charge, hydrophobicity, shape, or other physical parameters, or (iv) provide a

capture moiety, ¢.g. to modulate ionic complexation.

Numerous labels (also referred to as dyes) are available which can be generally

grouped into the following categories:
(a) Fluorescent dyes

Fluorescent dyes are e.g. described by Briggs et al "Synthesis of Functionalized
Fluorescent Dyes and Their Coupling to Amines and Amino Acids," J. Chem. Soc.,
Perkin-Trans. 1 (1997) 1051-1058).

Fluorescent labels or fluorophores include rare earth chelates (europium chelates),
fluorescein  type  labels including  FITC, 5-carboxyfluorescein,  6-
carboxyfluorescein; rhodamine type labels including TAMRA, lissamine, Texas
Red; dansyl; cyanines; phycoerythrins; and analogues thercof. The fluorescent
labels can be conjugated to an aldehyde group comprised in the target molecule
using the techniques disclosed herein. Fluorescent dyes and fluorescent label
reagents include those which are commercially available, e.g.,, from
Invitrogen/Molecular Probes (Eugene, Oregon, USA), ThermoFisher Scientific
(Waltham, Massachusetts, USA) and Pierce Biotechnology, Inc. (Rockford, Il1.).

(b) Luminescent dyes

Luminescent dyes or labels can be further subcategorized into chemiluminescent

and electrochemiluminescent dyes.
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The different classes of chemiluminogenic labels include luminol, acridinium
compounds, coelenterazine and analogues, dioxetanes, systems based on
peroxyoxalic acid and their derivatives. For immunodiagnostic procedures
predominantly acridinium based labels are used (a detailed overview is given in
Dodeigne C. et al., Talanta 51 (2000) 415-439).

The labels of major relevance used as electrochemiluminescent labels are the
Ruthenium- and the Iridium-based electrochemiluminescent complexes,
respectively. Electrochemiluminescense (ECL) proved to be very useful in
analytical applications as a highly sensitive and selective method. It combines
analytical advantages of chemiluminescent analysis (absence of background optical
signal) with ease of reaction control by applying electrode potential. In general
Ruthenium complexes, especially [Ru (Bpy)3]2+ (which releases a photon at ~620
nm) regenerating with TPA (Tripropylamine) in liquid phase or liquid-solid
interface are used as ECL-labels. Recently also Iridium-based ECL-labels have
been described (WO2012107419(A1)).

(c) Radioactive labels make use of radioisotopes (radionuclides), such as 3H, 11C,
14C, 18F, 32P, 35S, 64Cu, 68Gn, 86Y, 89Zr, 99TC, 1111n, 1231, 1241, 1251, 1311,
133Xe, 177Lu, 211At, or 131Bi.

(d) Metal-chelate complexes suitable as labels for imaging and therapeutic
purposes are well-known in the art (US 2010/0111856; US 5,342,606; US
5,428,155, US 5,316,757, US 5,480,990; US 5,462,725, US 5,428,139, US
5,385,893; US 5,739,294; US 5,750,660, US 5,834,456; Hnatowich et al, J.
Immunol. Methods 65 (1983) 147-157; Meares ct al, Anal. Biochem. 142 (1984)
68-78; Mirzadeh et al, Bioconjugate Chem. 1 (1990) 59-65; Meares et al, J. Cancer
(1990), Suppl. 10:21-26; Izard et al, Bioconjugate Chem. 3 (1992) 346-350; Nikula
et al, Nucl. Med. Biol. 22 (1995) 387-90; Camera et al, Nucl. Med. Biol. 20 (1993)
955-62; Kukis et al, J. Nucl. Med. 39 (1998) 2105-2110; Verel et al., J. Nucl. Med.
44 (2003) 1663-1670; Camera et al, J. Nucl. Med. 21 (1994) 640-646; Ruegg et al,
Cancer Res. 50 (1990) 4221-4226; Verel et al, J. Nucl. Med. 44 (2003) 1663-1670;
Lee et al, Cancer Res. 61 (2001) 4474-4482; Mitchell, et al, J. Nucl. Med. 44
(2003) 1105-1112; Kobayashi et al Bioconjugate Chem. 10 (1999) 103-111;
Miederer et al, J. Nucl. Med. 45 (2004) 129-137; DeNardo et al, Clinical Cancer
Research 4 (1998) 2483-90; Blend et al, Cancer Biotherapy &
Radiopharmaceuticals 18 (2003) 355-363; Nikula et al J. Nucl. Med. 40 (1999)
166-76; Kobayashi et al, J. Nucl. Med. 39 (1998) 829-36;, Mardirossian et al, Nucl.
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Med. Biol. 20 (1993) 65-74; Roselli et al, Cancer Biotherapy &
Radiopharmaceuticals, 14 (1999) 209-20).

One of the moieties of interest M, comprised in a compound of Formula I or
Formula II, respectively, is a cytotoxic agent. In one embodiment the moiety of
interest is a cytotoxic agent selected from: (i) chemotherapeutic agents, which may
function as microtubule inhibitors, mitosis inhibitors, topoisomerase inhibitors, or
DNA intercalators; (ii) protein toxins, which may function enzymatically; and (iii)
therapeutic radioisotopes. In one embodiment the moiety of interest is a

chemotherapeutic agent.

Exemplary chemotherapeutic agents include, but are not limited to, a maytansinoid,
an auristatin, a dolastatin, a trichothecene, CC1065, a calichcamicin and other
enediyne antibiotics, a taxane, an anthracycline, and stercoisomers, isosters,

analogues or derivatives thereof.

Protein toxins include diphtheria-A chain, non-binding active fragments of
diphtheria toxin, exotoxin A chain (from Pseudomonas acruginosa), ricin A chain
(Vitetta et al (1987) Science, 238:1098), abrin A chain, modeccin A chain, alpha-
sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins
(PAPI, PAPII, and PAP -5), momordica charantia inhibitor, curcin, crotin,
sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin,
enomycin, and the tricothecenes (WO 93/21232).

Therapeutic radioisotopes include 32P, 33P, 90Y, 1251, 1311, 131In, 153Sm,
186Re, 188Re, 211At, 212B, 212Pb, and radioactive isotopes of Lu.

The radioisotope may be incorporated in known ways (Fraker et al (1978) Biochem.
Biophys. Res. Commun. 80: 49-57; "Monoclonal Antibodies in
Immunoscintigraphy” Chatal, CRC Press 1989). Carbon-14-labeled 1-
isothiocyanatobenzyl-3-methyldiethylene triamine pentaacetic acid (MX-DTPA) is
an exemplary chelating agent for conjugation of a radionuclide to the complex
(WO 94/11026).

As mentioned above, one of the possible moicties of interest M, comprised in a

compound of Formula I or Formula I, respectively, is a partner of a binding pair.

A binding pair as used herein consists of two partners binding to each other with

high affinity, i.e. with one nanomolar affinity or better. As the skilled artisan will



10

15

20

25

30

WO 2018/189214 PCT/EP2018/059225

-14 -

readily appreciate, M as comprised in a compound of Formula I or Formula II,
respectively, represents one of two possible partner elements, e.g., the hapten of a
hapten/anti-hapten binding pair. Embodiments for binding pairs are for example the
binding pairs consisting of receptor and ligand, hapten and anti-hapten antibody,
and binding pairs based on naturally occurring high affinity binding pairs. In
certain embodiments the partner of a binding pair is a ligand or a hapten, or it is

one partner of a naturally occurring high affinity binding pair.

One example of a receptor-ligand binding pair is a pair consisting of a steroid
hormone receptor and the corresponding steroid hormone. In one embodiment the

ligand is a steroid hormone.

In one embodiment the partner of a binding pair is a hapten, or it is one partner of a

naturally occurring high affinity binding pair.

Examples of binding pairs based on naturally occurring high affinity binding pairs
representing one embodiment according to the present invention are biotin or biotin
analogues such as aminobiotin, iminobiotin or desthiobiotin and avidin or
streptavidin as well as the FimG and DsF binding pair. The biotin-(strept)avidin
binding pair is well-known in the art. The basic principles of the FimG-DsF
binding pair are e.g. described in W0O2012/028697.

One other type of a binding pair and embodiment of the present invention is a
hapten and anti-hapten antibody binding pair. A hapten is an organic molecule with
a molecular weight of 100 to 2000 Dalton. In one embodiment the hapten has a
molecular weight of 100 to 1000 Dalton. Usually an organic molecule of such
molecular weight is not immunogenic or of comparatively low immunogenicity. A
hapten can be rendered immunogenic by coupling it to a carrier molecule and anti-
hapten antibodies can be generated according to standard procedures. In one
embodiment the hapten may be selected from the group comprising sterols, bile
acids, sexual hormones, corticoids, cardenolides, cardenolide-glycosides,
bufadienolides, steroid-sapogenines and steroid alkaloids, cardenolides and
cardenolide-glycosides. Representatives of these substance classes are digoxigenin,
digitoxigenin, gitoxigenin, strophanthidin, digoxin, digitoxin, ditoxin, strophanthin.

An additional suitable hapten is for example fluorescein.

