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Abstract

Perturbations in O-GlcNAcylation, modulated by O-GlcNAc transferase (OGT) and O-GlcNAcase, have been observed in
diabetes, cancer, cardiovascular disease, and Alzheimer’s disease. Therefore, OGT is an interesting therapeutic target for the
medical community. Current potent OGT inhibitors usually lack target specificity, e.g., BZX2 and OSMI-1, or cell-permeability
e.g. OSMI-4. To explore novel OGT inhibitors, hit optimisation was performed on the recently identified compound Vs-51,
creating a small library. In total, five promising derivatives of Vs-51 were synthesised, of which the most potent one inhibited
the enzyme with an ICs of 27 + 13 pM. Furthermore, the derivatives provided improved insight into potential Vs-51
enhancements. For the second part of this study, a DNA encoded library was used to find new scaffolds for OGT, leading to
two promising hits. A new synthetic pathway was established for one of these hits (10115) while allowing easy derivatisation
options. The ease of tunability of the provided scaffold through the here described synthesis route offers a potential new series
of potent OGT inhibitors.

Keywords: O-GIlcNAcylation; OGT inhibitors; Virtual screening; Hit optimisation; DNA encoded library; Organic synthesis.

1. Introduction onto the Ser and Thr residues from uridine diphosphate N-
acetylglucosamine (UDP-GlcNAc), and OGA removes the
GlcNAc moiety, Figure 1 [3,4]. Dysfunctions in the O-
GlcNAcylation process are involved in multiple human
diseases since perturbations in O-GlcNAcylation have been
observed in diabetes, cancer, cardiovascular disease, and
Alzheimer’s disease [3,5-7]. This makes OGA and OGT
interesting therapeutic targets for the medical community.

O-GlcNAcylation is a  dynamic  posttranslational
modification that attaches and detaches a [-N-acetyl-D-
glucosamine (O-GlcNAc) moiety to serine (Ser) and
threonine (Thr) residues of intracellular proteins. O-
GlcNAcylation modifies a protein’s function, stability and
interactions; therefore, it plays a critical role in biological
processes [1,2]. O-GlcNAcylation is modulated by a pair of

enzymes: O-GleNAc transferase (OGT) and O-GleNAcase While OGA inhibitors, like MK-8719, have already moved
(OGA). OGT regulates the addition of the GlcNAc moiety into phase 1 clinical trials, OGT inhibitors still have a long
way to go [8]. OGT is a more complex and challenging
M (i g\” target because the instability of the enzyme makes it hard
'%QLV v </ A to assess inhibitor function. Even though OGT activity has
N o \/\/ﬁ been studied extensively and can be altered in in vitro and

UDPGIcNAC /~\. uDP L . . .
L in vivo disease models, there are still unanswered questions

O-GlcNAc Transferase

about the exact role of OGT in related pathogenic processes
[9-12].

- The structure of the OGT enzyme consists of two principal

" n regions: the N-terminal tetratricopeptide (TPR) region and

Proteintel ProteinSbETE the C-terminal catalytic region. The TPR region contains a

| I highly conserved asparagine ladder that runs throughout

the region and is involved in protein-protein interactions

and protein acceptor binding [13,14]. The C-terminal
catalytic region is divided into three subdomains, consisting

ErGichincase of two catalytic domains (Cat-1 and Cat-2) that form an

GlcNAC active site pocket for substrate binding. The third domain

o is an intervening domain, which couples the two catalytic
/‘%\\ domains and is packed against the outer face of the Cat-2

domain [15]. It has been shown that UDP-GlcNAc first
binds in a pocket formed between the two catalytic domains

Figure 1: O-GlcNAcylation process

2022-05-16 page 1 of 14



New scaffolds for O-GIcNAc transferase inhibition, by hit and synthetic route optimisation

[15]. Then, the bound UDP-GlcNAc is activated through
interactions between the side chain of Thr-921 and the
amide backbone of the N-terminus of the o-helix and Lys-
842 and one oxygen of the B-phosphate [15]. The current
knowledge of the OGT active site combined with the 3D
structure allows researchers to design novel inhibitors for
OGT using docking studies since potent and specific OGT
inhibitors could also play a vital role in the target validation
process.

Small molecule inhibitors of OGT have therefore been
gaining interest. Several of these OGT inhibitors have
already been used to study the role of OGT both in
pathogenic processes and in several fundamental cellular
pathways. Early OGT studies used inhibitors that were
non-specific but were able to permeate the cells, such as
alloxan, Figure 2 [16].
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Figure 2: Allozan, a small molecule inhibitor for OGT.
Alloxan lacked specificity and potency and therefore
required high concentrations for cellular work. Most natural
donor substrate (O-GlcNAc) mimic inhibitors have been
discontinued due to a lack of cell permeability. However,
inhibitors such as Ac+5S-GlcNAc exploit the cell’s
metabolic conversion machinery and get converted to UDP-
55-N-acetylglucosamine to form a potent OGT inhibitor,
Figure 3. Unfortunately, UDP-5S-N-acetylglucosamine
lacks target specificity and solubility, complicating data
interpretation of in wvivo assays and use as a therapeutic
drug [17].
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Figure 3: Ac4-5S-GIlcNAc is converted to the potent inhibitor
UDP-55-GleNAc
Lately, the focus has therefore been shifted to prepare cell-
permeable inhibitors with an improved target specificity
and potency, made possible by new insights obtained from
the 3D structure of OGTs active site. This, in combination
with a technique called high-throughput screening (HTS),
led to the discovery of both reversible and irreversible novel
nanomolar inhibitors for OGT [1]. One of the most potent
OGT inhibitors from such screening is a benzoxazolinone-
core containing compound named BZX2, Figure 4A. BZX2
is a cell-permeable, irreversible covalent OGT inhibitor,
consisting of a five heteroatom dicarbamate moiety with an
acetyl substituent on the BZX core and an electron-
donating p-methoxy substituent on the phenyl group. BZX2
is a potent inhibitor with an ICso < 10pM but shows many
off-target effects [18,19].

The best scaffolds to date are quinolinone-6-sulfonamide
(Q6S) based compounds. The Q6S moiety has proven to be
a good uridine mimic, both in HTS and validation assays.
In the interaction with the OGT binding pocket, the His-
901 interacts with the quinolinone ring through direct
stacking. Additionally, the carbonyl and the adjacent
nitrogen in the heterocycle interact with Arg-904 and Ala-
896 like the N in position 3 and O in position 4 of uracil.
Furthermore, a hydrogen bond is formed between Lys-898
and the sulphonamide oxygen of the Q6S moiety, mimicking
the interactions of the ribose hydroxyls in O-GlcNAcylation.
These observations led to the design of various Q6S-based
inhibitors named the OSMI derivatives [20]. The structures
of these OSMI compounds are U-shaped, improving their
ability to inhibit OGT. The U-shape allows the inhibitors
to fully occupy the space that both the peptide segment and
the uridine usually accommodate. However, the quinolinone
moiety is more crucial for the target affinity [20]. The first
OSMI compound designed is named OSMI-1. It had a
relatively high Ka of 140 nM and showed off-target effects.
The OSMI-1 compound was therefore optimised by
installing a chlorine in the 7 position of the quinolinone part
of the molecule, making OSMI-4. This allowed the new
compounds to make a cation-dipole interaction in the
binding pocket. The OSMI-4 compounds showed reduced
off-target effects while providing binding affinity in the low
nanomolar range (Ka= 8 nM for 0SMI-4a). Initially, it was
thought that OSMI-4b would be converted to OSMI-4a
during cell permeation. Still, recent publications showed
that the ester form could stay intact and even provided a
higher target affinity than the free acid form, ICs = 0,5 +
0,5 pM over ICso= 1,54+0,6 pM respectively [20,21].
Unfortunately, the ECs0= 3 pM for OSMI 4 shows that the
OSMI compounds lack cell permeability, maintaining the
strong need for new ways to find and design new scaffolds.
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Figure 4: A) BZX2, a potent cell-permeable, covalent OGT

inhibitor B) OSMI-4, the best OGT inhibitor up to date.
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Figure 5: A schematic overview of the study that found Vs-51.

