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Casein kinase-2 (CK2) are serine/threonine kinases with dual co-factor (ATP and GTP) specificity, that are
involved in the regulation of a wide variety of cellular functions. Small molecules targeting CK2 have been
described in the literature targeting different binding pockets of the kinase with a focus on type I inhibitors such
as the recently published chemical probe SGC-CK2-1. In this study, we investigated whether known allosteric
inhibitors binding to a pocket adjacent to helix oD could be combined with ATP mimetic moieties defining a

novel class of ATP competitive compounds with a unique binding mode. Linking both binding sites requires a
chemical linking moiety that would introduce a 90-degree angle between the ATP mimetic ring system and the
oD targeting moiety, which was realized using a sulfonamide. The synthesized inhibitors were highly selective
for CK2 with binding constants in the nM range and low micromolar activity. While these inhibitors need to be
further improved, the present work provides a structure-based design strategy for highly selective CK2 inhibitors.

1. Introduction

Protein phosphorylation is a crucial regulatory mechanism, playing a
key role in signal transduction [1]. This post-translational modification
triggers a change in the activation state of various proteins, leading to a
plethora of different effects ranging from regulation of the cell cycle [2],
apoptosis [3], cell growth [4] as well as regulatory events in mRNA
splicing [5]. The enzymes that catalyse this reaction, protein kinases
(PK), are a large family of regulatory proteins that have been associated
with many different diseases including oncological malignancies,
inflammation and neurologic disorders [6-8]. Casein Kinase 2 (CK2) is a
PK with probably one of the most extensive interactomes, affecting
hundreds of cellular proteins [9,10]. This suggests that CK2 plays an
important role in various cellular processes and that an aberrant func-
tion of this key regulator can ultimately lead to the development of
various disease phenotypes. CK2 associated diseases range from cancer
[11,12] and neurodegenerative diseases [13-15] to viral [16-19] and

parasitic infections [20,21], making CK2 an attractive potential target
for the development of small molecule based therapies (Fig. 1) [22-28].

The most frequently used inhibitor in the literature is CX-4945 (Sil-
mitasertib) [29]. CX-4945 is a benzonaphtyridine analogue with the
classic features of a type I kinase inhibitor that reached phase-II clinical
trials on cholangiocarcinoma [30]. Apart from its potential as an
anti-cancer drug candidate, CX-4945 is not a useful tool compound due
to its significant off-target profile that includes potent inhibition of
CDK1, CLK1-CLK3, DAPK3, DYRK1A/B, DYRK3, FLT3, HIPK3, PIM1,
and TBK1 (ICs0s < 100 nM) [31-33]. Indeed, the recent development of
highly selective inhibitors of CK2, so called chemical probes, such as
SGC-CK2-1 revealed that targeting of CK2 across different cancer cell
lines generally does not lead to antiproliferative effects that have been
prominently associated with CX-4945, emphasizing the importance of
selective chemical probes linking phenotypic responses to targets [34].
SGC-CK2-1 is a pyrazolopyrimidine-based type I kinase inhibitor and,
like CX-4945, shares critical interactions in the hinge region and the
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back pocket of CK2. In an SAR study of the pyrazolopyrimidine scaffold
leading to the discovery of SGC-CK2-1, it has been shown that even
minor structural modifications can lead to a significant loss of selectivity
and/or potency. This can be an issue if physicochemical-, or pharma-
cokinetic properties such as metabolic stability are altered without
seriously affecting the overall pharmacodynamic features of the com-
pound. Another important driver for chemical modifications at the
compound level is the occurrence of mutations in the catalytic domain of
kinases [35,36]. These point mutations can occur throughout the cata-
lytic domain, typically at the gatekeeper position, located deep in the
ATP-binding pocket, which negatively affects the affinity of
ATP-competitive compounds [37].

The divergent phenotypes observed in studies comparing the pro-
miscuous inhibitor CX-4945 with selective compounds such as SGC-CK2-
1 challenge the role of CK2 in many disease processes discovered with
CX-4945, including its role in regulation cell proliferation and cancer
[38]. However, inhibitors with different binding modes, such as allo-
steric and orthosteric inhibitors, have been associated with different
phenotypes. Such observations may be based on the regulation of CK2
by protein interactions and its quaternary structure consisting of two
catalytic (a and o’) and two regulatory (f) subunits [39]. The discovery
of allosteric inhibitors targeting a unique pocket adjacent to oD and the
ATP binding site provides an opportunity for the design of selective CK2
inhibitors [40,41]. However, while the aD pocket provides an inter-
esting anchor point, targeting the pocket alone is unlikely to lead to
potent inhibitors. Indeed, the combination of fragments binding to the
oD pocket with moieties targeting the CK2 ATP site back pocket led to
potent compounds, exemplified by the bivalent inhibitor CAM4066 (Kp:
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320 nM), which was highly selective and, in contrast to SGC-CK2-1,
showed anti-proliferative effects at 10-20 pM concentration [26].
More recently, the inhibitor AB668 demonstrated that bivalent com-
pounds targeting the ATP site back pocket and the aD pocket simulta-
neously can have excellent selectivity and potency and induce apoptotic
cell death in several cancer cell lines [42].

Although AB668 targets the ATP site, it does not form the canonical
hinge hydrogen bonds usually required for high potency of ATP-
competitive orthosteric inhibitors while still showing high affinity to
the target (Kp = 86 nM). In this study, we aim to investigate if aD pocket
targeting moieties could be linked to ATP mimetic scaffolds. This com-
bination poses a challenge in linker design between the two moieties, as
the linker needs to introduce a 90-degree kink, which we achieved by
introducing a sulfonamide moiety directly attached to the hinge binding
ring system. Testing diverse hinge binding moieties and linkers, we
succeeded developing bivalent inhibitors with nM Kp assessed by ITC
(Isothermal titration calorimetry) and excellent selectivity.

2. Results

The catalytic subunits of CK2 have unique structural features that
render this kinase constitutively active and facilitate the design of se-
lective CK2 inhibitors. Firstly, the N-terminal segment of CK2 is tightly
bound to the activation loop, stabilizing an active conformation. Sec-
ondly, the DFG motif in CK2 is changed to DWG, allowing the formation
of an additional hydrogen bond between the W176 and the backbone of
L173 which is also contributing to the stability of the active state [43].
Third, the aD helix has been shown to be flexible even in the apo forms
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Fig. 1. Overview of small molecules targeting CK2a sorted by binding pockets: (A) Orthosteric inhibitors targeting the ATP binding site of CK2a sharing classical
hinge binding motifs like pyrazolo[1.5-a]pyrimidines and 2,6-naphtyridines. The PDB code of the corresponding crystal structure is shown in brackets. (B) Allosteric
binders targeting the interface between CK2a/CK2p. (C) Ligands targeting the aD out conformation of CK2.
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of the enzyme [44]. Brear et al. have used high-throughput crystallog-
raphy to show that a binding site created by an outward movement of aD
can be targeted by small molecular fragments and can therefore be used
for the development of allosteric CK2 inhibitors [41].

In our study, we pursued three main strategic considerations for our
compound design.

1) The biphenyl-methanamine moiety served as a linchpin molecule
that targets the aD out conformation (Fig. 2A).

2) An appropriate linker length of at least 8-9 A was employed to
connect the aD ligand to an ATP site binding moiety (Fig. 2A,
ellipse).

3) An angle of approximately 90° between the ATP binding site moiety
and the linker region was introduced to position the ATP mimetic
moiety of the molecule towards the hinge region (Fig. 2B).

Compounds 26-58 were synthesized using a 5-step synthetic route as
outlined in Scheme 1. The oD ligand was assembled by DMAP catalyzed
functionalization of commercially available 3-chloro-4-hydroxybenzal-
dehyde 16 with triflate anhydride yielding the corresponding triflated
product 17 in 86 % yield on a 12 g scale [45]. 17 underwent LiCl
accelerated Suzuki Miyaura cross coupling with commercial benzene
boronic acid in yields of 18 from 60 to 70 % [45]. Di-amino linkers of
varying complexities were combined with 18 via reductive amination
with yields ranging from 57 to 80 % (19-24). Deprotection of the Boc
group protected amines proceeded with TFA in DCM yielding the cor-
responding TFA salts that were used without further purification. These
compounds were reacted in high dilution with different commercially
available sulfonyl chlorides in THF and excess of base at ambient tem-
perature with yields from 71 to 92 % (26-58).

Due to the paucity of commercially available sulfonyl chlorides
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directly attached to fused heterocyclic cores, we tried different reactions
conditions for the de novo synthesis of this moiety to further expand the
chemical space. Unfortunately, various attempts ranging from direct
chlorosulfonylation and Li-halogen exchange to Grignard type mediated
sulfinate syntheses failed on a range of heterocyclic compounds. Willis et
al. published a milder palladium-catalyzed method for the in situ gen-
eration of sulfinate salts starting from brominated aromatic compounds
and the SO, surrogate DABSO (DABCO-Bis(sulfur dioxide)) [46]. The
sulfinate salt can be reacted directly with an electrophilic F* reagent
such as NFSI to yield sulfonyl fluorides, which are suitable for chro-
matographic purification due to their higher chemical stability [47].
Thus we applied this chemistry and synthesized sulfonyl fluoride 60 by
reacting 6-bromo-3-methyl-3H-imidazo[4,5-b]pyridine (59) with
DABSO, Pd(amphos)2Cly, N,N-dicyclohexylmethylamine and iso-
propanol serving both as solvent and reducing agent under microwave
irradiation (46 % isolated yield) [47]. 60 was then coupled with
deprotected compound 19 that was synthesized according to Scheme 1
yielding the final product 61 in 72 % overall yield (Scheme 2). However,
it must be noted that this approach still has a limited substrate scope in
terms of heterocyclic scaffolds, which restricts the synthesis of further
sulfonyl fluorides.

The first generation of compounds contained a simple alkyl chain
with 4-5 carbon atoms, flanked by the aD-binding moiety and the fused
heterocycle (henceforth referred to as the ‘head group’, H), which was
designed to reach the ATP binding site. The binding of 26 (pentyl linker)
to both CK2 isoforms was verified by differential scanning fluorimetry
(DSF) and the proposed binding mode was confirmed by X-ray crystal-
lography (Fig. 3, left panel). Remarkably only the compounds carrying a
linker motif and a hinge binding moiety showed significant shifts in the
DSF assay, in contrast to the allosteric biphenyl fragment (S1) alone
(Table S3).

& &

Fig. 2. Design strategy: (A) Overlay of CK2a bound to the type-I inhibitor CX-4945 (teal, PDB 3NGA) and the oD targeting biphenyl (yellow, PDB 5CSH). Dotted
ellipse indicates the position for linker design. (B) Benzimidazole motif (orange, PDB 50UU) protruding from the aD pocket emphasizing the need of an orthogonality
inducing functional group like sulfonamides or sulfones.
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Scheme 1. Synthesis of 26-58" # Reagents and conditions: (a) Tf,O (1 M DCM), pyridine, cat. DMAP, DCM, rt, overnight, 86 %; (b) Phenyl boronic acid, Pd(PPh3)a,
LiCl, DME, pW, 80 °C, 3 h, 60-70 %; (c) Na[(CHsCOO)sBH], MgS04, DCM, overnight, rt, 57-80 %; (d) TFA, DCM, 0 °C-rt, 1 h, quant.; (e) Sulfonyl chloride, N(Et)3,

THF, overnight, rt; 71-92 %. L = linker and H = head group.

The co-crystal structure analysis of 26 and CK2a shows that the
combination of a pentyl linker connected to both the biphenyl and a
quinoline successfully induces the desired binding mode (Fig. 3, left
side).

Based on the first DSF results, we considered the linker to be the key
component of our inhibitor design. A more detailed analysis of the
conformation of the aliphatic linker inspired us to use both a rigidifi-
cation strategy to stabilize this conformation and to test whether the
sulfonamide H-donor interferes with binding, leading to compounds 48
and 53. 48 contains a piperidine-4-ethanamine ring, which rigidizes the
linker in the upper part of the molecule and simultaneously masks the
N-H of the sulfonamide. The main feature of compound 53 is a 7-azas-
piro[3.5]-nonane linker designed so that the linker is pre-organized at
both ends. Derivatives of 48 and 53 were co-crystallized on CK2a to
additionally test whether the modifications may still address the ATP
binding site (Fig. 3, right side showing 50 and 55). Both DSF and X-Ray
structural analysis demonstrated that the new linking strategy and the
introduction of different binding moieties at the ATP pocket were
promising and that there was no apparent loss of binding (Table 1). ITC
data of 26 and 48 supported the DSF results revealing Kp values of and

316 nM and 263 nM, respectively (Fig. 5). Based on these results, we
extended our SAR with different linkers in combination with several
ATP binding site moieties and tested them using DSF as an initial assay
system (Table 1). Aliphatic linkers of varying complexity were used to
investigate different conformations of this moiety, replacing the more
labile linear amide linkers that has been used in previous reports [26,
45]. All aliphatic linkers were tolerated with linkers bearing more car-
bon atoms performing better than short ones. Hexyl linkers, used in
compounds 36-41, boosted ATm shifts by 1-4 °C compared to butyl-
(25) or pentyl linker (26-28, 61, 72). Cmpd 26 (Fig. 4A) and 25
(Fig. 4B) differed in terms of linker length (pentyl vs butyl) and in the
orientation of the isoquinoline ring in the ATP binding site. In
conjunction with longer linkers, the isoquinoline ring was more aligned
with the hinge region, while the shorter butyl linker was more aligned
towards the back pocket of the kinase. Additionally, the quinoline
moiety of 25 was tilted out of the plane of both 26 and CX-4945
(Figure S2) which might explain the overall lower affinity of this com-
pound since a surface complemental, coplanar orientation of the ATP
site binding moiety was detrimental to be perfectly sandwiched between
the N and C lobe of the kinase. Surprisingly the substitution of the C3 to
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Scheme 2. Synthesis of 61, 63 and 66 *Reagents and conditions: (a) DABSO, Pd(amphos),Cl,, Cy>NME, i-PrOH, 110 °C, 1 h, pW; (b.1) NFSL, 3 h, rt, 46 %; (c) 19
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[(CHsCOO)sBH], MgSO,4, DCM, overnight, rt, 25 % (63) and 23 % (66); (f) tert-butyl (4-bromobutyl)carbamate DMF, 2 h 100 °C, pW, 14 %.

an oxygen atom in the pentyl linker series rendered molecules largely
inactive (29-35). Polyethyleneglycol (PEG) linkers are known to adopt
twisted, meander-like conformations [48], possibly resulting in the aD
ligand and/or head group being pushed out of their corresponding
pocket.

The spectrum of more rigid linkers included the aforementioned
piperidine-4-ethanamine (48-52), 7-azaspiro[3.5]nonane (53-58) as
well as a 6-azaspiro[3.4]octane-2-amine (42-47) linker designed to
evaluate different ring strains and to optimize the length of the original
pentyl linker. The 6-azaspiro[3.4]octane-2-amine linker was chosen to
leave the linear architecture of the molecules and thus conveying a
certain degree of directionality of the head group. These linkers were
tolerated in all head groups examined, with values similar to those of the
pentyl linker series.

In addition to masking the N-H donor moiety of the sulfonamide
group by making it tertiary, we also wanted to formally remove the
nitrogen. This was done by replacing the nitrogen of the sulfonamide
group with a carbon atom, thus converting it into a sulfone group. To
achieve this transformation, we used the protocol of Willis et al. but
instead of using F' as the electrophile, we took N-Boc protected bromo
alkyl linkers and reacted them with the corresponding sulfinate salt,
resulting in compounds 63 and 66 (Scheme 2, bottom). Direct com-
parison of compounds 61 and 63 shows that simple deletion of the ni-
trogen atom unexpectedly boosts the ATm shift from 2,7 to 6,7 °C
rendering the 3-methyl-imidazopyridine head group interesting for
future studies. The shorter butyl linker (66) with the imidazo[1,2-a]
pyridine moiety showed significantly smaller ATm shifts than com-
pound (63).