As obvious to the skilled artisan some substances, ¢.g. biotin or its analogues, are
both; partners of naturally occurring binding pairs, or haptens, i.e. they can be use

to generate antibodies binding thereto.
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In one embodiment the moiety of interest M, comprised in a compound of Formula
I or Formula II, respectively, is a functional group selected from the group
consisting of carboxylic acid, carboxylic acid ester, epoxide, N-
hydroxysuccinimide ester, amino group, halogen, hydrazine, hydroxyl, sulfhydryl,
maleimido, alkenyl, alkynyl, azide, isocyanate, isothiocyanate, phosphoramidite,

trans-cyclooctene, and tetrazine.

In one embodiment the moiety of interest M, comprised in a compound of Formula
I or Formula II, respectively, is a functional group selected from the group
consisting of carboxylic acid, N-hydroxysuccinimide ester, amino group, halogen,
sulthydryl, maleimido, alkynyl, azide, isocyanate, isothiocyanate and

phosphoramidite.

In one embodiment the moiety of interest M, comprised in a compound of Formula

I or Formula II, respectively, is a partner of a binding pair.

In one embodiment moiety of interest M, comprised in a compound of Formula I or
Formula II, respectively, is selected from the group consisting of a nucleotide, an
oligonucleotide, a fluorescent or a luminescent label, a cytotoxic agent, biotin or a

biotin analogue, digoxin or a digoxin analogue, and maleimide.
A preferred digoxin analogue is digoxigenin.

In one embodiment the moiety of interest M, comprised in a compound of Formula
I or Formula II, respectively, is selected from hapten, biotin or biotin analogues
such as aminobiotin, iminobiotin or desthiobiotin, FimG, ligand and

oligonucleotide.

In one embodiment the moiety of interest M, comprised in a compound of Formula
I or Formula 11, respectively, is selected from hapten and biotin or biotin analogues

such as aminobiotin, iminobiotin or desthiobiotin.

In one embodiment the moiety of interest M, comprised in a compound of Formula
I or Formula II, respectively, is biotin or a biotin analogue such as aminobiotin,

iminobiotin or desthiobiotin.

In one embodiment the moiety of interest M, comprised in a compound of Formula

I or Formula II, respectively, is biotin.

Biotin analogues are aminobiotin, iminobiotin or desthiobiotin.
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As the skilled artisan appreciates, a nucleotide is a compound that consist of a
ribose or deoxyribose sugar joined to a purine or pyrimidine base and to a
phosphate group which e.g. are the basic structural units of nucleic acids (such as
RNA and DNA). Nucleotides may be modified at the sugar, the base or the
phosphate part, for example they may be modified at the C5-position of the
pyrimidine base. Preferred examples are 5’-phosphates or polyphosphates of 2°-
deoxyadenosine, 2’-deoxyguanosine, 2’-deoxycytidine and 2’-deoxythymidine.
Other nucleotide analogues or derivatives are described further below in the

detailed description on oligonucleotides (nucleic acids).

An oligonucleotide is composed of multiple nucleotides which are connected via
phosphate ester linkages and may also comprise non-nucleotidic building blocks as
for example spacer molecules like glycol, 1,3-propanediol, dSpacer® from Glen
Research or Chemgenes, or even aromatic building blocks like substituted
benzenes, as long as they can be incorporated into an oligonucleotide. Some of the
nucleotide(s) comprised in such oligonucleotide may be substituted with other

functional groups such as labeling moieties (e.g. biotin, fluorescein).

In one embodiment the oligonucleotide representing the moiety of interest M
consists of between 2 and 50 subunits selected from nucleotides and non-

nucleotidic building blocks.

In one embodiment the moiety of interest M as comprised in a compound of
Formula I or of Formula II, respectively, and used in a method as disclosed herein,
has a molecular weight of less than 20000 Dalton and is a functional group, a

partner of a binding pair, a cytotoxic agent or a label.

In one embodiment the moiety of interest M, comprised in a compound of Formula
I or Formula 11, respectively, has a molecular weight of 100 to 20000 Dalton and is

selected from the group consisting a partner of a binding pair and a label.

As indicated above the method disclosed herein is of great utility in binding any
kind of target molecule T comprising an aldehyde group to a compound of Formula
L

In one embodiment the target molecule T is selected from the group consisting of a
solid phase, a polypeptide, a protein, a carbohydrate, a nucleotide and a nucleic

acid.
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A “solid phase”, “solid support” or “solid surface” is typically glass or a polymer,
the most commonly used polymers being cellulose, polyacrylamide, nylon,
polystyrene, polyvinyl chloride, or polypropylene. As the skilled artisan will
appreciate a solid phase can either by its nature contain an aldehyde functionality
or can be chemically modified to introduce an aldehyde group. As further evident,
a solid phase can be coated with any of a polypeptide, a protein, a carbohydrate, a
nucleotide and a nucleic acid, which for the purpose of the present invention
comprise an aldehyde group. The solid supports may be in the form of tubes, beads,
or discs of microplates. In one embodiment the solid phase is a paramagnetic bead

based on glass or any of the above mentioned polymers.

In one embodiment the target molecule T is selected from the group consisting of a

polypeptide, a protein, a carbohydrate, a nucleotide and a nucleic acid.

A “carbohydrate” is a biological molecule consisting of carbon (C), hydrogen (H)
and oxygen (O) atoms, usually with a hydrogen—oxygen atom ratio of 2:1 (as in
water); in other words, with the empirical formula Cm(H2O)n (where m usually is
the same as n). Some exceptions exist (m is different from n);, for example,
deoxyribose, a sugar component of DNA, has the empirical formula CSH1004.
Carbohydrates are technically hydrates of carbon; structurally it is more accurate to

view them as polyhydroxy aldehydes and ketones.

The term carbohydrate is most common in biochemistry, where it is a synonym of
'saccharide’, a group of molecules that includes sugars, starch, and cellulose. In one

embodiment the carbohydrate is selected from sugars, starch, and cellulose.

In one embodiment the target molecule T is selected from the group consisting of a

a polypeptide, a protein, and a nucleic acid.

In one embodiment the target molecule T is selected from the group consisting of a

a protein, and a nucleic acid.

In one embodiment the target molecule T is a polypeptide or a protein.

EE TS EE 1Y

The terms “peptide”, “oligopeptide”, “polypeptide” and “protein” are known to the
person skilled in the art and further defined herein below.

In general the term “peptide” refers to a polymer comprising two or more amino
acids (= amino acid residues) in which the monomers of amino acids are joined

together through amide bonds. Amino acids may be either the D- or L -isomer
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thereof and a polypeptide may be either composed of D-isomers or of L-isomers of
amino acids. In one embodiment a peptide consists of L—isomers of amino acids.

The term peptide comprises both oligopeptides and polypeptides.

The term “oligopeptides” is used for peptides comprising at least 2 and at most 20

amino acids.

The term “polypeptides” is used for peptides comprising at least 21 amino acids.
Naturally occurring polypeptides are composed of naturally occurring amino acids.
Additionally, polypeptides can be synthesized comprising unnatural amino acids,
for example, B-alanine, phenylglycine, or/and homoarginine. Polypeptides may
undergo so-called secondary modifications, like phosphorylation or glycosylation.
Such modified polypeptides are also polypeptides according to the present
invention. In one embodiment the polypeptide used in a method according to the

present disclosure has between 21 and 1000 amino acid residues.

In the context of the different aspects of present invention, the term “protein” refers
to a molecule comprising one or more peptide chains that resume a secondary and
tertiary structure and additionally refers to a protein that is made up of several
peptide chains, i.e. several subunits, forming a quaternary structure. A protein has
sometimes non-peptide groups attached, which can be called prosthetic groups or
cofactors. A protein may also comprise secondary modifications, e-g., a

phosphorylation, a glycosylation, etc.

In one embodiment, in the target molecule T comprising an aldehyde group, the
aldehyde group is introduced by the formyl-generating enzyme (FGE)
methodology. In brief, formylglycine generating enzyme recognizes a pentapeptide
consensus sequence, CxPxR, and it specifically oxidizes the cysteine in this
sequence to a formylglycine. The FGE recognition sequence or aldehyde tag can be
inserted into heterologous recombinant proteins produced in either prokaryotic or
cukaryotic expression systems (sce e.g. Rabuka et al, Nature Protocols 2012, 7,
1052-1067). In another embodiment an N-terminal glycine can be converted to an
aldehyde by a transamination reaction (see ¢.g. Gilmore et al, Angew. Chem. Int.
Ed. Engl. 2006, 45, 5307). In other embodiments, for example, an N-terminal
serine or threonine may be oxidized to an aldehyde, and glycostructures of a sugar-

modified protein may be oxidized with periodate to produce aldehyde groups.

In one embodiment the target molecule T is a polypeptide or a protein selected

from a polypeptide partner of a binding pair and an antibody.
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The polypeptide partner of a binding pair for example is the receptor in a receptor
ligand binding pair, avidin or streptavidin of the biotin avidin or streptavidin

binding pair, or the FimG of the FimG/DsF binding pair.

In one embodiment the target molecule T as used in a method according to the
present disclosure is a polypeptide or a protein selected from FimG, avidin,

streptavidin and an antibody.

In one embodiment the target molecule T as used in a method according to the
present disclosure is a polypeptide or a protein selected from avidin, streptavidin

and an antibody.