2. Virtual screening

Virtual screening is a computational method in drug
discovery that aims to discover new possible binders for a
specific target among libraries of small molecules. This is
done by applying knowledge about the protein target or
bioactive ligands and searching for similarity, substructure
searching, pharmacophore-based searching and 3D shape
matching. All these tests are performed against a selected
crystal structure of the protein target. Since this approach
is highly dependent on the quality and quantity of available
data, correct information is crucial. In virtual screening, the
3D structure of the candidate molecules is docked in the
biological target protein or receptor; these are then ranked
based on their predicted binding affinity [22].

In a study to design novel OGT inhibitors, a process that
combined virtual screening, hit selection, and hit
optimisation was conducted, Figure 5. For the virtual
screening campaign, an in-house library of more than two
million compounds was used, out of which all possessed
drug-like properties and were commercially available. In O-
GlcNAcylation, a double hydrogen bond is formed between
the wuridine moiety of UDP and Ala-896 of OGT;
furthermore, it was shown that the OSMI compounds also
utilise this interaction in binding to OGT. Therefore, the
docking experiment was conducted with a constraint to
mimic this hydrogen bond interaction [12,15,23]. The 120
most promising hits were selected and further analysed.
Clusters were made for similar chemotypes of these
molecules, resulting in nine families. Eighteen molecules
were chosen, purchased, and tested from these clusters
based on the predicted binding poses and their synthetic
accessibility and chemical diversity. Out of these
compounds, a molecule named Vs-51 showed to be the
most promising, having an ICs of 7 nM and was therefore
selected to be further optimised(Figure 6A). The FRED and
Hybrid tools from Openeye were used as guidance in
designing a new library based on this compound. After
further analysis of the interaction between Vs-51 and OGT,
it was found that the triazole is anchoring the inhibitor in
the same region as UDP-GlcNAc, mimicking a critical
interaction between phosphate groups of UDP-GlcNAc and
the present nucleotides. Therefore, it was decided to retain
this part and modify the substituents to investigate and
optimise the structure-activity relationships and improve
physicochemical properties. Since it was shown that in
OSMI-4, a cation-dipole interaction was formed between

Lys-898 and the chlorine on the Q6S moiety, the substituent
in the six position of the indolinone ring was also changed
to try and mimic this interaction [12,20].

In the first part of this research, multiple novel OGT
inhibitors were found and synthesised using hit
optimisation. To improve target affinity, five derivatives of
Vs-51 were made by changing the triazole and the
indolinone ring substituents, as shown in Figure 6B. The
FRED and Hydrid tools from Openeye showed that
elongating the Ri and R» substituents of the triazole would
allow compounds to further reach into the active site and
obtain higher affinities by increasing the number of
interactions in the pocket (Figure S1). Subsequently, the
difference between the piperazine and the morpholine
derivatives will showcase if a charge improves cell
permeability and target affinity. The addition of the
chlorine in the Rs position on the indolinone ring is

A)
=

I/

N
/N
N)\ o
\ =
N S
o

Vs-51
R1 Ic50 =7 ”M

%N/ ©oA i
N\N)\S/\”j@i%o
(o]

Vs-51 derivatives:
6A Ry: Methyl, R,: p-tolyl, R3: H
6A;, Ry: Methyl, R,: p-tolyl, Rs: Cl
6B, Ry: Furan, R,: 4-morpholin-phenyl, R3: H
7D, Ry: Furan, Ry: 4-piperazin-phenyl, Rz: H
7D, R;: Furan, Ry: 4-piperazin-phenyl, Rs: Cl
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Figure 6: A) The structure of Vs-51 B) The

overview of the five derivatives from this research.
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Scheme 1: Reactions to form the isothiocyanates: a) EtsN, MeCN, 80 ° C'b) Boc:0, H:0 ¢) Hs, 5% Pd/C, EtOH d) CSs, EtsN, TsCl, THF.

introduced to see the effect of a cation-dipole interaction on
target affinity.

3. Hit optimisation of Vs-51

Scheme 1 illustrates how the 4-morpholino-phenyl and 4-
piperazin-phenyl isothiocyanates were synthesised from in-
house chemicals. First, a nucleophilic aromatic substitution
was performed by refluxing 1-fluoro-4-nitrobenzene and
either piperazine or morpholine in the presence of
triethylamine. Subsequently, the piperazine derivative was
protected using a tert-butyl carbamate group. Next, the
nitro groups for both products were reduced to amines using
5 wt.% palladium on charcoal and hydrogen gas. Then the
resulting anilines were reacted with carbon disulphide and
triethylamine at temperature  to
dithiocarbamate which was

room form a
salt,

isothiocyanate group using tosyl chloride.

decomposed to an

To finalise the derivatives of Vs-51, first, the 1,2,4-triazole-
3-thiol was synthesised by refluxing the isothiocyanate and
hydrazide compounds to form the thiourea intermediate,
followed by reflux under alkaline conditions to do a
cyclisation. Then a nucleophilic substitution with the
indolinone scaffold led to the final derivatives, scheme 2.

The hit optimisation of compound Vs-51 was conducted to
improve insight into the compound's binding mode in OGT.
By introducing the modifications in position Ri on the
triazole, it was found that the presence of a furan ring
improves binding. This was concluded by comparing
compound data with others from earlier hit optimisation
studies of compound Vs-51 [12]. It is thought that this is
because the furan provides a better fit into the pocket close

NCS
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+ NH, —m
R, N~
H
R
R, 2

%N\ R;
NH
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to the sugar-binding region. Therefore, a furan substituent
in R1 will be used for further hit optimisation studies. Next,
it was hypothesised that introducing a p-tolyl in the Ra
position of the triazole would increase the rigidity of the
molecule and, according to the docking, should fit in the
hydrophobic part of the binding site. Unfortunately, when
compared to a compound with just a phenyl in Rz from
earlier data, it was found that replacing the phenyl with
toluene led to a decrease in inhibitory activity. According
to the docking studies performed, elongating the molecule
in position Rz would allow reaching further into a wider area
of the active site. Hence, morpholine and piperazine rings
were introduced on top of the phenyl, aiming to improve
water solubility and, therefore, cell-permeability of the
inhibitors [12]. However, the modification of the morpholine
ring led to a complete loss of activity, probably due to steric
hindrance, which prevents the molecule from fitting into the
OGT active site. As for the piperazine derivatives’ binding
affinity remains unknown since these compounds are yet to
be tested. However, looking at the results obtained from the
morpholine derivatives, these compounds are also expected
to lose activity due to steric hindrance.

Furthermore, the Rs position of the indolinone part of the
compound in this hit optimisation study was changed. A
chlorine atom was introduced to mimic a cation-dipole
interaction seen in OSMI-4. This change made the
compounds synthesised in this research insoluble, making
them unable to be tested in the fluorescence assay. In other
derivatives it was found that the chlorine reduced target
affinity [12]. It has been seen in docking images that the
introduction of the chlorine atom changes the position of

Ry
o) %N\
H\ /“\ NKNH

R

2
R,

R 0 S
2 Ry: CH; or Furan
R,: CH; or morpholine or piperazine 0o
R3:Hor Cl
Scheme 2: Synthesis of final derivatives; a) EtOH, Reflux b) 2M 50% FEtOH, Reflux ¢) K:COs, EtOH, 40 ° C.
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the indolinone part in the active site, Figure S1. This is
probably due to the size of the chlorine atom and might be
the reason that the inhibitory effect is reduced. It would be
interesting to test the effect of a fluorine atom in future
research since this is a smaller atom and can also undergo
cation dipole interactions. An overview of all the
synthesised derivatives and the corresponding 1Cso values
determined using the fluorescence assay are given in Table
1 [12].

Vs-51 has shown to be a suitable scaffold for OGT
inhibitors with an ICso of 7TpM. However, Vs-51 shows off-
target effects in AMO1 cells, limiting therapeutic use.
Therefore, the results obtained in this research should be
used as a starting point in the FRED and Hydrid tools of
Openeye to explore further improvements.

Table 1: Overview of Vs-51 derivatives and inhibitory activity.