Numerous head groups were investigated, and the binding mode was
analyzed by X-Ray crystallography (Fig. 4). All compounds share a
bicyclic 6-6 (Fig. 4 A-C) or a 5-6 (D-G) annulated heterocyclic ring

system, which was linked to a corresponding linker moiety via an
orthogonality enforcing sulfone group (not shown) or a sulfonamide
group. All head groups extend into the ATP binding site assuming
different orientations of the annulated ring systems. 49 (Fig. 4D) bears a
3-methylquinoline head group, suggesting that the orientation of the
quinoline nitrogen atom was not important for binding (ATm shift of 7.0
and 6.9 °C respectively, Table 1). 5-6 fused heterocyclic ring systems of
the benzothiazole type (Fig. 4 D-F) showed a similar binding mode to 26
and 49. Due to the contracted 5 ring unit, functional groups attached to
the 2-position of the benzothiazole ring were preferentially oriented
towards the gatekeeper residue of the kinase (Fig. 4E and F). 56 bears a
chlorine residue that gives the opportunity for organometallic coupling
reactions that can be used to explore the back pocket of the kinase
(Fig. 4F). In addition to the aromatic rings, we also investigated fused
5-6 heterocycles with saturated 5-membered rings. 57 contained a 1,3-
dimethyl-benzimidazolone moiety gave rise to a similar DSF shift
compared to the aromatic counterparts and a similar binding mode
compared to the aforementioned ATP mimetic groups (Fig. 4G). The
transition from traditional aromatic heterocyclic systems that have been
almost exclusively used in the development of kinase inhibitors [49,50]
to saturated ring systems could not only yield more favorable selectivity
profiles, but may also improve physicochemical and pharmacokinetic
properties of inhibitors [51,52].

Motivated by this finding, we expanded the spectrum of saturated
ring systems (28, 33, 34, 41, 46, 47, 57). Interestingly, the benzox-
azolone scaffold exhibited higher DSF shifts in combination with several
linker combinations that matched or even exceeded the ATm shift of the
reference compound CAM4066 (15) (see entries 28, 41, 47 in Table 1).

To correlate the ATm shifts of the compounds with binding constants
in solution, we examined the binding of individual compounds using ITC
(Fig. 5). Comparison of binding constants of 26 with 48 showed that the
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Fig. 3. Proof of principle and comparison of linkers: (A) 26 crystallized with CK2« (yellow) overlayed with CX-4945 (grey). Interactions of 26 between P159 and
V162 are shown in red. The basic nitrogen of 26 is in ca. 4 A distance to V116 which hinders the formation of a hydrogen bond. The black arrow indicates the shift of
the aD helix from the in to the out conformation. (B) 50 bearing a piperidine-4-ethanamine moiety. (C) 55 showing that further rigidification to a 7-azaspiro[3.5]

nonane is tolerated.

rigid piperidine-4-ethanamine performed similarly to the more flexible
analogue (Kp values of 263 + 89 nM and 316 + 71 respectively) with a
slightly higher contribution of entropy to overall binding for 48. These
values correlated well with the DSF data that showed comparable shifts
for both compounds. We were interested in the overall contribution of
the nitrogen atom in isoquinoline derivative 26 to the binding and
therefore replaced it with a carbon atom in compound 27. 27 was syn-
thesized according to Scheme 1 and evaluated in DSF and ITC. 27 per-
formed similarly in DSF to 26 (6.0 vs 6.1 °C for CK2a) demonstrating
again that the nitrogen was not involved in direct polar interaction with
the kinase. This can be confirmed based on the crystal structure of 26
with CK2a that shows a distance of -4 A between the basic nitrogen and
V116, which is too far away for a hydrogen bonding interaction
(Fig. 3A). ITC revealed a binding constant of 515 + 181 nM which was
comparable to the nitrogen containing counterpart 26.

Next, we evaluate the selectivity of the synthesized inhibitors. We
chose 48, 51, 55 and 57, harbouring different head groups and linkers
and evaluated them in a DSF screen with an in-house panel of 101
protein kinases. All compounds showed excellent selectivity irrespective
of the chosen hinge binding moiety or linker. 48 was chosen as an
example and the obtained ATm shifts were mapped onto the kinome. We
also evaluated non-selective compounds as positive controls (Fig. 6A).
To test against a wider panel of kinases, 26 and 50 bearing a benzo-
thiazole ring were profiled in an orthogonal tracer displacement assay
[53]. Values are shown as % inhibition again highlighting the tolerance
of different ATP site binding moieties while preserving high selectivity
(Fig. 6B). Additional selectivity data for compounds 51, 55, 57 (DSF
data) and 26 (tracer displacement assay) are summarized in the sup-
plemental data file (Table S1, S2 and Figure S1). To illustrate the broad
range of kinase coverage used in this study we overlayed the different
panels of selectivity assays in a Venn diagram. A total of 177 different

kinases were screened with 23 kinases overlapping in the assays used
(Fig. 6C). ATm data, NanoBRET ICs in permeabilized cells and in vitro
activity values were compared for a few selected compounds and these
data showed good correlation between these orthogonal assays (Fig. 6D)
[33,54].

The sulfonamide moiety not only ensured the correct angle between
the linker and ATP binding function, but it also offered a possibility for
additional derivatization by introducing tertiary sulfonamides. Deriva-
tization at this position allowed extending the inhibitors towards the
solvent region, and it can serve as a position for physicochemical opti-
mization or as an attachment point for degrader development such as
PROTACs (PROteolysis Targeting Chimeras). The accessibility of this
position was confirmed by X-ray structures of 25 and 26, in which the
N-H of the sulfonamide was as expected pointing out of the orthosteric
binding pocket. We decided for Sy2 alkylation using methyl bromoa-
cetate to generate the proof-of-concept compound 73. In contrast to
Scheme 1, the synthetic route to this target molecule was changed to
avoid a loss of chemoselectivity in the alkylation step (Scheme 3).

The binding of 73 to CK2« and o was assessed using the DSF assay,
resulting however in smaller thermal shifts comparable to that of com-
pound 72 (6.0/3.2 °C and 8.6/4 °C for o/’ respectively). In addition,
the structure of 73 in complex with CK2a was solved to elucidate the
binding mode of the molecule (Fig. 7). Encouragingly, we found that the
expected orientation of the methyl ester pointed towards the triphos-
phate region of the kinase, while it did not significantly affect the
binding mode of the biphenyl and the benzothiazole moiety in com-
parison to 50 (overlay of PDB 8PVO and PDB 9EQ1, not shown). In
addition, the binding mode indicated that around the tertiary sulfon-
amide was sufficient space to extend this linker further to solvent
exposed moieties and thus enable chemical modifications which can be
achieved as suggested in Scheme 3 using different haloalkanes or by
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Table 1
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Overview of synthesized molecules 25-58, 61, 63, 65, 69 and 70 compounds sorted by linkers: corresponding ATm values against CK2a/a’ in °C. 14 and 15 are used as
reference compounds. Measurements were performed in technical triplicates. H1-H13 represent the employed head groups.

Cpd ID Linker Het ATm [° C] Cpd ID Linker Het ATm [° C]
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using the methyl ester of 73. This functional group can undergo further
reactions such as amide couplings after hydrolysis providing a roadmap
for modification of this scaffold in the future.

3. Conclusion/discussion

In this study we outlined a strategy for CK2 inhibitor design
combining known allosteric inhibitors with ATP mimetic moieties. We
chose both a sulfonamide and sulfone group as a hinge element for the
construction of a series of bivalent molecules. SAR of different combi-
nations of the linker region and the head group demonstrated that 30 of
the 39 compounds showed significant binding affinity to CK2 (6-10 °C
in DSF assay and ITC values of 263 nM for 26 and 316 nM for 48).
Binding to the kinase was achieved despite the lack of a classical
hydrogen bond to backbone amino acids of the hinge region. A

structural alignment between 50 and AB668 (Figure S3A) as well as 26
and CAM4066 (Figure S3B) was performed that highlights the key dif-
ferences between the bivalent inhibitors and the common lack of a polar
interaction to the hinge region. This is also in agreement with the
binding mode of some natural products such as Emodin, first synthetic
molecules including TBB and potent inhibitors of CK2 like GO289
[55-57]. While omitting the hinge region can be a valid strategy to in-
crease selectivity, as this segment is highly conserved throughout the
kinome, it usually comes at the cost of potency. In future optimization
efforts, both an elongation to said region and growing towards the back
pocket of the kinase might be pursued to increase the affinity of the
compounds. In fact, the molecules synthesized in this study offer a
comprehensive set of starting points that can be derivatized by simple
transformation reactions towards different areas of the kinase. Firstly,
all hinge binding moieties (except for H11) show high selectivity and
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Fig. 4. Overview of different ATP site binding moieties: (A) Overlay of 26 (PDB 8PVP) and CX-4945 (PDB 3NGA) as a reference compound for ATP site targeting
scaffolds. Polar interactions of CX-4945 are shown as dotted lines. (B, C) Annulated 6 membered rings of the quinoline type bound to CK2« (25 PDB 9EQO, 49 PDB
9EPW). A pentyl linker attached to the quinoline orients the basic nitrogen towards the hinge region (A) as opposed to (B) bearing a butyl linker. 3- methylquinoline
pointing towards the back of the kinase (C). (D-F) Benzothiazole derivatives bound to CK2a (50 PDB 8PVO, 51 PDB 9EPZ, 56 PDB 9EPX). The chlorine moiety in (F)
can be used as a chemical handle for further derivatization. (G) The dimethylbenzimidazolone scaffold showcases the tolerance of saturated ring systems in the ATP

binding region of the kinase (57 PDB 9EPV).

can be extended either towards the back pocket or to the hinge region.
Secondly, derivatization at the tertiary sulfonamide enables targeting of
less addressed regions by inhibitors like the triphosphate binding site.
Shorter butyl linkers (25 and 65) and the incorporation of a PEG moiety
were less well tolerated (29-35). Crystal structure analysis showed that
these linkers induce an unfavorable conformation of the hinge binding
moieties that weakens hydrophobic interactions in the active site cleft
and thus should be avoided in future studies. NanoBRET data in intact

cells (Table S4) show no measurable activity for most of the bivalent
inhibitors, including the reference compounds proCAM4066/CAM4066.
36 was the only compound showing displacement of the tracer with a
EC50 of 19 + 5 pM. Thus, cellular potency of the series is still low, and it
needs to be optimized further to allow cellular studies at low compound
concentrations [58]. This limitation might be overcome combining the
different targeting strategies mentioned above that can result in com-
pounds that can effectively inhibit the kinase in cellulo. The biological
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Fig. 5. ITC measurement of 26, 27 and 48. Rigidization and N-deletion strategies (48, 27) are investigated in ITC in comparison to proof-of-principle molecule 26.

effects of CK2 in vivo are not exclusively linked to the catalytic activity of
the protein [38]. Indeed, it has been shown, that subunits of the holo-
enzyme can independently serve as scaffolding proteins [59]. 73 was
designed to extend into the solvent region of CK2 with the methyl ester
serving as an exit vector. This position can be linked to an E3 ligase and
harnessed for PROTAC development. Such an approach can conceivably
circumvent the problem of low potency and low activity of the com-
pounds which are both parameters that do not necessarily correlate with
the pharmacological modality of protein degradation. Additionally, this
might allow to further push the biological exploration of
kinase-independent functions of CK2.

4. Experimental procedures
4.1. Differential scanning fluorimetry assay

Recombinant protein kinase domains with a concentration of 2 pM
were mixed with a 10 pM compound solution in DMSO, using a final
buffer consisting of 20 mM HEPES, pH 7.5, and 500 mM NaCl. SYPRO
Orange (5000 , Invitrogen) was added as a fluorescence probe (1 pl per
mL). Subsequently, temperature-dependent protein unfolding profiles
were measured, using the QuantStudio™ 5 realtime PCR machine
(Thermo Fisher). Excitation and emission filters were set to 465 nm and
590 nm. The temperature was raised with a step rate of 3 °C per minute.
Data points were analyzed with the internal software (Thermal Shift
SoftwareTM Version 1.4, Thermo Fisher) using the Boltzmann equation
to determine the inflection point of the transition curve. Differences in
melting temperature are given as ATm values in °C. Measurements were
performed in duplicates.

4.2. Isothermal titration calorimetry (ITC)

The dissociation constants (Kp) of the compounds were assessed
using isothermal calorimetry. Both the sample cell and injection syringe
were pre-equilibrated with gel filtration buffer (25 mM HEPES at pH 7.5,
500 mM NacCl, and 0.5 mM TCEP). The sample cell was loaded with a
solution of the compound (at concentrations ranging from 10 to 20 pM
in gel filtration buffer), while the injection syringe contained the protein
solution (ranging from 80 to 120 pM in gel filtration buffer). Following
device equilibration (Nano ITC, TA Instruments), protein was

incrementally injected over 30 injections, each comprising 8 pL (except
a first injection of 4 pL). Analysis of the resulting data involved defining
baseline and integration points to ascertain binding heats. Subsequently,
data fitting to the Boltzmann equation enabled the determination of
thermodynamic parameters.

4.3. Kinome-wide selectivity profile (tracer displacement assay)

Compounds 26 and 30 was tested at a concentration of 5 pM against
a panel of 104 kinases in an in vitro tracer displacement assay as
described previously (Fig. 6) [53].

4.4. Kinome-wide selectivity profile (Tm panel)

Recombinant protein kinase domains with a concentration of 2 pM
were mixed with a 10 pM compound solution in DMSO, 20 mM HEPES,
pH 7.5, and 500 mM NaCl. SYPRO Orange (5000 x , Invitrogen) was
added as a fluorescence probe (1 pl per mL). Subsequently, temperature-
dependent protein unfolding profiles were measured, using the Quant-
Studio™ 5 realtime PCR machine (Thermo Fisher, Waltham, MA, USA).
Excitation and emission filters were set to 465 and 590 nm. The tem-
perature was raised with a step rate of 3 °C per minute. Data points were
analyzed with the internal software (Thermal Shift SoftwareTM Version
1.4, Thermo Fisher) using the Boltzmann equation to determine the
inflection point of the transition curve. Differences in melting temper-
ature are given as ATm values in °C. Measurements were performed in
duplicates.

