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A R T I C L E  I N F O   

Keywords: 
O-GlcNAc transferase 
Inhibition 
DNA-encoded library 

A B S T R A C T   

Finding potent inhibitors of O-GlcNAc transferase (OGT) has proven to be a challenge, especially because the 
diversity of published inhibitors is low. The large majority of available OGT inhibitors are uridine-based or 
uridine-like compounds that mimic the main interactions of glycosyl donor UDP-GlcNAc with the enzyme. Until 
recently, screening of DNA-encoded libraries for discovering hits against protein targets was dedicated to a few 
laboratories around the world, but has become accessible to wider public with the recent launch of the DELopen 
platform. Here we report the results and follow-up of a DNA-encoded library screening by using the DELopen 
platform. This led to the discovery of two new hits with structural features not resembling UDP. Small focused 
libraries bearing those two scaffolds were made, leading to low micromolar inhibition of OGT and elucidation of 
their structure–activity relationship.   

1. Introduction 

O-GlcNAcylation is an emerging topic in medicinal chemistry due to 
its involvement in cancer [1–3], diabetes [4–6] and Alzheimer’s disease 
[7,8]. This intracellular post-translational modification has an impact on 
various biological pathways. O-GlcNAcylation is involved in bone 
marrow differentiation in perinatal bone growth [9], cell life cycle [10], 
autophagy [4], and protein activity [11]. O-GlcNAcylation is also 
involved in crosstalk with phosphorylation, adding to the complexity 
and impact of its role in human biology. O-GlcNAcylation involves only 
two enzymes: O-GlcNAc transferase (OGT) that transfers a β-N-acetyl-
glucosamine moiety from UDP-GlcNAc to protein substrates, and O- 
GlcNAcase (OGA) that removes it. There are three isoforms of OGT with 
different subcellular localization. They have different lengths of their 
TPR domains. These N-terminal regions of the enzyme contain tetra-
tricopeptide repeats (TPRs), consisting of 34 amino acids forming a pair 
of alpha-helixes that form a superhelix which mediates protein–protein 
interactions and substrate recognition [12,13]. The longest and the 
shortest isoforms known as ncOGT (110 kDa − 13.5 TPRs) and sOGT (75 
kDa − 2.5 TPRs), are located in the nucleus and cytoplasm of human 
cells. The third variant is located in mitochondria, and it is known as 
mOGT (103 kDa − 9.5 TPRs) [14]. 

While for OGA inhibition one inhibitor is in clinical trials for tauo-
pathies and Alzheimer’s disease [15,16], OGT inhibition has proven 
more challenging. Known OGT inhibitors include uridine derivatives 
[17], and bisubstrate inhibitors [18–20] that lack cell permeability. 
Virtual screening and compound screening resulted in different uridine 
mimics such as benzo-indolinone, benzo-thiazolone, benzo-oxazolone, 
benzo-imidazolinone [21,22], quinolones [23], and notably 
quinolone-4-sulfonamides. The last group contains the most potent OGT 
inhibitor to date, OSMI-4 [24,25]. Apart from OSMI-4, with a Kd of 8 nM, 
other compounds showed mostly micromolar activity (defined by their 
relative inhibition constants IC50) [26–28]. While OSMI-4 has good in 
vitro potency, its cellular activity is two orders of magnitude lower and 
has to be applied in an ester form to allow cellular permeability, while its 
cleavage is not required for on-target activity [29]. Clearly, there is a 
need to find new OGT inhibitors. 

DNA-Encoded Libraries (DEL) can contain many compounds with 
unique DNA tags as identifiers. The technology uses the combinatorial 
synthesis method to build up large libraries [30]. Since 2002 the DEL 
technology is a tool in medicinal chemistry for screening purposes where 
identification of hits is facilitated by the DNA tag [31–37]. Here we 
report on the discovery of new non-UDP mimetic OGT inhibitors by 
using the DELopen platform, a DEL available to academic users by WuXi 
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AppTec. A small library of analogues was prepared and tested in vitro 
against OGT. Computer docking provided a direction for future opti-
mization of these molecules. 

2. Results and discussion 

2.1. DNA-encoded library screening 

For screening a DNA-encoded compound library, we used the 
DELopen service [38]. In their setup 4.4 billion unique molecules were 
screened against three immobilized isoforms of OGT. Using different 
isoforms allowed us to select molecules that would only bind to the 
active site or possibly allosteric sites of the enzyme part, the common 
part of the three OGT isoforms. The DELopen assay was performed as 
described in the general protocol provided by the company. His-tagged 
enzymes were immobilized on magnetic Ni-NTA beads and were sub-
sequently incubated with the DELopen library. After washing unbound 
compounds, bound compounds were released by heat. These were 
enriched with more immobilized protein in two further rounds of se-
lection. After performing the affinity selection, the manufacturer WuXI 
AppTec performed the sequencing and provided a hitlist from which 5 
compounds that bound to the 3 isoforms were selected for purchase and 
further resynthesis. Two of these compounds were identified as micro-
molar hits against OGT: compounds 10207 and 10115 (Fig. 1). 

2.2. Analogues of compound 10207 

To validate the identified hits and to identify the important parts of 
the molecules for the binding, synthesis of analogues was performed. 
The synthesis started with a Hantzsch thiazole synthesis between 4- 
bromo-1,1-dimethoxybutan-2-one (1), and 4-bromobenzothioamide 
(2) giving the expected thiazole 3 (Fig. 2). The aldehyde was then 
deprotected yielding 4 to undergo a Wittig-Horner reaction to install the 
trans double bond. Subsequent hydrolysis of the ester yielded building 
block 5. The second building block started with a peptide coupling be-
tween Boc-protected tryptophan (6) and ethyl (R)-2-amino-2-cyclo-
hexylacetate (7a) to form 8a. Boc removal provided the second building 
block 9a. Similarly, phenylglycine derivatives 8b and 9b were synthe-
sized. Building blocks 5 and 9a-b were connected by peptide coupling to 
yield 10 and 12. Compound 10 was subsequently saponified to form the 
free carboxylic acid 11. The inhibition assay [39] gave IC50′s of 67 µM 
and 51 µM respectively for ester (10) and the carboxylic acid (11) 
(Fig. 3). These inhibitory potencies are close to the determined IC50 
value of 10207 (67 µM), which bears the amidomethyl terminus. The 

fact that the carboxylic acid, ester or amide makes little difference to the 
inhibition is consistent with the notion that this part of the molecule is 
the attachment point of the original DNA label during the screening. The 
IC50 of the small library of 10207 fragments gave hints on which parts of 
the molecules are the most important for the binding. The smallest 
substructure, compound 5, showed no inhibition of OGT at 300 µM. 
However, removing this part from compound 10, thus creating com-
pound 9a, dropped the inhibition from an IC50 of 51 µM for 10 to an IC50 
of 299 µM for 9a. These data indicate that while 5 showed no detectable 
binding, once linked to 9a, its features do contribute to it. Concerning 
compound 12, replacing the cyclohexane ring with a benzene ring, 
resulted in a substantial drop of the inhibition compared to 10, giving an 
IC50 of 334 µM for 12. 