Rz
Sy
N Rs N
4
NO o
N ]
(e]
Name Ri Ro Rs ICso (]J.M) + SD
6A, —CH, —CH, —H 27+ 13
6A: —CHj —CHg —Cl Not soluble
0 /\

6B, | —N (o] —H No inhibition
\ /
o] /~ \

7Dy | —N NH —H To be tested
\ s
0] /~ \

7D: | —N NH —Cl To be tested
\ s

4. DNA encoded library

A second way to find new inhibitors is by using a DNA
encoded library (DEL). DEL is a method that allows the
screening of millions of chemical compounds in a single
experiment. The DEL libraries are first produced by
attaching DNA strands to all the fragments they possess,
that code for how the corresponding component was made.
Then proteins are used to couple all the different strands
within a library so that all the compounds can be used for
affinity testing simultaneously. After affinity testing on the
target protein, analysis can determine which structures
interactions with the substrate.
Subsequently, the most promising structures can be selected
and synthesised to validate the binding assays.

showed binding

One company that utilises this technique is WuXi AppTec
using the program DELOpen [24]. DELOpen gives free

® WuXi AppTec HitS

NGS &

Data Analysis

€ & &

X c =Q

open Kit Qc

Purification & PCR

access to 27 libraries containing over 4,2 billion compounds
for academic use, allowing users to conduct affinity selection
experiments in their labs. Then, the samples are sent to
WuXi AppTec, and they take care of post-selection
processing, sequencing, and data analysis, possibly leading
to high-affinity inhibitors. These are then synthesised by
WuXi AppTec and used in binding assays to validate the
hits, as shown in Figure 8 [24]. Since this is a free process,
this all happens blinded to the customer. Once promising
hits are identified by WuXi AppTec and validated by the
customer, they can decide to disclose the target in exchange
for the chemical structures.

DELOpen has been used in this study to provide promising
novel OGT inhibitors. Four sub-libraries came back as
interesting in the screening, providing six different
compounds, of which two came back as hits. These hits are
named 10115 and 10207, respectively inhibiting with an
1Cs= 24 pM and 67 pM, Figure 7. New libraries can be
created by changing substituents to improve these
compounds' binding affinities and cell permeability.

This study will mainly focus on developing a robust
synthetic route that allows the synthesis of 10115 and its
derivatives to validate the inhibition of OGT and create a
small library. Compound 11015 and four derivatives were
synthesised, with changes in the R: and R positions on the
phenyls to determine what drives improved target affinity,
Figure 9. At last, the Rs substituent of the carbonyl was

/| CI
(o) o [o}
s N N/
| H H
X
N

10115
ICso = 24 M

\©\¢N / / / "
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Figure 7: The two hits the DEL provided, 10115 and 10207,
and their 1Cs values.
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Figure 8: Schematic overview of the DELOpen process at WuXi AppTec.
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modified to see the effect of a charge on cell permeability
and target affinity. Combined, all these derivatives will form
a new family of novel OGT inhibitors. Also, hit optimisation
studies will improve insight into how OGT inhibitors from
these clusters can be enhanced in physicochemical
properties and have an increased target affinity and cell
permeability.

R

= N R,
H

AN
N

10115 derivatives:
5H R,: Furan, Ry: Br, Rj: Et
5G R;: Br, Ry: Phenyl, Rj: Et
6G R;: Furan, Ro:Phenyl, R3: OEt
6G-A R;: Furan, Ry: Phenyl, R3: OH
10115 R,: Furan, Ry: Phenyl, R3: NHMe
Figure 9: Overview of the derivatives of 10115 that will be

synthesised in this research.
5. Design of a synthetic route for 10115

The second aim of this project was to design a synthesis
route for 10115 and its derivatives. Initially, it was thought
that this could be achieved by a Suzuki coupling between
phenylboronic acid and ethyl 3-amino-3-(4-bromophenyl)
propanoate, followed by a peptide coupling with 5-(4-
bromophenyl) nicotinic acid. This product would then
undergo a Suzuki coupling with furan-2-boronic acid and,
at last, amination of the ethyl ester to form 10115.
Unfortunately, after trying over 12 different reaction
conditions in the first step, the Suzuki coupling never

worked. Within these 12 attempts, the base, catalyst,
solvent system, and additives (i.e. KF) were altered to
improve the stability of the boronic acid since homocoupling
was often observed. In this study, three additional
improvements were tried. The first was the use of
phenylboronic acid pinacol ester to improve the stability of
the boronic acid. In a second attempt, the boronic acid was
installed on ethyl 3-amino-3-(4-bromophenyl) propanoate,
and then bromophenyl was used in a Suzuki coupling. A
Kumada coupling was tried in a third attempt to make this
coupling work; this cross-coupling reaction uses a Pd or Ni
catalyst, a Grignard reagent, and an aryl halide.
Unfortunately, all three approaches did not yield the desired
product. Therefore, it was decided to do retrosynthesis of
10115 and design a new synthesis route that could be done
from in-house chemicals. Since the synthesis of the biphenyl
showed to be unsuccessful, the aim was to avoid a cross-
coupling reaction on the bromophenyl part. This resulted in
the synthesis scheme which is shown in Scheme 3.

This approach started with a reaction between an acid
chloride and N,O-dimethyl hydroxylamine, which is a
Weinreb reagent. Usually, the direct transformation of
carboxylic acids, esters and acid chlorides to aldehydes or
ketones do not give high yields due to the high reactivity of
the ketone intermediates. To overcome these issues,
Weinreb reagents are used in organic chemistry to form
stable intermediates and, therefore, aldehydes and ketones.
Within this project, the Weinreb intermediate (1G) was
reacted with LiAlHs to reduce it to the corresponding
aldehyde (2G) in a high yield [25]. Next, a Rodionov
reaction on the aldehyde yielded the B-amino acid, 3G [26].
This reaction, however, gave a relatively low yield (35%) for
the biphenyl compound, which is in line with the literature
on this exact reaction [27]. Therefore, further optimisation
is crucial when used on a larger scale in the future. This
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Ry: Bror Furan
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R3: OH, OCH,CH, or NHCH,
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Scheme 8: Synthesis overview to 10115 and its derivatives; a) EtsN, DCM b) LiAlH;, THF ¢) Malonic acid, NH;OAc, EtOH, Refluz d)
SOCls, EtOH, Reflux e¢) HATU/DIPEA, DMF f) 2M NaOH, EtOH, Refluz or /0% MeNHs, MeOH
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Scheme 4: Synthesis scheme of 8H; a) Boc2O, DMAP, THF, Refluz b) Furan-2-boronic acid, Pd(dppf)Cls, NaOtBu, 20% H20 in THF,

Reflux ¢) TFA, DCM.

should be possible since a recent article by Rodriguez-Mata
et al. showed that changing the molar equivalents between
the reactants could achieve an 84% yield in this reaction
[28]. In the next step, esterification on the carboxylic acid
was done using thionyl chloride to form an acid chloride
intermediate to increase the electrophilicity of the carbonyl.
To then undergo esterification with ethanol to yield 4G. To
form the next product, 4G should be reacted with 5-(4-
(furan-2-yl)phenyl)nicotinic acid (3H), which was first
made from 5-(4-bromophenyl) nicotinic acid, Scheme 4.

3H was synthesised as a separate fragment since it allowed
multiple derivatives synthesised with just a peptide
coupling as the final reaction, easing purification. To
synthesise 3H, first, the 5-(4-bromophenyl) nicotinic acid
was protected using DMAP and Di-tert-butyl dicarbonate
to yield 1H. Then a Suzuki coupling with furan-2-boronic
acid was done using Pd(dppf)Cl: and sodium tert-butoxide
in 20% water/THF to yield 2H. In the final step, 2H was
deprotected using TFA to yield 3H.

Then the final compounds could be synthesised by doing a
peptide coupling using HATU/DIPEA in DMF. As shown
in the lower part of scheme 3, this was done between four
different fragments to yield three ester derivatives of 10115.
These derivatives are esters in Rs and have either an
extension with a furan ring in Ri (5H), or a phenyl in R»
(5G) or both to give 6G. From derivative 6G, 10115 could
be synthesised by amination with 40% methylamine in
methanol. The last derivative was synthesised by hydrolysis
of 6G, yielding the corresponding carboxylic acid (6G-A).