4.5. ADP glo assay

The ADP Glo assay was carried out in concordance with the ADP-
GloTM Kinase Assay Protocol (Promega). Recombinant protein kinase
domain CK2 was seeded in a 384 well plate at a concentration of 200 nM
with addition as 1 pM casein (Merck, C8654-500G) as substrate in Ki-
nase Reaction Buffer (50 mM TRIS pH 7.5, 20 mM MgCl,, 0.1 % Glyc-
erin, 0.01 % Triton X100). Inhibitors of interest were titrated in wells
between a range of 7.5 nM and 200 pM, respective negative and positive
controls were also included. 20 pM of Ultra-Pure ATP (Promega) was
added to the wells to initiate the kinase reaction. All reactions were
performed in a 5 pl volume at 37 °C and incubated for 3 h. After
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Fig. 6. Selectivity profiling and on target evaluation: (A) Kinome tree representation of Tm shifts of 48 tested in an in-house panel of 101 protein kinases. Values
are shown in °C. ATm values of top hits of DSF screen of 48 as absolute values and in relation to the reference compound Staurosporine. *CX-4945 was used as
reference compound. (B) Structurally related cmpd 50 profiled in a panel of 104 kinases using a tracer displacement assay. Values are shown as % inhibition.
Compound conc. 5 pM. (C) Venn diagram representation of the two kinase panels used in this study. A total of 177 different kinases were screened with an overlap of
28 kinases. (D) Summary of tm shifts of compounds across different scaffolds in °C. Corresponding enzyme kinetic ICso values for CK2a. The values were determined
using a NanoBRET assay in permeabilized cells and ADP glo (in vitro). The ADP-Glo assay was measured with biological and technical duplicates. NanoBRET Assay
measurements were performed in biological and technical duplicates (N = 2).
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Scheme 3. Synthesis of 25, 72 and 73 starting from the hinge binder.? * Reagents and conditions: (a) tert-butyl (5-aminopentyl)carbamate, N(Et)3, THF, overnight,
rt, 58 % (68) 70 % (70); (b) TFA, DCM, 0 °C-rt, 1 h, quant.; (c) 18, Na[(CHsCOO)sBH], MgSO,4, DCM, overnight, rt, 46 % (25), 87 % (72) and 42 % (73); (d) Methyl

bromoacetate, K,CO3, ACN, 16 h 0-60 °C, quant.

incubation, 5 pl of ADP-GloTM Reagent (Promega) was added to each
well and incubated at room temperature for 40 min to stop the kinase
reaction and deplete unconsumed ATP. 10 pl of Kinase Detection Re-
agent (Promega) was added to each well and incubated at room tem-
perature for 45 min to convert ADP to ATP and introduce luciferase and
luciferin to detect ATP. Luminescence of each well was recorded using
the PHERAstar plate reader (BMG Labtech, Ortenberg, Germany). Data
were analyzed using Graphpad Prism 9 software with a normalized
response vs log(inhibitor) model with the following equation: Y = 100/
(1 4+ 10°((X-LogIC50))) to determine ICsps of the tested compounds.

4.6. NanoBRET™ assay

The NanoBRET Assay was conducted following the methodology
described in the literature [33,54,60]. Briefly, HEK293T cells were
transfected with the CSNK2Al-NanoLuc Fusion Vector (Promega,
NV2981). This vector is used to express full-length CSNK2A1 kinase
fused C-terminal to NanoLuc Luciferase. After trypsinization and
resuspension in Opti-MEM without phenol red (Life Technologies), cells
were seeded into white 384-well plates (Greiner 784075) at a density of
2 x 10°5 cells/mL. They were then transfected using FuGENE HD
(Promega, E2312). Proteins were allowed to express for 20 h at 37 °C/5
% CO2. Using an ECHO acoustic dispenser (Labcyte), the
protein-transfected cells were exposed to increasing compound con-
centrations and NanoBRET K10 Tracer (Promega, TracerDB ID:
TO00008) at the Tracer KD concentration taken from TracerDB (tra
cerdb.org). To establish equilibrium, the system was incubated for 2 h
at 37 °C/5 % CO2. In accordance with the manufacturer’s protocol,
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NanoBRET NanoGlo Substrate (Promega, N1573) was added, and
filtered luminescence was measured using the PHERAstar plate reader
(BMG Labtech) equipped with a luminescence filter pair (450 nm BP
filter for the donor and 610 nm LP filter for the acceptor). Subsequently,
competitive displacement data were analyzed and graphed using
GraphPad Prism 10, employing a normalized 3-parameter curve fit with
the following equation: Y = 100/(1 + 1085~ logICy) For the generation of
the permeabilized data, the transfected cells were permeabilized using
digitonin (0.05 pg/pL). After an equilibration period of 10 min, lumi-
nescence measurements were taken, and the displacement data were
analyzed as described previously.

4.7. Protein expression and purification

Expression and purification were performed as described previously
[25,34,61]. Briefly, transformed BL21(DE3) cells were grown in Terrific
Broth medium containing 50 mg/mL kanamycin. Protein expression was
induced at an ODgy of 3 by wusing 05 mM
isopropyl-thio-galactopyranoside (IPTG) at 18 °C for 12 h. Cells
expressing Hisg-tagged CK2u0 were lysed in lysis buffer containing 50
mM HEPES pH 7.5, 500 mM NacCl, 25 mM imidazole, 5 % glycerol, and
0.5 mM Tris(2 carboxyethyl)phosphine (TCEP) by sonication. After
centrifugation, the supernatant was loaded onto a Nickel-Sepharose
column equilibrated with 30 mL lysis buffer. The column was washed
with 60 mL lysis buffer. Proteins were eluted by an imidazole step
gradient using 50, 100, 200, 300 mM imidazole concentrations. Frac-
tions containing protein were pooled together and dialyzed overnight
using 1L of final buffer (25 mM HEPES pH 7.5, 500 mM NaCl, 0.5 mM
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Fig. 7. Co-crystal structure of 73 in CK2a, showcasing the third derivatization direction harnessing the sulfonamide moiety. The methyl ester chemical handle can be
further extended both in the direction of the triphosphate pocket and out to the solvent region.

TCEP) at 4 °C. Additionally, TEV protease was added (protein:TEV 1:20
M ratio) to remove the tag. The following day the protein solution was
loaded onto Nickel-Sepharose column beads again to remove the TEV
protease and cleaved tag. The combined flow through fraction and the
wash fraction (25 mM imidazole) containing the protein were combined
and concentrated to approximately 4-5 mL and loaded onto Superdex 75
16/60 Hi-Load gel filtration column equilibrated with final buffer. The
protein was concentrated to approximately 9 mg/mL.

4.8. Crystallization

CK2a was crystallized using the sitting-drop vapor diffusion method
by mixing protein (9 mg/mL) and well solutions in 2:1, 1:1, and 1:2
ratios. The reservoir solution contained 0.2 M ammonia sulfate, 0.1 M
bis-tris pH 5.5 and between 23 and 26 % (v/v) PEG 3350. The reservoir
solution supplemented with 20 % ethylene glycol was used as cryo-
protectant for crystals. Crystals were stored in liquid nitrogen until
measurement.

4.9. Data collection, structure solution and refinement

Diffraction data were collected either at beamline X06SA and X06DA
(Villigen, CH) or Diamond Light Source I03 (Didcot, UK) at a wavelength
of 1.0 A at 100 K. Data were processed using XDS [62] and scaled with
aimless [63]. The PDB structure with the accession code 6Z83 [34] was
used as an initial search MR model using the program MOLREP [64].
The dictionary files for the ligands were generated by the Grade Web
Server (https://grade.globalphasing.org). The final model was built
manually using Coot [65] and refined with REFMACS5 [66], which is a
part of the CCP4 suite [65]. Data collection and refinement statistics are
summarized on pages S180-S181.

12

4.10. Chemistry

The synthetic routes of compounds will be outlined in the following
and the analytical data can be found on pages S6-S180. All commercial
chemicals were purchased from BLD Pharm, TCI, Merck, Enamine and
Activate Scientific, with a purity >95 % and were used without further
purification. Commercial sulfonylchlorides used in this study alongside
the corresponding suppliers and catalogue numbers are listed in Sup-
porting Table S4. The solvents with an analytical grade were obtained
from VWR Chemicals, Honeywell and Merck and all dry solvents Acros
Organics and Thermofischer. All reactions were carried out under an
argon atmosphere. The thin layer chromatography was done with silica
gel on aluminium foils (60 A pore diameter) obtained from Macherey-
Nagel and visualized with ultraviolet light (A = 254 and 365 nm). The
purification of the compounds was performed by flash chromatography
using puriFlash XS 420 device with a UV-VIS multiwave detector
(200—400 nm) from Interchim. Pre-packed normal-phase PF-SIHP and
pre-packed PF-C18HP reverse phase columns with particle sizes of 15
and 30 pm (Interchim) were used for purification. DMSO was evapo-
rated using a SpeedVac Concentrator (ThermoFischer Scientific,
Model#: SPD121P-230) coupled to a Savant RVT5105 Refrigerated
Vapor Trap (ThermoFischer Scientific) and a VLP80 vacuum pump
(ThermoScientific). Nuclear magnetic resonance spectroscopy (NMR)
was performed with DPX250, AV300, AV400, AV500, AV600 MHz
spectrometers from Bruker. Chemical shifts (6) are reported in parts per
million (ppm). DMSO-dg and methylene chloride-d, were used as a
solvent, and the spectra were calibrated to the solvent signal: 2.50 ppm
(*HNMR) or 39.52 ppm (*3C NMR) for DMSO-dg, 7.26 ppm (\H NMR) or
54.00 ppm (13C NMR) for methylene chloride-d,. Coupling constants (J)
were reported in hertz (Hz) and multiplicities were designated as fol-
lowed: s (singlet), d (doublet), dd (doublet of doublet), t (triplet), dt
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(doublet of triplets), td (triplet of doublets), ddd (doublet of doublet of
doublet), q (quartet), m (multiplet). Mass spectra were measured on a
Surveyor MSQ device from ThermoFisher measuring in the positive- or
negative-ion mode. Final compounds were additionally characterized by
HRMS using a MALDI LTQ Orbitrap XL from ThermoScientific and a
microOTOF-Q ESI source. The purity of the final compounds was
determined by HPLC using an Agilent 1260 Infinity II device with a 1260
DAD HS detector (G7117C; 254 nm, 280 nm, 310 nm) and a LC/MSD
device (G6125B, ESI pos. 100-1000). The compounds were analyzed on
a Poroshell 120 EC-C18 (Agilent, 3 x 150 mm, 2.7 pm) reversed phase
column using 0.1 % formic acid in water (A) and 0.1 % formic acid in
acetonitrile (B) as a mobile phase. The following gradient was used: 0
min5%B-2min5 % B - 8 min 98 % B - 10 min 98 % B (flow rate of 0.5
mL/min). UV-detection was performed at 254, 280 and 310 nm and all
compounds used for further biological characterization showed a purity
>95 %.

Synthesis of 2-chloro-4-formylphenyltrifluoromethanesulfo-
nate (17). 3-chloro-4-hydroxy-benzaldehyde (16) (12.0 g, 76.64
mmol, 1 eq.) and DMAP (911 mg, 6.86 mmol, 0,09 eq.) were charged
into a round bottom flask. 250 mL of dry DCM were added through a
septum. The mixture was cooled to 0 °C in an ice bath and dry pyridine
(18.5 mL, 230 mmol, 3 eq.) were added. The flask was cooled in an ice
bath and 1 M trifluoroacetic anhydride (TFAA) solution in DCM (154
mL, 154 mmol, 2 eq.) were added dropwise through a dropping funnel.
The solution was warmed to ambient temperature and stirred over 16 h
under argon atmosphere. The solvent was evaporated in vacuo. The
residue was solved in EtOAc, 1 M aq. HCl were added to the flask and
stirred vigorously for 5 min. After transfer into a funnel the organic
phase was washed with 1 x 1 M aq. HCl, 3x sat. NaHCOs-solution and 2x
with brine. The EtOAc-phase was dried over MgSO,, filtrated and
evaporated in vacuo. The crude product was purified by silica column
chromatography (n-hexanes/EtOAc 4:1). The product was dried over-
night using a high vacuum pump to obtain a pale yellow, oily substance
that can be stored for up to one year in - 20 °C (19,0 g, 86 %). 'H NMR
(250 MHz, DMSO-dg) 6 10.03 (s, 1H), 8.29 (d, 1H), 8.06 (dd, 1H), 7.91
(d, 12H). 3C NMR (126 MHz, DMSO-ds) & 190.93, 148.21, 137.07,
132.16, 130.10, 126.97, 124.53, 116.78. MS-ESI m/z [M-+H]": caled
288.2, found 288.91.

Note: After addition of pyridine the mixture becomes clear.

Synthesis of 2-chloro-[1,1’-biphenyl] -4-carbaldehyde (18). 2-
chloro-4-formylphenyltrifluor-methansulfonate (17) (500 mg, 1.73
mmol, 1 eq), phenylboronic acid (316 mg, 2.6 mmol, 1.5 eq.), lithium
chloride (132 mg, 3.12 mmol, 1.8 eq.), potassium phosphate (1.1 g, 5.2
mmol, 3 eq.) and tetrakis(triphenylphosphine)palladium (18 mg, 0.016
mmol, 0.1 eq.) were charged in a microwave vial and were suspended in
DME (10 mL). The suspension was degassed with argon under sonicat-
ion. The vial was heated in a microwave oven to 80 °C for 3 h. The crude
mixture was then filtrated over Celite and diluted with EtOAc. The
organic phase was washed with NaHCOs-solution (3x50 mL), Brine
(2x50 mL), dried over MgSO4 and the solvent was removed under
reduced pressure. The residue was purified by flash chromatography
(100 % Heptane) to afford the title compound was afford as white solid
(255 mg, 68 %).'H NMR (300 MHz, DMSO-de) 5 = 10.03 (s, 1H, H-8),
8.05(d,J=1.6Hz, 1H, H-4),7.92(dd, J=7.8,1.6 Hz, 1H, H-2), 7.61 (d,
J = 7.8 Hz, 1H, H, H-5), 7.53-7.40 (m, 5H, H-10, 11, 12, 13, 14). 13C
NMR (126 MHz, DMSO-dg) 6§ 191.87, 145.29, 137.73, 136.63, 132.40,
132.29, 130.81, 129.07, 128.50, 128.40, 127.93. MS-ESI m/z [M+H]":
caled 216.66, found 217.05.

Note: Older batches of tetrakis(triphenylphosphine)palladium (orange
colour) performed with better overall conversion and yields than fresh ones.

The product does not always readily crystallize-it may take at least
overnight.

4.11. General procedure A for reductive amination

(18) (1 eq.) and MgSO4 were charged in a flask and suspended in dry
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DCM. After addition of the corresponding amino linker (1.3 eq.) the
mixture was stirred over 1 h under argon atmosphere at room temper-
ature. Sodium triacetoxyborhydride (STAB) (2.5 eq.) was added and the
suspension was stirred overnight. Solvents were evaporated, diluted
with EtOAc and washed 2x with sat. NaHCOs, 2x with water and 1x with
brine. The organic phase was dried over MgSO4 and purified using flash
chromatography using DCM/MeOH (91:9) as an eluent.

4.12. General procedure B for N-boc deprotection

N-Boc protected amines were solved in dry DCM. The flask was
cooled in an ice bath and trifluoroacetic acid (TFA) in an excess was
added dropwise. The solution stirred for 2h at room temperature. Sol-
vents were evaporated until complete dryness and used without further
purification in the next step.

4.13. General procedure C for sulfonamide coupling

Deprotected amines were solved in dry THF (x~0.01 M) and trie-
thylamine (3 eq.) was added to the solution. The corresponding sulfonyl
chloride was added and stirred under argon atmosphere overnight.
Solvents were evaporated, diluted with EtOAc and washed 2x with
water and 1x with brine. The organic phase was dried over MgSO4 and
purified using flash chromatography using DCM/MeOH (30:1) as an
eluent.

Note: In most cases, after ~ 1h, the solution became slightly blurry
indicating the formation of product as it is scarcely soluble in THF. This
in addition to the high dilution rendered the reaction chemoselective for
the terminal amine.

4.14. General procedure D for the synthesis of sulfinate salts [47]

Brominated fused heterocycles (1 eq.), DABSO (DABCO-Bis(sulfur
dioxide)) (1 eq.), dicyclohexylmethylamine (3 eq.), Pd(amphos),Cly
(0.05 eq.) were charged into a microwave vial and suspended in dry
isopropanol. The reaction was heated at 110 °C for 1h. The in situ formed
sulfinate salt was treated with the corresponding electrophile.