2.3. Analogues of compound 10115 

To synthesize 10115 and analogues thereof, two building blocks 
were needed: building block 16, bearing both the furan and the 5-phe-
nylnicotinic acid, and building block 20 with the biphenyl moiety 
linked to the stereocenter (Fig. 4.). The synthesis of building block 16 
started from carboxylic acid 13, which was converted to its tert-butyl 
ester 14. This compound was subjected to a Suzuki reaction with 
furan-2-yl boronic acid to yield 15 and the removal of the tert-butyl ester 
gave the free carboxylic acid 16. For the synthesis of building block 20 
we started with [1,1′-biphenyl]-4-carbonyl chloride and N,O-dime-
thylhydroxylamine to form Weinreb amide 17. Subsequently, a reduc-
tion with LiAlH4 was performed to give the aldehyde 18. The latter was 
reacted with malonic acid in a Rodionov reaction giving the unnatural 
racemic β-amino acid 19 followed by ethyl ester formation to yield 20. 
The two building blocks were then conjugated together by amide bond 
formation giving ethyl ester 21, which was subjected to aminolysis to 
yield the methylamide 10115. 

Variations of the building blocks were introduced. The role of the 
furan in the interaction with OGT was addressed by using the analogous 
bromo building block 13 instead of 16. For building block 20, two points 
of investigation were selected. Firstly, the second phenyl was replaced 
by a bromine in 22 or a hydrogen in 23. Secondly both enantiomers of 
23 were used (Fig. 5). Peptide coupling of the various building blocks 
yielded 24–27. 

This library was tested along with 10115 and 21 in the OGT inhi-
bition assay [39](Fig. 6.). The IC50 values for 10115 (31 µM) and 21 (52 
µM) showed that the terminal part of the molecule has no significant 
impact on the inhibitory potency, again consistent with the notion that 
this part was linked to the DNA in the original DNA-encoded library and 

Fig.1. Structure and IC50 of the hits 10207 and 10115.  
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therefore less likely to be involved in binding. Concerning compound 21 
(IC50 52 µM) versus 26 (IC50 197 µM), the results indicated that the furan 
moiety plays an important role in the binding since as soon as it is 
removed, as for 26, there is a significant drop in activity. Comparing 24 
with 25 leads to the same conclusion. Whether the biphenyl has an 
impact on the potency is less clear. When comparing the potency of 21 to 
24, the biphenyl is a bit worse than the bromophenyl. On the other hand, 
comparing 25 to 26 shows a moderate advantage of the biphenyl. The 
stereochemistry of the β-amino acid was shown to play a role in the 
binding as S-enantiomer 27b (IC50 47 µM) inhibits more potently than R- 
enantiomer 27a (IC50 337 µM). 

2.4. Molecular docking 

The inhibition results were rationalized with docking studies per-
formed by using the OpenEye/FRED docking software. A likely binding 

pose, seen most often among the highest scoring poses for 10207 is 
shown in Fig. 7A. The three branches, i.e the tryptophan, the thiazole- 
bromophenyl and the cyclohexyl group were roughly in the same posi-
tion in the binding pocket in most of the highly scoring binding poses. 

The pose did not feature the usual uridine or uridine mimic (of UDP- 
or UDP-GlcNAc, see Fig. 7C) two “hinge” hydrogen bonds formed with 
both carbonyl and amino residues of Ala896. Besides various close hy-
drophobic contacts, prominent hydrogen bonds include the two amide 
carbonyls and the indole NH were suggested by the software. Interest-
ingly, here one or possibly two of the amide carbonyls of 10207 bind to 
the Gln839 primary amide of the protein, while this residue binds to the 
diphosphate part of UDP (Fig. 7C) or UDP-GlcNAc during catalysis. 
Further optimizations of this compound class may come from extending 
the molecule to the uridine binding pocket e.g. through replacement of 
the thiazole by a tri-substituted 5-member ring. 

Similarly, docking was performed for the S-enantiomer of 10115, i.e. 

Fig. 2. Synthesis of 10207 analogues. Reagents and conditions: (a) EtOH, Δ, 83 %; (b) HCl, H2O, quant.; (c) 1) Toluene, r.t. → 60 ⁰C; 2) NaOH, EtOH, H2O, 85 % over 
2 steps; (d) DCM, DCC, DMAP, 92 % for 8a, 78 % for 8b; (e) 40 % HCl in dioxane, 83 % for 9a, quant for 9b; (f) HATU, DMF, 82 % for 10, 84 % for 12 (g) DCM, LiOH, 
quantitative. 

Fig. 3. OGT inhibition assay results of the small library derived from 10207.  
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the preferred enantiomer of this compound class based on the observed 
superiority of 27b over 27a. A prominent pose is shown in Fig. 7B. 
Again, the molecule features three branches, in this case the biphenyl 
branch, the pyridine-phenyl-furan branch and finally the methylamide. 
In certain poses two branches are switched. In the pose shown, the 
pyridine nitrogen, and the amide carbonyls are engaged in hydrogen 
bonds with OGT. Additionally, there are hydrophobic contacts between 
the ligand and the protein and there is overall good shape comple-
mentarity. Similar to the case of 10207, also here the docking does not 
show any indication of the “hinge” hydrogen bonds of the compound 
with Ala896, i.e. the designated uridine binding site. This compound 
thus also binds in a novel binding mode. Further potency enhancement 
may involve taking advantage of the nearby uridine binding site. 

3. Conclusions 

In our study, a DNA-encoded library allowed us to identify two hits 
as OGT inhibitors. Both hits are from different chemotypes than previ-
ously published OGT inhibitors and both have an IC50 in the low 
micromolar range. Our study focused on the synthesis of analogues of 
both hits to decipher molecular fragments that are important for bind-
ing. Together with molecular docking studies, the data generated within 

this work elucidates novel OGT inhibitors and points to future structural 
modifications that could lead to even higher potency. Apart from being 
promising hits, the new chemotypes do not rely on UDP mimicking 
moieties. Future work could be directed towards more potent non-UDP 
based OGT inhibitors to open new ways to study O-GlcNAcylation 
inhibition. 

