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Title: Methods for chemical synthesis of biologically active compounds using
supramolecular protective groups and novel compounds obtainable

thereby.

The invention relates to drug development and synthetic chemistry, in
particular to the manufacture of biologically active compounds based on naturally
occurring molecules. It also relates to novel biologically active compounds in a
substantially pure regioisomeric form.

5 The fabrication of natural products and their derivatives is an important
task for the understanding of drug action and the development of new
pharmaceutically active ingredients. However, their generation typically requires
extensive multistep organic synthesis, including the protection and deprotection of
functional groups within the target moleculel23,

10 Regioselectively modified multi functionalized compounds and drugs are
therefore laborious and costly to synthesize and afford extended synthetic routes. For
example, in case of aminoglycoside antibiotics the regioselective derivatization is
restricted to only few functional groups and requires more than 20 synthetic steps
with overall yields below 5%.

15 Very recently, protective groups were introduced that rely on non-covalent
interactions and are comprised of macrocyclic systems. Reinaud et al. applied a Zn!l-
complex based on a functionalized calix[6]arene for the chemo- and regioselective
carbamoylation of the unsymmetrical triamine spermidine, In the second known
example, Kohnke et al. utilized a calix[4]pyrrole derivative in the selective O-

20  alkylation of 1,6-dihydroxynaphthalene®. The application of non-covalent protective
groups based on host-guest interactions can be used as tool for the derivatization of
natural products and synthetic molecules as an alternative to extensive covalent
protection and deprotection protocols.

Unfortunately, known supramolecular protective groups (SPGs) are still

25 characterized by severe limitations. Due to the small cavity size of available
calixarenes the approach is so far limited to small guest molecules exhibiting only two

chemical equivalent functional groups. Moreover, generalization of the concept which
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is based on macrocyclic cavities is very difficult due to extensive efforts needed for the
molecular design and synthesis of the host system binding to a beforehand defined
guest molecule. Thus, the known SPGs require individual design for each target
molecule, involve laborious synthesis, lack a general way of manufacturing and are
restricted to bind to small molecules with little structural complexity.

The present inventors therefore aimed at overcoming at least one of these
drawbacks by the provision of a novel class of non-covalent SPGs. It is demonstrated
herein that SPGs based on oligonucleotides (nucleic acid aptamers) or oligopeptides
can be used efficiently for the highly chemo- and regioselective transformation (up to
98%) of bioactive molecules with complicated structures (e.g. antibiotics) in very good
conversions (69-83%). Many of the shortcomings of previously reported SPGs were
overcome due to the fact that SPGs based on oligonucleotides or oligopeptides are (a)
capable binding a diverse range of guest molecules with high affinity and specificity
6789 (b) can be generated in a well established selection processesi® and (c) can be
produced by automated synthesis. There are no structural limitations of the guest
molecule e.g. with respect to size or functionalities. The high impact of SPGs on
synthetic chemistry for the generation of several novel drugs, e.g. antibiotic
derivatives, was demonstrated while at the same time avoiding costly, time
consuming and laborious synthetic routes including conventional protective group
chemistry. The facile functionalization of biologically active natural products or
synthetic drugs will facilitate studies on structure-properties relationships and
provides easy access to a large number of new drug candidates. The present invention
is advantageously applied in a strategy to combat the ever-growing problem of
antibiotic resistance. In particular, based on the concept disclosed herein it is possible
to revive the antibacterial activity of aminoglycosides using structural modifications
that can alter the original mode of action. For example, MRSA and VRE are known to
exert high level resistance to aminoglycosides.

Hence, in one embodiment the invention provides a method for the chemo-
and/or regioselective derivatization of a target compound comprising multiple
chemically equivalent reactive groups, wherein at least one reactive group 1s to be
derivatized and wherein at least one reactive group is not to be derivatized, the
method comprising the steps of a) contacting the target compound with at least one

non-covalent protective group under conditions allowing for the formation of a
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regioselective host-guest complex, wherein the protective group is selected from
oligonucleotide aptamers and oligopeptide aptamers (herein also referred to as
“aptameric protective group” or “APG”) having a selective affinity for the at least one
reactive group not to be modified and wherein the protective group has no affinity for
the at least one reactive site to be modified; followed and/or accompanied by b)
chemical derivatization of the target compound. Preferably, the host-guest complex is
formed prior to the chemical derivatization. Optionally, the derivatized target
compound of interest 1s purified or 1solated from a mixture of compounds.

Oligonucleotide or oligopeptide aptamers having a selective affinity for the at
least one reactive group not to be modified and having no affinity for the at least one
reactive site to be modified can be generated by methods known per se in the art. The
term aptamer is derived from the Latin ‘aptus’ meaning “to fit” and is based on the
strong binding of oligopeptides or oligonucleotides to specific targets based on
structural conformation.. Aptamers are usually created by selecting them from a large
random sequence pool. Preferably, an oligonucleotide or oligopeptide aptamer is
obtained by screening a library of candidate aptamers and selecting at least one
oligonucleotide or oligopeptide displaying the desired characteristics.

In one embodiment, the protective group is an oligonucleotide aptamer, like an
RNA or DNA aptamer. Suitable oligonucleotide aptamers are single-stranded RNA or
DNA oligonucleotides, that bind with high affinity to specific molecular targets; most
aptamers to proteins bind with Kds (equilibrium constant) in the range of 1 pM to 1
nM similar to monoclonal antibodies. The oligonucleotide typically consists of between
5 and 60 nucleic acids, preferably 15-40, nucleotide residues or non-natural nucleotide
derivatives. As used herein, the term “nucleotide” encompasses both naturally
occurring and (semi)-synthetic nucleotide analogs. For example, non-natural
nucleobase-modified nucleotides, representing the latter class, can be also
incorporated by polymerases (S. Jiger, M. Famulok, Angew. Chem. Int. Ed. 2004, 43,
3337-3340).

Theoretically, it is possible to select APGs virtually against any molecular
target; aptamers have been selected for small molecules, peptides, proteins as well as
viruses and bacteria. The APGs are advantageously selected by incubating the target
molecule in a large pool of oligonucleotide, the pool size of the oligonucleotide is from

1010 to 1020, The large pool size of the oligonucleotide ensures the selection and



WO 2012/173477 PCT/NL2012/050415

10

15

20

25

30

isolation of the specific aptamer. The structural and informational complexity of the
oligonucleotide pool and its functional activity is an interesting and active area to
develop an algorithm based development of nucleic acid ligands. APGs can distinguish
between closely related but non-identical members of a target compound family, or
between different functional or conformational states of the same compound. The
protocol called systematic evolution of ligands by exponential enrichment (SELEX) is
generally used with modification and variations for the selection of specific aptamers.
Using this process, it is possible to develop new oligonucleotide APGs in as little as
two weeks. Accordingly, in one embodiment a method of the invention involves the
use of an oligonucleotide aptamer as protective group, the oligonucleotide aptamer
being obtained by a screening process. Starting point of each in vitro selection process
is typically a synthetic random DNA oligonucleotide library consisting of a multitude
of ssDNA fragments with different sequences. This pool of DNA is used directly for
the selection of DNA aptamers. For the selection of RNA aptamers, the library has to
be transcribed into an RNA library. The SELEX procedure is characterized by the
repetition of successive steps consisting of (I) selection (binding, partition, and
elution), (1) amplification and (III) conditioning (in vitro transcription or purification
of ss DNA). In the first SELEX round the sequence pool and the target molecules are
incubated for binding. Non-bound oligonucleotides are removed by several washing
steps of the binding complexes. The oligonucleotides that are bound to the target
molecule are eluted and subsequently amplified by PCR or RT-PCR. A new enriched
pool of selected oligonucleotides is generated by preparation of the relevant ssDNA
from the PCR products (DNA SELEX) or by in vitro transcription (RNA SELEX). This
selected oligonucleotide pool is then used for the next selection round. In general, 6 to
20 SELEX rounds are needed for the selection of high affinity, target-specific
aptamers. The last SELEX round is finished after the amplification step. The
enriched aptamer pool is cloned, sequenced and several individual aptamers have to

be characterized.

In another embodiment, the APG is an oligopeptide aptamer. As used herein, the
term oligopeptide refers to any proteinaceous substance consisting of between about 5
and 120 amino acids, either in the L- or D-configuration. As used herein, the term

“amino acid” encompasses both naturally occurring and (semi)-synthetic amino acid
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analogs. For example, one or more non-natural amino acid analogues can be
incorporated into proteins by genetic engineering (C.C.Liu, P:G: Schultz, Ann. Rev.
Biochem., 79, 413-44). Typically, a certain minimum size is needed to obtain the
desired protective effect. In one embodiment, the oligopeptide aptamer consists of
from 8-18 amino acids, preferably 10-13 amino acids.

Methods for selecting an oligopeptide APGs are also known in the art. For
example, it involves expressing a library of candidate oligopeptide aptamers in a
recombinant host cell, and selecting at least one host cell expressing a desired
aptamer and identifying the oligopeptide aptamer. In another embodiment, it
comprises the screening of candidate peptides expressed on the cell surface of the host
cell. See for example “Decorating microbes: surface display of proteins on Escherichia
coli”, Bloois E, Winter RT, Kolmar H, Fraaije MW, Trends in Biotechnology, Volume
29, Issue 2, 79-86, 10 December 2010.

Another suitable method is phage display. Thereby, a library of random
peptides is expressed in M13 phages followed by the selection of those phages
displaying a peptide that can access and bind to an immobilized target compound.
Advantageously, immobilization of the target compound to a solid support is directed
in such a manner that the zone which is accessible to the phage comprises the
reactive group(s) to be protected against derivatization, whereas the reactive group(s)
to be derivatized is/are not accessible to the phages. See also figure 10.

In yet a different approach, a peptide APG is selected by screening the host cell
for the ability of the oligopeptide to modulate the biological activity of the target
compound. For example, a host cell population is infected with phages expressing a
library of random peptides, which is screened for antibiotic resistance to identify
oligopeptide aptamers capable of binding to and neutralizing the activity of an

antibiotic compound.

The target compound may be a natural product, a synthetic molecule or a semi-
synthetic derivative of a natural compound. In a preferred embodiment, the target
compound 1s a biologically active compound or a precursor thereof, like a pro-drug.
The target compound can be a proteinaceous, like a peptide, or a non-proteinaceous
substance. peptides (antibiotics, anti-cancer peptides, genetic diseases, antidiabetics

such as exenatide) and
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There are many natural products which exhibit multiple functionalities that are
applied as therapeutic agent. Prior to the present invention, selective modification of
these compounds was difficult or not realizable at all. However, they appear to be
very suitable targets for the present APG technology for chemo- and/or regioselective
derivatization, thus enabling the facile generation of analogs having improved
therapeutic properties.

In one embodiment, the target compound is a macrolides. Macrolides belong to
the polyketide class of natural products. The macrolides are a group of drugs
(typically antibiotics) whose activity stems from the presence of a macrolide ring, a
large macrocyclic lactone ring to which one or more deoxy sugars, usually cladinose
and desosamine, may be attached. The lactone rings are usually 14-, 15-, or 16-
membered. Macrolides of interest include glycomacrolides (antibiotics, anti-cancer
drugs, such as erythromycin), and polyene macrolactons, such as nystatin. In a
specific aspect, the target compound is Everolimus (RAD-001), the 40-O-(2-
hydroxyethyl) derivative of the macrolide sirolimus. It works similarly to sirolimus as
an mTOR (mammalian target of rapamycin) inhibitor and it is currently used as an
immunosuppressant to prevent rejection of organ transplants and treatment of renal
cell cancer.