Synthesis of tert-butyl (5-(((2-chloro-[1,1’-biphenyl]-4yl)
methyl)amino)pentyl)carbamate (19). (19) was synthesized accord-
ing to General Procedure A using (18) (154 mg, 0.7 mmol, 1 eq.) and
tert-butyl (5-aminopentyl)carbamate (210 mg, 1.04 mmol, 1.5 eq.) in
dry DCM (3 mL). (200 mg, 72 %) H NMR (500 MHz, DMSO-dg) &
7.52-7.31 (m, 8H), 6.75 (t, J = 5.8 Hz, 1H), 3.71 (s, 2H), 2.89 (q, J = 6.6
Hz, 2H), 2.47 (t, J = 7.0 Hz, 2H), 1.49-1.38 (m, 3H), 1.36 (s, 9H),
1.35-1.22 (m, 3H). *C NMR (126 MHz, DMSO-dg) 5 155.57, 142.87,
138.73, 137.77, 131.12, 130.95, 129.23, 128.90, 128.18, 127.57,
126.92, 77.27, 52.00, 48.62, 29.44, 29.21, 28.27, 24.13. MS-ESI m/z
[M+H]+: caled 403.20, found 403.19.

Synthesis of tert-butyl(2-(2-(((2-chloro-[1,1’-biphenyl] -4yl)
methyl)amino)etoxy)ethyl)car-bamate (20). (20) was synthesized
according to General Procedure A using (18) (250 mg, 1.15 mmol, 1
eq.) and tert-butyl (2-(2-aminoethoxy)ethyl)carbamate (236 mg, 1.5
mmol, 1 eq.) in dry DCM (10 mL). (225 mg, 48 %) 1 NMR (400 MHz,
DMSO-dg) 6 7.52 (d, J = 1.5 Hz, 1H), 7.49-7.32 (m, 7H), 6.85-6.80 (m,
1H), 3.75 (s, 2H), 3.47 (t, J = 5.6 Hz, 2H), 3.37 (t, J = 5.9 Hz, 2H), 3.08
(q, J =5.9 Hz, 2H), 2.64 (t, J = 5.6 Hz, 2H), 1.36 (s, 9H). 13¢ NMR (101
MHz, DMSO-dg) 6 156.11, 143.10, 139.20, 138.36, 131.64, 131.47,
129.70, 129.44, 128.67, 128.07, 127.45, 78.03, 70.31, 69.63, 52.32,
48.50, 40.64, 28.70. MS-ESI m/z [M+H]+: calcd 405.94, found 405.21.

Synthesis of tert-butyl (6-(((2-chloro-[1,1’-biphenyl]-4-yl)
methyl)amino)hexyl)carbamate (21). (21) was synthesized according
to General Procedure A using (18) (200 mg, 0.92 mmol, 1 eq.) and tert-
butyl (5-aminohexyl)carbamate (302 mg, 1.11 mmol, 1 eq.) in dry DCM
(10 mL). (234 mg, 61 %) H NMR (250 MHz, DMSO-dg) 6 7.54 (d, J =
1.4 Hz, 1H), 7.48-7.39 (m, 5H), 7.37-7.31 (m, 2H), 6.74 (t, J = 5.3 Hz,
1H), 3.76 (s, 2H), 2.89 (q, J = 6.5 Hz, 2H), 1.43 (q, J = 7.3 Hz, 3H), 1.36
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(d, J = 0.9 Hz, 8H), 1.35-1.14 (m, 7H). MS-ESI m/z [M+H]+: caled
417.99, found 417.20.

Synthesis of tert-butyl 4-(2-(((2-chloro-[1,1’-biphenyl]-4-yl)
methyl)amino)ethyl)piperi-dine-1-carboxylate (22). (22) was syn-
thesized according to General Procedure A using (18) (430 mg, 1.98
mmol, 1 eq.) and 4-(aminoethyl)-1-N-boc-piperidine (570 mg, 2.5
mmol, 1.3 eq.) in dry DCM (13 mL) (406 mg, 57 %). 'H NMR (500 MHz,
Methylene Chloride-dy) 6 7.47 (dt, J = 1.4, 0.7 Hz, 1H), 7.46-7.42 (m,
4H), 7.41-7.35 (m, 1H), 7.30 (dd, J = 1.5, 1.0 Hz, 2H), 4.04 (d, J = 12.2
Hz, 2H), 3.83-3.75 (m, 2H), 2.66 (d, J = 7.2 Hz, 2H), 1.65 (s, 2H), 1.53
(dddd, J = 12.5, 11.2, 4.7, 2.3 Hz, 3H), 1.46 (s, 2H), 1.43 (s, 10H),
1.16-1.01 (m, 2H). '3C NMR (126 MHz, Methylene Chloride-dy) &
155.21, 142.62, 139.92, 139.36, 132.62, 131.79, 130.03, 129.87,
128.60, 128.08, 127.20, 79.35, 47.18, 37.43, 34.52, 30.62, 28.73. MS-
ESI m/z [M+-H]+: caled 429.00, found 429.58.

Synthesis of tert-butyl 2-(((2-chloro-[1,1’-biphenyl]-4-yl)
methyl)amino)-7-azaspiro [3.5] -nonane-7-carboxylate (23). (23)
was synthesized according to General Procedure A using (18) (150 mg,
0.69 mmol, 1 eq.) and tert-butyl 2-amino-7-azaspiro[3.5]nonane-7-
carboxylate (200 mg, 0.83 mmol, 1.2 eq.) in dry DCM (10 mL). (210
mg, 69 %) 'H NMR (400 MHz, DMSO-dg) 6 7.54 (d, J = 1.5 Hz, 1H),
7.47-7.33 (m, 7H), 3.69 (s, 2H), 3.29 (s, 1H), 3.24 (dd, J = 7.0, 3.5 Hz,
2H), 3.19 (t, J = 5.7 Hz, 2H), 2.06 (ddd, J = 10.1, 7.7, 2.6 Hz, 2H),
1.59-1.52 (m, 2H), 1.46-1.41 (m, 4H), 1.38 (s, 9H). '3C NMR (101 MHz,
DMSO-dg) 6 153.96, 138.61, 138.16, 131.18, 130.96, 129.27, 129.20,
128.20, 127.64, 127.29, 78.40, 48.86, 47.32, 38.76, 31.49, 28.08. MS-
ESI m/z [M+H]+: calcd 442.01, found 441.06.

Synthesis of tert-butyl 2-(((2-chloro-[1,1’-biphenyl]-4-yl)
methyl)amino)-6-azaspiro [3.4] -octane-6-carboxylate (24). (24)
was synthesized according to General Procedure A using (18) (230 mg,
1.06 mmol, 1 eq.) and tert-butyl 2-amino-6-azaspiro[3.4]octane-6-
carboxylate (264 mg, 1.17 mmol, 1.1 eq.) in dry DCM (10 mL). (170
mg, %) 'HNMR (400 MHz, DMSO-dg) 6 7.53-7.32 (m, 8H), 3.65 (s, 2H),
3.21-3.12 (m, 5H), 2.10 (tdd, J = 9.9, 7.4, 2.7 Hz, 2H), 1.74 (dt, J =
19.0, 9.8 Hz, 4H), 1.38 (s, 9H). 13¢ NMR (101 MHz, DMSO-dg) 6 153.68,
142.47, 138.69, 137.89, 131.12, 130.93, 129.22, 129.05, 129.02,
128.19, 127.59, 127.07, 127.05, 78.06, 57.81, 57.40, 49.16, 47.92,
47.65, 47.58, 44.59, 44.36, 44.31, 44.10, 38.97, 28.18. MS-ESI m/z
[M+H]+: caled 427.99, found 427.15.

Synthesis of 3-methyl-3H-imidazo [4,5-b] pyridine-6-sulfonyl
fluoride (60). (60) was synthesized according to General Procedure D
using 6-bromo-3-methyl-3H-imidazo[4,5-b]pyridine (59) (83 mg, 0.4
mmol, 1 eq.), DABSO (96 mg, 0.4 mmol, 1 eq.), dicyclohexylmethyl-
amine (270 pL, 1.2 mmol, 3 eq.), Pd(amphos),Cl; (14.2 mg, 0.02 mmol,
0.05 eq.). After heating in the microwave, the reaction was cooled to
0 °C using an ice bath and NFSI (N-Fluorosuccinimide, 189 mg, 0.6
mmol, 1.5 eq.) was added to the mixture and stirred 3h at ambient
temperature. The solvent was evaporated, the crude was washed 3x with
water, 1x with brine and dried over Na;SO4. The organic phase was
evaporated and purified using flash chromatography (Heptane/EtOAc
2:1 as eluent) yielding the title compound as a white solid (61 mg, 71 %).
'H NMR (400 MHz, DMSO-dg) 6 9.07 (dd, J = 2.2, 1.1 Hz, 1H),
8.92-8.87 (d, 1H), 8.82 (s, 1H), 3.93 (s, 3H). *C NMR (101 MHz,
DMSO-dg) 6§ 151.34, 150.62, 143.42, 133.95, 128.14, 122.37, 122.13,
30.07. '°F NMR (377 MHz, DMSO-dg) 6 —73.41. MS-ESI m/z [M+H]+:
caled 216.20, found 216.00.

Note: Addition of the NFSI resulted in an exothermic reaction (microwave
vial became warm) transitioning from a grey suspension to a grey-purple
colour after ~15 min.

Synthesis of tert-butyl (6-((3-methyl-3H-imidazo [4,5-b] pyridin-
6-yDsulfonyl)hexyl)car-bamate (62). (62) was synthesized according
to General Procedure D using 6-bromo-3-methyl-3H-imidazo[4,5-b]
pyridine (200 mg, 0.94 mmol, 1 eq.), DABSO (227 mg, 0.94 mmol, 1
eq.), dicyclohexylmethylamine (912 pL, 2.83 mmol, 3 eq.), Pd
(amphos)2Cly (34 mg, 0.05 mmol, 0.05 eq.). After heating in the mi-
crowave tert-butyl (6-bromohexyl)carbamate (502 mg, 1.9 mmol, 2 eq.)
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solved in 1 mL of dry DMF was added to the mixture and heated in the
microwave for 1h at 120 °C. The solvent was evaporated, the crude was
washed 3x with water, 1x with brine and dried over Na;SO4. The organic
phase was evaporated and purified using flash chromatography (Hep-
tane/EtOAc 2:1 as eluent) yielding the title compound as a white solid
(75 mg, 21 %). 'H NMR (400 MHz, DMSO-dg) 6 8.83 (t,J = 1.9 Hz, 1H),
8.70-8.66 (m, 1H), 8.53 (t,J = 1.8 Hz, 1H), 6.70 (t, J = 5.5 Hz, 1H), 3.91
(d, J=1.6 Hz, 3H), 3.46-3.28 (m, 4H), 2.84 (q, J = 6.5 Hz, 2H), 1.53 (h,
J = 6.8, 6.0 Hz, 2H), 1.35-1.32 (m, 9H), 1.27 (d, J = 7.2 Hz, 2H), 1.17
(td, J = 8.7, 4.2 Hz, 2H). '3C NMR (101 MHz, DMSO-ds) & 155.56,
149.95, 149.27, 143.14, 133.88, 129.65, 127.26, 77.28, 55.33, 55.31,
39.60, 29.86, 29.07, 28.25, 28.21, 27.08, 25.63, 22.35. MS-ESI m/z
[M+H]+: caled 397.50, found 297.10 (N-Boc group fragmentation).
Synthesis of tert-butyl (4-(imidazo[1,2-a] pyridin-6-ylsulfonyl)
butyl)carbamate (65). (65) was synthesized according to General
Procedure D using 6-bromoimidazo[1,2-a]pyridine (79 mg, 0.4 mmol,
1 eq.), DABSO (96 mg, 0.4 mmol, 1 eq.), dicyclohexylmethylamine (270
pL, 1.2 mmol, 3 eq.), Pd(amphos),Cly (14.2 mg, 0.02 mmol, 0.05 eq.).
After heating in the microwave tert-butyl (4-bromobutyl)carbamate
(202 mg, 0.8 mmol, 2 eq.) solved in 500 pL of dry DMF was added to the
mixture and heated in the microwave for 1h at 120 °C. The solvent was
evaporated, the crude was washed 3x with water, 1x with brine and
dried over Na3SOg4. The organic phase was evaporated and purified using
flash chromatography (Heptane/EtOAc 2:1 as eluent) yielding the title
compound as a white solid (20 mg, 14 %). 1TH NMR (400 MHz, DMSO-dg)
§9.26 (dd, J = 2.0, 1.0 Hz, 1H), 8.19 (s, 1H), 7.76 (dd, J = 5.4, 4.2 Hz,
2H), 7.53 (dd, J = 9.5, 1.9 Hz, 1H), 6.79 (t, J = 5.9 Hz, 1H), 3.44-3.37
(m, 2H), 2.88 (q, J = 6.3 Hz, 2H), 1.62-1.52 (m, 2H), 1.44 (p, J = 6.8 Hz,
2H), 1.30 (s, 9H). '3C NMR (101 MHz, DMSO-de) & 155.62, 144.31,
135.34, 130.66, 124.74, 121.32, 117.38, 115.43, 77.42, 54.46, 38.93,
28.17, 27.98, 19.78.MS-ESI m/z [M+H]+: calcd 354.44, found 354.15.
Synthesis of tert-butyl (4-(isoquinoline-5-sulfonamido)butyl)
carbamate (68). 5-Isoquinoli-nesulfonylchloride (44 mg, 0.19 mmol, 1
eq) and N-Boc-1,4-butanediamine (54 mg, 0.29 mmol, 1.5 eq) were
dissolved in dry DCM (1 mL). Triethylamine (133 pL, 0.96 mmol, 5 eq.)
was added to the solution and stirred for 3 h at room temperature under
argon atmosphere. The reaction mixture was concentrated and the res-
idue diluted in DCM. The organic phase was washed with water (2x100
mL) and brine (2x100 mL). The organic phase was dried over MgSO4 and
the solvent was removed under reduced pressure. The residue was pu-
rified by flash chromatography (DCM/MeOH. 30:1) affording the title
compound as yellow oil (42 mg, 1.49 mmol, 58 %). 1 NMR (500 MHz,
Methylene Chloride-dy) 5 9.37-9.33 (m, 1H), 8.65 (dd, J = 6.2, 1.5 Hz,
1H), 8.44-8.38 (m, 2H), 8.25-8.20 (m, 1H), 7.71 (ddd, J = 8.7, 7.4, 1.5
Hz, 1H), 5.67 (s, 1H), 4.62 (s, 1H), 2.95 (dt, J = 28.3, 6.8 Hz, 4H), 1.41
(s, 2H), 1.40 (s, 9H), 1.37 (s, 3H), 1.29-1.21 (m, 1H). '*C NMR (126
MHz, Methylene Chloride-dy) § 153.92, 145.64, 134.03, 133.77, 126.51,
117.69, 79.56, 54.43, 54.22, 54.00, 53.78, 53.57, 43.46, 40.17, 28.65,
27.90, 26.87. MS-ESI m/z [M+Na]+: caled 402.48, found 402.08.
Synthesis of tert-butyl (5-(benzo [d]thiazole-6-sulfonamido)
pentyl)carbamate (70). Benzo[d]lthiazole-6-sulfonyl chloride (69)
(500 mg, 2.14 mmol, 1 eq) and N-Boc-1,5-pentanediamine (476 mg,
2.35 mmol, 1.1 eq) were dissolved in dry THF (40 mL). Triethylamine
(895 pL, 6.42 mmol, 3 eq.) was added to the solution and stirred for 3 h
at room temperature under argon atmosphere. The reaction mixture was
concentrated and the residue diluted in DCM. The organic phase was
washed with water (2x100 mL) and brine (2x100 mL). The organic
phase was dried over MgSO4 and the solvent was removed under
reduced pressure. The residue was purified by flash chromatography
(DCM/MeOH. 30:1) affording the title compound as yellow oil (597 mg,
1.49 mmol, 70 %). "H NMR (400 MHz, DMSO-dg) 5 = 9.61 (s, 1H, H-8),
8.68 (d, J=1.8 Hz, 1H, H-3), 8.27 (d, J = 8.6 Hz, 1H, H-1), 7.91 (dd, J =
8.6, 1.9 Hz, 1H, H-6), 7.67 (t,J = 5.7 Hz, 1H,N H-23), 6.71 (t,J = 5.7 Hz,
1H, NH-17), 2.78 (dq, J = 29.1, 6.6 Hz, 4H, H-22,18), 1.35 (s, 12H, H-
13,21,24,26), 1.30-1.12 (m, 4H, H-19,20), 2.29 (s, 1H). 13C NMR (126
MHz, DMSO-dg) § = 160.48 (C-18), 155.53 (C-16), 154.94 (C-5), 137.45
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(C-2),134.09 (C-4),128.90 (C-1), 128.20, 124.29, 124.17,123.67 (C-6),
122.12 (C-3), 77.31 (C-14), 42.55 (C-22), 28.92 (C-12), 28.66 (C-19),
28.26 (C-13,25,26), 23.31 (C-20). MS-ESI m/z [M+H]+: caled 399.54,
found 400.05.