The term "antibody" herein is used in the broadest sense and specifically covers
monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g.
bispecific antibodies) formed from at least two intact antibodies, and antibody

fragments so long as they exhibit the desired biological activity.

An “isolated” antibody is one which has been identified and separated and/or
recovered from a component of its natural environment. Contaminant components
of its natural environment are materials which would interfere with research,
diagnostic or therapeutic uses for the antibody, and may include enzymes,
hormones, and other proteinaceous or nonproteinaceous solutes. In some
embodiments, an antibody is purified (1) to greater than 95% by weight of antibody
as determined by, for example, the Lowry method, and in some embodiments, to
greater than 99% by weight; (2) to a degree sufficient to obtain at least 15 residues
of N-terminal or internal amino acid sequence by use of, for example, a spinning
cup sequenator, or (3) to homogencity by SDS-PAGE under reducing or
nonreducing conditions using, for example, Coomassie blue or silver stain. Isolated
antibody includes the antibody in situ within recombinant cells since at least one
component of the antibody's natural environment will not be present. Ordinarily,

however, isolated antibody will be prepared by at least one purification step.

“Native antibodies” are usually heterotetrameric glycoproteins of about 150,000
daltons, composed of two identical light (L) chains and two identical heavy (H)
chains. Each light chain is linked to a heavy chain by one covalent disulfide bond,
while the number of disulfide linkages varies among the heavy chains of different
immunoglobulin isotypes. Each heavy and light chain also has regularly spaced
intrachain disulfide bridges. Each heavy chain has at one end a variable domain

(VH) followed by a number of constant domains. Each light chain has a variable
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domain at one end (VL) and a constant domain at its other end; the constant
domain of the light chain is aligned with the first constant domain of the heavy
chain, and the light-chain variable domain is aligned with the variable domain of
the heavy chain. Particular amino acid residues are believed to form an interface

between the light-chain and heavy-chain variable domains.

The “variable region” or “variable domain” of an antibody refers to the amino-
terminal domains of the heavy or light chain of the antibody. The variable domain
of the heavy chain may be referred to as “VH.” The variable domain of the light
chain may be referred to as “VL.” These domains are generally the most variable

parts of an antibody and contain the antigen-binding sites.

The term “variable” refers to the fact that certain portions of the variable domains
differ extensively in sequence among antibodies and are used in the binding and
specificity of each particular antibody for its particular antigen. However, the
variability is not evenly distributed throughout the variable domains of antibodies.
It is concentrated in three segments called hypervariable regions (HVRs) both in
the light-chain and the heavy-chain variable domains. The more highly conserved
portions of variable domains are called the framework regions (FR). The variable
domains of native heavy and light chains each comprise four FR regions, largely
adopting a beta-sheet configuration, connected by three HVRs, which form loops
connecting, and in some cases forming part of, the beta-sheet structure. The HVRs
in each chain are held together in close proximity by the FR regions and, with the
HVRs from the other chain, contribute to the formation of the antigen-binding site
of antibodies (see Kabat et al., Sequences of Proteins of Immunological Interest,
Fifth Edition, National Institute of Health, Bethesda, MD (1991)). The constant
domains are not involved directly in the binding of an antibody to an antigen, but
exhibit various effector functions, such as participation of the antibody in antibody-

dependent cellular toxicity.

The “light chains” of antibodies (immunoglobulins) from any vertebrate species
can be assigned to one of two clearly distinct types, called kappa (k) and lambda

(1), based on the amino acid sequences of their constant domains.

Depending on the amino acid sequences of the constant domains of their heavy
chains, antibodies (immunoglobulins) can be assigned to different classes. There
are five major classes of immunoglobulins: IgA, IgD, IgE, 1gG, and IgM, and
several of these may be further divided into subclasses (isotypes), ¢.g., IgG1, 1gG2,
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IgG3, IgG4, IgAl, and IgA2. The subunit structures and three-dimensional
configurations of different classes of immunoglobulins are well known and
described generally in, for example, Abbas et al., Cellular and Mol. Immunology,
4th ed., W.B. Saunders, Co. (2000). An antibody may be part of a larger fusion
molecule, formed by covalent or non-covalent association of the antibody with one

or more other proteins or peptides.

The terms “full-length antibody,” “intact antibody,” and “whole antibody” are used
herein interchangeably to refer to an antibody in its substantially intact form, not
antibody fragments as defined below. The terms particularly refer to an antibody

with heavy chains that contain an Fc region.

“Antibody fragments” comprise a portion of an intact antibody, preferably
comprising the antigen-binding region thereof. Examples of antibody fragments
include Fab, Fab', F(ab")2, and Fv fragments; diabodies; linear antibodies; single-
chain antibody molecules; and multispecific antibodies formed from antibody

fragments.

Papain digestion of antibodies produces two identical antigen-binding fragments,
called “Fab” fragments, cach with a single antigen-binding site, and a residual “Fc”
fragment, whose name reflects its ability to crystallize readily. Pepsin treatment
yields a F(ab’)2 fragment that has two antigen-combining sites and is still capable

of cross-linking antigen.

“Fv” is the minimum antibody fragment which contains a complete antigen-
binding site. In one embodiment, a two-chain Fv species consists of a dimer of one
heavy- and one light-chain variable domain in tight, non-covalent association. In a
single-chain Fv (scFv) species, one heavy- and one light-chain variable domain can
be covalently linked by a flexible peptide linker such that the light and heavy
chains can associate in a “dimeric” structure analogous to that in a two-chain Fv
species. It is in this configuration that the three HVRs of ecach variable domain
interact to define an antigen-binding site on the surface of the VH-VL dimer.
Collectively, the six HVRs confer antigen-binding specificity to the antibody.
However, even a single variable domain (or half of an Fv comprising only three
HVRs specific for an antigen) has the ability to recognize and bind antigen,

although at a lower affinity than the entire binding site.

The Fab fragment contains the heavy- and light-chain variable domains and also

contains the constant domain of the light chain and the first constant domain (CH1)
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of the heavy chain. Fab’ fragments differ from Fab fragments by the addition of a
few residues at the carboxy terminus of the heavy chain CHI1 domain including one
or more cysteines from the antibody-hinge region. Fab’-SH is the designation
herein for Fab’ in which the cysteine residue(s) of the constant domains bear a free
thiol group. F(ab’)2 antibody fragments originally were produced as pairs of Fab’
fragments which have hinge cysteines between them. Other chemical couplings of

antibody fragments are also known.

“Single-chain Fv” or “scFv” antibody fragments comprise the VH and VL domains
of an antibody, wherein these domains are present in a single polypeptide chain.
Generally, the scFv polypeptide further comprises a polypeptide linker between the
VH and VL domains that enables the scFv to form the desired structure for antigen
binding. For a review of scFv, see, ¢.g., Plueckthun, In: The Pharmacology of
Monoclonal Antibodies, Vol. 113, Rosenburg and Moore (eds.), Springer-Verlag,
New York (1994) pp. 269-315.

The term “diabodies” refers to antibody fragments with two antigen-binding sites,
which fragments comprise a heavy-chain variable domain (VH) connected to a
light-chain variable domain (VL) in the same polypeptide chain (VH-VL). By
using a linker that is too short to allow pairing between the two domains on the
same chain, the domains are forced to pair with the complementary domains of
another chain and create two antigen-binding sites. Diabodies may be bivalent or
bispecific. Diabodies are described more fully in, for example, EP 0404 097,
WO 1993/01161; Hudson, P.J. et al., Nat. Med. 9 (2003) 129-134; and Holliger, P.
et al., PNAS USA 90 (1993) 6444-6448. Triabodies and tetrabodies are also
described in Hudson, P.J. et al., Nat. Med. 9 (2003) 129-134.

The term "monoclonal antibody" as used herein refers to an antibody obtained from
a population of substantially homogencous antibodies, i.e., the individual
antibodies comprising the population are identical except for possible mutations,
e.g., naturally occurring mutations, that may be present in minor amounts. Thus,
the modifier “monoclonal” indicates the character of the antibody as not being a
mixture of discrete antibodies. In certain embodiments, such a monoclonal
antibody typically includes an antibody comprising a polypeptide sequence that
binds a target, wherein the target-binding polypeptide sequence was obtained by a
process that includes the selection of a single target binding polypeptide sequence
from a plurality of polypeptide sequences. For example, the selection process can

be the selection of a unique clone from a plurality of clones, such as a pool of
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hybridoma clones, phage clones, or recombinant DNA clones. It should be
understood that a selected target binding sequence can be further altered, for
example, to improve affinity for the target, to humanize the target-binding
sequence, to improve its production in cell culture, to reduce its immunogenicity in
vivo, to create a multispecific antibody, etc., and that an antibody comprising the
altered target binding sequence is also a monoclonal antibody of this invention. In
contrast to polyclonal antibody preparations, which typically include different
antibodies directed against different determinants (epitopes), each monoclonal
antibody of a monoclonal-antibody preparation is directed against a single
determinant on an antigen. In addition to their specificity, monoclonal-antibody
preparations are advantageous in that they are typically uncontaminated by other

immunoglobulins.

As mentioned above, in one embodiment the target molecule T as used in a method
according to the present disclosure is selected from the group consisting of a solid
phase, an oligopeptide, a polypeptide, a protein, a carbohydrate, a nucleotide and a

nucleic acid.