This approach allowed us to synthesise compound 10115
and its four derivatives, which form the start of a small
library. With the ethyl ester in Rs and the bromines in the
R:i and R» positions of the fragments, a lot of different
substituents can be made to expand the library and gain
more knowledge on OGT inhibition. One of the downsides
of this approach is that it does mnot allow for the
stereoselective synthesis of the final compounds. The
starting material  (ethyl 3-amino-3-(4-bromophenyl)
propanoate) from the original synthesis route could be
obtained enantiomerically pure from chemical suppliers.
Therefore, it allowed for the synthesis of the R and S
isomers, while this approach only allows the racemic
mixture to be synthesised. The enantiomers are crucial since
the 3D structures of the inhibitors differ significantly. Thus,
they are expected to have different 1Cs values since the

biphenyl part would point towards a different pocket in
OGT. Therefore, separating the enantiomers and finding
the most active is essential, especially considering that the
previously determined ICso of 24 pM of 10115 is also
derived from the racemic mixture. For that reason, it is
thought that the more active enantiomer can potentially be
as potent as the most potent OGT inhibitors to date.

There are a few methods to separate the enantiomers. The
first way is by using crystallisation; it is possible to
crystallise only one isomer using a suitable solvent. If this
does not work, chiral resolution is a technique that can be
tried. This is a known process in stereochemistry to separate
enantiomers of racemic mixtures.

In chiral resolution, a reaction of the racemic compound
with a chiral enantiomerically pure derivatising reagent is
carried out to make diastereomers. Diastereomers are
known to be separable by conventional crystallisation or
HPLC. This technique is also applied in a modern-day
method in the synthesis of Duloxetine [29]. A potential way
to separate the enantiomers is by using Mosher’s acid, a
derivatising agent. This can be reacted with 3G to form an
amide, allowing the enantiomers to be separated and then
hydrolysed under strongly alkaline conditions to yield pure
R-3G and S-3G [30].

The synthesised derivatives and the two fragments of
10115 have not been tested yet. Therefore, it remains
unknown what the exact ICso values of the derivatives will
be. Once the compounds have been tested using the
fluorescence assay, the data will be used in a docking study.
In this way, we combine the earlier described DEL and hit
optimisation techniques to find novel OGT inhibitor
scaffolds with high target affinities. Short term docking
studies will focus on finding different substituents in the R1,
2 and 3 positions to improve target affinity or
physiochemical properties.

6. Conclusion

In this research, we successfully synthesised five derivatives
of Vs-51, with compound 6A;: having an IC50 of 27 +
13pM being the most potent. Even though two of the five
compounds have not been tested with the fluorescence
activity assay yet, we have already improved our insight
into improving Vs-51 as an OGT inhibitor. It has been
found that extending the inhibitor with an extra ring in the
R» position leads to complete loss of inhibitory activity;
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however, adding a furan in Ri: lead to an increase in
inhibitory activity. Installing chlorine in R3 to mimic the
cation-dipole interaction of OSMI-4 didn’t result in
improved activity and even led to solubility issues. These
results will be used in further hit optimisation studies to
improve the Vs-51 scaffold.

The second part of this research successfully designed a
synthesis route to make 10115. The designed synthetic
route allows the synthesis of numerous more derivatives of
10115; in this research, already four are synthesised and
form a small library. This library can then be used in a hit
optimisation study to improve the inhibitory effect of the
10115 scaffolds. At last, a promising method for separating
the enantiomers, chiral resolution, can improve target
affinity by getting the enantioselective compounds. Thereby
potentially getting 10115 up with the most potent OGT
inhibitors up to date.

Supporting Information

In the Supplementary data, all the obtained 'H-NMR and
BC-NMR spectra from this study are presented.
Supplementary data

Experimental section

All reagents and solvents were commercially available and
used without further purification. Water used for isolations
was purified. Column chromatography was carried out on
silica gel 60 Merck 0.040-0.063 mm. 'H NMR and *C NMR,
spectra were recorded using an Agilent 400-MR spectrom-
eter operating at 400 MHz for 'H and 101 MHz for “C.
Alternatively, they were recorded using a
Bruker 600 UltraShield spectrometer operating at 600 MHz
for 'H and 151 MHz for **C. The chemical shifts (§ values)
and coupling constants (J values) are given in ppm and
hertz (Hz), respectively. HPLC analysis was performed on
a Thermo Scientific Dionex UltiMate 3000 system (Thermo
Fisher Scientific Inc., Waltham, MA, USA), using an
Accucore Cis column (2.6 pm, 100 x 4.6 mm), at a flow rate
of 0.8 mL/min, temperature 45°C and injection volume of 5
pL. Method: The eluent was a mixture of 0.1% TFA in 95%
water /acetonitrile  (A) and  0,1% TFA  95%
acetonitrile/water (B). The gradient was 0% B for 2 min,
then to 100% B in 50 min, and then 100% B for 2 min. The
purity of all the tested compounds was established to be
>95%, except for 6A1 (92%) and 6A2 (75%).

Fluorescence activity assay

The fluorescence activity assay was performed as published
before [31]. OGT reactions were carried out in a final
volume of 25 L, containing 2,8uM glycosyl donor; BFL-
UDP-GIcNAc, 50-200 nM of purified full-length OGT,
9,2nM glycosyl acceptor HCF-1 serine in OGT reaction
buffer which is 1x PBS pH:7,4, 1 mM DTT, 12,5 mM MgCls.
These reactions were incubated at RT for 1 hour in the
presence of different concentrations of inhibitors, which
were first incubated with OGT for 5 minutes. Then the
reactions were stopped by a mix of UDP (final
concentration 2mM) and a solution of Nanolink® magnetic
streptavidin beads (Vector Laboratories, Burlingame, CA,
USA). This was incubated at RT for 30 minutes, and next,
the beats were immobilised on a magnetic surface and

washed with PBS-tween 0,01%. At last, the beats were
resuspended in PBS-tween 0,01% and transferred into a
microplate. A POLARstarR® Omega microplate reader
(BMG LABTECH, Ortenberg, Germany) or a Synergie H4
Hybrid Reader (BioTek, Winooski, VT, USA) were used for
reading the fluorescence at Ex/Em= 485/530. This data
was then normalised and plotted with GraphPad Prism
8.2.1 software. The ICs was calculated using a nonlinear
regression-based fitting of the inhibition curves using the
(inhibitor)  against  response-variable  slope  (four
parameters).

Synthesis of Vs-51 derivatives

2-acetyl-N-(p-tolyl)
(4A)

4-tosyl thiocyanate (291 mg, 1,95 mmol) and acetyl
hydrazide (154 mg, 2,07 mmol) were dissolved in 4 mL
ethanol and refluxed for 3 h. TLC was used to monitor the
reaction (100% EtOAc). The mixture was allowed to
crystalise overnight at 4-7°C. The formed crystals were
filtered off and dried. This resulted in white crystals (yield:
87%).

'H NMR (400 MHz, DMSO) & 9.83 (s, 1H), 9.52 (s, 1H),
9.43 (s, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.1 (d, J = 8.1 Hz,
2H), 2.28 (s, 3H), 1.88 (s, 3H).

5-methyl-4-(p-tolyl)-2,4-dihydro-3H-1,2,4-triazole-
3-thione (5A)

4A (379 mg, 1,7 mmol) was dissolved in 5 mL 2N NaOH
solution (H20: EtOH) and refluxed for 3 h. TLC was used
to monitor the reaction (100% EtOAc). When the reaction
was completed, the mixture was acetified to pH=4 by a 37%
HCl1 solution; a white precipitate was formed. The
precipitate was filtered off and dried. This resulted in a
white solid (yield: 84%).

'H NMR (400 MHz, DMSO) § 7.36 (d, J = 8.1 Hz, 2H),
7.82 — 7.26 (m, 2H), 2.39 (s, 3H), 2.08 (s, 3H).

5-(2-((5-methyl-4-(p-tolyl)-4H-1,2,4-triazol-3-yl)
thio) acetyl) indolin-2-one (6A1)

5A (95,4 mg, 0,465 mmol), 5-(chloroacetyl) oxindole (127
mg, 0,606 mmol) and sodium bicarbonate (41,2 mg; 0,49
mmol) were dissolved in 10 mL absolute ethanol and
refluxed at 40° C until TLC showed full conversion was
achieved (1:15 MeOH: DCM). Then the mixture was
concentrated, and ice was added to the mixture and stirred

hydrazine-1-carbothioamide

until it was completely molten. The formed precipitate was
filtered off and dried. The precipitate was purified using
column chromatography (1:30 MeOH: DCM). The product
was concentrated and dried. This resulted in a pale pink
solid (yield: 79%). NMR spectra showed solvent traces.