Synthesis of Methyl N-(benzo [d]thiazol-6-ylsulfonyl)-N-(5-
((tert-butoxycarbonyl)amino)-pentyl)glycinate (71). (70) (461 mg,
1.15 mmol, 1 eq.) was dissolved in dry ACN (15 mL) and cooled to 0 °C.
Methyl bromoacetate (397 mg, 2.6 mmol, 2.25 eq.) and potassium
carbonate (175 mg, 1.27 mmol, 1.1 eq.) were added to the reaction
mixture. The reaction mixture was allowed to warm to room tempera-
ture and then heated to 60 °C for 16 h. TLC control showed not complete
conversion of starting material and additional methylbromacetate (176
mg, 1.15 mmol, 1.2 eq.) was added to the solution and stirred for 3h. The
suspension was diluted in EtOAc, washed with water (2x 100 mL) and
brine (2x100 mL). The organic phase was dried over MgSO4 and the
solvent was removed under reduced pressure. The title compound
crystalized as a yellow solid (542 mg, quant.). 'H NMR (400 MHz,
DMSO-dg) 6 =9.63 (s, 1H, H-8), 8.77 (d, J = 1.9 Hz, 1H, H-3), 8.25 (d, J
= 8.6 Hz, 1H, H-1), 7.93 (dd, J = 8.6, 1.9 Hz, 1H, H-6), 6.73 (s, 1H, NH-
17),4.11 (s, 2H, H-27), 3.54 (s, 3H, H-31), 3.17 (t, J = 7.4 Hz, 2H, H-22),
2.83 (q, J = 6.6 Hz, 2H, H-18), 1.43 (p, J = 7.5 Hz, 2H, H-21), 1.36 (s,
9H, H-13,25,26), 1.34-1.23 (m, 2H, H-19), 1.22-1.11 (m, 2H, H-20). 3C
NMR (101 MHz, DMSO-dg) § = 169.43 (C-28), 160.89 (C-8), 155.56 (C-
16), 155.23 (C-5), 136.14 (C-2), 134.25 (C-4), 124.62 (C-1), 124.57 (C-
3), 123.56 C-6), 122.73, 77.32 (C-14), 51.88 (C-31), 51.83 (C-27), 48.5
(C-22)1, 48.17 (C-18), 28.98 (C-29), 28.26 (C-13,25,26), 27.11, 23.14
(C-20). MS-ESI m/z [M+Na]+: calcd 494.95, found 494.15.

Synthesis of N-(4-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)butyl)isoquinoline-5-sul-fonamide (25). (68) (51 mg, 0.13
mmol, leq.) was deprotected using General Procedure B. The crude
product was reacted with (18) (20 mg, 0.09 mmol, 1 eq.) according to
General Procedure A (20 mg, 46 %). 'H NMR (500 MHz, Methylene
Chloride-d3) 6 10.14 (d, J = 0.9 Hz, 1H), 8.67 (d, J = 5.7 Hz, 1H), 8.27
(dd, J="7.3,1.2 Hz, 1H), 8.05 (dt, J = 8.4, 1.1 Hz, 1H), 7.80 (dd, J = 5.7,
1.0 Hz, 1H), 7.76 (dd, J = 8.3, 7.3 Hz, 1H), 7.48-7.26 (m, 8H), 3.79 (s,
2H), 2.94 (t, J = 6.1 Hz, 2H), 2.54 (t, J = 6.2 Hz, 2H), 1.54-1.42 (m, 4H).
13C NMR (126 MHz, Methylene Chloride-dy) § 149.86, 144.18, 132.74,
131.97, 130.86, 130.22, 130.00, 129.50, 128.59, 128.12, 127.57,
121.72, 54.43, 54.22, 54.00, 53.78, 53.57, 53.12, 48.87, 43.65, 28.54,
27.94. MS-ESI m/z [M + H]+: caled 480.23, found 480.02. HRMS m/z
[M + H]+: caled 479.14343, found 480.14920.

Synthesis of N-(5-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)pentyl)isoquinoline-5-sulfonamide (26). (19) (38 mg, 0.09
mmol, leq.) was deprotected using General Procedure B. The crude
product was reacted with 5-Isoquinolinsulfonylchloride (22 mg, 0.09
mmol, 1 eq.) according to General Procedure A (38 mg, 86 %). THNMR
(500 MHz, Methylene Chloride-ds) § 9.35 (s, 1H), 8.66 (d, J = 6.0 Hz,
1H), 8.45-8.35 (m, 2H), 8.22 (d, J = 8.2 Hz, 1H), 7.71 (t, J = 7.8 Hz,
1H), 7.47-7.40 (m, 5H), 7.38 (ddd, J = 8.9, 5.6, 3.3 Hz, 1H), 7.31-7.25
(m, 2H), 3.76 (s, 2H), 2.92 (t, J = 6.9 Hz, 2H), 2.51 (t, J = 7.0 Hz, 2H),
1.46-1.31 (m, 6H). '3C NMR (126 MHz, Methylene Chloride-dy) &
153.96, 145.69, 134.04, 133.78, 131.86, 130.04, 129.99, 128.60,
128.12, 127.37, 126.51, 117.63, 54.43, 54.22, 54.00, 49.13, 43.68,
30.25, 29.50, 24.49. MS-ESIm/z [M + H]+: calcd 494.16, found 494.24.
HRMS m/z [M + H]+: caled 494.15908, found 494.16558.

Synthesis of N-(5-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)pentyl)isoquinoline-5-sulfonamide (27). (19) (518 mg, 1.28
mmol, 1 eq.) was deprotected using General Procedure B. The crude
product was reacted with naphthalene-1-sulfonylchloride (233 mg, 1.03
mmol, 0.8 eq.) according to General Procedure A (138 mg, 27 %). 'H
NMR (600 MHz, DMSO-dg) 6 8.67 (dd, J = 8.5, 1.1 Hz, 1H), 8.22-8.18
(m, 1H), 8.12 (dd, J = 7.3, 1.3 Hz, 1H), 8.09-8.05 (m, 1H), 7.90 (s, 1H),
7.70 (ddd, J = 8.5, 6.8, 1.5 Hz, 1H), 7.67-7.60 (m, 2H), 7.48-7.44 (m,
3H), 7.43-7.38 (m, 3H), 7.35-7.30 (m, 2H), 3.65 (s, 2H), 2.78 (t,J = 7.0
Hz, 2H), 2.29 (t, J = 7.1 Hz, 2H), 1.24 (dg, J = 25.3, 7.4 Hz, 4H),
1.15-1.07 (m, 2H). 3C NMR (151 MHz, DMSO-dg) 5 142.47, 138.67,

15

European Journal of Medicinal Chemistry 276 (2024) 116672

137.81, 135.85, 133.82, 133.50, 131.05, 130.91, 129.14, 128.88,
128.81, 128.28, 128.11, 127.64, 127.57, 127.51, 126.87, 126.70,
124.71,124.42, 51.80, 48.26, 42.28, 40.06, 28.87, 28.69, 23.62. MS-ESI
m/z [M + H]+: caled 493.16, found 493.13. HRMS m/z [M + H]+: caled
493.1638 found 493.1693.

Synthesis of N-(5-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)pentyl)benzo [d] thiazole-6-sulfonamide TFA salt (72). (19)
(50 mg, 0.12 mmol, 1 eq.) was deprotected using General Procedure B.
The crude product was reacted with benzo[d]thiazole-6-sulfonyl chlo-
ride (25 mg, 0.11 mmol, 1 eq.) according to General Procedure A (48
mg, 87 %). 'H NMR (400 MHz, DMSO-dg) 6 = 9.61 (s, 1H, H-29), 8.69
(d, J = 1.9 Hz, 1H, H-24), 8.27 (d, J = 8.6 Hz, 1H, H-22), 7.92 (dd, J =
8.6, 1.9 Hz, 1H, H-27), 7.69 (bs, 1H, NH-15), 7.51-7.35 (m, 9H, H-
3,4,7,9,10,11,12,13, NH-21), 7.32 (s, 2H, H-1), 2.77 (t, J = 6.9 Hz, 2H,
H-16), 2.39 (t, J = 6.9 Hz, 2H, H-20), 2.07 (s, 2H), 1.44-1.15 (m, 6H, H-
17,18,19). 13¢ NMR (101 MHz, DMSO-dg) 6 = 160.47, 154.94, 142.67,
138.71, 137.80, 137.54, 134.09, 131.12, 130.95, 129.22, 128.90,
128.17, 127.57, 126.92, 124.18, 123.67, 122.11, 51.94, 48.43, 42.60,
28.93, 23.85. 1°F (282 MHz, DMSO-ds) § —73.56. MS-ESI m/z [M +
H]+: caled 500.07, found 500.10. HRMS m/z [M + H]+: caled 500.1155
found 500.1210.

Synthesis of N-(5-(((2-chloro-[1,1'-biphenyl] -4-yl)methyl)
amino)pentyl)-3-methyl-3H-imi-dazo [4,5-b] pyridine-6-sulfon-
amide TFA salt (61). (61) was synthesized based on [47]. (19) (75 mg,
0.19 mmol, 1 eq.) was deprotected using General Procedure B. The
crude was solved in dry DMSO (3 mL) and transferred into a microwave
vial. (60) (40 mg, 0.19, 1 eq.) and Triethylamine (77 pL, 0.58 mmol, 3
eq.) were added and the reaction was heated to 100 °C for 10h in a
microwave oven. DMSO was evaporated using a SpeedVac. The crude
was solved in DCM and washed 2x with water and 2x with brine. Sol-
vents were evaporated and purified using reverse phase flash chroma-
tography (H20/ACN as eluents). The product was not completely pure
after the first round of chromatography and product was further sub-
jected to reverse phase flash chromatography (H,O/ACN as eluents with
addition of 0.2 % of TFA) yielding the title compound as a TFA salt (17
mg, 18 %). MS-ESI m/z [M + H]+: caled 499.04, found 498.20. HRMS
m/z [M + H]+: caled 498.1652 found 498.1709. 'H NMR (500 MHz,
DMSO-dg) 6 8.89 (s, 2H), 8.79 (d, J = 1.5 Hz, 1H), 8.68 (s, 1H), 8.42 (s,
1H), 7.75 (s, 1H), 7.72 (s, 1H), 7.56-7.45 (m, 4H), 7.45-7.39 (m, 3H),
4.18 (d, J = 5.6 Hz, 2H), 3.89 (s, 3H), 2.95-2.83 (m, 2H), 2.76 (q, J =
6.6 Hz, 2H), 1.58 (q, J = 7.7 Hz, 2H), 1.48-1.38 (m, 3H), 1.30(q, J=7.9
Hz, 3H). 13¢ NMR (126 MHz, DMSO-dg) 6 150.53-147.67 (m), 142.52,
140.76, 138.54, 134.56-134.07 (m), 133.75, 132.17, 131.81, 131.69,
131.60, 129.61, 129.54, 128.81, 128.51, 126.22, 49.50, 47.11, 42.74,
30.32, 28.86, 25.36, 23.48. 19p (282 MHz, DMSO-dg) 6§ —73.46.

Synthesis of N-(5-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)pentyl)-2-0x0-2,3-dihy-drobenzo [d] oxazole-6-sulfonamide
(28). (19) (50 mg, 0.12 mmol, 1 eq.) was deprotected using General
Procedure B. The crude product was reacted with 2-o0xo0-2,3-dihy-
drobenzo[d]oxazole-6-sulfonyl chloride (28 mg, 0.12 mmol, 1 eq.) ac-
cording to General Procedure A (20 mg, 34 %). 'H NMR (400 MHz,
DMSO-dg) § =9.61 (s, 1H, H-29), 8.69 (d, J = 1.9 Hz, 1H, H-24), 8.27 (d,
J=8.6 Hz, 1H, H-22), 7.92 (dd, J = 8.6, 1.9 Hz, 1H, H-27), 7.69 (bs, 1H,
NH-15), 7.51-7.35 (m, 9H, H-3,4,7,9,10,11,12,13, NH-21), 7.32 (s, 2H,
H-1), 2.77 (t, J = 6.9 Hz, 2H, H-16), 2.39 (t, J = 6.9 Hz, 2H, H-20), 2.07
(s, 2H), 1.44-1.15 (m, 6H, H-17,18,19). 3C NMR (101 MHz, DMSO-dg)
6 = 160.47 (C-29), 154.94 (C-26), 142.67 (C-2), 138.71 (C-8), 137.80
(C-5), 137.54 (C-23), 134.09 (C-6), 131.12 (C-25), 130.95 (C-7), 129.22
(C-10,12), 128.90 (C-22), 128.17 (C-9,11,13), 127.57 (C-4), 126.92 (C-
3), 124.18 (C-27), 123.67 (C-24), 122.11, 51.94 (C-1), 48.43 (C-20),
42.60 (C-16), 28.93 (C-17,19), 23.85 (C-18). MS-ESI m/z [M + H]+:
caled 500.07, found 500.10. HRMS m/z [M + H]+: caled 500.1155,
found 500.1210.

Synthesis of N-(2-(2-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)ethoxy)ethyl)isoqui-noline-5-sulfonamide (29). (20) (31 mg,
0.08 mmol, 1 eq.) was deprotected using General Procedure B. The
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crude product was reacted with 5-isoquinolinesulfonylchloride (18 mg,
0.08 mmol, 1 eq.) according to General Procedure A (32 mg, 82 %). H
NMR (400 MHz, DMSO-dg) 6 9.46 (s, 1H), 8.68 (d, J = 6.1 Hz, 1H),
8.48-8.31 (m, 3H), 7.80 (t, J = 7.8 Hz, 1H), 7.51-7.38 (m, 6H), 7.32 (d,
J=1.6 Hz, 2H), 3.67 (s, 2H), 3.26 (t,J = 5.5 Hz, 2H), 3.22 (t, J = 5.6 Hz,
2H), 3.01 (t, J = 5.5 Hz, 2H), 2.42 (t, J = 5.6 Hz, 2H). 13C NMR (101
MHz, DMSO-dg) § 153.31, 144.50, 142.45, 138.70, 137.89, 135.27,
133.24, 132.17, 131.17, 130.99, 130.42, 129.22, 128.95, 128.67,
128.19, 127.60, 126.95, 126.35, 117.32, 69.70, 68.70, 51.71, 47.70,
42.33. MS-ESI m/z [M + H]+: caled 497.02, found 496.20. HRMS m/z
[M + H]+: caled 496.1383, found 494.1454.