4. Experimental 

4.1. General 

Chemicals were obtained from commercial sources and were used 
without further purification unless noted otherwise. Bromo-1,1- 
dimethoxybutan-2-one was purchased from Enamine with a purity of 
80 %. The compounds 5–4-bromophenyl nicotinic acid (14), ethyl-(R)- 
3-amino-3-phenylpropanoate (24a) and, ethyl-(S)-3-amino-3-phenyl-
propanoate (24b) were purchased from Accela biotech. Bodipy Fluo-
rescent Labeled UDP-GlcNAc (BFL-UDP-GlcNAc) was obtained from 
prof. D. J. Vocadlo (Simon Fraser University). Other compounds were 
purchased from Sigma-Aldrich and Thermo Fisher except stated other-
wise. Solvents were purchased from Biosolve (Valkenswaard, The 
Netherlands). All moisture-sensitive reactions were performed under a 
nitrogen atmosphere. Thin-layer chromatography (TLC) was performed 
on Merck precoated Silica 60 plates. Spots were visualized by UV light, 
10 % H2SO4 in MeOH, KMnO4, or ninhydrine stain. Microwave reactions 
were carried out in a Biotage microwave Initiator (Uppsala, Sweden). 
The microwave power was limited by temperature control once the 
desired temperature was reached. Sealed vessels 10–20 mL were used. 
Lyophilization was performed on a Christ Alpha 1–2 apparatus. Pre-
parative HPLC of final compounds were done on Shimadzu LC-8A pre-
parative liquid chromatograph system with a Gilson 215 fraction 
collector on a C18 column on a water/acetonitrile system. HPLC ana-
lytics were run on Shimadzu LC-10AT system on a C18 column paired 
with the preparative column. The used buffers were H2O 0.1 % TFA 
(buffer A, pH 4.4) and CH3CN 0.1 % TFA (buffer B). Also, UV absorption 
was measured at 254 nm and 214 nm. Runs were performed using a 
standard protocol: 0 to 100 % gradient buffer B in 90 min. 1H and 13C 
NMR were performed on an Agilent 400 MR or a Bruker 600 UtraShield 
spectrometer. Chemical shifts (δ) are reported in ppm relative to residual 
solvent signals, and peak assignments were established based on addi-
tional 1H− 1H COSY and 1H− 13C HSQC experiments. High-resolution 
mass spectrometry (HRMS) analysis was performed using an ESI-QTOF 
II spectrometer. 

4.2. OGT inhibition assay [39] 

OGT reactions were carried out in a 25-µL final volume, containing 
2.8 µM glycosyl donor BFL-UDP-GlcNAc, 1.6 µM purified full-length 
OGT, 9.2 µM glycosyl acceptor HCF-1 Serine in OGT reaction buffer 
(1 × PBS pH 7.4, 1 mM DTT, 12.5 mM MgCl2). Reactions were incubated 
at room temperature for 1 h, in the presence of different concentrations 

Fig. 4. Synthesis of 10115. Reagents and conditions a) Boc2O, DMAP, THF, Δ, 
16 h, 90 %; b) furan-2-yl boronic acid, THF/H2O, Pd(dppf)Cl2, 16 h, 27 %; c) 
DCM, TFA, 0 ◦C to 21 ◦C, 72 h, 94 %; d) Et3N, DCM, 82 %; e) LiAlH4, THF, 93 
%; f) malonic acid, NH4OAc, EtOH, reflux, 35 %; g) SOCl2, EtOH, reflux; h) 
DMF, HATU, DiPEA, 21 ◦C, 48 h 72 %; i) 40 % MeNH2 in MeOH, MW 80 ◦C, 3 h, 
97 %. 

Fig. 5. Synthesis of 10115 derivatives.  
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of inhibitor (the inhibitors were preincubated with OGT for at least 5 
min). The reactions were then stopped by the addition of UDP at a final 
concentration of 10 mM, followed by Nanolink magnetic streptavidin 
beads (3 µL). After incubation at room temperature for 30 min, the beads 
were immobilized on a magnetic surface and washed thoroughly with 
PBS-tween 0.01 %. Finally, the beads were resuspended in PBS-tween 
0.01 % and transferred to a microplate for endpoint fluorescence mea-
surement. Fluorescence was read at Ex/Em 485/530 with a POLARstar® 
Omega microplate reader (BMG LABTECH). The data were plotted with 
GraphPad prism software, version 8, [Inhibitor] vs. response-variable 
slope. All IC50 were measured in two independent experiments. Each 
experiment was performed in 3 technical replicates. 

4.3. Docking 

For docking with FRED software [41,42] (Release 4.1.1.0, OpenEye 
Scientific Software, Inc., Santa Fe, NM, USA; www.eyesopen.com), the 
UDP-GlcNAc binding site in OGT (PDB entry: 4 N39 [40]) was prepared 
using MAKE RECEPTOR (Release 4.1.1.0, OpenEye Scientific Software, 
Inc., Santa Fe, NM, USA; www.eyesopen.com). For “Cavity detection”, 
a slow and effective “Molecular” method was used for the detection of 
binding sites. The grid box around UDP in the OGT crystal structure was 
generated automatically. The outer contour of the grid box was calcu-
lated using the “Balanced” settings for the “Site Shape Potential” 

calculation. The box was then adjusted to fully cover the outer contour, 
with no sides of the box limiting the contour size, resulting in a box of 
19.33x26.67x19.33 Å (9967 Å3) with a 1945 Å3 outer-contour in it. The 
small molecule library, was prepared by Tautomers and pKaTyper 
(QUACPAC release 2.1.3.0, OpenEye Scientific Software, Inc., Santa Fe, 
NM, USA; www.eyesopen.com). For Tautomers, “stereo” was set to 
“EverSampled”, “pkanorm” set to false. For pKaTyper default settings 
were used. Conformers were generated with OMEGA (Release 4.1.2.0, 
OpenEye Scientific Software, Inc., Santa Fe, NM, USA; www.eyesopen. 
com). Classic mode was used with “flipper” and “strictfrags” enabled 
and “maxconfs” set to 8000. The conformers were docked at the pre-
pared UDP-GlcNAc-binding site of OGT using FRED. The “dock-resolu-
tion” was set to high, “numposes” to 100. The ten best ranked poses for 
each compound were inspected visually and used for analysis and 
representation. 

4.4. Synthesis 

4.4.1. 2-(4-bromophenyl)-4-(dimethoxymethyl)thiazole) (3) 
4-bromo-1,1-dimethoxybutan-2-one (750 mg, 3.96 mmol) and 4-bro-

mobenzothioamide (856 mg, 3.96 mmol) were mixed in EtOH (100 mL) 
and heated under reflux for 3 h. The reaction mixture was concentrated 
and purified by silica gel chromatography using a gradient from 0 to 30 
% EtOAc/PE. The fractions were evaporated under reduced pressure 

Fig. 6. OGT inhibition IC50 values of the 10115-based library.  

Fig. 7. Potential binding poses of compounds 10207 (A) and 10115 (B), and UDP, the original ligand in the X-ray structure, PDB ID: 4 N39 [40](C).  
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giving 929 mg of a yellow pale solid at 75 % yield. 1H NMR (400 MHz, 
CDCl3) δ 7.86–7.81 (m, 2H), 7.58–7.52 (m, 2H), 7.42 (d, J = 0.8 Hz, 1H), 
5.68 (d, J = 0.8 Hz, 1H), 1.27 (t, J = 7.1 Hz, 6H); the data are in 
accordance with those reported [43]. 