'H NMR (400 MHz, DMSO) & 10.81 (s, 1H), 7.89 (dd, J =
8.2, 1.9 Hz, 1H), 7.85 — 7.80 (m, 1H), 7.44 — 7.56 (m, 2H),
7.86 — 7.28 (m, 2H), 6.92 (dd, J = 8.2, 3.5 Hz, 1H), .76
(s, 2H), 3.57 (s, 2H), 2.40 (s, 3H), 2.18 (s, 3H).

“C NMR (151 MHz, DMSO) 6 191.67, 176.74, 152.58,
149.21, 148.90, 139.64, 130.57, 130.37, 129.69, 128.76,
126.80, 126.23, 124.59, 108.83, 40.01, 35.48, 20.74, 10.83.
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6-chloro-5-(2-((5-methyl-4-(p-tolyl)-4H-1,2,4-tria-
zol-3-yl) thio) acetyl) indolin-2-one (6A2)

The same method as for 6 A1 was used, but 1,2 eq. (138 mg,
0,57 mmol) of 6-chloro-5-(2-chloroacetyl) indolin-2-one was
added to 5A (0,0961g; 0,4681 mmol). This resulted in a pink
solid (yield: 63%). NMR spectra showed solvent traces.

'H NMR (600 MHz, DMSO) & 10.83 (s, 1H), 7.72 (s, 1H),
7.40 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 6.90
(s, 1H), 4.70 (s, 2H), 8.56 (s, 2H), 2.40 (d, J = 5.5 Hz,
3H), 2.18 (s, 5H).

C NMR (151 MHz, DMSO) 6 193.26, 176.53, 152.41,
149.07, 148.07, 139.68, 131.16, 131.10, 130.48, 130.39,
128.38, 127.38, 126.74, 126.67, 126.54, 126.14, 125.06,
110.84, 40.06, 20.74, 10.81.

4-(nitrophenyl) morpholine (1B)

1-fluoro-4-nitrobenzene (1,01 g, 7,19 mmol), morpholine (1
mL, 11,59 mmol) and triethylamine (3 mL, 21,52 mmol)
were dissolved in 7,5 mL acetonitrile and refluxed at 80 ° C
for 3 h. TLC was used to monitor the reaction (EtOAc: PE
1:5). The reaction was slowly cooled and poured into 30 mL
of water and extracted twice with 30 mL EtOAc. The or-
ganic layers were combined and washed with a brine
solution, dried over sodium sulfate, and concentrated. This
resulted in a yellow solid (yield: 86%).

'H NMR (400 MHz, CDCl;) § 8.19 — 8.10 (m, 2H), 6.88 —
6.79 (m, 2H), 3.90 — 3.83 (m, 4H), 3.41 — 8.3/ (m, 4H).

4-merpholinoaniline (2B)

1B (1,28 g, 6,15 mmol) was dissolved in 20 mL technical
ethanol and flushed with argon for 10 minutes. Then 10
m/m% Pd/C complex was added to the mixture and was
stirred overnight under hydrogen. TLC was used to monitor
the reaction (EtOAc: PE 1:1). Once the reaction was
complete, the Pd/C complex was filtered off, and the filtrate
was concentrated to yield a purple solid (yield: 87%). NMR
spectra showed solvent traces.

'H NMR (400 MHz, DMSO) § 6.70 — 6.6/ (m, 2H), 6.52 —
6.45 (m, 2H), .56 (s, 2H), 3.70 — 3.65 (m, 4H), 2.89 -
2.82 (m, 4H).

4-(4-isothiocyanatophenyl) Morpholine (3B)

2B (489 mg, 2,74 mmol) and triethylamine (1 mL, 7,17
mmol) were dissolved in 5 mL THF. Argon was flushed
through the solution for 10 minutes. Then, carbon
disulphide (0,4 mL, 6,62 mmol) was slowly added to the
solution while cooled with an ice bath. The reaction was
stirred overnight and monitored by TLC (EtOAc: PE 1:1).
When 2B was converted into the dithiocarbamate salt,
tosyl chloride (695 mg, 3,64 mmol) was added to the
mixture and stirred for 1 hour. When the dithiocarbamate
salt was converted into the corresponding isothiocyanate,
the mixture was poured into a 1M HCI solution (10 mL)
and extracted three times with 10 mLL MTBE. The organic
layers were combined, dried, and concentrated. Then tosyl
chloride was removed from the mixture by column chroma-
tography; first, 100% PE was used to elute tosyl chloride,
and then 5:1 PE: EtOAc was used to elute 3B. The product
was concentrated and dried to yield a pale-yellow solid

(70%).

'H NMR (400 MHz, DMSO) § 7.51 — 7.22 (m, 2H), 6.97
6.88 (m, 2H), 3.72 — 8.65 (m, 4H), 3.15 — 3.08 (m, 4H).

2-(furan-2-carbonyl)-N-(4-morpholinophenyl)  hy-
drazine-1-carbothioamide (4B)

3B (418 mg, 1,9 mmol) and 2-furoic hydrazide (248 mg,
1,97 mmol) were dissolved in 10 mL ethanol and refluxed
for 3 h. TLC was used to monitor the reaction (5:1 PE:
EtOAc). The mixture was allowed to crystalise overnight at
4-7° C. The formed crystals were filtered off and dried. This
resulted in off-white crystals (yield: 75%). NMR spectra
showed solvent traces.

'H NMR (400 MHz, DMSO) & 10.36 (s, 1H), 9.6/ (s, 1H),
9.51 (s, 1H), 7.90 (dd, J = 1.8, 0.8 Hz, 1H), 7.25 (s, 2H),
7.22 (s, 1H), 6.89 (d, J = 9.0 Hz, 2H), 6.66 (dd, J = 3.5,
1.7 Hz, 1H), 3.73 (dd, J = 6.0, 3.6 Hz, JH), 3.11 — 3.01
(m, 4H).
2-(furan-2-yl)-4-(4-morpholinophenyl)-2,4-dihydro-
3H-pyrazole-3-thione (5B)

4B (444 mg, 1,28 mmol) was dissolved in 5 mL 2N NaOH
solution (H20: EtOH) and refluxed for 3 h. TLC was used
to monitor the reaction (100% EtOAc). When the reaction
was completed, the mixture was acetified to pH=4 by a 37%
HCl1 solution; a white precipitate was formed. The
precipitate was filtered off and dried. This resulted in a
white solid (yield: 88%). NMR spectra showed solvent
traces.

'H NMR (400 MHz, DMSO) & 7.82 (d, J = 1.8 Hz, 1H),
7.22 (d, J = 8.9 Hz, 2H), 7.08 (d, J = 8.6 Hz, 2H), 6.51
(dd, J = 3.6, 1.8 Hz, 1H), 5.88 (d, J = 3.4 Hz, 1H), 3.76
(t, J = 4.8 Hz, JH), 5.23 (t, J = 4.9 Hz, 4H).

5-(2-((5-(furan-2-yl)-4-(4-morpholinophenyl)-4H-
1,2,4-triazol-3-yl) thio) acetyl) indolin-2-one (6B:)

5B (50,6 mg, 0,155 mmol), 5-(chloroacetyl) oxindole (40,3
mg, 0,192 mmol) and sodium bicarbonate (13,1 mg, 0,156
mmol) were dissolved in 10 mL absolute ethanol and
refluxed at 40° C until TLC showed full conversion was
achieved (1:15 MeOH: DCM). Then the mixture was
concentrated, and ice was added to the mixture and stirred
until it was completely molten. The formed precipitate was
filtered off and dried. The precipitate was purified using
column chromatography (1:30 MeOH: DCM). The product
was concentrated and dried. This resulted in a pale pink
solid (yield: 35%). NMR spectra showed solvent traces.