In another embodiment, the target compound is a polyphenol. Polyphenols are
a heterogeneous class of compounds that include several hydrosoluble antioxidants
useful in food preservation and claimed as health promoting agents. Phenolic
compounds have attracted special attention due to their health-promoting
characteristics. In the past ten years a large number of the studies have been carried
out on the effects of phenolic compounds on human health. Many studies have been
carried out that strongly support the contribution of polyphenols to the prevention of
cardiovascular diseases, cancer, osteoporosis, neurodegenerative diseases, and
diabetes mellitus, and suggest a role in the prevention of peptic ulcer. Polyphenols
display a number of pharmacological properties in the GIT area, acting as
antisecretory, cytoprotective, and antioxidant agents. The antioxidant properties of

phenolic compounds have been widely studied, but it has become clear that their
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mechanisms of action go beyond the modulation of oxidative stress. For example,
various polyphenolic compounds have been reported for their anti-ulcerogenic activity
with a good level of gastric protection. Preferably, a method of the invention comprises
the selective modification of a phenolic compound of pharmaceutical interest, in
particular simple phenolic compounds (catechol, eugenol, vanillin, caffeic acid, ferulic
acid, and salicin), flavones (apigenin, tangeritin, tangerine, and luteolin), isoflavones
(genistein, daidzein, and glycitein), isoflavonoids (rotenone and genistin), flavonols
(quercetin, gingerol, kaempferol, myricetin, and rutin), flavanones (hesperetin,
naringenin, and eriodictyol), anthocyanidins (cyanidin, delphinidin, malvidin, and
petundin), anthocyanins (haematien), coumarins (umbelliferone, aesculetin, and
scopoletin), tannins (gallic acids, ellagitannins, catechins, gallitannins, and
cateching), lignans (silymarin, matairesinol, pinoresinol, lariciresinol, and
secoisolariciresinol), and lignins

Preferred non-proteinaceous substances include saccharides and derivatives
thereof. Saccharides are typically divided into four chemical groupings:
monosaccharides, disaccharides, oligosaccharides, and polysaccharides. In one aspect,
the saccharide derivative is a glycoside. A glycoside is any molecule in which a
carbohydrate is bonded through its anomeric carbon to another (non-carbohydrate)
group via a glycosidic bond. Glycosides can be linked by an O- (an O-glycoside), N- (a
glycosylamine), S-(a thioglycoside), C- (a C-glycoside) or Hal (halogen-glycoside)
glycosidic bond. In one embodiment, the invention provides a method for the
regioselective transformation of an O-glycoside, S-glycoside, N-glycoside, C-glycoside,
or Halogen-glycoside. In a preferred embodiment, the target compound is an
aminoglycoside. An aminoglycoside is a molecule or a portion of a molecule composed

of amino-modified saccharide.

In a specific aspect, the target compound is an aminoglycoside antibiotic,
preferably an antibiotic based on a neamin scaffold, such as neomycin, paromomycin,
ribostamycin, kanamycin or streptomycin. As is shown herein below, RNA SPGs allow
the convenient functionalization of ring IV of the antibiotic neomycin B with a
regioselectivity of up to 98% and conversions of 83% in only one reaction step,
whereas conventional synthesis requires more than 20 steps including conventional

covalent protection group chemistry accompanied by much lower overall yields.
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Furthermore, the generality of the concept was demonstrated by employing RNAs
with different sequence compositions and for aminoglycosides antibiotics with
different functionalities at the pharmacophore, such as neomycin B, paromomycin and
kanamycin B. These results demonstrate that SPGs based on oligonucleotides are an
indispensable and effective tool for the derivatization of natural products and drugs
that can otherwise be only synthesized with demanding efforts and high costs.
Herewith, the invention also provides the use of an oligonucleotide or oligopeptide
aptamer as a chemo-, regio- and/or stereoselective protective group.

The skilled person will recognize that the concept of the present invention is based
on the selection of the appropriate non-covalent APG e.g. by the screening of a library
of candidate protective groups. Thus, it is not restricted to the chemical nature of
either the target compound, the reactive groups or the derivatization reaction. Useful
reactive groups include amines, hydroxyls, hydroxylamines, carboxylic acids, thiols,
ketones, aldehydes, enamines, C-C-double and C-C triple bonds. In one embodiment,
the target compound comprises at least three, e.g. 3, 4 , 5 or even more, chemically
equivalent reactive groups, wherein at least one reactive group is to be derivatized
and wherein at least one reactive group is not to be derivatized. In a specific aspect,
the target compound comprises at least three chemically equivalent reactive groups,
wherein only one reactive group is to be derivatized and wherein the remainder of the
reactive groups are not to be derivatized.

As is shown herein below, the APG strategy disclosed in the present invention is
compatible with diverse reagents in different derivatization reactions, thus making it
a valuable general tool in organic synthesis. For example, the APGs were found to
allow the application of a pH ranging from 6.9 to 8.0, different salinities (Na* -ion
concentration up to 60 mM and even the presence of a transition metal catalyst. They
tolerate both charged and non-charged reagents.

Exemplary derivatization reactions comprise acylation, alkylation, guanidation,
oxidation, PEGylation, reductive amination, aza-Michael reaction and urethane
formation. For instance, the derivatization reaction comprises oxidation of hydroxyl
groups to yield keto- or aldehyde-products, alkylation of amine group via reductive
amination, alkylation of amine groups via aza-Michael addition, guanidination of
amine groups, acylation of amine groups using activated ester chemistry, synthesis of

urea derivatives using isocyanates, or PEGylation by various coupling schemes known
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in the art. In a specific embodiment, derivatization comprises acylation, thiolation,

azide introduction or urea bond formation.

For example, the invention provides for the transformation of neomycin B and
paromomycin using isocyanate at a temperature of about 40°C. Using aromatic
isocyanate, it was found that the N2(I'V) amine group of Neomycin B or Paromomycin
is regioselectively transformed. In contrast, the use of aliphatic isocyanates at the
same conditions provides the transformation of both amine groups, N6(IV) and N2(11),
at the same time. The regioselective transformation of the N6(IV) amine group is

successful using activated succinimide esters at room temperature.

In one embodiment, the host-guest complex is formed while the APG, i.e. the
oligopeptide or oligonucleotide aptamer, is in solution. In another embodiment, the
host-guest complex is formed while the APG is immobilized. This can be advantageous
if the aptamer is to be reused in one or more subsequent derivatization reactions. For
example, the aptamer can be covalently bound to a solid support like an agarose
column, after which the target compound to be derivatized is allowed to complex to
the immobilized aptamer. The derivatization reaction is then performed to selectively
modify one or more reactive group(s) while at least one reactive group is protected by
the aptamer. Finally, the derivatized target compound is decomplexed from the
aptamer after which the cycle can be repeated, e.g. with a different target compound.
See also Figure 11.

A specific embodiment of the invention relates to a method for the chemo-
and/or regioselective derivatization of an aminoglycoside antibiotic comprising
multiple chemically equivalent reactive groups, wherein at least one reactive group is
to be derivatized and wherein at least one reactive group is not to be derivatized, the
method comprising the steps of

a. contacting the aminoglycoside antibiotic with at least one RNA or
oligopeptide aptamer under conditions allowing for the formation of a regioselective
host-guest complex, wherein the RNA aptamer has a selective affinity for the at least
one reactive group not to be modified; followed and/or accompanied by

b. chemical derivatization of the aminoglycoside antibiotic. Derivatization

reactions for providing an aminoglycoside antibiotic derivative, for example
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derivatives of neomycin, paromomycin, ribostamycin, kanamycin or streptomycin,
include acylation, PEGylation and alkylation. In a specific aspect, the invention
provides a method for the chemo- and/or regioselective derivatization of neomycin B or
paromomycin, wherein at least one reactive amine group is to be derivatized and
wherein at least one reactive amine group is not to be derivatized, the method
comprising the steps of contacting neomycin B or paromomycin with at least one RNA
or oligopeptide aptamer under conditions allowing for the formation of a regioselective
host-guest complex, wherein the aptamer has a selective affinity for the at least one
reactive amine group not to be modified; followed and/or accompanied by the chemical
derivatization, preferably acetylation, of neomycin B or paromomyecin.

Preferred RNA aptamers for use in such a method include 5-GGA CUG GGC
GAG AAG UUU AGU CC-3, 5-CUG CAG UCC GAA AAG GGC CAG-3 and/or 5'-
UGU GUA GGG CGA AAA GUU UUA-3'. Preferred oligopeptide aptamers for use in
such method include VNRSSDHWNLTT, DYDTLRTVAPTR, NGSLQRSFVISH,
HVRIYVDTIEIR, GAMHLPWHMGTL and GAMHPPRHMGPL.

In another specific aspect, the invention provides a method for the chemo-
and/or regioselective derivatization of kanamycin A or B, wherein at least one reactive
amine group is to be derivatized and wherein at least one reactive amine group is not
to be derivatized, the method comprising the steps of contacting kanamycin with at
least one RNA or oligopeptide aptamer under conditions allowing for the formation of
a regioselective host-guest complex, wherein the aptamer has a selective affinity for
the at least one reactive amine group not to be modified; followed and/or accompanied
by the chemical derivatization, preferably acetylation, of kanamycin B. In one
embodiment, the method allows for selective derivatization of the N6 amine of ring I1.
Preferred RNA aptamers for use in such a method include 5°-GGC ACG AGG UUU
AGC UAC ACU CGU GCC-3".

Also provided is a target compound obtainable by a method of the present
invention, or a salt thereof, the compound being characterized in that it is an
essentially pure regioisomeric form. The term ‘essentially pure’ as used herein refers
to a regioselectivity of at least about 90%, preferably at least 94%, more preferably at

least 97%, most preferably 98, 99 or >99%. Regioselectivity of a derivatization can be
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determined by methods known in the art, including 'H-NMR, B3C-NMR,
Heteronuclear Single Quantum Coherence spectra (HSQC), Attached Proton Test
(APT), and combinations thereof.

In one embodiment, there is provided a novel aminoglycoside antibiotic
derivative, preferably a derivative based on the neamine scaffold, or a salt thereof.
For example, it is a derivative of neomycin, paromomycin, ribostamycin, kanamycin or
streptomycin, in an essentially pure regioisomeric form. Preferred derivatives include
acylated derivatives, more preferably mono- and diacylated aminoglycoside
antibiotics. In a further embodiment, the invention provides a derivatized
aminoglycoside antibiotic based on the neamine scaffold. The latter class of
compounds are highly attractive candidates for derivatization via a SPG strategy
since the design of newly modified antibiotics based on carbohydrates targeting
prokaryotic 16S ribosomal RNA (rRNA) has become a powerful tool to achieve higher
biological activity against resistant bacteria. However, their chemo- and regioselective
build-up cannot be achieved without multi step synthesis including extensive
introduction and removal of conventional protective groups and is restricted to a
limited number of functionalizable sites. Important examples based on the neamine
scaffold are the aminoglycoside antibiotics neomycin B (neoB), paromomycin, and
ribostamycin. The possible derivatizations known in the art are limited to enzymatic
modifications of the 6-amine group of ring II and chemical transformation of the 5-
hydroxy group of ring I11, which results in lower antimicrobial activity. In contrast,
removal of the positive charge of neomycin B ring IV is tolerated without significantly
impairing biological activity and other studies indicate that this structural element of
the antibiotic is less involved in interactions with natural RNA molecules, such as
rRNA and tRNA. Based on the novel approach using oligonucleotide or peptide
aptamers as protective group, the present inventors succeeded in the manufacture of
a series of novel aminoglycoside antibiotics. The novel compounds are solely
derivatized at one (N2 or N®) or two amine (N2 and N6) groups of ring IV. Hence, also
provided herein is an aminoglycoside antibiotic derivative, preferably a neomycin,or
paromomycin derivative, characterized in that it is derivatized only on the N6 (IV)-, N2
AV)- or N2 (IV), N6 (dV)-amine group(s). The skilled person will understand that
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numerous types of useful derivatives can be synthesized using the approach disclosed

in the present invention.