4.4.2. 2-(4-bromophenyl)thiazole-4-carbaldehyde (4) 
Compound 3 (929 mg, 2,97 mmol) was dissolved in an HCl solution 

(20 mL, 4 M) and stirred for 2 h at 21 ◦C forming a precipitate. DCM was 
added to the mixture dissolving the precipitate. Liquid-liquid extraction 
was performed by extracting the water layer two times with DCM (20 
mL). The organic layer was dried with Na2SO4 and evaporated under 
vacuum giving 650 mg (2.44 mmol) of yellow oil with 82 % yield. 1H 
NMR (400 MHz, CDCl3) δ 10.09 (s, 1H), 8.18 (s, 1H), 7.88 (d, J = 8.6 Hz, 
2H), 7.62 (d, J = 8.6 Hz, 2H). NMR date were accordance with the 
literature [43]. 

4.4.3. (E)-3-(2-(4-bromophenyl)thiazol-4-yl)acrylic acid (5) 
Compound 4 (839 mg, 3.1 mmol) was dissolved in toluene. After 

complete dissolution, ethyl 2-(triphenyl-λ5-phosphaneylidene)acetate 
(1.361 g, 3.9 mmol) was added to the reaction mixture. The resulting 
mixture was then warmed up to 80 ◦C for 1.5 h. The reaction mixture 
was concentrated and purified through silica column chromatography 
using a gradient from 0 to 20 % EtOAc in PE. 1H NMR (400 MHz, CDCl3) 
δ 7.89–7.83 (m, 2H), 7.65–7.56 (m, 3H), 7.42 (d, J = 0.5 Hz, 1H), 6.87 
(d, J = 15.5 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 1.34 (t, J = 7.1 Hz, 3H). 
The product from the column was dissolved in EtOH and a large excess 
of NaOH was added. The solution was then heated at reflux for 16 h. 
After evaporating the solvent the obtained solid was dissolved in 
distilled water and acidified with HCl (1 M) to pH = 1, creating a white 
precipitate. The precipitate was filtered, dissolved in acetone, washed 
with Na2SO4 and dried under vacuum giving 540 mg of a greyish solid 
with a yield of 85 % over 2 steps. 1H NMR (400 MHz, DMSO‑d6) δ 12.51 
(s, 1H), 8.16 (s, 1H), 8.00–7.89 (m, 2H), 7.73 (d, J = 8.6 Hz, 2H), 7.61 
(d, J = 15.6 Hz, 1H), 6.67 (d, J = 15.6 Hz, 1H). 13C NMR (151 MHz, 
DMSO‑d6) δ 167.11, 152.47, 136.53, 132.78, 132.43, 132.18, 128.81, 
128.65, 128.31, 124.59, 124.43, 121.66. HRMS (ESI/Q-TOF) m/z: [M +
H]+ Calcd for C12H8BrNO2S 309.9469; Found 309.9471. 

4.4.4. Ethyl (R)-2-((S)(S)-2-((tert-butoxycarbonyl)amino)-3-(1H-indol-3- 
yl)propanamido)-2-cyclohexylacetate (8a) 

(tert-butoxycarbonyl)-L-tryptophan (304 mg, 1 mmol) was dissolved 
in DMF (25 mL). HATU (229 mg, 1.1 mmol) was added to the mixture 
along with DiPEA (78 mg, 0.6 mmol) and the reaction mixture was 
stirred at 21 ◦C. After 20 min Ethyl (R)-2-amino-2-cyclohexylacetate 
(185 mg, 1 mmol) was added dropwise to the mix and the reaction was 
stirred for 48 h at 21 ◦C. The reaction mixture was concentrated and 2- 
times co-evaporated using toluene followed by column chromatography 
(3:7 PE: EtOAc) giving 353 mg of a brown oil with a yield of 75 %. 1H 
NMR (600 MHz, CDCl3) δ 8.71 (s, 1H), 7.52 (d, J = 7.9 Hz, 1H), 7.38– 
7.33 (m, 1H), 7.18–7.04 (m, 4H), 4.35 (t, J = 6.9 Hz, 1H), 4.19 (dd, J =
8.0, 5.6 Hz, 1H), 4.13 (qd, J = 7.1, 1.2 Hz, 2H), 3.35 (dd, J = 15.0, 6.6 
Hz, 1H), 3.26 (dd, J = 15.0, 7.1 Hz, 1H), 1.69–1.60 (m, 3H), 1.55 (s, 1H), 
1.43 (t, J = 11.7 Hz, 2H) 1.37 (s, J = 8.5 Hz, 9H) 1.27 (t, J = 7.1 Hz, 3H), 
1.11 (ddt, J = 16.3, 12.9, 6.5 Hz, 2H), 0.99 (dddd, J = 16.3, 12.8, 8.0, 
3.5 Hz, 1H), 0.88 (td, J = 12.8, 3.9 Hz, 1H), 0.83 (td, J = 12.7, 3.8 Hz, 
1H). 

4.4.5. Ethyl (R)-2-((S)-2-((tert-butoxycarbonyl)amino)-3-(1H-indol-3-yl) 
propanamido)-2-phenylacetate (8b) was prepared according to the same 
procedure as shown for 8a 

Yield 84 %; 1H NMR (600 MHz, CDCl3) δ 8.1 (s, 1H), 7.32–7.25 (m, 
3H), 7.10–6.95 (m, 3H), 6.95–6.77 (m, 3H), 5.21 (td, J = 7.9, 5.5 Hz, 
2H), 4.00 (m, 2H), 3.28–3.14 (m, 1H), 3.20 (dd, J = 14.5, 8.0 Hz, 1H), 
1.25 (s, J = 8.3 Hz, 9H), 1.00(t, J = 7.1 Hz, 3H). 

4.4.6. Ethyl (R)-2-((S)-2-amino-3-(1H-indol-3-yl)propanamido)-2- 
cyclohexylacetate (9a) 

8a (235 mg, 0.6 mmol) was dissolved in 40 % HCl in dioxane and 
stirred at 21 ◦C for 2 h. The solvent was evaporated and the remaining 
oil was purified on a silica gel column with 30/70 PE/EtOAc and further 
on PREP-HPLC giving 186 mg of final product (83 %).1H NMR (600 
MHz, CDCl3) δ 8.71 (s, 1H), 7.52 (d, J = 7.9 Hz, 1H), 7.38–7.33 (m, 1H), 
7.18–7.04 (m, 4H), 4.35 (t, J = 6.9 Hz, 1H), 4.19 (dd, J = 8.0, 5.6 Hz, 
1H), 4.13 (qd, J = 7.1, 1.2 Hz, 2H), 3.35 (dd, J = 15.0, 6.6 Hz, 1H), 3.26 
(dd, J = 15.0, 7.2 Hz, 1H), 1.69–1.60 (m, 3H), 1.55 (s, 1H), 1.43 (t, J =
11.7 Hz, 2H), 1.27 (t, J = 7.1 Hz, 3H), 1.11 (ddt, J = 16.3, 12.9, 6.5 Hz, 
2H), 0.99 (dddd, J = 16.4, 12.8, 8.0, 3.5 Hz, 1H), 0.88 (td, J = 12.8, 3.9 
Hz, 1H), 0.83 (td, J = 12.7, 3.8 Hz, 1H).13C NMR (151 MHz, CDCl3) δ 
171.18, 168.61, 136.38, 126.73, 124.99, 122.35, 119.75, 118.17, 
111.68, 106.97, 61.57, 58.02, 53.75, 40.36, 29.07, 28.04, 27.34, 25.74, 
25.62, 14.09. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 
C21H29N3O3 372.2209; Found 372.2284. HPLC Ret. time 28.69 min, 
purity 99.2 % (254 nm) 99.1 % (214 nm). 