Synthesis of N-(2-(2-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)ethoxy)ethyl)benzo- [d] thiazole-6-sulfonamide (30). (20)
(31 mg, 0.08 mmol, 1 eq.) was deprotected using General Procedure B.
The crude product was reacted with benzo[d]thiazole-6-sulfonyl chlo-
ride (17 mg, 0.07 mmol, 0.95 eq.) according to General Procedure A
(25 mg, 71 %). *H NMR (500 MHz, DMSO-ds) § 9.61 (s, 1H), 8.70 (d, J =
1.9 Hz, 1H), 8.26 (d, J = 8.5 Hz, 1H), 7.94 (dd, J = 8.6, 1.9 Hz, 1H),
7.50-7.38 (m, 6H), 7.33 (d, J = 1.5 Hz, 2H), 3.71 (s, 2H), 3.36 (q, J =
3.2 Hz, 4H), 2.99 (t, J = 5.6 Hz, 2H), 2.56 (t, J = 5.6 Hz, 2H). *C NMR
(126 MHz, DMSO-dg) 6 160.48, 154.96, 142.38, 138.69, 137.92, 137.72,
134.06, 131.17, 131.00, 129.22, 128.98, 128.19, 127.59, 126.99,
124.20, 123.64, 122.06, 69.75, 68.78, 51.72, 47.82, 42.56. MS-ESI m/z
[M + H]+: caled 503.04, found 502.05. HRMS m/z [M + H]+: caled
502.0947, found 502.1009.

Synthesis of N-(2-(2-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)ethoxy)ethyl)-2-me-thylbenzo [d] thiazole-6-sulfonamide
(31). (20) (31 mg, 0.08 mmol, 1 eq.) was deprotected using General
Procedure B. The crude product was reacted with 2-methylbenzo[d]
thiazole-6-sulfonyl chloride (17 mg, 0.07 mmol, 0.95 eq.) according to
General Procedure A (29 mg, 81 %). 1y NMR (400 MHz, DMSO-dg) 6
8.55 (d, J = 1.9 Hz, 1H), 8.07 (d, J = 8.6 Hz, 1H), 7.88 (dd, J = 8.6, 1.8
Hz, 1H), 7.50 (s, 1H), 7.49-7.37 (m, 5H), 7.33 (d, J = 1.4 Hz, 2H), 3.35
(t,J = 5.2 Hz, 4H), 2.98 (t, J = 5.6 Hz, 2H), 2.84 (d, J = 1.3 Hz, 3H), 2.56
(t, J = 5.6 Hz, 2H). 13C NMR (101 MHz, DMSO-dg) 6 171.63, 154.99,
142.42, 138.69, 137.90, 136.93, 135.56, 131.17, 130.99, 129.22,
128.97,128.18, 127.59, 126.97, 124.14, 122.40, 121.42, 69.76, 68.76,
51.73, 47.84, 42.55, 20.01. MS-ESI m/z [M + H]+: caled 517.07, found
516.05. HRMS m/z [M + H]+: caled 516,1104 found 516.1168.

Synthesis of 2-chloro-N-(2-(2-(((2-chloro-[1,1’-biphenyl] -4-yl)
methyl)amino)ethoxy)e-thyl)benzo [d] thiazole-6-sulfonamide
(32). (20) (31 mg, 0.08 mmol, 1 eq.) was deprotected using General
Procedure B. The crude product was reacted with 2-chlorobenzo[d]
thiazole-6-sulfonyl chloride (20 mg, 0.07 mmol, 1 eq.) according to
General Procedure A. The product was not completely pure after the
first round of chromatography and product was further subjected to
reverse phase flash chromatography (HoO/ACN as eluents with addition
of 0.2 % of TFA) yielding the title compound as a TFA salt. (30 mg, 81
%). "H NMR (400 MHz, DMSO-dg) & 8.93 (s, 2H), 8.67 (d, J = 1.9 Hz,
1H), 8.17 (d, J = 8.6 Hz, 1H), 7.94 (dd, J = 8.6, 1.9 Hz, 1H), 7.85 (t, J =
5.8 Hz, 1H), 7.73 (d, J = 1.6 Hz, 1H), 7.47 (dtd, J = 25.1, 7.4, 1.6 Hz,
8H), 4.25-4.18 (m, 2H), 3.61 (t, J = 5.1 Hz, 2H), 3.47 (s, 2H), 3.11 (d, J
= 5.8 Hz, 2H), 3.02 (q, J = 5.8 Hz, 2H). *C NMR (101 MHz, DMSO-de) 5
157.71, 153.04, 140.84, 138.52, 138.27, 136.70, 133.51, 132.19,
131.87, 131.83, 129.72, 129.61, 128.84, 128.55, 125.41, 123.64,
122.53, 69.41, 65.77, 49.57, 46.49, 42.65. '°F (282 MHz, DMSO-dg) §
—73.45. MS-ESI m/z [M + H]+: caled 537.49, found 536.05 HRMS m/z
[M + H]+: caled 536.0558, found 536.0628.

Synthesis of N-(2-(2-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)ethoxy)ethyl)-2-0x0-2,3-dihydro-1H-benzo [d] imidazole-5-
sulfonamide TFA salt (33). (20) (31 mg, 0.08 mmol, 1 eq.) was
deprotected using General Procedure B. The crude product was reacted
with 2-0x0-2,3-dihydro-1H-benzo[d]imidazole-5-sulfonyl chloride (16
mg, 0.07 mmol, 0.95 eq.) according to General Procedure A. The
product was not completely pure after the first round of chromatography
and product was further subjected to reverse phase flash
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chromatography (HoO/ACN as eluents with addition of 0.2 % of TFA)
yielding the title compound as a TFA salt (20 mg, 57 %). 1H NMR (400
MHz, DMSO-dg) § 11.14 (s, 1H), 11.07 (s, 1H), 9.72 (s, 1H), 9.24 (s, 2H),
7.78 (d, J = 1.7 Hz, 1H), 7.56-7.40 (m, 8H), 7.34 (d, J = 1.8 Hz, 1H),
7.09 (d, J = 8.2 Hz, 1H), 4.23 (s, 2H), 3.63 (t, J = 5.1 Hz, 2H), 3.06 (dd,
J = 7.4, 4.0 Hz, 4H), 2.91 (q, J = 5.8 Hz, 2H). 13¢C NMR (101 MHz,
DMSO-dg) § 155.39, 140.30, 138.12, 133.11, 132.15, 131.66, 131.49,
131.34, 129.73, 129.33, 129.17, 128.36, 128.05, 119.99, 108.30,
106.72, 68.93, 65.27, 49.01, 45.59, 45.57, 42.18. '°F (282 MHz,
DMSO-dg) 6 —73.45. MS-ESI m/z [M + H]+: caled 501.99, found
501.05. HRMS m/z [M + H]+: caled 501.1285, found 501.1353.

Synthesis of N-(2-(2-(((2-chloro-[1,1'-biphenyl] -4-yl)methyl)
amino)ethoxy)ethyl)-1,3-dimethyl-2-0x0-2,3-dihydro-1H-benzo
[d] imidazole-5-sulfonamide TFA salt (34). (20) (31 mg, 0.08 mmol,
1 eq.) was deprotected using General Procedure B. The crude product
was reacted with 1,3-dimethyl-2-0x0-2,3-dihydro-1H-benzo[d]imid-
azole-5-sulfonyl chloride (18 mg, 0.07 mmol, 0.95 eq.) according to
General Procedure A. The product was not completely pure after the
first round of chromatography and product was further subjected to
reverse phase flash chromatography (H,O/ACN as eluents with addition
of 0.2 % of TFA) yielding the title compound as a TFA salt (33 mg, 89 %).
'H NMR (400 MHz, DMSO-dg) & 9.08 (s, 2H), 7.74 (d, J = 1.7 Hz, 1H),
7.57-7.40 (m, 10H), 7.34-7.28 (m, 1H), 4.22 (d, J = 5.6 Hz, 2H), 3.63 (t,
J=5.0Hz, 2H), 3.45 (d, J = 11.5 Hz, 2H), 3.37 (s, 3H), 3.36 (s, 3H), 3.12
(p, J =5.1 Hz, 2H), 2.95 (q, J = 5.8 Hz, 2H), 2.07 (s, 2H). 13C NMR (101
MHz, DMSO-dg) 5 140.35, 138.09, 133.08, 132.73, 131.69, 131.42,
131.36, 129.70, 129.25, 129.15, 128.35, 128.06, 120.16, 107.54,
105.93, 69.00, 65.33, 49.09, 46.00, 42.18, 27.24, 27.18, 1.15. 19 (282
MHz, DMSO-dg) 6 —73.96. MS-ESI m/z [M + H]+: caled 530.05, found
529.15. HRMS m/z [M + H]+: caled 529.1598, found 529.1654.

Synthesis of N-(2-(2-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)ethoxy)ethyl)-3-cya-nobenzenesulfonamide (35). (20) (31
mg, 0.08 mmol, 1 eq.) was deprotected using General Procedure B. The
crude product was reacted with 3-cyanobenzenesulfonyl chloride (14
mg, 0.07 mmol, 0.95 eq.) according to General Procedure A (30 mg, 91
%). 'H NMR (400 MHz, DMSO-dg) 5 8.22 (t, J = 1.7 Hz, 1H), 8.11 (dd, J
= 8.0, 1.7 Hz, 2H), 7.81 (t, J = 7.9 Hz, 1H), 7.58 (d, J = 1.5 Hz, 1H),
7.51-7.36 (m, 7H), 3.87 (s, 2H), 3.44 (t, J = 5.5 Hz, 2H), 3.38 (t, J = 5.5
Hz, 2H), 3.01 (t, J = 5.5 Hz, 2H), 2.72 (t, J = 5.5 Hz, 2H). *C NMR (101
MHz, DMSO-dg) § 142.15, 138.56, 138.53, 135.94, 131.32, 131.10,
130.91, 130.71, 130.02, 129.62, 129.20, 128.23, 127.72, 127.59,
117.63, 112.40, 68.81, 68.61, 51.06, 47.34, 42.45.MS-ESI m/z [M +
H]+: caled 470.98, found 470.10. HRMS m/z [M + H]+: caled
470.1227, found 494.1292.

Synthesis of N-(6-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)hexyl)isoquinoline-5-sulfonamide (36). (21) (36 mg, 0.09
mmol, 1 eq.) was deprotected using General Procedure B. The crude
product was reacted with 5-Isoquinolinsulfonylchloride (23 mg, 0.09
mmol, 1 eq.) according to General Procedure A (41 mg, 90 %). THNMR
(400 MHz, DMSO-dg) 6 9.47 (s, 1H), 8.69 (d, J = 6.1 Hz, 1H), 8.43 (dd, J
=12.1, 7.2 Hz, 2H), 8.33 (d, J = 7.3 Hz, 1H), 8.06 (s, 1H), 7.82 (t, J =
7.7 Hz, 1H), 7.53 (s, 1H), 7.51-7.40 (m, 5H), 7.36 (s, 2H), 3.76 (s, 2H),
2.78 (t, J = 7.0 Hz, 2H), 2.42 (d, J = 7.3 Hz, 2H), 1.24 (d, J = 7.1 Hz,
4H), 1.06 (q, J = 3.5 Hz, 4H). 13C NMR (101 MHz, DMSO-dg) 6 153.38,
144.51, 138.60, 138.24, 135.05, 133.29, 132.36, 131.24, 131.02,
130.39,129.31,129.21,128.22,127.68,127.32,126.41, 117.25, 51.42,
48.11, 42.20, 28.93, 28.54, 26.03, 25.73. MS-ESI m/z [M + H]+: calcd
509.078, found 508.15. HRMS m/z [M + H]+: caled 508.1747, found
508.1808.

Synthesis of N-(6-(((2-chloro-[1,1'-biphenyl] -4-yl)methyl)
amino)hexyl)-3-methylquino-line-8-sulfonamide (37). (21) (36 mg,
0.09 mmol, 1 eq.) was deprotected using General Procedure B. The
crude product was reacted with 3-methylquinoline-8-sulfonyl chloride
(22 mg, 0.09 mmol, 1 eq.) according to General Procedure A (39 mg,
83 %). 'H NMR (400 MHz, DMSO-dg) 6 8.94 (d, J = 2.3 Hz, 1H), 8.31
(dd, J = 2.3, 1.2 Hz, 1H), 8.21 (ddd, J = 12.6, 7.8, 1.5 Hz, 2H), 7.71 (dd,
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J=8.2,7.3Hz, 1H), 7.56 (d, J = 1.3 Hz, 1H), 7.49-7.37 (m, 7H), 7.13 (s,
1H), 3.81 (s, 2H), 2.78 (q, J = 6.5 Hz, 2H), 2.54 (s, 3H), 1.32-1.26 (m,
4H), 1.24 (s, 3H), 1.10 (h, J = 4.3, 3.3 Hz, 4H). 3C NMR (101 MHz,
DMSO-dg) 6 153.50, 141.43, 139.02, 138.90, 136.80, 135.85, 133.34,
132.48, 131.75, 130.08, 129.96, 129.68, 128.82, 128.71, 128.19,
127.96, 126.26, 51.68, 48.48, 43.26, 29.38, 28.74, 26.50, 26.30, 22.57,
18.66. MS-ESI m/z [M + H]+: caled 523.10, found 522.15. HRMS m/z
[M 4 H]+: caled 522.1903, found 522.1969.

Synthesis of N-(6-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)hexyl)benzo [d] thiazole-6-sulfonamide (38). (21) (36 mg,
0.09 mmol, 1 eq.) was deprotected using General Procedure B. The
crude product was reacted with benzo[d]thiazole-6-sulfonyl chloride
(19 mg, 0.09 mmol, 1 eq.) according to General Procedure A (40 mg,
87 %). TH NMR (400 MHz, DMSO-dg) 6 9.61 (s, 1H), 8.69 (d, J = 1.8 Hz,
1H), 8.27 (d, J = 8.6 Hz, 1H), 7.92 (dd, J = 8.6, 1.9 Hz, 1H), 7.71 (s, 1H),
7.60 (d, J = 1.5 Hz, 1H), 7.49-7.42 (m, 4H), 7.41-7.37 (m, 3H), 3.92 (s,
2H), 2.77 (t, J = 7.1 Hz, 2H), 2.64 (t, J = 7.4 Hz, 2H), 1.43 (td, J = 14.2,
7.1 Hz, 3H), 1.36 (d, J = 6.8 Hz, 3H), 1.21 (q, J = 3.4 Hz, 4H). 13¢ NMR
(101 MHz, DMSO-dg) 6 160.50, 154.95, 138.93, 138.42, 137.53, 134.10,
131.38, 131.13, 129.98, 129.18, 129.18, 128.25, 127.92, 127.78,
124.18, 123.68, 122.11, 50.61, 47.67, 42.50, 28.92, 27.48, 25.92,
25.78. MS-ESI m/z [M + H]+: caled 515.09, found 514.10. HRMS m/z
[M + H]+: caled 514.1311, found 514.1379.