Provided is an aminoglycoside derivative having the general formula

5 R,
0
H
%o
NH| HaN
HO OMN"&
0 OH

10

wherein R1 is hydroxyl or amine and wherein R2 is methyl, isopropyl or but-3-

15 inyl

20  Also provided is an aminoglycoside derivative having the general formula

25

30
wherein R1 is selected from hydroxyl and amine and wherein R2 is selected

from hydrogen, methoxy and N,N-dimethylamine.
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Also provided is an aminoglycoside derivative having the general formula

F{1
o
HQo
NH,] H:N
ol SN .
5 0o OH
NH OH
O O OH
OH NH
Ny

10 wherein R1 is selected from hydroxyl and amine and wherein R2 is allyl.

Further exemplary novel compounds according to the invention include N6(IV)
acetyl neomycin B (Formula 1), N6(IV) dimethylacetyl neomycin B (Formula 2), and
15 Né(V) pent-3-inoyl neomycin B (Formula 3).

" NH,
o HO °
Ho Ho. .
HoN, NHa| 2
NH2 i HO. o
HO. 0 NH o NH,
o] 2 Q, OH
” \w oH
< N\Ng  OH
\N\ N OH  NH,
Hy Oy OH  NHy
Formula 1 Formula 2 Formula 3
25

Neomycin B derivatives according to Formula 1, 2 and 3 are not known in the
art. Transformation of the amino groups of neomycin B generally only yields
derivative mixtures, see Journal of Chromatography (1988), 440, 71-85; FEBS Journal

30 274 (2007) 6523-6536; Biochimica et Biophysica Acta 1464 (2000) 35-48; Antiviral
Research 60 (2003) 181-192. Especially the neomycin B derivative according to
Formula 3 exhibits for the first time a terminal acetylene group on the NIV amino

group, which can be used for further modification using click-chemistry to provide
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new and promising neomycin B conjugates with lower bacterial resistance and higher
affinity to targets such as the ribosome or HIV-RNA.

Further exemplary compounds include N2(1V) {[(phenyl)amino]carbonyl} amino
neomycin B (formula 4), N2(IV) {[(4-methoxyphenyl)amino]carbonyl} aminoneomycin

B (formula 5).

Formula 4 Formula 5

So far, urea- and thiourea- derivatives of neomycin B were synthesized only as
a 1:1 mixture of N6(IV) and N6(I) modified regioisomeres or as fully functionalized
urea derivatives reacting five or six amine groups of the antibiotic (Journal of
Chromatography B 877 (2009) 1487-1493; Biochimica et Biophysica Acta 1464 (2000)
35-48). Using the novel SPG approach and aromatic isocyanates, the inventors were
able to synthesize pure regioisomeres 4 and 5 derivatized on the N2(IV) amino group.
Such a functionalization pattern is unprecedented in the literature, presumably
because this amino group is not accessible in a regioselective conventional

functionalization scheme.

Still further novel neomycin B analogs include N6(IV)-y-sulfhydryl-propionyl
neomycin B,N6-(IV)-azido neomycin B, N6-(IV), N2-(I1V)-diazido neomycin B, N2([IV)-
(propylamino)carbonyl neomycin B, N2(1V)-(isopropylamino)carbonyl neomycin B,
N2(IV)-(tert-butylamino)carbonyl neomycin B, N2(IV), N6(IV)-bis-N-
(propylamino)carbonyl neomycin B, N2(IV), N6(IV)-bis-N-@Gsopropylamino)carbonyl
neomycin B, N2(IV), N6(IV)-bis-N-(tert-butylamino)carbonyl neomycin B, or a salt
thereof.
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It will be understood that the unique, stereospecific derivatization procedure is
not limited to neomycin B but that it can be applied to any similar structure. For
example, also provided is N2(IV) {[(4-methoxyphenyl)amino]carbonyl}amino
paromomycin (Formula 6). Disclosed herein below is the synthesis of N6(IV) acetyl

paromomycin B

OH NH,
o)
HQo H O
N HeN, Qo
NH,| HeN
HO. o5 NH, Ho 2
O OH o O NH,
OH
HN OH
(8] O OH ,~'NH OH
NC O O OH
OH NH \
i S OH NH
% ,'N':‘ “{
o W\
Formula 6 Formula 7

In a still further specific embodiment, there is provided N2(I'V),N6(V)-
bis{[(allylamino)carbonyl]amino} neomycin B (Formula 7). The novelty of derivative 7
resides among others in the regioselective modification on N6(IV) and N2(IV) amine
groups at the same time. Preferred functionalities are alkyl groups or (as realized in
Formula 7) modifications with terminal olefins for further modification e.g. using

metathesis chemistry or Heck-type reactions.

The invention also relates to novel derivatives of kanamycin B wherein the N6(I)
amine group is derivatized. For example, in one embodiment it provides N6(II)-acetyl
kanamycin B, N6(1I)-2-methylpropionyl kanamycin B, N6(II)-2-butynyl kanamycin B
or N6(II)- -sulfhydryl butanoyl kanamycin B or a salt thereof.

Another aspect of the invention relates to a pharmaceutical composition comprising a

biologically active derivative, preferably an antibacterial aminoglycoside derivative, of
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the invention. Provided is a pharmaceutical composition for treatment or prevention
of bacterial infection comprising, as an active ingredient a compound which comprises
a compound of the invention in a pharmaceutically acceptable form.

For example, provided is a pharmaceutical composition comprising at least one
aminoglycoside antibiotic selected from the group consisting of Né(IV) acetyl neomycin
B, N6(IV) dimethylacetyl neomycin B, and N6(V) pent-3-inoyl neomycin B, N2(IV)
{{[(phenyl)amino|carbonyl}amino neomycin B, N2(IV) {[(4-
methoxyphenyl)amino]carbonyl} aminoneomycin B, N2(IV) {[(4-
methoxyphenyl)amino]carbonyl}amino paromomycin and N2(IV),Ns(V)-
bis{[(allylamino)carbonyl]amino} neomycin B, N5(IV)-y-sulthydryl-propionyl neomycin
B, N2(IV)-(propylamino)carbonyl neomycin B, N2(IV)-Gsopropylamino)carbonyl
neomycin B, N2(IV)-(tert-butylamino)carbonyl neomycin B, N2(IV), N6(IV)-bis-N-
(propylamino)carbonyl neomycin B, N2(IV), N6(IV)-bis-N-@Gsopropylamino)carbonyl
neomycin B, N2(IV), N6(IV)-bis-N-(tert-butylamino)carbonyl neomycin B, Né(II)-acetyl
kanamycin B, Né(II)-2-methylpropionyl kanamycin B, Né(II)-2-butynyl kanamycin B
or N6(II)- -sulfhydryl butanoyl kanamycin B, or a pharmaceutically acceptable salt

thereof, together with a pharmaceutically active diluent or excipient.

Aminoglycoside antibiotics have been commonly used as a medical treatment
against infectious diseases for over 60 years, although the prevalence of
aminoglycoside resistant bacteria has significantly reduced their effectiveness.
Aminoglycosides have two or more amino sugars bound to an aminocyclitol ring
through glycosidic bonds. Naturally occurring aminoglycosides (produced by
Actinomycetes) are widely used as antibiotics against bacterial infections of animals
and humans. These include the well-known antibiotics kanamycin, streptomycin and
neomycin. Aminoglycoside antibiotics are believed to act on the bacterial protein
synthesis machinery, leading to the formation of defective cell proteins.

The aminoglyoside derivative of the invention, preferably an N-substituted
aminoglycoside derivative, possesses utility as antibiotic or as intermediate in the
preparation of aminoglycoside antibiotics. Hence, also provided is an aminoglycoside
derivative according to the invention for use as a medicament, for instance in a
method of treatment of a bacterial infection. In one embodiment, a method of treating

or preventing a bacterial infection comprises administering a bacteriostatic or
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bacteriocidal amount of the aminoglycoside derivative to a mammalian host in need
thereof. The term "administering" is defined herein to describe the act of providing,
exposing, treating, or in any way physically supplying or applying a chemical or
compound to any living organism or inanimate object associated with a living
organism, where said organism will actually or potentially benefit for exposure,
treatment, supplying or applying of said chemical or compound. An aminoglycoside
derivative according to the invention is suitably used in a method of treatment of a
bacterial infection, preferably an infection with Methicillin-resistant Staphylococcus
aureus (MRSA) or vancomycin-resistant enterococci (VRE).

The exact route of administration, dose, or frequency of administration would
be readily determined by those skilled in the art and is dependant on the age, weight,
general physical condition, or other clinical symptoms specific to the patient to be
treated. For example, in medicine, a topical medication is applied to body surfaces
such as the skin or mucous membranes, for example throat, eyes and ears. The term
"topical" is defined herein as pertaining to the surface of a body part, surface part of a
plant, or surface of an inanimate object or composition, such as soil.

The skilled person would know how to formulate the compounds used to
practice the method claimed in this invention into appropriate pharmaceutical dosage
forms. Examples of the dosage forms include oral formulations, such as tablets or
capsules, or parenteral formulations, such as sterile solutions. When the compound
used to practice the method claimed in this invention are administered orally, an
effective amount is from about 1 to 100 mg per kg per day. A typical unit dose for a 70
kg human would be from about 50 mg to 1000 mg, preferably 200 mg to 1000 mg
taken one to four times per day. Either solid or fluid dosage forms can be prepared for
oral administration.

Solid compositions are prepared by mixing the compounds used to practice the
method claimed in this invention with conventional ingredients such as talc,
magnesium stearate, dicalcium phosphate, magnesium aluminum silicate, calcium
sulfate, starch, lactose, acacia, methyl cellulose, or functionally similar
pharmaceutical diluents and carriers. Capsules can be prepared by mixing the
compounds used to practice the method claimed in this invention with an inert
pharmaceutical diluent and placing the mixture into an appropriately sized hard

gelatin capsule. Soft gelatin capsules can be prepared by machine encapsulation of a
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slurry of the compounds used to practice the method claimed in this invention with an
acceptable inert oil such as vegetable oil or light liquid petrolatum. Syrups may be
prepared by dissolving the compounds used to practice the method claimed in this
invention in an aqueous vehicle and adding sugar, aromatic flavoring agents and
preservatives. Elixirs can be prepared using a hydroalcoholic vehicle such as ethanol,
suitable sweeteners such as sugar or saccharin and an aromatic flavoring agent.
Suspensions are suitably prepared with an aqueous vehicle and a suspending agent
such as acacia, tragacanth, or methyl cellulose.