4.4.7. Ethyl (R)-2-((S)-2-amino-3-(1H-indol-3-yl)propanamido)-2- 
phenylacetate (9b) was prepared according to the same procedure as shown 
for 9a starting from 8b 

Yield 78 %. 1H NMR (600 MHz, CDCl3) δ 8.06 (s, 1H), 7.36–7.29 (m, 
3H), 7.15–7.07 (m, 3H), 6.91–6.77 (m, 3H), 5.01 (td, J = 7.9, 5.5 Hz, 
2H), 4.10 (ddq, J = 46.8, 10.8, 7.1 Hz, 2H), 3.37–3.32 (m, 1H), 3.20 (dd, 
J = 14.5, 8.0 Hz, 1H), 1.15 (t, J = 7.1 Hz, 3H). 

4.4.8. Ethyl-(R)-2-((S)-2-((E)-3-(2-(4-bromophenyl)thiazol-4-yl) 
acrylamido)-3-(1H-indol-3-yl)propanamido)-2-cyclohexylacetate (10) 

Compound 5 (20 mg, 0.064 mmol) was dissolved in DMF (10 mL) 
along with HATU (27 mg, 0.0704 mmol). After stirring for 20 min, 
compound 9a (24 mg, 0.064 mmol) in DMF was added dropwise to the 
mix and the reaction was stirred for 48 h at 21 ◦C. The reaction mixture 
was concentrated and 2-times co-evaporated using toluene followed by 
column chromatography (3:7 PE: EtOAc) followed by preparative HPLC 
giving 35 mg of a yellowish oil with a yield of 82 %. 1H NMR (600 MHz, 
CDCl3) δ 8.19–8.14 (m, 1H), 7.85–7.80 (m, 2H), 7.68 (d, J = 7.9 Hz, 1H), 
7.60–7.57 (m, 2H), 7.40 (s, 1H), 7.37–7.33 (m, 1H), 7.19 (ddd, J = 8.1, 
7.0, 1.1 Hz, 1H), 7.16–7.11 (m, 3H), 6.93 (d, J = 15.1 Hz, 1H), 6.54 (d, J 
= 8.4 Hz, 1H), 5.04–4.93 (m, 1H), 4.34 (dd, J = 8.4, 5.3 Hz, 1H), 4.09 
(qd, J = 7.2, 1.6 Hz, 2H), 3.36 (dd, J = 14.6, 5.7 Hz, 1H), 3.24 (dd, J =
14.6, 8.1 Hz, 1H), 1.67 (ddt, J = 15.4, 6.2, 3.4 Hz, 3H), 1.61–1.52 (m, 
2H), 1.45 (d, J = 12.0 Hz, 1H), 1.31–1.27 (m, 1H), 1.26 (s, 4H), 1.23 (t, 
J = 7.1 Hz, 3H), 1.14 (tt, J = 12.9, 3.5 Hz, 2H), 1.05–0.98 (m, 1H), 
0.93–0.85 (m, 2H). 13C NMR (151 MHz, CDCl3) δ 171.70, 170.90, 
167.56, 166.79, 152.57, 136.26, 134.25, 132.24, 131.98, 128.18, 
127.27, 124.97, 123.52, 122.40, 122.37, 121.65, 119.93, 118.67, 
111.26, 110.01, 61.41, 57.48, 54.44, 40.78, 29.73, 29.25, 28.56, 28.08, 
25.86, 25.79, 14.12. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 
C33H35BrN4O4S 663,1562; Found 663,1641. HPLC Ret.time 41.8 min, 
purity 92 % (254 nm) 88 % (214 nm). 

4.4.9. (R)-2-((S)-2-((E)-3-(2-(4-bromophenyl)thiazol-4-yl)acrylamido)- 
3-(1H-indol-3-yl)propanamido)-2-cyclohexylacetic acid (11) 

Compound 10 (33 mg, 0,05 mmol) was dissolved in DCM (10 mL) 
and cooled to 4 ◦C before adding a LiOH solution (1 M, 0.5 mmol, 0.5 
mL). The reaction was stirred for 3 h at 4 ◦C then DCM was removed 
under reduced pressure and the residue was partitioned between water 
and EtOAc. The aqueous layer was acidified with HCl until pH 4 and 
extracted with EtOAc)(10 mL). The organic phases were combined, 
dried over Na2SO4 and concentrated, giving 30 mg of an off-white solid 
in quantitative yield. 1H NMR (600 MHz, DMSO‑d6) δ 10.86 (d, J = 2.4 
Hz, 1H), 8.54 (d, J = 8.3 Hz, 1H), 8.20 (d, J = 8.4 Hz, 1H), 8.06 (s, 1H), 
8.01–7.94 (m, 1H), 7.86–7.80 (m, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.45 (d, 
J = 15.3 Hz, 1H), 7.24 (d, J = 2.4 Hz, 1H), 7.13 (ddd, J = 8.2, 7.0, 1.2 
Hz, 1H), 7.07–7.02 (m, 1H), 4.87 (ddd, J = 10.0, 8.3, 4.2 Hz, 1H), 4.25 
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(dd, J = 8.4, 6.2 Hz, 1H), 3.23 (dd, J = 14.9, 4.1 Hz, 1H), 3.03 (dd, J =
14.9, 10.0 Hz, 1H), 1.85–1.73 (m, 2H), 1.72–1.63 (m, 2H), 1.39–1.06 
(m, 7H). 13C NMR (151 MHz, DMSO‑d6) δ 173.28, 172.29, 153.16, 
136.51, 132.77, 132.33, 131.95, 128.67, 127.74, 124.72, 124.47, 
124.13, 122.93, 121.31, 118.64, 111.72, 110.59, 57.34, 53.70, 29.61, 
28.53, 26.12, 26.05. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 
C31H31BrN4O4S 635,1249; Found 635,1331 HPLC Ret. time 41.8 min, 
purity 96 % (254 nm) 95 % (214 nm). 

4.4.10. Ethyl (R)-2-((S)-2-((E)-3-(2-(4-bromophenyl)thiazol-4-yl) 
acrylamido)-3-(1H-indol-3-yl)propanamido)-2-phenylacetate (12) 

Compound 12 was synthesized following the procedure for 10, from 
5 and 9b. Yield 84 %; 1H NMR (600 MHz, CDCl3) δ 8.06 (s, 1H), 
7.86–7.77 (m, 2H), 7.62–7.53 (m, 3H), 7.36–7.29 (m, 3H), 7.15–7.07 
(m, 3H), 6.91–6.77 (m, 3H), 5.43 (d, J = 7.2 Hz, 1H), 5.01 (td, J = 7.9, 
5.5 Hz, 2H), 4.10 (ddq, J = 46.8, 10.8, 7.1 Hz, 2H), 3.37–3.32 (m, 1H), 
3.20 (dd, J = 14.5, 8.0 Hz, 1H), 1.15 (t, J = 7.1 Hz, 3H). 13C NMR (151 
MHz, CDCl3) δ 170.81, 170.43, 167.43, 166.17, 152.79, 136.14, 135.92, 
133.61, 132.21, 132.07, 128.85, 128.45, 128.17, 127.34, 127.22, 
124.86, 123.27, 122.87, 122.30, 121.25, 119.87, 118.80, 111.26, 
110.13, 62.00, 56.64, 53.82, 50.79, 30.95, 28.32, 13.91. HRMS (ESI/Q- 
TOF) m/z: [M + H]+ Calcd for C33H29BrN4O4S 656,1093; Found 
657,1161 HPLC Ret. time 44.012 min, purity 90 % (254 nm) 88 % (214 
nm). 