'H NMR (600 MHz, DMSO) § 10.83 (s, 1H), 7.92 (ddd, J
= 8.8, 1.8, 0.9 H, 1H), 7.85 (t, J = 1.3 Hz, 1H), 7.78 (dd,
J = 1.8, 0.8 Hz, 1H), 7.32 — 7.26 (m, 2H), 7.12 — 7.07 (m,
2H), 6.93 (d, J = 8.2 Hz, 1H), 6.52 (dd, J = 3.5, 1.8 Hz,
1H), 6.09 (dd, J = 3.5, 0.8 Hz, 1H), 4.85 (s, 2H), 3.78 —
3.7 (m, 4H), 3.58 (s, 2H), 3.26 — 3.22 (m, JH).

50 NMR (151 MHz, DMSO) & 192.13, 177.23, 152.35,
152.25, 148.07, 145.16, 1/1.58, 130.22, 129.21, 128.63,
126.74, 125.10, 123.83, 115.42, 112.07, 111.43, 109.3/,
66.44, 47.84, 35.97, 29.46 (d, J = 6.4 Hz).
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4-(nitrophenyl) piperazine (1D)

1-fluoro-4-nitrobenzene (880,1 mg, 6,24 mmol), piperazine
(1,725 g, 20,03 mmol) and triethylamine (2,25 mL, 16,14
mmol) were dissolved in 7,5 mL acetonitrile and refluxed at
80°C for 3 h. TLC was used to monitor the reaction
(EtOAc: PE 1:1). The reaction was slowly cooled, poured
into 30 mL of water, and extracted four times with 30 mL
EtOAc. The organic layers were combined and washed with
a brine solution, dried over sodium sulphate, and
concentrated. The product was purified using column
chromatography; first, 1:1 PE: EtOAc was used to elute the
side product, and then 10% MeOH in DCM was used to
elute 1D. Then the product was concentrated and dried,
resulting in a yellow solid (yield: 96%).

'H NMR (400 MHz, DMSO) & 8.08 — 7.99 (m, 2H), 7.04
6.95 (m, 2H), 3.36 (dd, J = /.3, 2.6 Hz, 4H), 2.83 — 2.76
(m, 4H).

1-Boc-4-(4-Nitrophenyl) piperazine (2D)

1D (1,233 g, 5,95 mmol) and di-tert-butyl-dicarbonate (1,46
g, 6,71 mmol) were dissolved in 10 mL demineralized water
and stirred for 1 hour. After TLC showed that 2D was
formed, ammonia (0,25 mL, 6,28 mmol) was added to the
solution and stirred for 1 hour. Then 2D was filtered off,
washed with water, and dried under a high vacuum; this
resulted in a yellow solid (yield: 96%).

'H NMR (400 MHz, DMSO) & 8.12 — 8.03 (m, 2H), 7.06 -
6.97 (m, 2H), 3.48 (s, 8H), 1.43 (s, 9H).

4-(4-Boc-piperazin-1-yl) aniline (3D)

2D (1,1 g, 3,58 mmol) was dissolved in 20 mL technical
ethanol and flushed with argon for 10 minutes. Then 10
m/m% Pd/C complex was added to the mixture and was
stirred overnight under hydrogen. TLC was used to monitor
the reaction (EtOAc: PE 1:1). Once the reaction was
complete, the Pd/C complex was filtered off, and the filtrate
was concentrated to yield a purple solid (yield: 96,6%).

'H NMR (400 MHz, DMSO) & 6.72 — 6.67 (m, 2H), 6.52
6.46 (m, 2H), .60 (s, 2H), 3.41 (t, J = 5.1 Hz, JH), 2.86
- 2.79 (m, 4H), 1.41 (s, 9H).

1-Boc- 4-(4-isothiocyanatophenyl) piperazine (4D)

3D (488,6 mg, 2,74 mmol) and triethylamine (1 mL, 7,17
mmol) were dissolved in 5 mL THF. Argon was flushed
through the solution for 10 minutes. Then, carbon
disulphide (0,4 mL, 6,62 mmol) was slowly added to the
solution while cooled with an ice bath. The reaction was
stirred overnight and monitored by TLC (EtOAc: PE 1:1).
When 2B was converted into the dithiocarbamate salt,
tosyl chloride (695 mg, 3,64 mmol) was added to the
mixture and stirred for 1 hour. When the dithiocarbamate
salt was converted into the corresponding isothiocyanate,
the mixture was poured into a 1M HCI solution (10 mL)
and extracted three times with 10 mLL MTBE. The organic
layers were combined, dried, and concentrated. Then tosyl
chloride was removed from the mixture by column chroma-
tography; first, 100% PE was used to elute tosyl chloride,
and then 5:1 PE: EtOAc was used to elute 4D. The product
was concentrated and dried to yield a pale-yellow solid
(70%). NMR spectra showed solvent traces.

'H NMR (400 MHz, DMSO) § 7.34 — 7.25 (m, 2H), 7.00 —
6.92 (m, 2H), 8.4 (dd, J = 6.4, 3.9 Hz, 5H), 5.17 (dd, J
= 6.4, 4.0 Hz, 4H), 1.41 (s, 9H).

2-acetyl-N-(4-morpholinophenyl) hydrazine-1-car-
bothioamide (5D)

4D (1,02 g, 3,19 mmol) and furoic hydrazide (422 mg, 3,3
mmol) were dissolved in 10 mL ethanol and refluxed for 3
h. Then the mixture was slowly cooled to room temperature
and left in the fridge the crystalise overnight. A pale-yellow
solid was filtered off and dried (yield: 61%). NMR spectra
showed solvent traces.

'H NMR (400 MHz, DMSO) § 10.34 (s, 0H), 9.60 (s, 1H),
9.49 (s, 0H), 7.88 — 7.83 (m, 1H), 7.19 (t, J = 7.5 Hz, 3H),
6.86 (d, J = 8.9 Hz, 2H), 6.65 (dd, J = 3.5, 1.7 Hz, 1H),
3.43 ~ 3.40 (m, 4H), 3.0 (t, J = 5.2 Hz, 4H), 1.38 (s, 9H).

5-(furan-2-yl)-4-(4-(piperazin-1-yl) phenyl)-2,4-di-
hydro-3H-1,2,4-triazole-3-thione (6D)

5D (700 mg, 1,57 mmol) was dissolved in 2N NaOH solution
(H20: EtOH) and refluxed for 3 h. TLC was used to monitor
the reaction (1:1 EtOAc: PE). When the reaction was
complete, the mixture was acetified to pH=4 by a 37% HCI
solution and a white precipitate was formed. The suspension
was filtered, and the filtrate was stirred in 1 M HCI solution
for 1 hour to deprotect the compound (TLC was used to
monitor the deprotection). Then, the white solid was
filtered off, washed with water, and dried to yield the
desired compound (yield: 66%). NMR spectra showed
solvent traces.

'H NMR (400 MHz, DMSO) § 7.83 (dd, J = 1.8, 0.7 Hz,
1H), 7.28 (d, J = 9.0 Hz, 2H), 7.1{ (d, J = 9.0 Hz, 2H),
6.52 (dd, J = 3.5, 1.8 Hz, 1H), 5.89 (dd, J = 3.5, 0.8 Hz,
1H), 3.47 (t, J = 5.2 Hz, H), 3.27 (d, J = 5.4 Hz, 4H).

5-(2-((5-(furan-2-yl)-4-(4-(piperazin-1-yl) phenyl)-
4H-1,2,4-triazol-3-yl) thio) acetyl) indolin-2-one
(7Dy)

6D (50,7 mg, 0,15 mmol), 5-(chloroacetyl) oxindole (34,7
mg, 0,16 mmol) and potassium carbonate (22 mg, 0,16
mmol) were dissolved in 3 mL absolute ethanol under argon.
The mixture was stirred at RT for 72 h and turned from a
white to a light pink suspension. TLC was used to monitor
the reaction (1:15 MeOH: DCM + Et3N). Then the mixture
was concentrated, and the residue was stirred in ice. When
a suspension in water was formed, the solid was filtered off
and washed with cold water. Then the product was dis-
solved in a 1:30 MeOH: DCM mixture and ran on a silica
column with the respective eluent. When the indole was
eluted, EtsN was added to the eluent to elute compound
7D:, which after concentrating the fractions, yielded a light
pink solid (yield: 93%).