When the compound used to practice the method claimed in this invention are
administered parenterally, it can be given by injection or by intravenous infusion. The
effective dosage will depend on the active compound and/or subject to be treated.
Typically, an effective amount is from about 1 to 100 mg per kg per day. Parenteral
solutions are usually prepared by dissolving the compound in water and filter
sterilizing the solution before placing in a suitable sealable vial or ampule. Parenteral
suspensions can be prepared in substantially the same way except a sterile
suspension vehicle is used and the compounds used to practice the method claimed in
this invention are sterilized with ethylene oxide or suitable gas before it is suspended

1n the vehicle.

The aminoglycoside antibiotic may be given topically in sulphate form, for
example in an irrigation solution or topical cream.

One use is in presurgical patient preparation, to eliminate infectious
organisms and bring down on the risk of infection. For intestinal surgery, surgeons
may use e.g. a neomycin B derivative of the invention in irrigation fluid to keep the
surgical wound clean and wash out any infectious organisms and debris. This will cut
down on the risks during healing, keeping the patient's gut as healthy as possible. It
is also available to irrigate the eyes and nose, or to treat skin infections. Patients may
receive this drug in a hospital environment or in a prescription to use at home.

The novel antibiotic may be paired with at least a second useful drug
compound, for example a steroid, for the treatment of some conditions, sometimes in a
compounded formula featuring both medications. In one example, compounds of the
present invention can be formulated independently or together in a pharmaceutically

acceptable form and administered to a patient in need thereof. In a more specific
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example, the pharmaceutically acceptable form could be in a spray or topical solution.
In yet more specificity, the spray or topical solution could be used to treat infections
with MRSA or VRE.

In an alternative to the more specific example above, the pharmaceutically
acceptable form could be such that direct injection or intravenous administration of
the compound or compounds of the present invention is the desired route for
administering the compound or compounds of the present invention. In yet more
specificity, the compound or compounds of the present invention could be used to treat
infections caused by Gram-positive or Gram- negative infections,

One skilled in the art would certainly instantly envision using the compound or
compounds of the present invention in combination with each other or in combination
with other antimicrobial treatments. One skilled in the art would also certainly
envision combining topical and intravenous or direct injection administration
techniques to achieve synergistic effects. Other combinations of antibiotic compounds
and routes of administration, both current in the art and yet to be developed, can or
will be envisioned by those skilled in the art. Combined medications can be useful for
making sure patients take all their medications and get them in the right dosage.
With eye care, for example, intolerance of eye drops can make it difficult for patients
to adhere to a dosing regimen, and a combination solution will reduce the risks of this
problem by allowing the patient to take both medications in a single eye drop or
eyewash.

Formulations of neomycin B derivatives in sprays and creams are provided to
treat cuts, scrapes, and other skin infections. The antibiotic can be prophylactic in
nature, preventing the onset of infection by making the environment hostile to
bacteria. It can also be suitable for treating some kinds of infections, depending on the
organism causing the problem and the patient's responsiveness to the drug. In one
embodiment, an aminoglycosyl derivative of the invention, for instance a
paramomocyin derivative like N2(IV) {[(4-methoxyphenyl)amino|carbonyl}amino
paromomycin is used in a method for destroying or suppressing the growth of

amoebas.
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LEGEND TO THE FIGURES

Figure 1. : A) neomycin B RNA aptamer complex; B) model of neomycin B - tRNA
interaction based on the basis of the crystallographic coordinates from Mikkelsen?’; C)
sequence of RNA aptamers aptl and apt2; D) structure of representative
aminoglycoside antibiotics. The arrow indicates the free amine group of neomycin B
for derivatization; The arrow indicates ring IV, which is directed outwards towards
the solvents in 10 mM phosphate buffer. K) Concept of chemo- and regioselective
modification of a complex molecule applying APG technology. (1) non-covalent
protection of target antibiotic with APG; (2) selective modification of unprotected

functional group(s); (3) deprotection of the new derivative.

Figure 2. : KSI-Mass spectra of reaction mixture on neoB 1 with activated ester 4a in
presence of RNA (panel A) and without RNA (panel B). 1H-NMR (5600 MHz, D20) of
monoacetylated neomycin B in presence of the aptamer aptl (panel C) and without

aptl (panel D). (A) and (B) S = neomycin B, I-VI = degree of acetylation of neoB

Figure 3. : regioselective transformation of N6(IV) amine group of aminoglycosides.

Figure 4: Panel (A) H-NMR spectrum (500 MHz, D20) of neomycin B x 6 HFBA 1.
Panel (B) HSQC spectrum (500 MHz, D20) of neomycin B x 6 HFBA 1.

Figure 5: Panel (A) TH-NMR spectrum (500 MHz, D20) of N6(IV)-acetyl neomycin B x
5 HFBA ba. (panel B) HSQC spectrum (500 MHz, D20) of N6(IV)-acetyl neomycin B x
5 HFBA bHa.

Figure 6: Panel (A) tH-NMR (500 MHz, D20) spectrum of N6(IV)-2 2-dimethylacetyl
neomycin B x 5 HFBA 6. Panel (B) HSQC (500 MHz, D20) spectrum of N6(IV)-2 2-
dimethylacetyl neomycin B x 5 HFBA 6.

Figure 7: Panel (A) tH-NMR (500 MHz, D20) spectrum of N6(IV)-prop-3-inoyl
neomycin B x 5 HFBA 7. Panel (B) HSQC (500 MHz, Dz20) spectrum of N6(IV)-prop-3-
inoyl neomycin B x 5 HFBA 7.
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Figure 8: Panel (A) HSQC (500 MHz, D20) spectrum of N6(IV)-acetyl paromomycin x 4
HEFBA 8.

Figure 9: Attached Proton Tests (APT) of monoacetylated neomycin B after
transformation in presence of RNA (panel A) and in absence of RNA (panel B). APT of
neomycin B (panel C). It proves the regioselective transformation of the N6(IV) amine
group of the neomycin B to 5a, while the spectrum in panel B shows the presence of
two monoacetylated neomycin B derivatives, the N(IV)¢ acetyl neomycin B 5a and the

NI acetyl neomycin B 5b.

Figure 10: Schematic representation of the use of phage display technology to select
oligopeptide aptamers. Immobilization of a target compound (e.g. antibiotic) to a solid
support i1s directed in such a manner that the zone which is accessible to the phage
comprises the reactive group(s) to be protected against derivatization, whereas the
reactive group(s) to be derivatized is/are not accessible to the phages. See also

Example 2.

Figure 11: Schematic illustration of the regioselective modification of the neamine
antibiotic Neomycin B using immobilized aptameric protective groups (APGs) on solid
support (agarose): 1. Complexation of antibiotic with immobilized APG; 2. Acylation

using N-hydroxysuccinimide ester; 3. Elution of modified antibiotic.

EXPERIMENTAL SECTION

EXAMPLE 1

This Kxample demonstrates the power of the novel SPG strategy for the highly
regioselective modification of aminoglycoside antibiotics to obtain new and biologically
active saccharide derivatives within a single reaction step. It is proven for the first
time that non-covalent protective groups can be generated with the help of a well
established in vitro evolution process and do not require the tailored design and
synthesis of ligands to protect individual target molecules for highly selective

chemical transformations.
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For the straightforward proof of concept that RNA can act as a SPG, a well
characterized host-guest complex of an 23mer RNA aptamer (sequence: 5-GGA CUG
GGC GAG AAG UUU AGU CC-3, aptl) and neoB was chosen. X-ray crystallography
and nuclear magnetic resonance (NMR) measurements revealed that one of the six
amine groups, 1.e., the 6-amine group of ring 1V, is not involved in complex formation
and extends into the solvent (Fig. 1A)?°. Reaction of the N-acetoxy succinimide ester
(10 equivalents) with the aptl protected neoB resulted only in the formation of mono-
and diacetylated neoB molecules according to mass spectrometric analysis (Fig. 2A).
In stark contrast, the unprotected transformation of neoB under the same conditions
yielded di-, tri-, tetra-, penta and hexaacetylated products of the antibiotic (Fig. 2B).
These experiments clearly indicated the ability of aptl to inhibit the reactivity of
several amine groups present within neoB. To obtain further insights into the
regioselectivity of the transformations at the neoB scaffold reaction conditions were
optimized to yield monoacylated neoB for the protected (Fig. 3 and table 1) and
unprotected transformations. RNA-neoB complexes were reacted with 30 equivalents
of the activated ester 4a while the unprotected neoB was incubated with only one
equivalent of the succinimidyl ester. After purification by high performance liquid
chromatography (HPLC) the monoacyl-neoB products were characterized and
regioselectivities were determined by 'H-NMR spectroscopy. It turned out that the
RNA-protected neoB was acylated at the 6-amine group of ring IV with an extremely
high regioselectivity of 95% to form 5a (Fig. 2C) while the unprotected neoB was
converted to N6(IV)-acetyl neoB 5a and the N6(I1)-acetyl neoB 5b in a ratio of 9:11
(Fig. 2D). These results were confirmed by Heteronuclear Single Quantum Coherence
spectra (HSQC) and Attached Proton Test (APT) measurements. To test whether
larger residues at the acyl group are tolerated by aptl, neoB was functionalized by
employing the succinimidyl esters of isobutyric acid 4b and 4-pentynoic acid 4¢ (Fig. 3
and Tab. 1). Again, remarkable regioselectivities of 97% and 98% were achieved for 6
and 7, respectively, even exceeding the values of the acetylation reaction. It is
important to mention that aptl during preparation of 6 and 7 even tolerated the
addition of the organic solvent dimethylformamide (DMF), which allowed easy
solubilization of the hydrophobic activated esters 4b and 4c. Besides the high
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regioselectivities found for all the acylation reactions, the conversions for obtaining
5a, 6 and 7 were very high with values of 76%, 71% and 83%, respectively.

To demonstrate the generality of the concept regarding nucleotide aptamers,
an even shorter 21mer aptamer (sequence: 5-CUG CAG UCC GAA AAG GGC CAG-
3, apt2) was employed as SPG for neoB (tab. 1). This oligonucleotide was obtained in
the same SELEX experiment as apt1®. Again, high regioselectivities were obtained
for ba, 6 and 7 (94%, 89% and 96%, respectively). The conversions for the reactions
were slightly lower than for aptl, reaching 63%, 59% and 67%, respectively.

To show that the SPGs mentioned above are also valuable for the generation of
other drug derivatives with a similar pharmacophore, the related antibiotic
paromomycin 2 was subjected to an acylation reaction employing aptl (Fig. 1 and
Table 1). It was found that 2 was exclusively transformed into the regioisomer N6(IV)-

acetyl paromomycin 8.