4.4.11. Tert-butyl 5-(4-bromophenyl) nicotinate (14) 
5-(4-bromophenyl) nicotinic acid (0.250 g; 0.9026 mmol) and DMAP 

(0.0224 g; 0.1834 mmol were dissolved in THF and heated at reflux. 
Then, di-tert-butyl dicarbonate (0.4945 g; 2.2671 mmol) was dissolved 
in THF and added dropwise to the reaction. This mixture was refluxed 
for 4 h and monitored using TLC. Once the reaction was completed, it 
was allowed to cool down to rt and concentrated. Then, the residue was 
dissolved in MTBE and washed with 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 14 
(yield: 55 %). 1H NMR (400 MHz, CDCl3) δ 9.15 (d, J = 2.0 Hz, 1H), 8.93 
(d, J = 2.3 Hz, 1H), 8.39 (t, J = 2.0 Hz, 1H), 7.68–7.60 (m, 2H), 
7.53–7.45 (m, 2H), 1.63 (s, 9H). 

4.4.12. Tert-butyl 5-(4-(furan-2-yl)phenyl)nicotinate (15) 
14 (0.165 g; 0.4954 mmol), Pd(dppf)Cl2 (0.041 g; 0.056 mmol) and 

sodium tert-butoxide (0.0532 g; 0.5536 mmol) were dissolved in THF/ 
water 9:1 and heated at reflux under argon. After this, furan-2-boronic 
acid (0.0622 g; 0.5552 mmol) was added dropwise over 1 h and 
allowed to reflux overnight. Once TLC showed that the reaction was not 
proceeding anymore, the reaction was cooled to r. t. 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: 58,6%) 1H NMR (400 MHz, 
CDCl3) δ 9.13 (d, J = 2.0 Hz, 1H), 9.00 (d, J = 2.3 Hz, 1H), 8.45 (t, J =
2.2 Hz, 1H), 7.84–7.77 (m, 2H), 7.69–7.61 (m, 2H), 7.54–7.49 (m, 1H), 
6.74 (dd, J = 3.4, 0.8 Hz, 1H), 6.52 (dd, J = 3.4, 1.8 Hz, 1H), 1.64 (s, 
9H). 

4.4.13. 5-(4-(furan-2-yl)phenyl)nicotinic acid (16) 
15 (0.0858 g; 0.0377 mmol) was dissolved in DCM (10 mL) and 

cooled in an ice bath, then TFA (1 mL) was added, and the mixture was 
allowed to stir overnight at r. t. Once TLC showed full deprotection, the 
mixture was concentrated, and column chromatography was used to 
purify 16 using 10 % MeOH, 89 % DCM and 1 % triethylamine (yield: 
92 %). 1H NMR (400 MHz, DMSO‑d6) δ 9.05 (s, 2H), 8.48 (s, 1H), 7.85 (s, 
4H), 7.80 (d, J = 1.8 Hz, 1H), 7.07 (d, J = 3.3 Hz, 1H), 6.64 (dd, J = 3.3, 
1.8 Hz, 1H). 

4.4.14. N-methoxy-N-methyl-[1,1′-biphenyl]-4-carboxamide (17) 
4-biphenylcarbonyl chloride (9.979 g; 46.19 mmol) and N,O-dime-

thylhydroxylamine (4.673 g; 47.91 mmol) were dissolved in DCM 200 
mL and put in an ice bath. Then triethylamine (13 mL; 93.3 mmol) was 
added slowly, and the suspension was stirred overnight. Once TLC 
showed complete conversion, the reaction was quenched with a satu-
rated ammonium chloride solution (20 mL) and stirred for 30 min. Then, 
the aqueous phase was extracted with DCM (2 x 150 mL), then washed 
with brine (150 mL). Subsequently, the organic phase was dried using 
magnesium sulphate, concentrated and dried. The product was purified 
using column chromatography with 30 % EtOAc in PE (yield: 81,7%).1H 
NMR (400 MHz, CDCl3) δ 7.82–7.74 (m, 2H), 7.67–7.58 (m, 4H), 
7.51–7.42 (m, 2H), 7.42–7.34 (m, 1H), 3.60 (s, 3H), 3.39 (s, 3H). 

4.4.15. [1,1′-biphenyl]-4-carbaldehyde (18) 
17 (9.1 g; 37.7 mmol) was dissolved in THF and cooled down to 

− 78̊C using dry ice. Then, a LiAlH4 solution in THF (1 M, 44 mL; 44 
mmol) was added in small portions over 1 h. After 1 h of stirring, the 
reaction was allowed to warm to 4̊C slowly and stirred overnight. The 
reaction was monitored using TLC using 50 % EtOAc in PE as an eluent. 
Once completed, the reaction was quenched with a 10 % potassium 
bisulphate solution at 4̊C and allowed to warm to r. t. Then, the product 
was concentrated, and water (100 mL) was added to the mixture after 
which it was extracted using EtOAc (three times 100 mL), and then the 
organic phase was washed using brine once. Subsequently, the organic 
layer was dried using magnesium sulphate and concentrated and dried 
to yield 18 (yield: 93,1%). 1H NMR (400 MHz, CDCl3) δ 10.06 (s, 1H), 
8.00–7.92 (m, 2H), 7.80–7.72 (m, 2H), 7.68–7.62 (m, 2H), 7.53–7.45 
(m, 2H), 7.45–7.40 (m, 1H). 

4.4.16. 3-([1,1′-biphenyl]-4-yl)-3-aminopropanoic acid (19) 
18 (6.4 g; 35.2 mmol), malonic acid (4.22 g; 40.6 mmol) and 

ammonium acetate (4.94 g; 70.3 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 r. t., and the precipitate was 
collected by vacuum filtration and washed with ethanol. Then the pre-
cipitate was dried and analyzed (yield: 35.%). 1H NMR (400 MHz, D2O) 
δ 7.73 (t, J = 8.0 Hz, 4H), 7.53 (t, J = 8.0 Hz, 4H), 7.46 (d, J = 8.0 Hz, 
1H), 4.34 (d, J = 7.5 Hz, 1H), 2.63 (d, J = 7.5 Hz, 2H). 