In one embodiment the target molecule T as used in a method according to the

present disclosure is a nucleic acid.

The term "oligonucleotide" or “nucleic acid” as used herein, generally refers to
short, generally single stranded, polynucleotides that comprise at least 2
nucleotides and at most about 1000 nucleotides. In a preferred embodiment an
oligonucleotide will have a length of at least 9, 10, 11, 12, 15, 18, 21, 24, 27 or 30
nucleotides. In a preferred embodiment an oligonucleotide will have a length of no
more than 200, 150, 100, 90, 80, 70, 60, 50, 45, 40, 35 or 30 nucleotides. In one
embodiment the oligonucleotides comprise the natural nucleosides 2’-
deoxyadenosine (dA), 2’-deoxyguanosine (dG), 2’-deoxycytidine (dC), 2’-
deoxythymidine (dT), adenosine, guanosine, cytidine and uridine, and 2’-
deoxyuridine (dU). In another embodiment the nucleic acid may be double-

stranded.

The term oligonucleotide or nucleic acid is to be understood broadly and includes
DNA and RNA as well as analogues and modification thereof. A nucleic acid
analogue may for example contain a substituted nucleotide carrying a substituent at
the standard bases adenine, guanine, cytosine, thymine, uracil. Examples of such

nucleosides comprising substituted nucleobases are: S-substituted pyrimidines like
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5 methyl dC, aminoallyl dU or dC, 5-(aminoethyl-3-acrylimido)-dU, 5-propinyl-dU
or -dC, 5 halogenated -dU or -dC; N substituted pyrimidines like N4-ethyl-dC; N
substituted purines like N6-ethyl-dA, N2—ethyl-dG; 8 substituted purines like 8-
[(6-amino-hex-1-yl)- amino]-dG or -dA, 8 halogenated dA or dG, 8 —alkyl dG or
dA; and 2 substituted dA like 2 amino dA.

A nucleic acid analogue may contain a nucleotide or a nucleoside analogue. I.e. the
naturally occurring nucleobases can be exchanged by using nucleobase analogues
like S5-nitroindol d riboside; 3 nitro pyrrole d riboside, deoxyinosine (dl),
deoxyxanthosine (dX); 7 deaza -dG, -dA, -dI or -dX; 7-deaza-8-aza -dG, -dA, -dI
or -dX; 8-aza -dA, -dG, -dI or -dX; d formycin; pseudo dU; pseudo iso dC; 4 thio
dT; 6 thio dG; 2 thio dT; iso dG; 5-methyl-iso-dC; N8-linked 8-aza-7-deaza-dA;
5,6-dihydro-5-aza-dC; and etheno-dA or pyrrolo-dC. As obvious to the skilled
artisan, the nucleobase in the complementary strand has to be selected in such
manner that duplex formation is specific. If, for example, 5-methyl-iso-dC is used

in one strand (e.g. (a)) iso dG has to be in the complementary strand (e.g. (a’)).

In a nucleic acid analogue the oligonucleotide backbone may be modified to
contain substituted sugar residues, sugar analogues, modifications in the

internucleoside phosphate moiety, and/or be a PNA.

An oligonucleotide may for example contain a nucleotide with a substituted deoxy
ribose like 2’-methoxy, 2’-fluoro, 2’-methylseleno, 2’-allyloxy, 4’-methyl dN
(wherein N is a nucleobase, e.g., A, G, C, T or U).

Sugar analogues are for example xylose; 2°,4” bridged ribose like (2'-O, 4'-C
methylene)-bridged ribose (oligomer known as LNA) or (2'-O, 4'-C cthylene)-
bridged ribose (oligomer known as ENA); L-ribose, L- d-ribose, hexitol (oligomer
known as HNA); cyclohexenyl (oligomer known as CeNA); altritol (oligomer
known as ANA); a ftricyclic ribose analogue where C3’' and C5' atoms are
connected by an ethylene bridge that is fused to a cyclopropane ring (oligomer
known as tricycloDNA); glycerol (oligomer known as GNA); glucopyranose
(oligomer known as homo-DNA); carbaribose (with a cyclopentan instead of a
tetrahydrofuran subunit); hydroxymethyl-morpholine (oligomers known as
morpholino DNA).

A great number of modifications comprising a modified internucleosidic phosphate
moiety are also known not to interfere with hybridization properties and such

backbone modifications can also be combined with substituted nucleotides or
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nucleotide analogues. Examples are phosphorthioate, phosphordithioate,

phosphoramidate and methylphosphonate oligonucleotides.

PNA (having a backbone without phosphate and d-ribose) can also be used as a
DNA analogue. The above mentioned modified nucleotides, nucleotide analogues
as well as oligonucleotide backbone modifications can be combined as desired in

an oligonucleotide in the sense of the present invention.

In case the nucleic acid or oligonucleotide shall be used as target molecule T, in
certain embodiments, an aldehyde modification can be incorporated by chemical or
enzymatical means. By chemical means, formyl modified phosphoramidites (e.g.
formylindole phosphoramidite, Glen Research) may be used to introduce an
aldehyde group, also NHS ester chemistry may be applied. Aldehyde modified
nucleoside triphosphates may be wused to incorporate aldehyde groups

enzymatically.

In a method according to the present disclosure the various embodiments given
above for the moiety of interest M, as comprised in a compound of Formula I, as
well as for the target moiety T can be combined. For example, in one embodiment
the moiety of interest M, as comprised in a compound of Formula I, is selected
from the group consisting of a nucleotide, an oligonucleotide, a fluorescent or a
luminescent label, a cytotoxic agent, biotin or a biotin analogue, digoxin or a
digoxin analogue, and maleimide and the target molecule T is a polypeptide or a
protein, e.g. an antibody. In another example the moiety of interest M, comprised
in a compound of Formula I, is a nucleotide and the target molecule T is a nucleic

acid.

In one embodiment the moiety of interest M, comprised in a compound of Formula
I, is an oligonucleotide and the target molecule T is a nucleotide. In one
embodiment the moiety of interest M, comprised in a compound of Formula I, is an

oligonucleotide and the target molecule T is an oligonucleotide.

In one embodiment the target molecule T comprises multiple, i.e 2 to 50, aldehyde
groups. As a result, when practicing the method disclosed herein, multiple moieties

of interest M are connected with the target molecule T.

Also disclosed herein are the conjugates obtained by the method described and
disclosed in the present invention, comprising both the target molecule T and the
moiety of interest M.
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In one embodiment the present disclosure relates to a compound (or a conjugate)

according to Formula II,
Formula II:

R2 R3

/ \

R1 N

NRg
R4

R5
rRe R7

wherein R1, R2, R3, R4, R5, R6, R7, R8 and T all are as defined above under
Formula I. I.c. at least onc of R4, R5, R6, R7 or R& is —-LM, with L and M as
defined above. As the skilled artisan appreciates a compound of Formula II is the
product obtained upon practicing the method disclosed herein. In a compound of
Formula II a target molecule T is bound, or as the person in the art also says is
conjugated, via the core structure of Formula II, 1,2,3,4-tetrahydropyrrolo[1,2-

alpyrazine, to a moiety of interest M.

In a method according to the present disclosure the various embodiments for a
target molecule T on the one hand and various moieties of interest M on the other
hand can be combined as desired. These options for combinations result in a large

variety of conjugates with significant utility in various fields of use.

In one embodiment a compound (conjugate) of Formula II, comprising an antibody
as target molecule and a fluorescent label or a luminescent label, or biotin or a
biotin analogue, digoxin or a digoxin analogue, as moiety of interest is produced.

In one embodiment such compound is used in an immunological detection method.

In one embodiment a compound (conjugate) of Formula II, comprising an antibody
as target molecule and a cytotoxic agent as moiety of interest is produced. In one
embodiment such compound is used for therapeutic purposes, e.g. in anti-cancer

therapy.

In one embodiment a compound (conjugate) of Formula II, comprising a nucleotide

as target molecule and an oligonucleotide as moiety of interest is produced. In one
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embodiment such compound is used for next generation sequencing approaches,

¢.g. in nanopore sequencing.

Further disclosed are substances according to Formula III,

Formula II1
R2 R3
R1 N
NHRg
R4
R5
rRe R7

wherein R1, R2 and R3 independently are H, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl, wherein
R4, R5, R6 and R7 independently are H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or -LM,

wherein R8 is H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted
heteroaryl,

wherein two of R4, R5, R6, R7, and R8 optionally are linked to form a substituted

or unsubstituted cycloalkyl or a substituted or unsubstituted heterocycloalkyl,

wherein M is a moiety of interest selected from the group consisting of a nucleotide,
an oligonucleotide, a peptide, a label, a cytotoxic agent, a partner of a binding pair

and a maleimide,

wherein the linker L is selected from substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, or an oligopeptide and may comprise an amide
linkage, an ester linkage, an alkene or a triazole,

with the proviso that at least one of R4, R5, R6 or R7 is -LM.
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One important difference between a compound of Formula I and a substance of

Formula III, respectively, is the fact that R8 of Formula III is not —-LM.

In one embodiment R1, R2 and R3 in the substance of Formula III independently

are H or methyl.
In one embodiment R1, R2 and R3 in the substance of Formula III all are H.