After the successful synthesis of novel neomycin B derivatives the compounds 5a and
6 were investigated regarding their antimicrobial activities against F. coli ATCC
25922, which is a standard strain to evaluate the efficiency of antibiotics!. Two
methods, the Kirby-Bauer Disk Test and the determination of the Minimal Inhibitory
Concentration (MIC), were employed for that purpose (Table 2). It turned out that,
despite of the removal of the positive charge of ring IV by acylation, the
aminoglycoside derivatives 5a and 6 were still highly active. As shown in Table 2 the
activity of 5a exhibiting the acetyl residue is slightly lower than neoB 1 with MIC-
values of 6.3 and 3.1 pM, respectively, while the derivative 6 modified with the more
hydrophobic isobutyrate residue shows the same biological activity as paromomycin 2.
These results confirm the finding that the 6-amine group of neomycin B ring IV is
well suited for functionalization of the antibiotic and at the same time the high
affinity of the neamine core 3 (ring I and 11, Fig. 1D) to the prokaryotic ribosomal

RNA is maintained!.

In conclusion, the effective use of short RNA sequences as non-covalent SPGs was
demonstrated for the highly chemo- and regioselective derivatization of complex
molecules bearing several functional groups with similar reactivity. It should be

emphasized that the generation of such protective groups based on oligonucleotides
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relies on a well-established in vitro evolution process and binders for a large variety of
target molecules bearing different structural features can be evolved. In regard to the
previously reported macrocyclic hosts4 5, the current limitations of SPG strategies,
i.e., being only effective for molecules with a simple structure and the need for
complicated design and synthesis of the host, were overcome. RNA SPGs allow the
convenient functionalization of ring IV of the antibiotic neoB 1 with a regioselectivity
of up to 98% and conversions of 83% in only one reaction step whereas conventional
synthesis requires more than 20 steps including conventional covalent protection
group chemistry! accompanied by much lower overall yields. Furthermore, the
generality of the concept was demonstrated by employing RNAs with different
sequence compositions and for aminoglycosides antibiotics with different
functionalities at the pharmacophore, such as neomycin B 1 and paromomycin 2.
These results suggest that SPGs based on oligonucleotides will become an
indispensable and effective tool for the derivatization of natural products and drugs

that can otherwise be only synthesized with demanding efforts and high costs.

Table 1: Regioselectivity of transformation dependent on size of activated ester

antibiotic aptamer Rs Conv."(%) 1.8.%(%)
ba aptl Me 76 95"
ba apt2 Me 63 94

61 aptl i-Pr 71 97
61 apt2 i-Pr 59 89

7t aptl 3-butinyl 83 98™
7t apt2 3-butinyl 67 96

8 aptl Me 60 >99

All reactions were carried out using the general procedure (Supplementary
Information)

* regioselectivity (r.s.) of monoacylated neomycin B determined by 'H-NMR, HSQC
and APT.

** regioselectivity average of three runs

~ maximal observed conversion of neomycin B to N¢ acyl neomycin B as isomere
mixture

¥ reaction were carried out in a mixture of 10 mM sodium phosphate buffer pH 6.8
and 6.7 % DMF
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Table 2. : Antimicrobial Activity of Aminoglycosides against F. coli ATCC 25922

Antibiotic Amount (nmol) Diameter? MICP
(mm) @M

1" 17.5 16.8 3.1

1" 17.5 16.1 3.1

2" 17.5 13.2 12.5

ba 17.5 13.9 6.3

6 17.5 11.5 12.5

* All compounds were used as HFBA salts, except for neomycin B sulphate 1" (Sigma
Aldrich)

~ antibiotic x 6 HFBA, purified by HPLC using the same conditions of the neomycin B
derivatives 5d and 6 (see Methods Summary).

All compounds were used as HFBA salts, expect of neomycin B sulphate 1* (Sigma
Aldrich)

a The zones of inhibition as determined by Kirby-Bauer disk method are given. For all
compounds, the molar amount was kept constant at 17.5 mmol. P The minimum
inhibitory concentrations are given in pM.

General procedure for the synthesis and testing of antibiotic derivates 5a, 6,
7 and 8.

Materials

All chemicals and reagents were purchased from commercial suppliers and used
without further purification, unless otherwise noted. Neomycin B trisulfate x hydrate
(VETRANAL®), paromomycin sulfate salt (98%), N,N-dimethylformamide (DMF,
99%), N-hydroxysuccinimide (NHS, 98%), trifluoroacetic anhydride (99%),
dichloromethane (DCM, 99.5%), tetrahydrofurane (THF, 99.9%), pyridine (99%), 4-
pentynoic acid (95%), acetic acid (99%), isobutyric acid (99%) and toluene (99.8%) were
purchased from Sigma Aldrich and used as received. For HPLC purification
heptafluorobutyric acid (HFBA) (Fluka, puriss. p.a., for ion chromatography), acetone
(Sigma-Aldrich, HPLC grade) were used. Ultrapure water (specific resistance > 18.4
MQ c¢m) was obtained by Milli-Q water purification system (Sartorius®). RNA
aptamers (82 — 91 % of purity) were purchased from BioSpring (Frankfurt am Main,
Germany). All used N-hydroxysuccinimide ester (4a-c) were prepared according to

standard literature procedures!2. For the regioselective transformation Milli-Q water
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was treated with diethylpyrocarbonate (DEPC) and sterilized using an autoclave (121
°C, 20 min).

General procedure for regioselective transformation of aminoglycosides
The general procedure for regioselective transformation of aminoglycosides is

schematically outlined in Figure 3.

816 pL of a 6.1 mM RNA aptamer solution in 10 mM sodium phosphate buffer (pH
6.8) were heated to 85 °C for 10 min and afterwards stored for 15 min at room
temperature. 684 pL of a 4.8 mM solution of the antibiotic (3.28 pumol) in 10 mM
sodium phosphate buffer (pH 7.5) were added and the mixture was allowed to stand
for 30 min at room temperature. 30 equiv. activated ester (98.4 pmol) dissolved in 1.5
mL sodium phosphate buffer (pH 7.5) (for activated ester 4a) or in 106 ul DMF (for
activated esters 4b and 4c¢) were added and the reaction mixture was allowed to react
for 24 hours at room temperature. After addition of 126 ul. of a 7 wt. % ethylamine
water solution and further incubation for 30 min at room temperature the crude
mixture was heated to 95 °C for 10 min. To the hot solution 3 mL of a 53 mM aqueous
solution of didodecyldimethylammonium bromide (DDDMABr) were added to
precipitate the RNA. After incubation for 15 min at room temperature and
centrifugation for 30 min at 6 °C (16.1 u/s) the supernatant was freeze dried and
dissolved in 400 pL. water. Each 30 pL fraction was purified by HPLC using a Waters
Spherisorb ODS-2C1s analytic column (water/acetone 6 : 5 containing 11.5 mM HFBA)

and a flow rate of 1 ml/min at 40°C to afford the antibiotic derivatives 5a, 6, 7 and 8.

Analytical Data

NH, 30 N$(VI)-acetyl neomycin B x 5 HFBA (5a).
HO' Q The title compound was prepared according to
NHp| HeN the general procedure described above.

o on Derivative 5a was obtained as a white solid.
H3CYNH OH For the measurement of regioselectivity and
% O OH o
1H-
i \O?LN?\ 5« HF%R the characterization of the compound 'H-NMR,

Hp
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HSQC as well as APT spectra were recorded and electrospray ionization (ESI)-MS
was employed. The yield was determined by HPLC: Ry = 6.57 min, conversion 76 %, 27
% yield. tH-NMR (D20, 500 MHz) 6 6.06 (d, 3J = 4 Hz, 1H, 1-HY), 5.44 (d, 3J = 2 Hz,
1H, 1-HY), 5.20 (d, 3J = 1.5 Hz, 1H, 1-H), 4.44 (t, 3J = 5.75 Hz, 1H, 3-HL), 4.39 (dd, 2J
=5 Hz, 3 =2 Hz, 1H, 2-HY), 4.26 (t, 3J = 3 Hz, 1H, 3-HI), 4.24 (m, 1H, 4-HY), 4.09 (t,
3J = 6.75 Hz, 1H, 5-H™M), 4.07 (m, 1H, 4-H), 4.01 (t, 3J = 10 Hz, 1H, 5-H), 3.98 — 3.92
(m, 3H, 5-HT 5-H, 3-HDY, 3.76 (dd, 1H, 2J = 12.5 Hz, 3J = 5.5 Hz, 5-HT), 3.72- 3.68 (m,
2H, 4-HW 6-H), 3.60 (dd, 2J = 14 Hz, 3J = 7.5 Hz, 1H, 6a-HY), 3.56 (m, 2H, 3-H, 2-
HYy  3.53-3.41 (m, 4H, 6a-HL, 2-HL 6b-HI 4-HY), 3.38 (m, 1H, 1-H), 3.32 (dd, 2J = 14
Hz, 3J = 6 Hz, 1H, 6b-HY, 2.51 (dt, 2J = 12.5 Hz; 3J = 3.8 Hz, 1H, 2-He), 2.04 (s, 3H,
CHs), 1.89 (dd, 3J = 2J = 12.7 Hz, 1H, 2-H,) ppm. APT (D20, 500 MHz) § 174.49
(Carbonyl-C), 110.00 (C-11), 95.49 (C-1D, 95.51 (C-111), 84.62 (C-5), 81.66 (C-41), 75.39
(C-3), 75.29 (C-4), 73.58 (C-2), 72,45 (C-51) 72.42 (C-6), 70.35 (C-41), 69.22 (C-5Y,
67.88 (C-30), 67.56 (C-3M), 66.10 (C-41T) 60.00 (C-5T), 53.15 (C-271), 50.90 (C-210), 49.65
(C-1), 48.16 (C-3), 39.85 (C-6Y, 39.33 (C-6110), 27.88 (C-2), 21.74 (CH3) ppm. MS (EI+)
m/z. 657.32739 [M+H]".

NH, 20  N8(VI)-isobutyl neomycin B x 5 HFBA
HO ° (6). The title compound was prepared
" NHZOO/HZNm/NHz according to the general procedure described
CHg © OH above. Derivative 6 was obtained as a white

HoC Ngo QM solid. For the measurement of
¢ Wo OH
5 x HFBA

o Lol regioselectivity and the characterization of
the compound 'H-NMR, HSQC as well as

APT spectra were recorded and ESI-MS was employed. The yield was determined by
HPLC: Ry = 9.65 min, conversion 65 %, 31 % yield. tH-NMR (D=0, 500 MHz) 6 5.98 (s,
1H, 1-HY, 5.38 (s, 1H, 1-HT), 5.15 (s, 1H, 1-HM), 4.39 (d, 3J = 6.0 Hz, 1H, 3-HY), 4.37
(m, 1H, 2-H) 4.21 (m, 1H, 3-H), 4.17 (m, 1H, 4-HX), 4,06 — 4.01 (m, 2H, 5-HIL 4.H),
3.96 (t, 3J = 10.3 Hz, 1H, 5-H"), 3.92 — 3.88 (m, 3H, 5-HY, 5-H, 3-HY), 3.70 (dd, 1H, 2J =
14 Hz, 3J = 5.8 Hz, 5-HM), 3.65- 3.61 (m, 2H, 4-H" 6-H), 3.54-3.50 (m, 3H, 6a-H™M, 3-
H, 2-H1)  3.46 (m, 1H, 4-HY), 3.44-3.38 (m, 3H, 6a-HY, 2-HL 6b-H), 3.56-3.33 (m, 1H,
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1-H), 3.28 (dd, 2J = 13.5 Hz, 3J = 6 Hz, 1H, 6b-H"), 2.47 (m, 2H, CH(CHs)2, 2-He), 1.86
(dd, ?J = 12.2 Hz, 1H, 2-Ha), 1.09 (s, 3J = 6.5 Hz, 6H, CHs) ppm. APT (D20, 500 MHz) 6
176.68 (carbonyl-C), 110.31 (C-11), 95.48 (C-11), 95.18 (C-111T), 84.72 (C-5), 81.54 (C-
4, 75.23 (C-4), 74.90 (C-3M), 73.49 (C-21), 72.47 (C-51), 72.39 (C-6), 70.42 (C-4D),
69.23 (C-51), 67.87 (C-3D), 67.48 (C-3), 66.08 (C-4"), 60.04 (C-51), 53.33 (C-21), 50.87
(C-21), 49.59 (C-1), 48.22 (C-3), 39.94 (C-61), 39.03 (C-6™M), 34.93 (CH(CHas)2), 27.95
(CH(CHs)2), 27.89 (C-2) ppm. MS (EI+) m/z: 685.36176 [M+H]*, 707.34387 [M+Na]",
343.18356 [M+2H]?".