4.4.17. Ethyl 3-([1,1′-biphenyl]-4-yl)-3-aminopropanoate (20) 
19 (0.225 g; 1.057 mmol) was suspended in ethanol and cooled using 

an ice bath. Then thionyl chloride (0.09 mL; 9.2 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 completed. The re-
action was cooled down to r. t., concentrated and purified using column 
chromatography using 70 % EtOAc/PE as an eluent, leading to a yield of 
92 %.1H NMR (400 MHz, CDCl3) δ 8.91 (s, 2H), 7.68–7.53 (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). 

4.4.18. Standard peptide coupling method for 21, 24, 25, 26, 27a and 27b 
Peptide couplings were performed using the following procedure 

unless otherwise mentioned: 1 equiv of acid and 1.1 equiv of HATU were 
dissolved in DMF and 6 equiv of DIPEA was added. After stirring for 30 
min a solution of 1.2 equiv of amine in DMF was added dropwise and the 
mixture was stirred for 48–120 h until TLC showed complete con-
sumption of the acid. The reaction mixture was concentrated and co- 
evaporated 2-times with toluene followed by column chromatography 
(3:7 PE: EtOAc) to yield the coupling product. 

4.4.19. Ethyl 3-([1,1′-biphenyl]-4-yl)-3-(5-(4-(furan-2-yl)phenyl) 
nicotinamido)propanoate (21) 

16 (35 mg; 0.132 mmol), HATU (55.5 mg; 0.146 mmol), DIPEA 
(0.15 mL; 0.861 mmol) and 20 (46 mg; 0.171 mmol) were reacted using 
the standard peptide coupling method which resulted in a light-yellow 
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solid. (yield: 72 %) 1H NMR (600 MHz, CD3OD): δ 8.97 (d, J = 2.1 Hz, 
1H), 8.92 (d, J = 2.3 Hz, 1H), 8.46 (t, J = 2.1 Hz, 1H), 7.83–7.79 (m, 
2H), 7.71–7.67 (m, 2H), 7.62–7.56 (m, 4H), 7.55–7.50 (m, 3H), 7.43 
(dd, J = 8.4, 7.0 Hz, 2H), 7.37–7.32 (m, 1H), 6.77 (dd, J = 3.4, 0.8 Hz, 
1H), 6.52 (dd, J = 3.4, 1.8 Hz, 1H), 5.72 (dd, J = 8.1, 6.2 Hz, 1H), 4.15 
(q, 2H), 3.18–2.96 (m, 2H), 1.22 (t, J = 7.1 Hz, 3H) 13C NMR (151 MHz, 
CD3OD): δ 171.34, 165.32, 153.06, 149.51, 146.31, 142.58, 140.69, 
140.50, 139.66, 136.44, 134.92, 133.91, 131.24, 130.41, 128.71, 
127.36, 127.33, 126.97, 126.91, 124.43, 111.81, 105.94, 61.04, 50.42, 
40.23, 13.84. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C33H28N2O4 
517.2049; Found 517.2140 HPLC Ret. time 36 min purity 100 % (254 
nm) 98 0.2% (214 nm). 

4.4.20. Ethyl 3-(4-bromophenyl)-3-(5-(4-(furan-2-yl)phenyl) 
nicotinamido)propanoate (24) 

16 (31.7 mg; 0.120 mmol) was dissolved in DMF (5 mL). A solution 
of DIPEA (0.15 mL; 0.861 mmol), HATU (53 mg; 0.139 mmol) and HOBt 
(3.34 mg; 0.025 mmol) in DMF were added over 30 min. After, a solu-
tion of 22 (47 mg; 0.173 mmol) in DMF (5 mL) was added and stirred 
overnight. Then, the reaction mixture was concentrated, co-evaporated 
2-times with toluene followed by column chromatography (3:7 PE: 
EtOAc) of the residue which resulted in a yellow solid. (Yield: 39 %) 1H 
NMR (600 MHz, CD3OD) δ 8.93 (s, 2H), 8.41 (s, 1H), 7.80–7.75 (m, 2H), 
7.67–7.62 (m, 2H), 7.49 (dd, J = 1.9, 0.7 Hz, 1H), 7.47–7.41 (m, 3H), 
7.32–7.26 (m, 2H), 6.73 (dd, J = 3.4, 0.8 Hz, 1H), 6.48 (dd, J = 3.4, 1.8 
Hz, 1H), 5.57 (dd, J = 8.1, 6.4 Hz, 1H), 4.09 (q, 2H), 3.04–2.85 (m, 2H), 
1.17 (t, J = 7.1 Hz, 3H). 13C NMR (151 MHz, CD3OD) δ 170.98, 165.33, 
153.04, 149.44, 146.20, 142.59, 139.89, 134.89, 133.97, 132.38, 
131.74, 131.29, 128.40, 127.34, 124.43, 121.55, 111.80, 105.95, 61.05, 
50.21, 40.04, 13.80. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 
C27H23BrN2O4 519.08419; Found 519.0898 HPLC Ret.time 38.9 min 
purity 96 % (254 nm) 93.5 % (214 nm). 

4.4.21. Ethyl 3-(4-bromophenyl)-3-(5-(4-bromophenyl)nicotinamido) 
propanoate (25) 

5-(4-bromophenyl)nicotinic acid (41 mg; 0.147 mmol), HATU (62 
mg; 0.163 mmol), DIPEA (0.15 mL; 0.861 mmol) and 22 (44.3 mg; 
0.163 mmol) were reacted using the standard peptide coupling method 
which gave a yellow solid. (yield: 37 %) 1H NMR (600 MHz, CD3OD): δ 
8.96 (d, J = 2.1 Hz, 1H), 8.87 (d, J = 2.2 Hz, 1H), 8.39 (t, J = 2.1 Hz, 
1H), 7.67–7.62 (m, 2H), 7.56–7.51 (m, 2H), 7.50–7.47 (m, 2H), 
7.36–7.31 (m, 2H), 5.61 (dd, J = 8.1, 6.4 Hz, 1H), 4.13 (q, J = 7.1 Hz, 
2H), 3.08–2.90 (m, 2H), 1.21 (t, J = 7.1 Hz, 3H). 13C NMR (151 MHz, 
CD3OD): δ 171.39, 165.50, 149.92, 147.05, 140.17, 136.20, 135.66, 
134.39, 132.72, 132.09, 130.61, 129.03, 128.74, 123.53, 121.91, 61.42, 
50.53, 40.32, 14.16. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 
C23H20BrN2O3 531.2049; Found 532.9893 HPLC Ret. time 38.9 min, 
purity 95 % (254 nm) 94.7 % (214 nm). 