As indicated above, the linker L, as comprised in the substance of Formula III, is
selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, or an oligopeptide and may comprise an amide linkage, an ester
linkage, an alkene or a triazole. Except for these limitations the linker L as
comprised in a substance according to Formula III meets the definitions as
described above for the linker L as comprised in the compounds of Formula I and

Formula 11, respectively.

In one embodiment L, as comprised in the substance of Formula III, is selected
from substituted or unsubstituted alkyl, and substituted or unsubstituted heteroalkyl,
and may comprise or consist of an amide linkage, an ester linkage, an alkene or a

triazole.

In one embodiment L, as comprised in the substance of Formula III, is selected
from substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl and

an oligopeptide.

In one embodiment L, as comprised in the substance of Formula III, is selected

from substituted or unsubstituted alkyl and substituted or unsubstituted heteroalkyl.

The linker L as comprised in Formula I1I, may be further defined by its backbone

length and in one embodiment has a backbone length of between 1 and 100 atoms.

The “moiety of interest” (M), as comprised in the substance of Formula III, is
selected from the group consisting of a nucleotide, an oligonucleotide, a peptide, a
label, a cytotoxic agent, a partner of a binding pair and a functional group. Except
for these limitations the moiety of interest M as comprised in a substance according
to Formula IIT meets the definitions as described above for the moiety of interest M

as comprised in the compounds of Formula I and Formula II, respectively.
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If the moiety of interest M, as comprised in the substance of Formula III, is a
nucleotide, an oligonucleotide, a peptide, a label, a cytotoxic agent, a partner of a

binding pair or a functional group all these moieties are as defined above.

In one embodiment the moiety of interest, as comprised in a substance of Formula
I, is selected from the group consisting of a nucleotide, an oligonucleotide, a
fluorescent or a luminescent label, a cytotoxic agent, biotin or a biotin analogue,

digoxin or a digoxin analogue, and maleimide.

The nucleotide, the oligonucleotide, the fluorescent label, the luminescent label, the
cytotoxic agent, biotin or the biotin analogue, digoxin or the digoxin analogue
comprised as moiety of interest M in the substance of Formula III all are as defined

above.

In one embodiment the moiety of interest, as comprised in a substance of Formula
II1, is selected from the group consisting of a luminescent label, a cytotoxic agent,

and biotin or a biotin analogue.

In one embodiment the moiety of interest, as comprised in a substance of Formula

I, is a nucleotide or an oligonucleotide.

As demonstrated in the Examples section, the pyrrole compounds substituted at
their N position, as disclosed in both Formula I and Formula III, respectively, show
higher reactivity than C-substituted pyrrole compounds. In addition, the
conjugation products (substances according to Formula II) obtained by reacting a
target molecule comprising an aldehyde and the pyrrole compounds according to
the present disclosure, which are substituted at the N-position of the pyrrole ring,

also revealed higher stability.
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Description of the Figures:

Figure 1: Reaction of a-, 3- and N-(2-aminocthyl)pyrrole, respectively, with the
formylglycine containing peptide (11) (SEQ ID NO:1). In (A) the reactions are
schematically depicted. As obvious from (B) the conversion of N-(2-
aminoethyl)pyrrole (N in the Figure 1B) is significantly faster and more efficient
than the conversion of both a- and B- (2-aminoethyl)pyrrole (a, B in the Figure 1B),

respectively.

Figure 2: This Figure schematically shows the site-specific labeling of C-
terminally aldehyde tagged mouse monoclonal anti-TSH antibody with Pyrrolo-
alanine-PEG2-Biotin (5).

Figure 3: Site-specific labeling of C-terminally (aldehyde-)tagged mouse
monoclonal anti-TSH antibody with Pyrrolo-alanine-PEG2-Biotin (§). Shown are
the results obtained by TSK GFC300 SA-FLUO analytics for the conjugates
obtained with a mouse anti-TSH antibody having a C-terminal mutant tag
(LATPSRAALLTGR = SEQ ID NO:4), which is not containing the formyl glycine
(A) (no conjugates are formed), and with a mouse anti-TSH antibody containing a
C-terminal aldehyde tag (L*FormylGly*TPSRAALLTGR = SEQ ID NO:3) in (B)
and (C), respectively, (highly efficient labeling).

Figure 4: Performance of conjugates in the TSH-Elecsys Assay and stability
testing. Conjugates obtained by site-specific labeling of C-terminally aldehyde-
tagged mouse monoclonal antibody against TSH with Pyrrolo-alanine- PEG2-
Biotin (5) have been tested. Columns from left to right are: original conjugate
(labeled ““ori”; obtained via classical NHS chemistry) at t = 0; original conjugate
after 7 days at 35°C; novel conjugate (labeled “5”) at t=0; and novel conjugate after
7 days at 35°C.

Figure 5: Site-specific labeling of C-terminally aldehyde-tagged mouse
monoclonal antibody against TSH antibodies with N- and alpha-substituted
pyrrolo-alanine-PEG2-Biotin [compounds (5) and (7), respectively]. Shown are
TSK GFC300 SA-FLUO analytics of the mouse monoclonal antibody against TSH
antibodies containing a C-terminal aldehyde tag of SEQ ID NO:3
(L*FormylGly*TPSRAALLTGR) conjugated with (A) N-Pyrrolo-alanine-PEG2-
Biotin (5) and with (B) a-Pyrrolo-alanine-PEG2-Biotin (7), respectively. Figure 5
C shows the performance/stabilty of IgG-Biotin conjugates of the mouse

monoclonal antibody against TSH for conjugates either obtained via classical NHS
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chemistry (ori) or site-specifically via the aldehyde tag-label N-Pyrrolo-alanine-
PEG2-Biotin (5) or a-Pyrrolo-alanine-PEG2-Biotin (7), respectively, att =0, or
after 3 weeks at 35°C.

The following examples are provided to aid the understanding of the present
invention, the true scope of which is set forth in the appended claims. It is
understood that modifications can be made in the procedures set forth without

departing from the spirit of the invention.

Example 1
Synthesis of (1): Boc-N-Pyrrolo-alanine (2-((tert-butoxycarbonyl)amino)-3-
(1H-pyrrol-1-yl)propanoic acid)

NHBoc
H

O
) °
/ M)
Synthesized according to procedure from Chemical Science, 6(4), 2219-2223; 2015

1H NMR (400 MHz, DMSO-d6) 8= 12.93 - 12.78 (m, 1H), 7.18 - 7.07 (m, 1H),
6.74 - 6.66 (m, 2H), 6.06 - 5.84 (m, 2H), 4.31 - 3.91 (m, 3H), 1.32 (s, 9H)

Example 2
Synthesis of (2): Fmoc-N-Pyrrolo-alanine-OH

NHFmoc
H

0
N
[ ° 2)

Boc-N-Pyrrolo-alanine (1) (150 mg, 0.591 mmol) was dissolved in CH2CI2 / TFA
(3 mL, 1:1) and stirred at room temperature for 1 h. After this time the solvent was
removed under reduced pressure, the residue redissolved in 1,4-dioxane/H20 (5
mL, 1:1) and the solution cooled to 0°C. NaHCO3 (150 mg, 1.77 mmol) and Fmoc-
OSu (220 mg, 0.650 mmol) were added and the reaction was stirred overnight at
room temperature. The 1,4-dioxane was removed under reduced pressure, the
aqueous residue washed with hexane, then acidified with HCl (1M aqueous
solution) and extracted with EtOAc. Column chromatography over SiO2 afforded

the desired product as a colorless solid.
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MS (ESI): found 377.1[M + H]+, calculated 377.1 [M + H]+

Example 3
Synthesis of (3): Boc-N-Pyrrolo-alanine-pentafluorophenyl ester

NHBoc

F
e
0o F
N
F
F (3)

A solution of Boc-N-Pyrrolo-alanine (1) (100 mg, 0.39 mmol) in DMF (1 mL) and
tricthylamine (83 pL, 0.59 mmol) was cooled to 0 °C. Pentafluorophenyl-
trifluoroacetate (100 puL, 0.59 mmol) was added and the reaction was stirred for 1 h
at room temperature. Hexane was added to the solution, cooled for 2 h and the
white crystalline precipitate collected and used for the next step without further

purification.

Example 4
Synthesis of (4): Fmoc-N-Pyrrolo-alanine-pentafluorophenyl ester

NHFmoc
F
N//$//O
o F
VN
F
F “)

A solution of Fmoc-N-Pyrrolo-alanine (2) (100 mg, 0.267 mmol) in DMF (2 mL)
and diisopropylethylamine (DIPEA) (93 nL, 0.534 mmol) was cooled to 0 °C.
Pentafluorophenyl-trifluoroacetate (50uL, 0.292 mmol) was added and the reaction
was stirred for 1 h at room temperature. Sat. aq. NaCl solution (15 mL) was added
and extracted with EtOAc (3 x 30 mL). The combined organic layers were dried
over Na2S04 and purified by SiO2 column chromatography (hexane/EtOAc = 4:1)
affording the desired product (58 mg, 40 %) as a colorless solid.