NH; 10  N§(VI)-pent-4-inoyl neomycin B x 5
HOTS ° HFBA (7). The title compound was
s . NHZOO/HZNm/NHz prepared according to the general
o OH procedure described above. Derivative 7
N%o 1, was obtained as a white solid. For the
o L 5x HFBA  measurement of regioselectivity and the

characterization of the compound 'H-NMR,
HSQC as well as APT spectra were recorded and KSI-MS was employed. The yield
was determined by HPLC: R; = 9.8 min, conversion 83 %, 45 % yield. 1H-NMR (Dz0,
500 MHz) 6 6.06 (d, 3J = 4 Hz, 1H, 1-HY), 5.43 (s, 1H, 1-HI), 519 (s, 1H, 1-HI), 4,47 (d,
3J =5.75 Hz, 1H, 3-H), 4.41 (m, 1H, 2-HY), 4.26 (m, 1H, 3-HIT), 4,22 (m, 1H, 4-HL),
4.11-4.06 (m, 2H, 5-HM 4-H), 4.01 (t, 3J = 10 Hz, 1H, 5-HY), 3.97 — 3.94 (m, 3H, 5-HL,
5-H, 3-HY, 3.77 (dd, 2J = 13 Hz, 3J = 5 Hz, 1H, 5-H!), 3.75- 3.68 (m, 2H, 4-H™ 6-H),
3.61 (dd, 2J = 14 Hz, 3J = 7.5 Hz, 1H, 6a-HI), 3.56-3.53 (m, 2H, 3-H, 2-HII), 3.52 —
3.45 (m, 4H, 4-HL, 6a-HL, 2-HL 6b-HM), 3.36 (m, 1H, 1-H), 3.33 (dd, 2J =14 Hz, 3J =6
Hz, 1H, 6b-HY), 2.56 — 2.43 (m, 6H, (CHg)z, 2-He, C=C-H), 1.90 (dd, 3J = 12.3 Hz, 1H, 2-
Hz) ppm. APT (D20, 500 MHz) 6 175.10 (carbonyl-C), 110.11 (C-15), 95.54 (C-11), 95.33
(C-1111), 84.71 (C-5), 81.56 (C-41M), 75.17 (C-3W), 75.12 (C-4), 73.52 (C-21), 72,72 (C-510),
72.35 (C-6), 70.50 (C-4Y), 83.47 (C=CH), 70.35 (C=CH), 69.24 (C-5"), 67.92 (C-31), 67.51
(C-31), 66.05 (C-4), 60.05 (C-51), 53.33 (C-21), 50.88 (C-211T), 49.52 (C-1), 48.20 (C-3),
39.90 (C-6D), 39.34 (C-61), 34.23 (CO-CHz-CHyg), 27.80 (C-2), 14.54 (CO-CH2-CHbs)
ppm. MS (EI+) m/z: 695.34564 [M+H]*, 717.32770 [M+Na]*, 348.17706 [M+2H]*",
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OH Né(VI)-acetyl paromomycin x 4 HFBA (8).
HOS O The title compound was prepared according to
HsN
” NH20 /Zm/ the general procedure described above.
o} NH,

0 OH Derivative 8 was obtained as a white solid. For
H3CYNH O“(') 5  the measurement of regioselectivity and the
O OH
o} \H\ 4 x HFBA  characterization of the compound 'H-NMR,

Ho
HSQC as well as APT spectra were recorded

and ESI-MS was employed. The yield was determined by HPLC: R; = 4.78 min,
conversion 60 %, 22 % yield. tH-NMR (D20, 500 MHz) 6 5.81 (d, 3J = 3.5 Hz, 1H, 1-HDY),
5.39 (s, 1H, 1-H1Y), 5.20 (s, 1H, 1-HM) 4,44 (t, 3J = 5.5 Hz, 1H, 3-HIL), 4.36 (m, 1H, 1-
HI), 4.25 (m, 1H, 3-H), 4.22 (m, 1H, 4-HY), 4.10 (t, 3J = 6.5 Hz, 1H, 5-H), 4,04 (t, 3J
= 7.8 Hz, 1H, 4-H), 3.97 - 3.89 (m, 4H, 6-H%., 5-H", 3-HI, 5-H), 3.81-3.75 (m, 3H, 6-
H,, 5-HUp, 5-HY), 3.73 — 3.67 (m, 2H, 4-H" 6-H), 3.62 — 3.57 (m, 2H, 6-H"L,, 3-H), 3.55
(m, 1H, 2-HIN), 3.51 (t, 3J = 9.3 Hz, 4-HY), 3.43 (m, 1H, 2-HW), 3.42 (dd, 2J = 15 Hz, 3J =
6 Hz, 1H, 6-HL,), 3.38-3.35 (m, 1H, 1-H), 2.51 (dt, 2J = 12,5 Hz, 3J = 2.5 Hz, 1H, 2-Ho),
2.04 (s, 3H, CH3), 1.86 (dd, 3J = 12.5 Hz, 1H, 2-H.) ppm. APT (D20, 500 MHz) 6 174.93
(carbonyl-C), 109.78 (C-11), 95.98 (C-11), 95.56 (C-11), 84.11 (C-5), 81.53 (C-411), 77.23
(C-4), 75.53 (C-3I), 73.73 (C-5Y), 73.44 (C-21), 72.51 (C-5), 72.16 (C-6), 69.08 (C-41),
68.63 (C-30), 67.56 (C-31), 66.13 (C-411), 60.11 (C-61, C-51), 53.161 (C-21), 50.88 (C-210),
49.48 (C-1), 48.63 (C-3), 39.38 (C-6), 27.87 (C-2), 21.71 (CH3) ppm. MS (KI+) m/z:
685.31303 m/z [M+H]*, 680.29454 [M+Nal+, 329.66013 [M+2H]2*.

Antimicrobial tests

Materials

Mueller Hinton IT Broth powder (BD - cat. no. 212322)
Agar (Roth - cat. no. 5210.2)

6 mm paper disks (BBL - cat. no. 231039)

Kirbyv-Bauer Test
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Antibiotic disks preparation. Paper disks (6 mm diameter, BBL Microbiology Systems)
were wetted through with 20, 25, 30 and 35 nL of a solution containing the antibiotic
sample at a concentration of 0.5 nmol/pL. The wet disks were dried in a desiccator

overnight, and used the next day.

Culture preparation. A colony picked from a freshly made plate of the bacteria strain
E.coli ATCC 25922 was used to inoculate 20 mL of Mueller-Hinton broth and the
obtained culture was grown overnight at 37 °C and 250 RPM shaking.

Kirby-Bauer test procedure. A new culture was made adding 1 mL of overnight culture
in 99 mL of fresh Mueller-Hinton broth. The culture was grown at 37 °C and 250 RPM
shaking until it reached an OD600 of 0.132 (0.5 McFarland) and a series of Mueller-
Hinton-Agar plates preheated at 37 °C were inoculated spreading 200 pL of that
culture with sterile cotton. The plates were then dried for 30 minutes. Then on each
plate 3 or 4 antibiotic paper disks were placed. The plates were incubated overnight at

37 °C and subsequently the diameter of the inhibition growth zone was measured.

Minimum Inhibitory Concentration (MIC) test

All test solutions contained 40 nmol of antibiotic. After drying, the samples were
resuspended in 100 pL of Mueller-Hinton broth. Each solution of antibiotic in broth
media was pipetted in the first lane of a 96 well plate (volume of well 500 pL). The
remaining lanes were filled with 50 pL of F.coli ATCC 25922 culture with an OD600
of 0.264.

Series of 2-fold dilution were made removing from the first lane 50 pL of the
antibiotic solution and resuspending it with the culture contained in the next well. At
the end, all wells were filled with 100 pL of E.coli ATCC 25922 culture in Mueller-
Hinton with an OD600 of 0.132 (0.5 McFarland) and the appropriate amount of
antibiotic.

The 96-well plates were incubated overnight at 37 °C and 350 RPM shaking.
The OD600 of all wells were measured using an E.coli ATCC 25922 culture with an
OD600 of 0.132 as reference and the MIC value was determined by taking the lowest

concentration where no bacterial growth was observed.
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See also National Committee for Clinical Laboratory Standards, Performance
Standards for antimicrobial susceptibility testing, 8th Informational Supplement
(2002); John, D. T., et al. Antimicrobial Susceptibility testing: General
Considerations, Manual of Clinical Microbiology 7th edition, 1469-1473 (1999);
Laitha, M. K., Manual on antimicrobial susceptibility testing, 7-39 (2004).

Example 2: Selection of Aminoglycoside-binding oligopeptides using phage display

This example discloses the selection of short peptide sequences capable of binding to
Neomycin B and protecting the molecule partially to allow chemical reactions at the
functional groups that are not involved in the host-guest interaction. The strategy to
evolve peptide sequences that are able to recognize and bind to Neomycin B relies on
the well established Phage Display technique (Smith GP. Science 1985; 228:1315—
1317; Kay BK, et al. Gene 1993; 128:59-65).

For that purpose, the target molecule (Neomycin B) is covalently linked to a
solid surface. In this case a Nunc Amino Immobilizer 96-wells plate was chosen as
surface to couple Neomycin B. The plate contains in its wells a modified surface able
to react with the amino-groups of the target molecule. The density of grafted
complexes is approx. 10 cm2,

In this way, the whole surface of the Neomycin B can interact with the peptide
that is exposed on the recombinant phage particle, except for the site where it is
covalently linked to the surface it is masked and therefore is not able to interact with

the peptide.

STEP 1 - IMMOBILIZATION OF NEOMYCIN B

The plate used (Nunc Immobilizer Amino F96 clear - Nunc #436006) is optimized for
peptide and protein coupling. Several conditions were tested for the immobilization.
Antibiotic binding was assayed by an KLLISA test using an anti-neomycin antibody.
The optimized protocol for the immobilization of the Neomycin is described in the

following.
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The coupling reaction was carried out by filling a well with 300ul of Neomycin
B (1 mg/ml in sodium-phosphate 0.1M, pH 9.6). The plate was then placed on a shaker
at 250 RPM at room temperature, for 12h. The well was then washed ten times using
300pl of TBST buffer (Tris-HC1 50mM + NaCl 0.15M pH 7.5 + 2% of Tween 20) and

shaking 10 min at 250RPM and room temperature for each washing step.