4.4.22. Ethyl 3-([1,1′-biphenyl]-4-yl)-3-(5-(4-bromophenyl)nicotinamido) 
propanoate (26) 

5-(4-bromophenyl)nicotinic acid (100 mg; 0.360 mmol), HATU (163 
mg; 0.429 mmol), DIPEA (0.15 mL; 0.861 mmol) and 20 (110 mg; 0.409 
mmol) were reacted using the standard peptide coupling method 
resulting in a white solid. (yield: 40 %) 1H NMR (600 MHz, CDCl3): δ 
9.03 (d, J = 2.0 Hz, 1H), 8.88 (d, J = 2.2 Hz, 1H), 8.31 (t, J = 2.2 Hz, 
1H), 7.98 (d, J = 8.2 Hz, 1H), 7.62–7.57 (m, 2H), 7.57–7.52 (m, 4H), 
7.47–7.39 (m, 6H), 7.37–7.31 (m, 1H), 5.70 (dt, J = 8.2, 5.8 Hz, 1H), 
4.13 (q, J = 7.1 Hz, 2H), 3.11–2.96 (m, 2H), 1.20 (t, J = 7.1 Hz, 3H) 13C 
NMR (151 MHz, CDCl3): δ 171.62, 164.66, 150.48, 146.75, 140.78, 
140.47, 139.26, 135.65, 135.58, 133.51, 132.42, 130.04, 128.83, 
128.76, 127.54, 127.47, 127.05, 126.78, 123.15, 77.30, 77.09, 76.88, 
61.15, 50.00, 39.72, 14.12. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 
C29H25BrN2O3 529.1049; Found 529.1120 HPLC Ret. time 41mn, purity 
100 % (254 nm) 100 % (214 nm). 

4.4.23. (R)-ethyl 3-(5-(4-(furan-2-yl)phenyl)nicotinamido)-3- 
phenylpropanoate) (27a) 

16 (50 mg; 0.188 mmol), HATU (79.5 mg; 0.209 mmol), DIPEA (0.2 
mL; 1.15 mmol), HOBt (0.05 mL; 0.025 mmol) in DMF and (R)-ethyl 3- 
amino-3-phenylpropanoate (42 mg; 0.217 mmol) were reacted using the 
standard peptide coupling method resulting in a yellow solid. (yield: 35 
%) 1H NMR (600 MHz, CDCl3): δ 8.99 (d, 3H), 8.52 (s, 1H), 8.13 (d, J =
8.7 Hz, 1H), 7.77 (d, J = 8.6 Hz, 2H), 7.61 (d, J = 8.3 Hz, 2H), 7.51 (d, J 
= 1.7 Hz, 1H), 7.41–7.30 (m, 4H), 7.27 (tt, J = 6.6, 2.5 Hz, 1H), 6.74 (d, 
J = 3.4 Hz, 1H), 6.51 (dt, J = 3.2, 1.4 Hz, 1H), 5.65 (q, J = 6.4 Hz, 1H), 
4.11 (q, J = 7.1 Hz, 2H), 3.13–2.90 (m, 2H), 1.18 (t, J = 7.1 Hz, 3H). 13C 
NMR (151 MHz, CDCl3): δ 171.50, 163.73, 152.94, 147.64, 143.99, 
142.78, 140.19, 137.31, 135.52, 134.06, 131.67, 131.12, 128.86, 
127.92, 127.45, 126.40, 124.64, 111.96, 106.31, 61.11, 50.49, 39.77, 
14.07 HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for C27H24N2O4 
440.1736; Found 441.1811 HPLC Ret. time 35.5 min, purity 100 % (254 
nm) 100 % (214 nm). 

4.4.24. (S)-ethyl 3-phenyl-3-(5-phenylnicotinamido)propanoate (27b) 
16 (50 mg; 0.188 mmol), HATU (79,5 mg; 0.209 mmol), DIPEA (0.2 

mL; 1.115 mmol), HOBt (0,05 mL; 0.025 mmol) in DMF and (S)-ethyl 3- 
amino-3-phenylpropanoate (41.3 mg; 0.214 mmol) were reacted using 
the standard peptide coupling method resulting yielding to a yellow 
solid. (Yield: 75 %) 1H NMR (600 MHz, CDCl3) δ 8.99 (d, J = 2.1 Hz, 
1H), 8.91 (d, J = 2.2 Hz, 1H), 8.31 (t, J = 2.1 Hz, 1H), 7.97–7.84 (m, 
1H), 7.57 (ddd, J = 8.2, 2.3, 1.3 Hz, 2H), 7.50–7.44 (m, 2H), 7.44–7.39 
(m, 1H), 7.39–7.36 (m, 2H), 7.33 (dd, J = 8.3, 6.9 Hz, 2H), 7.27 (tt, J =
6.6, 1.3 Hz, 1H), 5.66 (dt, J = 8.2, 5.8 Hz, 1H), 4.10 (q, J = 7.2 Hz, 2H), 
3.08–2.90 (m, 2H), 1.17 (t, J = 7.1 Hz, 3H). 13C NMR (151 MHz, CDCl3) 
δ 171.53, 164.81, 150.73, 146.50, 140.29, 136.76, 136.66, 133.55, 
129.97, 129.22, 128.82, 128.59, 127.83, 127.22, 126.34, 61.04, 50.18, 
39.81, 14.09. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 
C27H24N2O4 440.1736; Found 441.1811 HPLC Ret. time 35.6 min, pu-
rity 100 % (254 nm) 100 % (214 nm). 

4.4.25. N-(1-([1,1′-biphenyl]-4-yl)-3-(methylamino)-3-oxopropyl)-5-(4- 
(furan-2-yl)phenyl)nicotinamide (10115) 

Compound 21 (9 mg; 0.017 mmol) was suspended in a solution of 
MeNH2 in MeOH (40 %, 0.5 mL) in a vial and heated to 80 ̊C for 3 h using 
a microwave irradiation. The mixture was concentrated and purified 
using preparative HPLC (yield: 69 %) 1H NMR (600 MHz, DMSO‑d6): δ 
9.21 (d, J = 8.1 Hz, 1H), 9.08 (d, J = 2.2 Hz, 1H), 8.99 (d, J = 2.1 Hz, 
1H), 8.49 (t, J = 2.2 Hz, 1H), 7.93–7.84 (m, 5H), 7.80 (dd, J = 1.8, 0.7 
Hz, 1H), 7.64 (ddt, J = 10.3, 8.5, 1.8 Hz, 4H), 7.53–7.48 (m, 2H), 
7.48–7.42 (m, 2H), 7.38–7.32 (m, 1H), 7.08 (dd, J = 3.3, 0.7 Hz, 1H), 
6.64 (dd, J = 3.4, 1.8 Hz, 1H), 5.54 (q, J = 7.6 Hz, 1H), 2.75 (dd, J = 7.4, 
1.9 Hz, 2H), 2.55 (d, J = 4.5 Hz, 3H). 13C NMR (151 MHz, DMSO‑d6): δ 
169.68, 164.00, 152.45, 149.69, 147.52, 143.39, 142.02, 139.93, 
138.89, 135.10, 134.53, 132.48, 130.37, 130.01, 128.93, 127.58, 
127.36, 127.20, 126.64, 126.61, 124.13, 112.31, 106.77, 50.41, 41.90, 
25.51. HRMS (ESI/Q-TOF) m/z: [M + H]+ Calcd for 
C32H27N3O3 501.2052; Found 502.2118 HPLC Ret. time 35.48 min, 
purity 97 % (254 nm) 95 % (214 nm). 
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