MS (ESI): found 543.1 [M + H]+, calculated 543.13 [M + H]+
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Example S
Synthesis of (§5): N-Pyrrolo-alanine-PEG2-Biotin

0 0
@/\HkN/\/\O/\/O\/\O/\/\N s
= Nu, 1 H
HN

NH

°© )

Boc-N-pyrrolo-alanine-OH (1) was coupled on Fmoc-PEG Biotin NovaTag™ resin
(0.31 mmol/g; purchased from Merck) with classic HATU/DIPEA chemistry in a

syringe and cleaved from resin with TFA.

MS (ESI): found 583.4 [M + H]+, 292.3 [M/2 + H]+, calculated 583.8 [M + H]+

Example 6
Synthesis of (6): N- Pyrrolo-alanine-(PEG10)2- PEG2-Biotin

(0] (@] (0]
H
Y N/\HLN%\/O)\/WNMOMN/\/\O/\/O\/\O/\/\N S,
— NH, 10 4 10 H H
HN

T (6)

N-Fmoc-PEG10-CH2CH2COOH (twice) and Boc-N-Pyrrolo-alanine-OH (once)
were coupled sequentially on a Fmoc-PEG Biotin NovaTag™ resin (0.31 mmol/g;
purchased from Merck) with classic solid phase peptide synthesis conditions in a
syringe, wherein HATU/DIPEA were used as reagents for the coupling reactions
and piperidine (20% in DMF) was used for the Fmoc deprotection steps. Cleavage
from the resin was obtained by treatment with TFA. HPLC purification afforded
the desired product.

MS (ESI): found 536.1 [M/3 + H]+, 803.7 [M/2 + H]+, calculated 1606.9 [M +
H]+
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Example 7
Synthesis of (7):a -Pyrrolo-alanine-PEG2-Biotin

1) Pentafluorophenol trifluoro acetate,
DIPEA, 0°C-rt NH,

NHFmoe  2) Biotin-PEG,-NH,, DIPEA, tt, 1h H 0 HN\(O
on 3 Diethylamine, rt. 30 min " N\/\O/\/OV\NMNH
HNY, & \\ 0 H &

=,

A solution of Fmoc-a-PyrAla (250 mg, 0.664 mmol) in DMF (3 mL) and DIPEA
(231 pL, 1.33 mmol) was cooled to 0 °C. Pentafluorophenyl-trifluoroacetate (100
uL, 0.59 mmol) was added and the reaction was stirred for 2 h at room temperature.
600 uL of this solution were added to a solution of Biotin-PEG2-NH2 (50 mg,
0.133 mmol) and DIPEA (46 uL, 0.266 mmol) in DMF (1 mL). After 2 h stirring at
room temperature diethylamine (400 uL) was added to the solution and stirred for
additional 20 minutes. The reaction mixture was added to 75 mL of cooled
diisopropyl ether and the desired product could be isolated with high purity as the
precipitate (22 mg, 33 %).

MS (ESI): found 511.2 [M + H]J+, calculated 511.6 [M + H]+

Example 8
Synthesis of (8): Boc-N-Pyrrolo-alanine-PEG7-NH2

NHBoc

//$//o F DIPEA, DMF, //gf:c "
EN) © ] H2N/\¢O\/)\NH2 — N8 Nyfo/\h 2
J F i 7 D
F (8)

To a solution of NH2-PEG7-NH2 (50 mg, 0.121 mmol) and DIPEA (21 pL, 0.121
mmol) in DMF (1 mL) was added Boc-N-Pyrrolo-alanine-pentafluorophenyl ester
(3) (11 mg, 0.025 mmol). The reaction was stirred for 1 h at room temperature and
then the solvent was removed under reduced pressure. Preparative HPLC
chromatography (20 % MeCN — 60 % MeCN in H20 + 0.1% TFA) afforded the

desired product as a colorless resin (13 mg, 86 %).

MS (ESI): 605.5[M + HJ+
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Synthesis of (9): N-Pyrrolo-alanine-PEG7-NH-CO(CH2)S-maleimide

NHBﬁc qo o o
rgr NH \
E’} J N\/(\O/\); 2 ) N O)J\/\/;b

1) DIPEA, DCM, rt 16 h
2) TFA/DCM, rt, 1 h

NH, O
El\}) ) N\/\to/\%7\g/\/\/ (
)

1) To a solution of Boc-N-Pyrrolo-alanine-PEG7-NH2 (8) (16 mg, 0.022 mmol) in
5 CH2CI2 (1 mL) were added DIPEA (15 pL, 0.88 mmol) and 6-Maleimido-
hexanoic acid NHS ester (14 mg, 0.044 mmol). The reaction was stirred for 16 h,
then the solvent was removed. Preparative HPLC (20 % MeCN — 60 % MeCN in
H20 + 0.1% TFA) afforded the desired product as a colorless resin (9 mg, 50 %).

MS (ESI): found 798.5[M + H]+, calculated 798.9[M + H]+

10 2) The obtained material was dissolved in CH2CI2 (1 mL) and TFA (500 uL) and
stirred for 30 min at room temperature. Removal of the solvent under reduced

pressure afforded the desired product (8 mg, quant.) as a colorless resin.

MS (ESI): found 698.5[M + H]+, calculated 698.8[M + H]+
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Example 10
Synthesis of (10): SulfoBiPyRu-PEG2-N-pyrrolo-alanine

SO,
| N
= N -

0

H

(10a)

2 = .

C\ NH |, 0
N\ N\)\”/ \/\O/\/O\/\N
H

N
0o

(10b)

To a solution of SulfoBiPyRu-NHS ester (Roche Diagnostics) (15 mg,
0.0127 mmol) in DMF (1 mL) DIPEA (22 uL, 0.127 mmol) and 2,2’-
(Ethylenedioxy)bis(ethylamine) (19uL, 0.127 mmol) were added. The reaction was
stirred for 1 h at room temperature. After completion of the reaction the solvent
was removed and reversed phase preparative HPLC chromatography (0 % MeCN —
25 % MeCN in H,O + 0.1 % TFA) afforded the desired product as an orange solid
(8mg, 0.0068 mmol, 54 %). To a solution of the resulting SulfoBiPyRu-PEG2-NH2
(10a) (4.5 mg, 0.0038 mmol) in DMF (250 uL) at room temperature DIPEA (2 uL,
0.115 mmol) and Fmoc-N-Pyrrolo-alanine-pentafluorophenyl ester (6 mg, 0.0115
mmol) were added. After completion of the coupling reaction diethylamine (50 uL)
was added to the reaction and stirred for additional 30 minutes. The solvent was
removed under reduced pressure and reversed phase preparative HPLC (0 %
MeCN — 35 % MeCN in 0.1 M triethylammonium acetate buffer, pH = 7) afforded
the desired product (10b) as an orange solid (2.5 mg, 50 %).
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MS (ESI): found 656.8[M/2 + H]+, 1310.8[M + H]+, calculated 1311.2 [M + H]+

Example 11
Synthesis of (11): Formyl Glycine containing Peptide

HaN o NH

)LHJ;LﬁImﬁ jwiH“ﬁOH ~ HJ?%I(NJ J\{ ﬁ: (1)

@]
NH
HNA
*Ac-*L*FormylGly*TPSRGSLFTGRK*-OH* (11)
*Ac-*L —H i
© fH—TPSRGSLFTGRK*—OH* (11)
0 "H
5 The above peptide ((11) = SEQ ID NO:1) was synthesized according to Rush et al.,

Org. Lett., 2006, 8, 131 -134. In brief the peptide was obtained by classical solid
phase peptide synthesis, wherein a diethyl acetal was used as protected precursor
for the aldehyde functionality.

MS (ESI): found 774.3[M/2 + H]+, 517.0 [M/3 + H]+

10
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Example 12
Synthesis of (12): 5’-Pyrrolo-alanine-aminohexanol-T10-3’

H N otp-o N" o
N Ao~ — NN
HZNH Tio = HoN OH o
(@]
9
o}

A 5‘-aminohexanol-T10-3° oligonucleotide (80uL, 2.15 mM in H20, 172 nmol;
synthesized according to classical oligonucleotide synthesis procedures) was added
to sodium borate buffer (250 uL, pH=8.5, 0.1M). Subsequently Fmoc-N-Pyrrolo-
alanine-pentafluorophenyl ester (4) (150 puL, 10 mM in MeCN, 1500 nmol) was
added. After 2 h shaking at room temperature diethylamine (100 uL) was added to
the solution, which was shaken for additional 30 minutes. Syringe filtration and
dialysis afforded the desired product (120 nmol, 70 %).

MS (ESI): found 1097.3 [(M- 3H)/3]-

Example 13
Synthesis of (13): 4-Formylbenzoate NHS-ester

O
NHS

o (13)

To a solution of 4-Formylbenzoic acid (1.00 g, 6.66 mmol) in DMF (30 mL) were
added EDC-HCI (1.40 g, 7.33 mmol) and N-hydroxysuccinimid (842 mg, 7.33
mmol). After stirring for 16 h at room temperature the mixture was diluted with
EtOAc (150 mL) and washed with sat. aq. NaCl solution (3 x 50 mL). The organic
phase was dried over Na2SO4 and the solvent removed affording the desired
product (1.40 g, 5.66 mmol, 85 %) as a colorless solid.