STEP 2 - PHAGE PANNING

Before starting the panning procedure the phages were incubated in an empty well to
allow the “plastic binder” phages to be adsorbed on the plastic surface of the well.
Therefore, 100 pl of a phage suspension containing 10!2 pfu/ml in sodium-phosphate
0.1M pH 7 were incubated in a blank well for 1h at room temperature shacked at 320
RPM. This procedure was repeated 3 times by taking the supernatant and putting it
into another blank well. The final supernatant was used to perform the phage
panning.

Three rounds of phage panning were carried out. Each round consists of 3
phases: incubation, washing and elution.

Incubation: 100ul/well of phage suspension were pipetted in each Neomycin B
coated well and the plate was shaken gently for 60 min to allow the host-guest
interaction to take place. The unbound phages were discarded by pouring off and
slapping the plate face-down onto a clean paper towel.

Washing: each well was washed by adding 300pl of TBST and shaking for 10
min at room temperature. The unbound phages were discarded by pouring off and
slapping the plate face-down onto a clean paper towel. The washing procedure was
repeated 5 times during the first round of selection then 7 times during the second
round and 10 times during the third one.

Elution: Sodium Phosphate 0.1M at pH 7.0 was used as elution buffer with the
addition of Neomycin B at a concentration of 1pM as competitor to avoid non specific

elution of phage particles.

STEP 3 - SEQUENCING
Because of the use of Neomycin B as competitor, the cells (. coli ER2738) were
previously transformed with pET28 that carries the Kanamycin resistance that allows

cell growth on Neomycin B containing media. Phage particles eluted after the third
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round of selection were used to infect ER2738 cells (already containing pET28).
Subsequently, the cells were plated on LB-agar plate. After overnight incubation at
37°C several single colonies were picked and grown for 3h in 3 ml of LB medium.
Single stranded DNA was then purified from the phage particles from the culture’s
supernatant using the QIAprep Spin M13 Kit (QIAGEN #27704) and prepared for

sequencing.

The following peptide sequences were derived from the analysis of the DNA sequences
VNRSSDHWNLTT DYDTLRTVAPTR NGSLQRSFVISH,
HVRIYVDTIEIR GAMHLPWHMGTL andGAMHPPRHMGPL.

Example 3: Selection of Aminoglvcoside-binding oligopeptides using in-vivo screening

for small antibiotic binders.

An 1n-vivo screening for small antibiotic binders was performed by infecting a culture
of E. coli ER2738 with a 12 amino acid random peptide-plll phage library. The ability
of the culture to survive under different antibiotic conditions was tested by measuring
the OD600 after overnight growth.

A fresh culture of ER2838 was prepared by inoculation of 20 ml of LB
medium with 50 ul glycerol stock solution of the strain. The culture (OD600 = 0.05)
was infected with 100 pl of phage suspension containing 1013 pfu/ml with an overall
complexity of 10° different sequences. After 1 h of growth at 37°C shaking at 150-200
RPM the culture was aliquoted in 15 ml tubes resulting in a culture volume of 3 ml
and the antibiotics at different concentrations were added.

The cultures were grown overnight at 37°C, shaking at 150-200 RPM. The
0OD600 of ten-fold diluted sample of each culture was estimated using a
spectrophotometer. Not infected ER2738 and the same cells infected with a wild type
M13 were used as negative control. The resistance against ampicillin, neomycin B and
chloramphenicol was tested. It was observed that the cells infected with the library
were more resistant in the presence of ampicillin and neomycin compared to the
controls, but not in the case of chloramphenicol (data not shown). This demonstrates

that the presence of the phage library influences the resistance of the cells at higher
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antibiotic concentration. The resistant cells were plated on LLB-agar and the phage

DNA was sequenced.
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EXAMPLE 4: Aptameric Protective Groups allow diverse modifications.

This example demonstrates that the APG approach for regioselective transformation

according to the present invention is compatible with diverse reagents in different

5  reactions. Scheme 1 shows the chemo- and regioselective transformation of ring IV of

neomycin as exemplary target compound 1. All reactions were performed in 10 mM

phosphate buffer at room temperature for 24 h in presence of 1.5 equiv. of APG aptl.

(1) Acylation: 15 equiv. of 7, pH 6.9; (2) Thiolation: 5 equiv. of 9, pH 6.9; (3) Azide

introduction: 8 equiv. of 11, 0.36 mol % CuSO4, Na:CO3s, NaOH, pH 8.0; (4) Urea bond
10  formation: 30 equiv. of 14a-¢, DMF, pH 6.9.

Scheme 1.

.0
RI-N*C

14a-c

(4)
14a R' = propyl
14b R! = isopropyl
14¢ R' = tert-butyl
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General Procedures

Synthesis of Sodium 4-(acetoxy)-2,3,5,6-tetrafluorobenzenesulfonate 7.

10.1 g of 2,3,5,6-tetrafluorophenol (61.4 mmol) was taken up in 22 mL fuming
sulphuric acid (30 % SO3) and stirred at ambient temperature for 18h before pouring
the mixture into 200 mL iced brine. The product was precipitated by adding 6 g of
NaCl and stirred until no further precipitate was formed. This mixture was filtered
through a sintered glass disc and the collected solids were taken up in 330 mL boiling
acetonitril, filtered while hot, and allowed to cool slowly to ambient temperature. The
colourless crystalline product was collected by filtration and dried in vacuum yielding
5.42 g (20.2 mmol, 33% yield) of 4-sulfo-tetrafluoro phenol sodium salt. 270 mg of

this sodium salt (1.0 mmol) and 53.8 nL of acetic acid (0.94 mmol) were dissolved in
30 mL acetone. After 230 mg 1,3-dicyclohexylcarbodiimide (1.1 mmol) were added the
mixture was stirred at room temperature for 20 hour. The resulting precipitate was
removed by filtration and the filtrate was concentrated under reduced pressure. The
crude mixture was purified by column chromatography using a 4:1 acetone/chloroform
mixture. 163 mg (0.56 mmol, 56 % yield), white solid. Rt (acetone/chloroform 4:1) =
0.55. TH-NMR (D20, 400MHz): §[ppm] = 2.46 (s, 3H, CH3-CO). 13C-NMR (D20,
50.43 MHz): 6[ppm] = 170.07 (1C, CO); 147.01 (dq), 144.09 (ddd) (2C, 3-C-Ar, 5-C-Ar);
145.03 (dq), 142.10 (ddd) 2C, 2-CAr, 6-C-Ar), 131.14 (1C, C-SO2Z); 127.61 (1C, C-CO-
CH3); 22.82 (1C, CH3-CO).

Synthesis of diazo-transfer reagent Imidazole-1-sulfonyl Azide
Hydrochloride 11.

Sulfuryl chloride (1.6 mL, 20 mmol) was added dropwise to an ice-cooled suspension
of sodium azide (1.3 g, 20 mmol) in acetonitril (20 mL) and the mixture was stirred
overnight at room temperature. Imidazole (2.6 g, 38 mmol) was added portion-wise to
the ice-cooled mixture and the resulting slurry was stirred for additional 3 h at room
temperature. The mixture was diluted with ethyl acetate (40 mL), washed with water
(2 x 40 mL) and then with saturated aqueous sodium hydrogen carbonate (2 x 40 mL),
dried over MgSO4 and filtered. The filtrate was cooled in an ice-batch and a 3M HCI
methanolic solution (10mL) was added drop wise to precipitate the product. Finally,

the filer cake was washed with KtOAc (3 x 10 mL) to obtain 11. Yield: 1.9 g (9.1
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mmol, 45% yield). 1H-NMR (D20, 400MHz) & (p.p.m.) 9.53 (s, 1H, H-2), 8.07 (s, 1H, H-
5), 7.67 (s, 1H, H-4). 13C-NMR (D20, 400MHz) 6 (p.p.m.) 137.6, 122.6, 120.18. HRMS
(El+) (n/z): found 174.0078 [M-CI]+, cale. 174.0080 [M-Cl]+.

(1) Acylation of amino group in C6 position of ring IV.

NH, NH,
I
0 1.) 1.5 equiv. APG apt1l o)
H H
f'c? I NH, 2.)15 equiv. esterd4orb E'C? NH,
HzN QZ ﬁ NH or 5 equiv. 6 H:N o NH
0 2 0 2
© oH > © \wOH
OH M 10 mM sodium phosphate OH
buffer (pH = 6.9), RT, 24 h
v O OH O OH
NI, NI,
O\ OH\ 4
0“7 "R
1 neomycin B 10 R=Me

14 R = 3-sulfhydryl propy!

A volume of 900 pL of a 5.54 mM RNA aptamer solution (4.98 umol) in 10 mM sodium

10  phosphate buffer (pH 6.8) was heated to 85 °C for 10 min and was afterwards kept at
room temperature for 15 min. 684 plL of a 4.8 mM solution of neomycin B sulphate
(3.28 pmol) in 10 mM sodium phosphate buffer (pH 7.4) was added and the mixture
was allowed to stand for 30 min at room temperature. Then, 15 equiv. activated ester,
acetyl sulfo-NHS ester 4 or STP-ester 5 (49.2 pmol) 500 pL. 10 mM sodium phosphate

15 buffer (pH 7.4), or 5 equiv. 2-iminothiolane hydrochloride (16.4 pmol) dissolved in 42
pul. 10 mM sodium phosphate buffer (pH 7.4) were added and the reaction mixture was
allowed to react for 24 hours at room temperature. After addition of 180 pL. of a 7 wt.
% ethylamine water solution and further incubation for 30 min at room temperature,
486 ul of a 2 M sodium hydroxide solution were added and the crude mixture was

20  heated to 90 °C for 30 min. After cooling to room temperature each 50 uL fraction was
purified by HPLC using a Waters Spherisorb ODS-2Cis analytic column
(water/acetone 1:0.81 containing 16.9 mM HFBA) at a flow rate of 1 mI/min at 40 °C

to afford the antibiotic derivatives 10 and 14. After evaporation of acetone and freeze-
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drying of collected fractions the product was taken up in 150 pL of D20 for NMR-

studies.

5 (2) Urea Bond Formation at 2C & 6C Position

R']

@]
H%o/% 1.) 1.5 equiv. APG (apt1-2) HPo NH,
iv.i HO._ H,N

2 me—b 2.) 15 equiv. isocyanate 7a-c> OWNW
0

10 mM sodium phosphate HO
'” buffer (pH = 6.9), RT, 24 h  OH

|.? OH
>0
2 HNS _N
OHNh, RzON\\ OH NHz\n/ \©\
C\ 0 R2
%o
1neomycin B R'=NH, 7a R2=0OMe 15a R' = NH,, R2 = OMe
2 paromomycin R' = OH 7b R2=H 15b R' = NH,, R2=H
7c R2=N(Me), 15¢ R' = NH,, R2 = N(Me),
16 R'=OH, R2=0Me
1.) 1.5 equiv. 10 mM sodium
APG (apt1-2) phosphate buffer
2.) 30 equiv. (pH = 6.9),
isocyanate 9a-¢c | RT,24h R ~
& 0 o
H
R3_N// %O NH2 H%O NH2
HO. H-N HO
9a R3 = propyl 20 OWNHz Hg\l OWNHZ
9b R3=isopropyl —> HO + HO
9¢ R® = tert-butyl OH OH
« OH |_? OH
>0 ~O
HN HNO N
~53 Sp3
OH NHz\[( R OH\ 4 R
0 O:< o)
NH
R3I
19a R’ = NH,, R3 = propy!l 20a R' = NH,, R® = propy!