Synthesis of N-(6-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)hexyl)-2-methylbenzo- [d] thiazole-6-sulfonamide (39). (21)
(36 mg, 0.09 mmol, 1 eq.) was deprotected using General Procedure B.
The crude product was reacted with 2-methylbenzo[d]thiazole-6-sulfo-
nyl chloride (20 mg, 0.09 mmol, 1 eq.) according to General Procedure
A (42 mg, 88 %). H NMR (400 MHz, DMSO-dg) 6 8.54 (d, J = 1.8 Hz,
1H), 8.08 (d, J = 8.6 Hz, 1H), 7.85 (dd, J = 8.6, 1.9 Hz, 1H), 7.63 (s, 1H),
7.51 (d, J = 1.3 Hz, 1H), 7.47-7.39 (m, 5H), 7.34 (s, 2H), 3.72 (s, 2H),
2.84 (s, 3H), 2.75 (t, J = 7.1 Hz, 2H), 2.45 (t, J = 7.1 Hz, 2H), 1.34 (q, J
= 6.9 Hz, 4H), 1.19 (d, J = 3.9 Hz, 4H). 13C NMR (101 MHz, DMSO-dg) 6
171.61, 154.97, 142.02, 138.66, 137.98, 136.78, 135.58, 131.16,
130.99, 129.21, 129.07, 128.19, 127.61, 127.08, 124.13, 122.43,
121.46, 51.73, 48.36, 42.53, 29.01, 28.96, 26.24, 25.95, 20.00. MS-ESI
m/z [M + H]+: caled 529.12, found 528.10. HRMS m/z [M + H]+: caled
528.1468, found 528.1539.

Synthesis of 2-chloro-N-(6-(((2-chloro-[1,1’-biphenyl] -4-yl)
methyl)amino)hexyl)benzo- [d] thiazole-6-sulfonamide (40). (21)
(36 mg, 0.09 mmol, 1 eq.) was deprotected using General Procedure B.
The crude product was reacted with 2-chlorobenzo[d]thiazole-6-sulfo-
nyl chloride (24 mg, 0.09 mmol, 1 eq.) according to General Procedure
A (5mg, 10 %). THNMR (400 MHz, DMSO-dg) 6 8.66 (d, J= 1.8 Hz, 1H),
8.16 (d, J = 8.6 Hz, 1H), 7.93 (dd, J = 8.6, 1.9 Hz, 1H), 7.78 (d, J = 5.9
Hz, 1H), 7.72 (s, 1H), 7.58-7.32 (m, 8H), 4.10 (s, 2H), 2.79 (dt, J = 19.7,
6.9 Hz, 4H), 1.54 (s, 2H), 1.43-1.31 (m, 2H), 1.23 (p, J = 4.4, 3.8 Hz,
4H). 13C NMR (101 MHz, DMSO-dg) & 152.95, 140.70, 138.57, 138.42,
136.67, 133.89, 132.15, 131.79, 131.75, 129.62, 128.82, 128.73,
128.51, 125.44, 123.59, 122.51, 49.53, 47.20, 42.93, 29.30, 26.02,
25.96, 25.82. MS-ESI m/z [M + H]+: calcd 549.54, found 548.10. HRMS
m/z [M + H]+: caled 548.0921, found 548.1002.

Synthesis of N-(6-(((2-chloro-[1,1'-biphenyl] -4-yl)methyl)
amino)hexyl)-2-0x0-2,3-dihy-drobenzo [d] oxazole-6-sulfonamide
(41). (21) (36 mg, 0.09 mmol, 1 eq.) was deprotected using General
Procedure B. The crude product was reacted with 2-oxo0-2,3-dihy-
drobenzo[d]oxazole-6-sulfonyl chloride (21 mg, 0.09 mmol, 1 eq.) ac-
cording to General Procedure A (38 mg, 86 %). H NMR (400 MHz,
DMSO-dg) 6 7.68 (d, J = 1.6 Hz, 1H), 7.60-7.53 (m, 2H), 7.52-7.39 (m,
8H), 7.25 (d, J = 8.1 Hz, 1H), 4.05 (s, 2H), 2.73 (dt, J = 26.5, 7.1 Hz,
4H), 1.51 (p, J = 7.3 Hz, 2H), 1.34 (q, J = 6.8 Hz, 2H), 1.21 (p, J = 3.8
Hz, 4H). 13¢ NMR (101 MHz, DMSO-dg) 6 155.41, 143.35, 139.52,
138.28, 136.14, 135.83, 133.21, 131.52, 131.21, 130.59, 129.17,
128.51, 128.30, 127.90, 122.87, 109.91, 107.33, 49.93, 47.26, 42.41,
28.75, 26.52, 25.73, 25.69. MS-ESI m/z [M + H]+: caled 515.04, found
514.20. HRMS m/z [M + H]+: caled 514.1489, found 514.1554.
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Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-4-(imi-
dazo[1,2-a] pyridin-6-ylsulfo-nyl)butan-1-amine FA salt (66). (66)
was synthesized based on [47]. (65) (20 mg, 0.08 mmol, 1 eq.) was
solved in 1.5 mL of dry DCM and deprotected using 5 mL 4 M HCl in
Dioxane. After 1h 300 pL of triethylamine were added to the solution
and stirred 5 min. All solvents were evaporated, the crude was solved in
dry DCM (5 mL) and transferred into a 50 mL round bottom flask. (18)
(17 mg, 0.08, 1 eq.) and sodium triacetoxyborohydride (42 mg, 0.2
mmol, 2.5 eq.) were added and the reaction was stirred over night at
room temperature. Sat. NaHCO3; was added and stirred rigorously for 5
min. The mixture was transferred into a separatory funnel and washed
2x with water and 2x with brine and dried over MgSO4. Solvents were
evaporated and the crude purified using reverse phase flash chroma-
tography (H2O/ACN as eluents). The product was not completely pure
after the first round of chromatography and product was further sub-
jected to reverse phase flash chromatography (H2O/ACN as eluents with
addition of 0.1 % of formic acid) yielding the title compound as a FA salt
(4 mg, 23 %). 'H NMR (400 MHz, DMSO-dg) 6 9.28 (s, 1H), 8.26 (s, 1H),
8.19 (s, 1H), 7.77 (d, J = 8.9 Hz, 2H), 7.59-7.37 (m, 7H), 7.32 (s, 2H),
3.73 (d, J = 2.9 Hz, 2H), 3.42 (t, J = 7.8 Hz, 3H), 2.55 (d, J = 6.9 Hz,
2H), 1.68 (t, J = 7.9 Hz, 2H), 1.54 (p, J = 7.1 Hz, 2H). 13C NMR (101
MHz, DMSO-dg) § 138.61, 138.19, 135.36, 131.21, 131.01, 130.69,
129.27, 129.21, 128.22, 127.66, 127.25, 124.77, 121.34, 117.40,
115.44, 54.67, 51.32, 47.42, 27.12, 20.25. MS-ESIm/z [M + H]+: calcd
454,98, found 454.15. HRMS m/z [M + H]+: caled 454.1278, found
454.1336.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-6-((3-
methyl-3H-imidazo [4,5-b] py-ridin-6-yl)sulfonyl)hexan-1-amine
TFA salt (63). (62) (35 mg, 0.09 mmol, 1 eq.) was deprotected using
General Procedure B. All solvents were evaporated, solved in DCM and
0.5 mL of triethylamine were added and stirred for 5 min. All solvents
were evaporated again MgSO4 (21 mg, 0.176 mmol, 2 eq.), sodium tri-
acetoxyborohydride (37 mg, 0.176 mmol, 2 eq.) and (18) (19 mg, 0.08
mmol, 1 eq.) were added to the flask. Dry DCM (5 mL) was added and the
reaction was stirred for 16 h at ambient temperature. Solvents were
evaporated and the crude purified using reverse phase flash chroma-
tography (H20/ACN as eluents). The product was not completely pure
after the first round of chromatography and product was further sub-
jected to reverse phase flash chromatography (HoO/ACN as eluents with
addition of 0.2 % of TFA) yielding the title compound as a TFA salt (11
mg, 25 %). H NMR (400 MHz, DMSO-de) 5 8.98 (s, 2H), 8.85 (d, J = 2.0
Hz, 1H), 8.72 (s, 1H), 8.55 (d, J = 2.0 Hz, 1H), 7.73 (d, J = 1.6 Hz, 1H),
7.53-7.40 (m, 7H), 4.19 (t, J = 5.8 Hz, 2H), 3.91 (s, 3H), 3.48-3.39 (m,
2H), 2.91 (dq, J = 11.7, 6.4 Hz, 2H), 1.57 (qd, J = 7.5, 3.9 Hz, 4H),
1.37-1.25 (m, 4H). 13C NMR (101 MHz, DMSO-dg) 6§ 150.00, 149.38,
143.16, 140.27, 138.09, 133.86, 133.31, 131.69, 131.35, 131.24,
129.68, 129.14, 129.08, 128.33, 128.03, 127.27, 55.19, 49.04, 46.64,
29.90, 26.86, 25.29, 25.07, 22.16. '°F (282 MHz, DMSO-dg) § —74.03.
MS-ESI m/z [M + H]+: caled 498.05, found 497.15. HRMS m/z [M +
H]+: calcd 497.1699, found 497.1764.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-2-(1-
(isoquinolin-5-ylsulfonyl)pi-peridin-4-yl)ethan-1-amine TFA salt
(48). (22) (29 mg, 0.07 mmol, 1 eq.) was deprotected using General
Procedure B. The crude product was reacted with 5-isoquinolinesul-
fonyl-chloride (18 mg, 0.07 mmol, 1 eq.) according to General Pro-
cedure A. The product was not completely pure after the first round of
chromatog-raphy and product was further subjected to reverse phase
flash chromatography (H2O/ACN as eluents with addition of 0.2 % of
TFA) yielding the title compound as a TFA salt (23 mg, 63 %). 'H NMR
(400 MHz, DMSO-dg) 6 9.50 (s, 1H), 8.98 (s, 2H), 8.70 (d, J = 6.1 Hz,
1H), 8.50 (dt, J = 8.2, 1.1 Hz, 1H), 8.46 (d, J = 6.1 Hz, 1H), 8.36 (dd, J
=7.4,1.2 Hz, 1H), 7.88 (dd, J = 8.2, 7.4 Hz, 1H), 7.70 (d, J = 1.6 Hz,
1H), 7.52-7.38 (m, 7H), 4.17 (s, 2H), 3.75 (dt, J = 12.9, 3.6 Hz, 2H),
2.93 (t, J = 7.8 Hz, 2H), 2.44 (td, J = 12.1, 2.5 Hz, 2H), 1.73-1.62 (m,
2H), 1.51 (q, J = 7.1 Hz, 2H), 1.39-1.29 (m, 1H), 1.10 (qd, J = 12.3, 4.0
Hz, 2H). 3C NMR (101 MHz, DMSO-ds) 6 153.57, 144.87, 140.22,
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138.06, 134.22, 134.07, 133.28, 131.65, 131.53, 131.31, 131.19,
131.04, 129.12, 129.03, 128.31, 128.01, 126.56, 117.18, 48.99, 45.43,
44.42, 31.59, 31.34, 30.75. 1°F (282 MHz, DMSO-dg) 5 —73.45. MS-ESI
m/z [M + H]+: caled 521.09, found 519.94. HRMS m/z [M + H]+: caled
520.1747, found 520.1797.