1H NMR (CHLOROFORM-d, 400 MHz): & = 10.13 (s, 1H), 8.21-8.37 (m, 3H),
7.96-8.07 (m, 3H), 2.93 ppm (d, J = 8.7 Hz, 6H)
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Example 14
Synthesis of (14): 4-Formylbenzamido-undecanol-hexaphosphate-Cytidine

NH,
B
@]
_(I?_ N/&O
N % e W e
H 10 O
H 6
OH
% (14)

NH2 -undecanol-hexaphosphate-Cytidine (synthesized according to Fuller et al.,
PNAS, 113, 5233) (714 uL, 5.6 mM in H20, 4 umol) and 4-formylbenzoate NHS-
ester (13) (800 uL, 50 mM in MeCN, 40 umol) were added to sodium borate buffer
(500 uL, pH=8.5, 0.1M). After 3 h shaking at room temperature the reaction
mixture was purified by reversed phase chromatography (0 — 35 % MeCN in H20,
0.1 M triethylammoniumacetate) affording the desired product (1.82 umol, 46 %).

MS (ESI): found 522.2 [(M- 2H)/2 + 38]-, 1045.3 2 [M-H + 38]-

Examples 15 to 21 show conjugation experiments of pyrrolo-derivatives
(compounds according to Formula I) with a model compound containing an

aldehyde group as well as with formylglycine containing peptides and antibodies.

Example 15
Model Pictet Spengler reaction for 2-(1H-pyrrol-1-yl)ethan-1-amine

Acetate buffer/MeCN
[ NH; H pH=54 /N

w o)\/OBn

NH

N

2-(1H-pyrrol-1-yl)ethan-1-amine (100 mg, 0908 mmol) and 2-
(benzyloxy)acetaldehyde (136 mg, 0.908 mmol) were dissolved in acetate buffer
(0.1M, pH = 5.4, 5 mL) and MeCN (5 mL). After 24 h the solvent was removed
under reduced pressure and column chromatography over SiO2 (EtOAc +
2 % TEA) afforded the desired product as a colorless solid. NMR spectroscopy

confirmed the cyclization product.
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Rf (EtOAc + 2 % TEA): 0.38

1H NMR (400 MHz, CHLOROFORM-d) = 7.39 - 7.33 (m, 4H), 7.33 - 7.27 (m,
1H), 6.56 (dt, 1=0.9, 1.8 Hz, 1H), 6.13 (dd, J=2.8, 3.5 Hz, 1H), 5.87 - 5.83 (m, 1H),
4.63 - 4.56 (m, 3H), 4.26 (dd, J=3.5, 8.7 Hz, 1H), 4.01 - 3.89 (m, 2H), 3.88 - 3.82
(m, 1H), 3.60 (dd, J=8.8, 9.4 Hz, 1H), 3.35 - 3.27 (m, 1H), 3.17 - 3.08 (m, 1H),
2.36-2.26 (m, 1H)

Description: 2-(1H-pyrrol-1-yl)ethan-1-amine is reacted with an aldehyde in
“protein compatible” conditions. The 1H NMR proofs that a Pictet Spengler
reaction (imine formation and subsequent C-C ring closure) occurs under these

conditions, furnishing a stable, bicyclic product (15).

Example 16
Comparison of conversion rates of a-, 8- and N-(2-aminoethyl)pyrrole,

respectively, when reacted with formylglycine containing peptide (11):

a-, B- and N-(2-aminoethyl)pyrrole were reacted with the formylglycine containing
peptide (11) (SEQ ID NO:1) under identical conditions. The reaction conditions
were: 10 uL of peptide (11) (SEQ ID NO:1) (10mM agq. sol.) and 20 uL of amine
(respectively a-, B- and N-(2-aminoethyl)pyrrole, each amine as 50mM aqueous
solution) were added to 170 uL of acetate buffer (0.05 M, pH =5.4), 37 °C. This

reaction is schematically depicted in Figure 1A.

The reaction velocity of a-, - and N-(2-aminoethyl)pyrrole when reacted with
formylglycine containing peptide (11) under identical conditions are compared.
Pyrroles are known to be more reactive in their o position: according to this the B-
substituted pyrrole (the ring closure occurs in o) reacts slightly faster than the o-
substituted pyrrole. Surprisingly the conversion of N-(2-aminoethyl)pyrrole is
significantly faster than the conversion of both a- and B- (2-aminoethyl)pyrrole,
respectively. The faster and more efficient conversion of the N-(2-

aminoethyl)pyrrole becomes readily obvious from Figure 1B.
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Example 17
Conjugation of formylglycine containing peptide (11) with N-Pyrrolo-alanine-
PEG2-Biotin (5)

O
HNJ(
NH 0
H
NHz *Ac-*L—N
o o N—TPSRGSLFTGRK*-OH*
S N\/\/ ~ NN \/\/N H
O H

(0]
(5) (11)

Acetate Buffer 0.1M
pH=5.4

Biotin Label/Aldehyde = 10:1
1mM reaction concentration
37°C

a4 « N—TPSRGSLFTGRK*-OH*
NH H
H AN T
'S N\/\/O\/\O/\/O\/\/NWH\/N %
(16)

O O

To an acetate buffer (0.1 M, pH = 5.4, 70 uL) N-Pyrrolo-alanine-PEG2-Biotin (5)
(20 uL, 50 mM in H20) and *Ac-*L*FormylGly*TPSRGSLFTGRK*-OH* (11)
(cf. SEQ ID NO:1) (10 uL, 10 mM in H20) were added, and the mixture was
shaken at 37 °C for 6 h obtaining a complete conversion of the substrates to the

desired cyclized conjugate (16).

As became obvious from this experiment, it is possible to conjugate a label
accoding to Formula I, i.e compound (5), via Pyrrolo Pictet Spengler chemistry to a
biomolecule (the peptide comprised in compound (11)) under mild (= protein
compatible) conditions. A complete conversion to the desired product is obtained

with a moderate excess of pyrrole label (5) within 6 hours.
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Example 18
Conjugation of 4-Formylbenzamide-undecanol-hexaphosphate-Cytidine (14)
with 5’-Pyrrolo-alanine-aminohexanol-T10-3° (12)

NH,
~
N
O 0O o) | P
NH; —||:|>—o N O
Tion TN N ~ 0
H H H 10\ O
0
(12) == o} (14)
Acetate Buffer, 0.1 M
pH=54
NH,
B
O )
o-P—o N/go
0 N7\ O
H H 10\ 0O
N 6
T10\/\/\/\N OH
H

To an acetate buffer (0.1 M, pH = 5.4, 50 uL) 5’-Pyrrolo-alanine-aminohexanol-
T10-3> (12) (30 puL, 1.2 mM in H20) and 4-Formylbenzamide-undecanol-
hexaphosphate-Cytidine (14) (10 uL, 3.6 mM in H20) were added, and the mixture
was shaken at 37 °C for 16 h obtaining a nearly complete conversion of the
substrates to the desired cyclized conjugate (17).

(17): MS (ESI): found 1439.7 [(M- 3H)/3]- +38

In this example the feasibility of the Pyrrolo Pictet Spengler reaction for the
conjugation of oligonucleotide/nucleotide building blocks is demonstrated. In a
stoichiometric 1:1 reaction at a concentration of 0.4 mM LCMS shows a nearly

quantitative conversion of the substrates to the conjugation product within 16 hours.
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Example 19
Bioconjugation of a formylglycine containing antibody with Biotin-PEG3-N-
PyrAla Label

Antibody expression and purification

Heavy and light chains of a mouse monoclonal antibody against TSH were cloned
into mammalian expression vectors including a 13 amino acid aldehyde-
tag(LCTPSRAALLTGR; SEQ ID NO:2) at the heavy chain C-terminus using
standard cloning techniques. Both plasmids encoding heavy and light chain and a
plasmid overexpressing SUMFI1 (pRECEIVER-SUMFI1, purchased from
GeneCopoceia) were co-transfected into HEK293F cells. SUMF1 converts the
cysteine comprised in the aldehyde tag sequence into formylglycine and thus
LCTPSRAALLTGR (SEQ ID NO:2) into L*Formylglycine*TPSRAALLTGR
(SEQ ID NO:3). IgG was purified from the culture supernatant via one-step protein
A affinity purification (HiTrap MabSelect SuRe, GE) according to supplier’s

instructions.

Biotinylation

The mouse monoclonal antibody against TSH tagged at the C-terminus of ecach
heavy chain with L*Formylglycine*TPSRAALLTGR (200 uM) was conjugated at
37°C cither for 24h with a 5-fold or for 48h with a 3-fold excess of Pyrrolo-
alanine-PEG2-Biotin (5). All conjugates were purified via Zeba spin columns
(40K) (purchased from ThermoScientific) to remove enzyme and unconjugated
label.