19b R' = NH,, R® = isopropy! 20b R' = NH,, R® = isopropy!
19¢ R' = NH,, R® = tert-buty! 20c R' = NH,, R3 = tert-butyl
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900 pL of a 5.54 mM RNA aptamer solution (4.98 pmol) in 10 mM sodium phosphate
buffer (pH 6.8) was heated to 85 °C for 10 min and was afterwards kept at room
temperature for 15 min. 684 pL of a 4.8 mM solution of the aminoglycoside antibiotic
(3.28 pmol) in 10 mM sodium phosphate buffer (pH 7.4) was added and the mixture
5  was allowed to stand for 30 min at room temperature. 15 equiv. (49.2 pmol) aromatic

isocyanate 7a-c or 30 equiv. (98.4 pmol) of aliphatic isocyanates 9a-c dissolved in 108
ul. DMF were added and the reaction mixture was allowed to react for 24 hours at
room temperature. After addition of 180 uL of a 7 wt. % ethylamine water solution
and further incubation for 30 min at room temperature, 280 pl of a 2 M sodium

10 hydroxide solution was added and the crude mixture was heated to 90 °C for 30 min.
After cooling to room temperature each 50 plL fraction was purified by HPLC using a
Waters Spherisorb ODS-2C1s analytic column (water/acetone 1.0:0.81 containing 16.9
mM HFBA) at a flow rate of 1 ml/min at 40 °C to afford the antibiotic derivatives 15a-
¢, 16, 19a-c and 20a-b. After evaporation of acetone and freeze-drying the product

15 was taken up in 150 pL of D20 for NMR-studies.

(3) Azide Introduction at 2C and 6C Position

NH, NH, NH,

' 1) 1.5 equiv. APG (apt1-2)
H 0 2.)8. equiv. 8inwater (pH=8) H O H 0
Fo I NH: 3y CUSO,, NapCOs flo NH Ho NH;

HO. HO

L A~AT » ON o o NPT g A
HO 10 mM sodium phosphate HO + HO
OH mn buffer (pH = 6.9), RT, 24 h OH OH

v O OH o O OH O OH
A NN N, Ny
O, ~ 1" O, O,
X HCI
1 neomycin B 8 17 18

20

900 pL of a 5.54 mM RNA aptamer solution (4.98 pmol) in 10 mM sodium phosphate
buffer (pH 6.8) was heated to 85 °C for 10 min and was afterwards kept at room

25  temperature for 15 min. 684 uL of a 4.8 mM solution of neomycin B sulphate (3.28
umol) in 10 mM sodium phosphate buffer (pH 7.4) was added and the mixture was

allowed to stand for 30 min at room temperature. 540 pL. of an 4.8 mM aqueous
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solution of diazo-transfer reagent 8 (10 mg/mL), which was adjusted to pH 8 by
approx. 25 uL. of adding 2 M NaOH solution, was added into the solution of the
antibiotic 1 - aptl complex solution. After 59 pL of an aqueous solution of sodium
carbonate (10 mg/mL) and 50 pL of an aqueous solution of copper sulfate (2 mg/mL)
were added and the mixture was reacted for 24 hours at room temperature. After
addition of 180 pL of a 7 wt. % ethylamine water solution and further incubation for
30 min at room temperature, 375 pl of a 2 M sodium hydroxide solution was added
and the crude mixture was heated to 90 °C for 30 min. After cooling to room
temperature each 50 pL fraction was purified by HPLC using a Waters Spherisorb
ODS-2C1s analytic column (water/acetone 1.0:0.81 containing 16.9 mM HFBA) at a
flow rate of 1 ml/min at 40 °C to afford the antibiotic derivatives 17 and 18. After
evaporation of acetone and freeze-drying of collected fractions the product was taken

up in 150 pl of D20 for NMR-studies.
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Claims

1. A method for the chemo- and/or regioselective derivatization of a target compound
comprising multiple chemically equivalent reactive groups, wherein at least one
reactive group is to be derivatized and wherein at least one reactive group is not to
be derivatized, the method comprising the steps of
a. contacting the target compound with at least one non-covalent protective
group under conditions allowing for the formation of a regioselective host-guest
complex, wherein the protective group is an oligonucleotide or oligopeptide aptamer
having a selective affinity for the at least one reactive group not to be modified;
followed and/or accompanied by

b. chemical derivatization of the target compound.

2. Method according to claim 1, wherein the target compound comprises at least

three chemically equivalent reactive groups.

3. Method according to claim 1 or 2, wherein the chemically equivalent reactive

groups are amines, hydroxyls, hydroxylamines, carboxylic acids, thiols,

aldehydes, ketones, enamines, C-C double bonds or C-C triple bonds.

4. Method according to any one of the preceding claims, wherein the target

compound 1s a biologically active compound.

5. Method according to any one of the preceding claims, wherein the target

compound is a proteinaceous substance.

6. Method according to any one of claims 1 to 4, wherein the target compound is a

saccharide or derivative thereof.

7. Method according to claim 6, wherein the target compound is a

monosaccharide, oligosaccharide, polysaccharides, or derivative thereof.

8. Method according to claim 7, wherein the derivative is a glycoside,

preferably an O-glycoside, N- glycoside, S-glycoside, C-glycoside or halogen-
glycoside.

9. Method according to claim 8, wherein the target compound is an

aminoglycoside antibiotic, preferably an aminoglycoside based on a neamine
scaffold.
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Method according to claim 9, wherein the aminoglycoside antibiotic is selected
from the group consisting of neomycin, paromomycin, ribostamycin, kanamycin
and streptomycin.

Method according to any one of the preceding claims, wherein the
oligonucleotide aptamer consists of from 8 to about 60 nucleotides, preferably
15-40.

Method according to any one of the preceding claims, wherein the protective
group is an RNA or DNA aptamer.

Method according to claim 11, wherein the RNA or DNA aptamer is obtained
by a screening process comprises the steps of : (1) constructing a random
single-stranded DNA (ssDNA) library and preparing a primer; (2) preparing
the random single-stranded DNA (ssDNA) library by PCR amplification (for
DNA SELEX) or an RNA library by transcription (for RNA SELEX); (3)
carrying out multiple rounds of SELEX screening; (4) detecting the appetency;
(®) cloning and sequencing DNA.

Method according to claim 12, wherein the RNA aptamer is 5-GGA CUG GGC
GAG AAG UUU AGU CC-3, 5-CUG CAG UCC GAA AAG GGC CAG-3, 5-
UGU GUA GGG CGA AAA GUU UUA-3 or 5°-GGC ACG AGG UUU AGC
UAC ACU CGU GCC-3".

Method according to any one of claims 1-11, wherein the protective group is an
oligopeptide aptamer, preferably wherein the oligopeptide aptamer consists of
from 8-18 amino acids, preferably 10-13 amino acids.

Method according to claim 15, wherein the oligopeptide aptamer is obtained by
expressing a library of candidate oligopeptide aptamers in a recombinant host
cell by infection with phages, selecting at least one host cell expressing an
oligopeptide aptamer, and identifying the oligopeptide aptamer.

Method according to claim 15, wherein oligopeptide aptamer is selected from
the group consisting of VNRSSDHWNLTT, DYDTLRTVAPTR,
NGSLQRSFVISH, HVRIYVDTIEIR, GAMHLPWHMGTL and
GAMHPPRHMGPL.

Method according to any one of the preceding claims, wherein the chemical
derivatization comprises acylation, alkylation, oxidation, PEGylation,

reductive amination, aza-Michael reaction or urea bond formation.
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19. Method according to any one of the preceding claims, wherein the host-guest
complex is formed while the protective group is in solution.
20. Method according to any one of the preceding claims, wherein the host-guest

complex i1s formed while the protective group is immobilized.

21. A derivatized target compound of interest obtainable according to any one of
claims 1-20.
22. A derivatized aminoglycoside antibiotic, preferably a neomycin or

paromomycin derivative, characterized in that the aminoglycoside is

derivatized only on the N6 (IV)-, N2 (IV)- or N2 (IV), N6 (IV)-amine group(s).

23. An aminoglycoside derivative according to claim 22, having the general
formula
Ry
0]
HOHO
NH,| HoN
HO Om/"mz
0O OH
NN OH
0 O OH
OH NH,

R1 = hydroxyl, amine
R2 = methyl, isopropyl, but-3-inyl

24. An aminoglycoside derivative according to claim 23, having the general

formula

H
R1 = hydroxyl, amine
R2 = allyl
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An aminoglycoside derivative according to claim 22, selected from the group
consisting of N8(1V) acetyl neomycin B (Formula 1), N6(IV) dimethylacetyl
neomycin B (Formula 2), N6(IV) pent-3-inoyl neomycin B (Formula 3), N2(IV)
{[(phenyl)amino|carbonyl}amino neomycin B (Formula 4), N2(IV) {[(4-
methoxyphenyl)amino]carbonyl} amino neomycin B (Formula 5), N2(IV) {|(4-
methoxyphenyl)amino]carbonylfamino paromomycin (Formula 6) and
N2(IV),Né(IV)-bis{[(allylamino)carbonyl]amino} neomycin B (Formula 7), N5(1V)
acetyl paromomycin, N6(IV)-y-sulfhydryl-propionyl neomycin B, Né-(I'V)-azido
neomycin B, N6-(IV), N2-(IV)-diazido neomycin B, N2(IV)-
(propylamino)carbonyl neomycin B, N2(IV)-@sopropylamino)carbonyl neomycin
B, N2(V)-(tert-butylamino)carbonyl neomycin B, N2(IV), N6(I'V)-bis-N-
(propylamino)carbonyl neomycin B, N2(IV), N5(I'V)-bis-N-
@isopropylamino)carbonyl neomycin B, N2(IV), N6(IV)-bis-N-(tert-
butylamino)carbonyl neomycin B, N6(II)- -sulfhydryl butanoyl neomycin B and

pharmaceutically acceptable salts thereof.

A derivatized aminoglycoside antibiotic, preferably a kanamycin derivative,
characterized in that the aminoglycoside is derivatized only on the N¢ (II)

amine group.

An aminoglycoside derivative according to claim 26, selected from the group
consisting of Né(1I)-acetyl kanamycin A or B, N6(1I)-2-methylpropionyl
kanamycin A or B, Né(II)-2-butynyl kanamycin A or B or Né(II)- -sulfhydryl

butanoyl kanamycin A or B, and pharmaceutically acceptable salts thereof.

A pharmaceutical composition comprising an aminoglycoside antibiotic

derivative according to any one of claims 22 to 27.

An aminoglycoside antibiotic derivative according to any one of claims 22 to 27

for use as a medicament.

An aminoglycoside antibiotic derivative according any one of claims 22 to 27

for use in a method of treatment of a bacterial infection, preferably an infection
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with Methicillin-resistant Staphylococcus aureus (MRSA) or vancomycin-

resistant enterococci (VRE).

31. Use of compound according to any one of claims 22 to 27 as active biocide.

32. Use of an oligonucleotide or oligopeptide aptamer as a chemo-, regio- and/or

stereoselective protective group.
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