'H NMR (600 MHz, DMSO) & 10.83 (s, 1H), 7.92 (dd, J =
8.1, 1.8 Hz, 1H), 7.85 (s, 1H), 7.78 (d, J = 1.6 Hz, 1H),
7.80 ~ 7.19 (m, 2H), 7.12 — 7.05 (m, 2H), 6.94 (d, J = 8.2
Hz, 1H), 6.5 — 6.50 (m, 1H), 6.08 (d, J = 3.6 Hz, 1H),
4.85 (s, 2H), 3.58 (s, 2H), 8.20 (t, J = 5.1 Hz, JH), 2.88
(t, J = 5.1 Hz, 4H).

30 NMR (101 MHz, DMSO) & 191.66, 176.77, 152.21,
151.83, 148.96, 147.63, 144.67, 1/1.12, 129.75, 128.75,
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128.10, 126.27, 124.63, 122.88, 115.06, 111.59, 110.95,
108.88, 47.92, 45.21, 35.50.

6-chloro-5-(2-((5-(furan-2-yl)-4-(4-(piperazin-1-yl)
phenyl)-4H-1,2,4-triazol-3-yl) thio) acetyl) indolin-
2-one (7D2)

The same method as for 7D1 was used, but now 6-chloro-5-
(2-chloroacetyl) indolin-2-one (21,2 mg, 0,087 mmol) was
added to 6D (27 mg; 0,083 mmol). This resulted in a pink
solid (yield: 98%).

'H NMR (600 MHz, DMSO) & 10.81 (s, 1H), 7.78 (d, J =
1.8 Hz, 1H), 7.76 (s, 1H), 7.27 — 7.22 (m, 2H), 7.10 - 7.07
(m, 2H), 6.92 (s, 1H), 6.52 (dd, J = 3.5, 1.8 Hz, 1H), 6.09
(d, J = 3.5 Hz, 1H), 4.78 (s, 2H), 3.57 (s, 2H), 3.25 (t, J
= 5.2 Hz, JH), 2.9/ (t, J = 5.2 Hz, 4H).

Synthesis of 10115 derivatives

N-methoxy-N-methyl-[1,1'-biphenyl]-4-carbox-
amide (1G)

4-biphenylcarbonyl chloride (9,98 g 46,19 mmol) and N,O-
dimethylhydroxylamine (4,67 g, 47,91 mmol) were dissolved
in DCM and put in an ice bath. Then triethylamine (13 mL,
93,27 mmol) was added slowly, and the suspension was
stirred overnight. Once TLC showed complete conversion,
the reaction was quenched with 20 mL of saturated
ammonium chloride solution and stirred for 30 minutes.
Then, the aqueous phase was extracted with DCM and then
extracted with brine. Subsequently, the organic phase was
dried using magnesium sulphate and then concentrated and
dried. The product was purified using column
chromatography with 30% EtOAc in PE (yield: 82%). NMR
spectra showed solvent traces.

'H NMR (400 MHz, CDCls) 6 7.82 — 7.7} (m, 2H), 7.67 —
7.58 (m, JH), 7.51 — 742 (m, 2H), 7.42 — 7.3 (m, 1H),
3.60 (s, 3H), 5.39 (s, SH).

[1,1'-biphenyl]-4-carbaldehyde (2G)

1G (9,1 g, 37,74 mmol) was dissolved in THF and cooled
down to -78 ° C using dry ice. Then, 1M LiALH, in THF (44
mL, 44 mmol) was added in small portions over 1 hour.
After 1 hour of stirring, the reaction was allowed to warm
to 4° C slowly and stirred overnight. The reaction was
monitored using TLC (which required small work up) using
50% EtOAc in PE as an eluent. Once the reaction did not
proceed, it was quenched with a 10% potassium bisulphate
solution at 4 ° C and allowed to RT. Then the product was
concentrated, and water was added to the mixture. Then it
was extracted using ethyl acetate three times, and then the
organic phase was extracted using brine once. Subsequently,
the organic layer was dried using magnesium sulphate and
concentrated and dried to yield 2G (yield: 93%). NMR
spectra showed solvent traces.

'H NMR (400 MHz, CDCls) 6 10.06 (s, 1H), 8.00 — 7.92
(m, 2H), 7.80 — 7.72 (m, 2H), 7.68 - 7.62 (m, 2H), 7.59 -
745 (m, 2H), 7.45 — 740 (m, 1H).

3-([1,1'-biphenyl]-4-yl)-3-aminopropanoic acid (3G)
2G (6,4 g, 35,15 mmol), malonic acid (4,22 g, 40,56 mmol)

and ammonium acetate (6,67 g, 86,55 mmol) were dissolved
in ethanol. This was then refluxed overnight, after which a

white precipitate was formed. The reaction was allowed to
cool down to RT, and the precipitate was collected by
vacuum filtration and washed with ethanol. Then the
precipitated was dried and analysed (yield: 35%). NMR
spectra showed solvent traces.”H NMR (400 MHz, D:0O +
K:COs3) 6 7.78 (t, J = 8.0 Hz, 4H), 7.58 (1, J = 8.3 Hz,
4H), 7.46 (d, J = 7.8 Hz, 1H), 4.34 (d, J = 7.7 Hz, 1H),
2.63 (d, J = 7.5 Hz, 2H).

Ethyl 3-([1,1'-biphenyl]-4-yl)-3-aminopropanoate
(4G)

3G (225 mg, 1,06 mmol) was suspended in ethanol and
cooled using an ice bath. Then thionyl chloride (0,09 mL,
3,22 mmol) was slowly added to the reaction, upon which a
clear solution formed. This was refluxed for 3 h until TLC
showed the reaction was over. The reaction was cooled down
to RT and concentrated and purified using column
chromatography using 70% EtOAc/PE as an eluent (92%).
NMR spectra showed solvent traces.

'H NMR (400 MHz, CDCl;) § 8.91 (s, 2H), 7.68 — 7.5 (m,
4H), 7.50 (d, J = 7.4 Hz, 2H), 7.36 (dt, J = 13.4, 7.0 Hz,
3H), 4.80 (s, 1H), 4.12 — 3.93 (m, 2H), 3.30 (s, 1H), 3.09
(s, 1H), 1.10 (s, 3H).

Tert-butyl 5-(4-bromophenyl) nicotinate (1H)

5-(4-bromophenyl) nicotinic acid (250 mg, 0,903 mmol) and
DMAP (224 mg, 0,183 mmol) were dissolved in THF and
put under reflux. Then, di-tert-butyl decarbonate (494,5
mg, 2,267 mmol) was dissolved in THF and dropwise added
to the reaction. This mixture was refluxed for 4 h and moni-
tored using TLC. Once the reaction was completed, the re-
action was allowed to cool down to RT and concentrated.
Then the residue was dissolved in MTBE and extracted
with; demi-water, 1 M phosphoric acid, demi-water, 10%
sodium carbonate solution and brine. Then the organic layer
was dried using magnesium sulphate and concentrated to
yield 1H (yield: 55%).

'H NMR (400 MHz, CDCl;) § 9.15 (d, J = 2.0 Hz, 1H),
8.93 (d, J = 2.8 Hz, 1H), 8.39 (t, J = 2.2 Hz, 1H), 7.68 -
7.60 (m, 2H), 7.53 — 7.45 (m, 2H), 1.63 (s, 9H).

Tert-butyl 5-(4-(furan-2-yl)phenyl)nicotinate (2H)

1H (165 mg, 0,495 mmol) and Pd(dppf)Cl: (16,5 mg, 0,028
mmol) and sodium tert-butoxide (53,2 mg, 0,55 mmol) were
dissolved in 90% THF in water. Next, a vacuum was pulled
inside the setup, which was then flushed with argon, this
was repeated three times, and then the reaction was put
under reflux. After this, a droplet funnel was used to add
furan-2-boronic acid (62,2 mg, 0,56 mmol) over 1 hour and
allowed to reflux overnight. Once TLC showed the reaction
was not proceeding anymore, the reaction was cooled to RT
and concentrated. Then water was added and extracted
using DCM, after which the organic layer was washed using
brine, dried over magnesium sulphate, concentrated, and
dried. Column chromatography was used to purify 2H using
30% EtOAc/PE as eluent (yield: 59%)

'H NMR (400 MHz, CDCl;) & 9.18 (d, J = 2.0 Hz, 1H),
9.00 (d, J = 2.3 Hz, 1H), 8.45 (t, J = 2.2 Hz, 1H), 7.8/ -
777 (m, 2H), 7.69 — 7.61 (m, 2H), 7.5} — 7.49 (m, 1H),
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6.7 (dd, J = 3.4, 0.8 Hz, 1H), 6.52 (dd, J = 3.4, 1.8 Hz,
1H), 1.64 (s, 9H).