TSK GFC300 SA-FLUO-analytics

IgG biotinylation was assessed by complex formation with fluorescein-labeled
streptavidin - (SA-FLUO). SA-FLUO-IgG-Biotin-SA-FLUO complexes were
analyzed by analytical size-exclusion chromatography (TSK GFC300, TOSOH). In
detail, equal volumes (50ul) of biotinylated 1gG (¢ = 0,6 mg/ml) and SA-FLUO (c
= 0,3 mg/ml) were mixed and incubated for 5 min at RT. 20ul of 100mM Biotin
were added. 25ul of each sample were injected on a TSK GFC300 SW 7.8 x 150
mm column and extinction profiles were monitored at 280 and 494 nm. Successful
biotinylation is monitored by the existence of SA-FLUO-IgG-Biotin complexes

having extinction profiles at 280 and 494nm.
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Flecsys TSH immunoassay

Site-specifically labeled IgG-Biotin conjugates from the mouse monoclonal
antibody against TSH, obtained as described above, were used at a concentration of
2,5 ug/ml in original TSH buffer free of biotinylated anti-TSH antibody, thereby
replacing the biotinylated reagent in the R1 compartment of the Elecsys®
immunoassay rackpack (Roche Diagnostics). Two calibrators, Call and Cal2, from
the TSH CalSet (Roche Diagnostics) were analyzed in the TSH Elecsys®
immunoassay (Roche Diagnostics) on a Cobas® E170 module according to the

standard assay protocol given by the manufacturer (Roche Diagnostics).

Bioconjugation of a formylglycine containing antibody and of a mutant antibody
comprising the sequence LATPSRAALLTGR (SEQ ID NO:4), respectively, with
Biotin-PEG3-N-PyrAla Label

(A) Under conditions otherwise appropriate for aldehyde tagging a 100-fold excess
of N-Pyrrolo-alanine-PEG2-Biotin label (5) does not react unspecifically with the
mutant antibody comprising SEQ ID NO:4, i.e. a polypeptide sequence not
containing a formyl glycine (alanine instead of cysteine; only the later can be

transformed into formyl glycine).

(B) & (C) With a 5-fold or a 3-fold excess of N-Pyrrolo-alanine-PEG2-Biotin (5)
the antibodies containing a C-terminal aldehyde tag of SEQ ID NO:3 are
conjugated quantitatively within 24 h and 48 h, respectively. The conjugation

reaction of (B) or (C) is schematically shown in Figure 2.

Conjugates obtained by this method are analyzed by size exclusion
chromatography using TSK GFC300 SA-FLUO analytics. The results of the TSK
GFC300 SA-FLUO analytics are shown in Figures 3A to 3C.

Example 20
Stability test of the conjugates

Site-specifically labeled IgG-Biotin conjugates (obtained as described in Example
19) from the mouse monoclonal antibody against TSH were analyzed in the TSH
Elecsys® immunoassay (Roche Diagnostics) on a Cobas® EI170 module. The
novel conjugates as well as the original (ori) or standard biotin conjugates were
diluted in the same buffer at a concentration of 2,5 pug/ml each. Both were placed

into the R1 compartment of the Elecsys® immunoassay rackpack (Roche
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Diagnostics) and the assay performed according to the standard procedure given for
this commercially available assay (Roche Diagnostics). For stability assessment
one of the calibrators, Cal2, from the TSH CalSet (Roche Diagnostics) was
measured in the TSH Elecsys® immunoassay (Roche Diagnostics) on a Cobas®
E170 module at t = 0 and after 7d at 35°C, respectively, using both the original as

well as the novel conjugate.

The IgG-Biotin conjugates, obtained by conjugation of antibodies containing a C-
terminal aldehyde tag with N-Pyrrolo-alanine-PEG2-Biotin label (5) show good
stability after incubation for 7 days at 35 °C.

Example 21
Comparison of the antibody conjugation efficacy and performance of

conjugates generated by use of either N-pyrrolo-alanine or a -pyrrolo-alanine

The direct comparison of conjugation efficacy for antibodies containing a C-
terminal aldehyde tag of SEQ ID NO:3 (L*FormylGly*TPSRAALLTGR) with N-
Pyrrolo-alanine-PEG2-Biotin  (5) and a-Pyrrolo-alanine-PEG2-Biotin  (7),
respectively, shows that, while the N-Pyrrolo-alanine-PEG2-Biotin label converts
nearly quantitatively the antibody to the labeled conjugate (see Figure 5A), after
incubation with o -Pyrrolo-alanine-PEG2-Biotin a large amount of unconjugated
antibody is detected (see Figure 5B). The TSH-Elecsys assay performance and
stability of the conjugates after 3 weeks was investigated essentially as described in
Example 20. The a-Pyrrolo-alanine-PEG2-Biotin antibody conjugate is less stable
than N-Pyrrolo-alanine-PEG2-Biotin antibody conjugate indicating less reactivity
of the activated a-Pyrrolo-alanine-PEG2-Biotin (7) used and/or an incomplete
cyclization reaction with this coupling reagent. To the contrary the N-Pyrrolo-
alanine-PEG2-Biotin antibody conjugate, i.c. a conjugate based on a compound and
method as disclosed herein, can be produced with high yield and demonstrates both

good performance in the immuno assay as well as good storage stability.
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I. A method of producing a compound according to Formula II, the method

comprising;

reacting a compound of Formula I with a target comprising an aldehyde

group as given below

Formula I;

R

2 R3
R'l/z;j
[-H.0]
NHRa B ——
R4 0O T
R5

rRe R7

thereby obtaining a compound according to Formula II,
Formula II:

R2 R3

rRe R7

wherein R1, R2 and R3 independently are H, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted
heteroaryl, wherein R4, R5, R6, R7 and R independently are H, substituted
or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl, or -LM, wherein
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two of R4, RS, R6, R7, and RS optionally are linked to form a substituted or

unsubstituted cycloalkyl or a substituted or unsubstituted heterocycloalkyl,
wherein L is absent or is a linker,

wherein M is a moiety of interest, and

wherein T is a target molecule,

with the proviso that at least one of R4, R5, R6, R7 or RS is -LM.

The method according to claim 1, wherein in a compound of Formula I or

Formula 11, respectively, R1, R2 and R3 independently are H or methyl.

The method according to claim 1 or 2, wherein in a compound of Formula |
or Formula II, respectively, the moiety of interest M is selected from the
group consisting of a nucleotide, an oligonucleotide, a peptide, a label, a

cytotoxic agent, a partner of a binding pair and a functional group.

The method according to any of claims 1 to 3, wherein in a compound of
Formula I or Formula II, respectively, the moiety of interest M is selected
from the group consisting of a nucleotide, an oligonucleotide, a fluorescent or
a luminescent label, a cytotoxic agent, biotin or a biotin analogue, digoxin or

a digoxin analogue, and maleimide.

The method according to any of claims 1 to 4, wherein in a compound of
Formula I or Formula II, respectively, the target molecule T is selected from
the group consisting of a solid phase, a polypeptide, a protein, a carbohydrate,

a nucleotide and a nucleic acid.

The method according to any of claims 1 to 5, wherein in a compound of
Formula I or Formula II, respectively, the target molecule T is a polypeptide,

a protein, or a nucleic acid.

The method according to any of claims 1 to 4, wherein in a compound of

Formula I or Formula 11, respectively, the target molecule T is an antibody.

The method according to any of claims 1 to 7, wherein in a compound of
Formula I or Formula 11, respectively, the linker L is absent or selected from

substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, or
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an oligopeptide and may comprise or may consist of an amide linkage, an

ester linkage, an alkene or a triazole.

9.  The method according to any of claims 1 to 8, wherein in a compound of

Formula I or Formula II, respectively, the linker L is selected from

5 substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl or
an oligopeptide.

10. The method according to any of claims 1 to 9, wherein in a compound of

Formula I or Formula II, respectively, the linker L is bound to the moiety of

interest M via an ester, an ether, a thioether, an amine, an amide, a disulfide,

10 a carbonate, a carbamate, an alkene, a triazole, a dihydropyridazine or a

phosphodiester bond.

11. A compound of Formula II

Formula I1
R2 R3
A
R1 N
NRg
R4
R5
rg R7

15 wherein R1 to R8 and T are as defined in the previous claims.



10

15

20

WO 2018/189214 PCT/EP2018/059225

12.

- 49 -

A substance according to Formula III,

Formula III
R2 R3
R1 N
NHRg
R4
R5
R R7

wherein R1, R2 and R3 independently are H, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, or substituted or unsubstituted

heteroaryl,

wherein R4, R5, R6 and R7 independently are H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, or -LM,

wherein R8 is H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted aryl, or substituted or

unsubstituted heteroaryl,

wherein two of R4, R5, R6, R7, and R8 optionally are linked to form a
substituted or unsubstituted cycloalkyl or a substituted or unsubstituted

heterocycloalkyl,

wherein M is a moiety of interest selected from the group consisting of a
nucleotide, an oligonucleotide, a peptide, a label, a cytotoxic agent, a partner

of a binding pair and a maleimide,

wherein the linker L is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, or an oligopeptide and may comprise

an amide linkage, an ester linkage, an alkene or a triazole,

with the proviso that at least one of R4, R5, R6 or R7 is -LM.
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The substance of claim 12,

wherein M is selected from the group consisting of a nucleotide, an
oligonucleotide, a fluorescent or a luminescent label, a cytotoxic agent, biotin

or a biotin analogue, digoxin or a digoxin analogue and maleimide.
The substance of any of claims 12 or 13,

wherein M is selected from the group consisting of a luminescent label, a

cytotoxic agent and biotin or a biotin analogue.
The substance of any of claims 12 or 13,

wherein M is an oligonucleotide or a nucleotide.
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