5-(4-(furan-2-yl)phenyl)nicotinic acid (3H)

2H (85,8 mg, 0,037 mmol) was dissolved in 10 mL DCM
and cooled using an ice bath, then 1 mL of TFA was added,
and the mixture was allowed to stir overnight at RT. Once
TLC showed full deprotection of 2H, the mixture was
concentrated, and column chromatography was used to pu-
rify 3H using 10% MeOH/DCM and triethylamine (yield:
92%).

'H NMR (400 MHz, DMSO) & 9.05 (s, 2H), 8.48 (s, 1H),
7.85 (s, 4H), 7.80 (d, J = 1.8 Hz, 1H), 7.07 (d, J = 3.2 Hz,
1H), 6.64 (dd, J = 3.4, 1.8 Hz, 1H).

Ethyl 3-([1,1'-biphenyl]-4-y1)-3-(5-(4-bromo-
phenyl)nicotinamido)propanoate (5G)

5-(4-bromophenyl) nicotinic acid (11 mg, 0,04 mmol),
HATU (18,3 mg, 0,048 mmol) and DIPEA (0,011 mL, 0,115
mmol) were dissolved in 2 mL DMF and stirred for 30 mins
at RT. Then, 4G (12 mg, 0,045 mmol) was dissolved in 1
mL DMF and slowly added to the mixture. The reaction
was stirred for 48 h, concentrated under vacuo and dried.
Purification was done using column chromatography with
30% EtOAc/PE as eluent (yield: 53%). NMR spectra
showed solvent traces.

'H NMR (600 MHz, CDCl;) & 9.11 (s, 1H), 8.99 (s, 1H),
8.58 (s, 1H), 8.07 (d, J = 8.1 Hz, 1H), 7.69 — 7.6} (m, 2H),
7.60 — 7.53 (m, 4H), 7.53 — 7.48 (m, 2H), 7.47 — 7.40 (m,
JH), 7.39 — 7.82 (m, 1H), 5.69 (dt, J = 8.0, 5.7 Hz, 1H),
4.15 (¢, J = 7.1 Hz, 2H), 3.08 (dd, J = 15.9, 5.9 Hz, 1H),
3.01 (dd, J = 15.9, 5.6 Hz, 1H), 1.21 (t, J = 7.1 Hz, 5H).

“C NMR (151 MHz, CDCls) § 171.70, 163.19, 140.94,
140.44, 138.94, 134.21, 132.76, 128.83, 128.75, 127.61,
127.50, 127.06, 126.75, 124.14, 61.27, 50.26, 39.53, 14.10
(d, J = 7.6 Hz).

Ethyl 3-([1,1'-biphenyl]-4-y1)-3-(5-(4-(furan-2-
yl)phenyl)nicotinamido)propanoate (6G)

Compound 6G was synthesised using the same method de-
scribed for 5G but it was done using compound 3H (21 mg,
0,076 mmol) and 4G (24,4 mg, 0,091 mmol). This resulted
in a pale-yellow solid (yield: 54%). NMR spectra showed
solvent traces.

'H NMR (400 MHz, CDCly) § 9.01 (dd, J = 5.6, 2.2 Hz,
2H), 8.38 (t, J = 2.2 Hz, 1H), 7.80 (d, J = 8.4 Hz, 2H),
7.76 (d, J = 8.4 Hz, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.58
(t, J = 8.2 Hz, JH), 7.5 — 749 (m, 1H), 7.49 — 7.40 (m,
JH), 7.5 (t, J = 7.4 Hz, 1H), 6.77 - 6.71 (m, 1H), 6.51
(dd, J = 3.4, 1.8 Hz, 1H), 5.75 - 5.68 (m, 1H), 4.15 (¢, J
= 7.1 Hz, 2H), 3.1/ — 2.97 (m, 2H), 1.21 (t, J = 7.1 Hz,
Ethyl  3-(4-bromophenyl)-3-(5-(4-(furan-2-yl)phe-
nyl)nicotinamido)propanoate (5H)

Compound 5H was synthesized using the same method de-
scribed for 5G but it was done using compound 3H (18,5
mg, 0,07 mmol) and ethyl-3-amino-3-(4-bromophenyl)
propanoate (24 mg, 0,089 mmol). This resulted in a pale-

yellow solid (yield: 23%). NMR spectra showed solvent
traces.

'H NMR (600 MHz, CDCly) 6 9.16 — 8.99 (m, 2H), 8.60 (s,
1H), 8.08 — 8.01 (m, 1H), 7.82 (d, J = 8.8 Hz, 1H), 7.66
(d, J = 8.8 Hz, 2H), 7.52 (dd, J = 1.8, 0.7 Hz, 1H), 7.51 —
746 (m, 2H), 7.46 — 7.40 (m, 1H), 7.28 (d, J = 8.5 Hz,
2H), 7.16 (d, J = 8.3 Hz, 1H), 6.77 (dd, J = 3.4, 0.8 Hz,
1H), 6.52 (dd, J = 3.4, 1.8 Hz, 1H), 5.59 (¢, J = 6.2 Hz,
1H), 4.13 (¢, J = 7.2 Hz, 2H), 1.21 (t, J = 7.1 Hz, SH).

3-([1,1'-biphenyl]-4-y1)-3-(5-(4- (furan-2-yl)phe-
nyl)nicotinamido)propanoic acid (6G-A)

6G (10 mg, 0,019 mmol) was dissolved in 1 mL of ethanol,
and 1 mL of 2M NaOH solution was added and refluxed for
one hour. Once TLC showed the sodium salt was formed,
the reaction was acidified (until pH=4) using a 6M HCI
solution. Then the aqueous layer was extracted using ethyl
acetate. Next, the organic layer is washed using brine, dried
over magnesium sulphate and dried. This resulted in a
yellow solid (yield: 99%). NMR spectra showed solvent
traces.

N-(1-([1,1'-biphenyl]-4-yl)-3-(methylamino)-3-ox-
opropyl)-5-(4-(furan-2-yl)phenyl)nicotinamide
(10115)

6G (8,6 mg, 0,017 mmol) was dissolved in 1 mL methanol,
to which 1 mL of 40% methylamine solution was added; this
was stirred for 24h at RT. After TLC showed full conversion
of 6G, the reaction was concentrated and dried. This
resulted in a beige solid (yield: 95%). NMR spectra showed
solvent traces.

'H NMR (600 MHz, MeOD) & 8.98 (s, 2H), 8.5/ (s, 1H),
7.90 — 7.82 (m, 2H), 7.82 — 7.7} (m, 1H), 7.63 — 7.58 (m,
5H), 7.54 — 7.49 (m, 2H), 7.42 (t, J = 7.8 Hz, 8H), 7.35 -
7.29 (m, 1H), 6.90 — 6.86 (m, 1H), 6.56 (dd, J = 3.4, 1.8
Hz, 1H), 5.6/ (t, J = 7.2 Hz, 1H), 2.95 — 2.8/ (m, 2H),
2.69 (d, J = 1.8 Hz, 3H).

Layman’s summary

O-GlIcNAcylation is a process inside cells that changes a
protein’s function, stability, and interactions. O-GlcNAc
transferase (OGT) is an enzyme involved in this process. In
some diseases, it is observed that O-GlcNAcylation is
dysregulated, and therefore drugs are needed that decrease
the activity of OGT. Inhibitors are small molecules that can
occupy the functional space inside enzymes, reducing the
activity. In the first part of this study, recently found
inhibitors were improved to have higher activity, cell
permeability or solubility. Improving these properties would
make the compound more usable as a drug. This was done
by changing side groups from the original structure.
Unfortunately, this didn’t lead to an improved compound,
but still, a better insight was obtained on improving this
compound in future studies. In the second part of this study,
a synthetic route was designed to get a new inhibitor. This
synthetic route allows the side groups to be changed in the
final steps, which makes alterations of these groups easy.
The compounds’ tunability is significant because they can
still be developed further to improve properties, like in the
first part of this research.
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