Synthesis of 2-(1-(benzo [d] thiazol-6-ylsulfonyl)piperidin-4-yl)-
N-((2-chloro-[1,1’-biphe-nyl] -4-yl)methyl)ethan-1-amine (50).
(22) (378 mg, 0.9 mmol, 2 eq.) was deprotected using General Pro-
cedure B. The crude product was reacted with Then benzo[d]thiazole-6-
sulfonyl chloride (105 mg, 0.45 mmol, 1 eq.) according to General
Procedure A. The product was recrystallized from EtOH (169 mg, 71
%). 'H NMR (500 MHz, DMSO-ds) 5 9.66 (s, 2H), 8.71 (d, J = 1.8 Hz,
1H), 8.29 (d, J = 8.6 Hz, 1H), 7.84 (dd, J = 8.6, 1.8 Hz, 2H), 7.63 (dq, J
=7.9,1.3Hz, 1H), 7.47 (tt,J = 6.9, 1.2 Hz, 2H), 7.45-7.37 (m, 4H), 4.11
(s, 2H), 3.67 (dt, J = 12.1, 3.4 Hz, 2H), 2.85 (t, J = 7.8 Hz, 2H), 2.22 (td,
J=11.9, 2.5 Hz, 2H), 1.74-1.68 (m, 2H), 1.61 (q, J = 7.3 Hz, 2H), 1.32
(tq, J = 10.7, 3.7 Hz, 1H), 1.23-1.12 (m, 2H). '3C NMR (101 MHz,
DMSO-dg): § 161.17, 155.40, 140.00, 138.16, 134.49, 133.45, 132.27,
131.43, 131.14, 129.30, 129.13, 128.29, 127.94, 124.99, 123.61,
123.26, 48.73,45.99, 44.17, 31.59, 31.21, 30.62 MS-ESI m/z [M + H]+:
caled 527.11, found 525.97. HRMS m/z [M + H]+: caled 526.1311,
found 526.1374.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-2-(1-((3-
methylquinolin-8-yl)sulfo-nyl)piperidin-4-yl)ethan-1-amine (49).
(22) (29 mg, 0.07 mmol, 1 eq.) was deprotected using General Pro-
cedure B. The crude product was reacted with 3-methylquinoline-8-sul-
fonyl chloride (17 mg, 0.07 mmol, 1 eq.) according to General
Procedure A (19 mg, 54 %). 1H NMR (400 MHz, DMSO-dg) 6 8.92 (d, J
= 2.3 Hz, 1H), 8.31-8.26 (m, 1H), 8.20 (dd, J = 8.3, 1.4 Hz, 1H),
7.74-7.68 (m, 2H), 7.53-7.38 (m, 7H), 4.18 (s, 2H), 3.88 (dt, J = 13.0,
3.6 Hz, 2H), 2.95 (t, J = 7.8 Hz, 2H), 2.66 (td, J = 12.4, 2.5 Hz, 2H), 2.52
(d, J = 1.0 Hz, 3H), 1.71-1.60 (m, 2H), 1.53 (q, J = 7.2 Hz, 2H),
1.41-1.30 (m, 1H), 1.12 (tt, J = 11.9, 6.0 Hz, 2H). 13C NMR (101 MHz,
DMSO-dg) § 153.00, 141.60, 140.24, 138.05, 135.97, 135.11, 133.28,
133.25, 131.85, 131.67, 131.55, 131.31, 131.20, 129.12, 129.05,
128.61, 128.32, 128.02, 125.77, 49.03, 45.93, 44.53, 32.04, 31.59,
31.39, 18.08. MS-ESIm/z [M + H]+: caled 535.12, found 534.02. HRMS
m/z [M + H]+: caled 534.1904, found 534.1952.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-2-(1-((2-
methylbenzo [d] thiazol-6-yl)sulfonyl)piperidin-4-yl)ethan-1-
amine (51). (22) (29 mg, 0.07 mmol, 1 eq.) was deprotected using
General Procedure B. The crude product was reacted with with 2-
methyl-benzo[d]thiazole-6-sulfonyl chloride (17 mg, 0.07 mmol, 1 eq.)
according to General Procedure A (23 mg, 61 %). 1H NMR (400 MHz,
DMSO-dg) 5 8.56 (d, J = 1.8 Hz, 1H), 8.11 (d, J = 8.5 Hz, 1H), 7.79 (dd,
J=8.6,1.9Hz, 1H), 7.67 (d,J = 1.5 Hz, 1H), 7.51-7.38 (m, 7H), 4.10 (s,
2H), 3.66 (dt,J =12.0, 3.6 Hz, 2H), 2.86 (s, 3H), 2.21 (td, J=12.0, 11.5,
2.5 Hz, 2H), 1.76-1.61 (m, 2H), 1.49 (q, J = 7.3 Hz, 2H), 1.36-1.26 (m,
1H), 1.18 (qd, J = 11.8, 3.8 Hz, 3H). 3C NMR (101 MHz, DMSO-dg) &
172.32, 155.46, 139.88, 138.14, 135.98, 131.58, 131.36, 131.25,
130.86,129.12,128.73,128.30, 127.95, 124.99, 122.59, 122.35, 49.46,
46.02, 44.68, 31.96, 31.61, 30.57, 20.05. MS-ESI m/z [M + H]+: calcd
541.14, found 540.10. HRMS m/z [M + H]+: calcd 540.1468, found
540.1535.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-2-(1-((2-
chlorobenzo [d] thiazol-6-yl)sulfonyl)piperidin-4-yl)ethan-1-amine
TFA salt (52). (22) (68 mg, 0.16 mmol, 1 eq.) was deprotected using
General Procedure B. The crude product was reacted with 2-chlor-
obenzo-[d]thiazole-6-sulfonyl chloride (43 mg, 0.16 mmol, 1 eq.) ac-
cording to General Procedure A. The product was not completely pure
after the first round of chromatography and product was further sub-
jected to reverse phase flash chromatography (HoO/ACN as eluents with
addition of 0.1 % of TFA) yielding the title compound as a TFA salt (52
mg, 89 %). 'H NMR (400 MHz, DMSO-dg) § 9.33 (s, 2H), 8.67 (d, J = 1.9
Hz, 1H), 8.18 (d, J = 8.6 Hz, 1H), 7.86 (dd, J = 8.6, 1.9 Hz, 1H), 7.80 (d,
J=1.7Hz, 1H), 7.58 (dd, J = 8.0, 1.7 Hz, 1H), 7.50-7.38 (m, 6H), 4.14
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(s, 2H), 3.72-3.60 (m, 2H), 2.89 (s, 2H), 2.24 (td, J = 11.8, 2.5 Hz, 2H),
1.76-1.67 (m, 2H), 1.58 (q, J = 7.4 Hz, 2H), 1.32 (d, J = 10.8 Hz, 1H),
1.18 (qd, J = 11.8, 3.7 Hz, 2H). 3C NMR (101 MHz, DMSO-dg) 5 157.67,
152.93, 140.13, 138.10, 136.55, 133.35, 132.73, 131.55, 131.35,
131.22,129.21,129.12,128.31, 127.99, 125.82,123.06, 123.02, 48.84,
45.96, 44.29, 31.55, 31.26, 30.56. 19 (282 MHz, DMSO-dg) 6§ —73.47.
MS-ESI m/z [M + H]+: caled 561.55, found 560.10. HRMS m/z [M +
H]+: caled 560.0922, found 560.0980.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-7-(iso-
quinolin-5-ylsulfonyl)-7-aza-spiro [3.5] nonan-2-amine TFA salt
(53). (23) (30 mg, 0.07 mmol, 1 eq.) was deprotected using General
Procedure B. The crude product was reacted with 5-Isoquinolinsulfo-
nylchloride (18 mg, 0.07 mmol, 1 eq.) according to General Proced-
ure A. The product was not completely pure after the first round of
chromatography and product was further subjected to reverse phase
flash chromatography (H2O/ACN as eluents with addition of 0.2 % of
TFA) yielding the title compound as a TFA salt (18 mg, 49 %). H NMR
(400 MHz, DMSO-dg) 6 9.52 (s, 1H), 9.24 (s, 2H), 8.71 (d, J = 6.1 Hz,
1H), 8.51 (d, J = 8.2 Hz, 1H), 8.43 (d, J = 6.1 Hz, 1H), 8.37 (dd, J = 7.4,
1.2 Hz, 1H), 7.91-7.86 (m, 1H), 7.70 (d, J = 1.8 Hz, 1H), 7.51-7.38 (m,
7H), 4.02 (t, J = 5.6 Hz, 2H), 3.10 (t, J = 5.3 Hz, 2H), 3.04 (t, J = 5.4 Hz,
2H), 2.04 (dd, J = 11.6, 8.9 Hz, 2H), 1.88 (t, J = 10.1 Hz, 2H), 1.59 (dt, J
=11.6, 5.5 Hz, 4H), 1.27-1.22 (m, 1H). 13C NMR (101 MHz, DMSO-dg)
§ 153.55, 144.79, 140.28, 138.05, 134.28, 134.06, 133.16, 131.85,
131.34,131.13,129.13,129.00, 128.35, 128.06, 126.65, 117.23, 46.70,
42.46, 37.54, 34.50, 31.44. 19 (282 MHz, DMSO-dg) 6§ —73.39. MS-ESI
m/z [M + H]+: caled 533.09, found 532.15. HRMS m/z [M + H]+: caled
532.1747, found 532.1804.

Synthesis of 7-(benzo [d] thiazol-6-ylsulfonyl)-N-((2-chloro-
[1,1'-biphenyl] -4-yl)methyl)-7-azaspiro [3.5] nonan-2-amine TFA
salt (54). (23) (38 mg, 0.09 mmol, 1 eq.) was deprotected using General
Procedure B. The crude product was reacted with benzo[d]thiazole-6-
sulfonyl chloride (20 mg, 0.09 mmol, 1 eq.) according to General
Procedure A. The product was not completely pure after the first round
of chromatog-raphy and product was further subjected to reverse phase
flash chromatography (H2O/ACN as eluents with addition of 0.2 % of
TFA) yielding the title compound as a TFA salt (4 mg, 8 %). 'H NMR
(400 MHz, DMSO-dg) 6 9.66 (s, 1H), 9.23 (s, 2H), 8.72 (dd, J = 1.9, 0.6
Hz, 1H), 8.31 (dd, J = 8.6, 0.6 Hz, 1H), 7.86 (dd, J = 8.6, 1.9 Hz, 1H),
7.68 (t,J = 1.0 Hz, 1H), 7.51-7.38 (m, 8H), 7.28-7.11 (m, 1H), 4.01 (s,
2H), 3.67 (h,J=7.9 Hz, 1H), 2.95 (t, J = 5.4 Hz, 2H), 2.88 (t,J = 5.6 Hz,
2H), 2.09-1.96 (m, 2H), 1.91-1.81 (m, 2H), 1.64 (dt, J = 11.1, 5.5 Hz,
4H). 13C NMR (101 MHz, DMSO-dg) 6 161.14, 155.41, 140.25, 138.02,
134.50, 133.15, 132.49, 131.69, 131.32, 131.11, 129.10, 128.97,
128.90, 128.32, 128.20, 128.02, 124.93, 123.66, 123.26, 46.65, 46.25,
43.05, 42.81, 37.31, 34.73, 34.30, 31.27. '°F (282 MHz, DMSO-dg) &
—73.54. MS-ESI m/z [M + H]+: caled 539.12, found 538.00. HRMS m/z
[M + H]+: caled 538.1312, found 538.1382.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-7-((2-
methylbenzo [d] thiazol-6-yl)sulfonyl)-7-azaspiro [3.5] nonan-2-
amine TFA salt (55). (23) (40 mg, 0.09 mmol, 1 eq.) was deprotected
using General Procedure B. The crude product was reacted with 2-
methylbenzo-[d]thiazole-6-sulfonyl chloride (23 mg, 0.09 mmol, 1 eq.)
according to General Procedure A. The product was not completely
pure after the first round of chromatography and product was further
subjected to reverse phase flash chromatography (H,0/ACN as eluents
with addition of 0.2 % of TFA) yielding the title compound as a TFA salt
(23 mg, 45 %). 'H NMR (400 MHz, DMSO-dg) § 9.33 (s, 2H), 8.57 (d, J =
1.8 Hz, 1H), 8.11 (d, J = 8.6 Hz, 1H), 7.80 (dd, J = 8.6, 1.9 Hz, 1H), 7.69
(d, J=1.5Hz, 1H), 7.51-7.37 (m, 7H), 4.02 (s, 2H), 3.67 (t, J = 8.1 Hz,
1H), 2.92 (t, J = 5.4 Hz, 2H), 2.07-1.96 (m, 2H), 1.92-1.83 (m, 2H),
1.64 (dt, J =10.8, 5.4 Hz, 4H). 13CNMR (101 MHz, DMSO-dg) § 172.35,
140.23, 138.04, 135.98, 133.16, 131.67, 131.61, 131.32, 131.12,
129.11, 128.98, 128.31, 128.01, 124.93, 122.57, 122.41, 46.64, 46.24,
43.05, 42.81, 37.26, 34.69, 34.27, 31.27, 20.05. '°F (282 MHz,
DMSO-dg) 6 —73.42. MS-ESI m/z [M + H]+: caled 553.15, found
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551.92. HRMS m/z [M + H]+: caled 552.14680, found 552.1534.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-7-((2-
chlorobenzo [d] thiazol-6-yl)-sulfonyl)-7-azaspiro [3.5] nonan-2-
amine TFA salt (56). (23) (30 mg, 0.07 mmol, 1 eq.) was deprotected
using General Procedure B. The crude product was reacted with 2-
chlorobenzo-[d]thiazole-6-sulfonyl chloride (18 mg, 0.07 mmol, 1 eq.)
according to General Procedure A. The product was not completely
pure after the first round of chromatography and product was further
subjected to reverse phase flash chromatography (H2O/ACN as eluents
with addition of 0.2 % of TFA) yielding the title compound as a TFA salt
(36 mg, 95 %). 'H NMR (400 MHz, DMSO-dg) 6 9.35 (s, 2H), 8.67 (d, J =
1.9 Hz, 1H), 8.18 (d, J = 8.6 Hz, 1H), 7.90-7.84 (m, 1H), 7.70 (d, J=1.5
Hz, 1H), 7.49-7.38 (m, 7H), 4.01 (s, 2H), 3.67 (p, J = 8.2 Hz, 1H), 2.94
(t,J = 5.4 Hz, 2H), 2.87 (d, J = 6.2 Hz, 2H), 1.64 (q, J = 5.9 Hz, 4H). 1*C
NMR (101 MHz, DMSO-dg) § 140.20, 138.05, 136.55, 133.26, 132.98,
131.65, 131.31, 131.12, 129.11, 128.99, 128.31, 128.01, 125.74,
123.06, 123.02, 46.66, 46.26, 43.03, 42.80, 37.25, 34.72, 34.30, 31.28.
19F (282 MHz, DMSO-ds) 6 —73.40. MS-ESI m/z [M + H]+: caled
573.56, found 571.95. HRMS m/z [M + H]+: caled 572.0922, found
572.1077.

Synthesis of 5-((2-(((2-chloro-[1,1'-biphenyl] -4-yl)methyl)
amino)-7-azaspiro [3.5] nonan-7-yl)sulfonyl)-1,3-dimethyl-1,3-
dihydro-2H-benzo [d] imidazole-2-one TFA salt (57). (23) (30 mg,
0.07 mmol, 1 eq.) was deprotected using General Procedure B. The
crude product was reacted with 1,3-dimethyl-2-0x0-2,3-dihydro-1H-
benzo[d]imidazole-5-sulfonyl chloride (17 mg, 0.07 mmol, 1 eq.) ac-
cording to General Procedure A. The product was not completely pure
after the first round of chromatography and product was further sub-
jected to reverse phase flash chromatography (H2O/ACN as eluents with
addition of 0.2 % of TFA) yielding the title compound as a TFA salt (34
mg, 90 %). HNMR (400 MHz, DMSO-dg) §9.17 (s, 2H), 7.68 (d, J = 1.5
Hz, 1H), 7.52-7.41 (m, 6H), 7.45-7.36 (m, 3H), 7.37 (d, J = 8.2 Hz, 1H),
4.00 (s, 2H), 3.64 (p, J = 8.0 Hz, 1H), 3.41 (s, 3H), 2.88 (t, J = 5.5 Hz,
2H), 2.81 (t, J = 5.6 Hz, 2H), 2.00 (d, J = 9.3, 8.2, 5.3 Hz, 2H),
1.90-1.81 (m, 2H), 1.63 (dt, J = 10.6, 5.0 Hz, 4H). 13C NMR (101 MHz,
DMSO-dg) § 154.07, 140.07, 138.09, 133.81, 133.18, 131.63, 131.30,
130.98, 129.79, 129.12, 128.85, 128.30, 127.98, 127.64, 121.13,
107.62, 106.76, 46.82, 46.34, 43.07, 42.82, 37.37, 35.02, 34.40, 31.27,
27.29, 27.26. '°F (282 MHz, DMSO-dg) 6 —73.64. MS-ESI m/z [M +
H]+: caled 566.13, found 565.02. HRMS m/z [M + H]+: caled
565.1962, found 565.2015.

Synthesis of 5-(5-((2-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)-7-azaspiro [3.5] no-nan-7-yl)sulfonyl)-2-ethoxyphenyl)-1-
methyl-3-propyl-1,6-dihydro-7H-pyrazolo [4,3-d] pyrimidin-7-one
TFA salt (58). (23) (30 mg, 0.07 mmol, 1 eq.) was deprotected using
General Procedure B. The crude product was reacted with 4-ethoxy-3-
(1-methyl-7-oxo0-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidine-
5-yl)benzenesulfonyl chloride (28 mg, 0.07 mmol, 1 eq.) according to
General Procedure A. The product was not completely pure after the
first round of chromatography and product was further subjected to
reverse phase flash chromatography (H2O/ACN as eluents with addition
of 0.2 % of TFA) yielding the title compound as a TFA salt (39 mg, 81 %).
'H NMR (400 MHz, DMSO-dg) & 12.21 (s, 1H), 9.47 (s, 1H), 7.90 (d, J =
2.6 Hz, 1H), 7.84 (dd, J = 8.8, 2.5 Hz, 1H), 7.72 (d, J = 1.6 Hz, 1H),
7.55-7.33 (m, 8H), 7.30-7.08 (m, 1H), 4.21 (q, J = 6.9 Hz, 2H), 4.16 (s,
3H), 4.05 (s, 2H), 3.73 (q, J = 8.2 Hz, 1H), 2.97-2.92 (m, 2H), 2.87 (d, J
= 5.8 Hz, 2H), 2.78 (t, J = 7.4 Hz, 2H), 2.11-1.99 (m, 2H), 1.94 (dd, J =
12.5, 8.2 Hz, 2H), 1.84-1.73 (m, 2H), 1.65 (dt, J = 10.8, 5.4 Hz, 4H),
1.34 (t, J = 6.9 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz,
DMSO-dg) § 159.77, 148.16, 144.96, 140.26, 138.06, 137.80, 133.15,
131.67, 131.36, 131.27, 131.16, 129.84, 129.12, 129.00, 128.89,
128.31, 128.19, 128.00, 127.29, 124.41, 113.26, 64.86, 46.26, 42.96,
42.69, 37.86, 37.25, 34.72, 34.33, 31.34, 27.17, 21.66, 14.27, 13.83.
19F (282 MHz, DMSO-ds) 6 —73.71. MS-ESI m/z [M + H]+: caled
716.33, found 715.20. HRMS m/z [M + H]+: caled 715.2755, found
715.2828.
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Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-6-(iso-
quinolin-8-ylsulfonyl)-6-aza-spiro [3.4] octan-2-amine (42). (24)
(30 mg, 0.07 mmol, 1 eq.) was deprotected using General Procedure B.
The crude product was reacted with 5-Isoquinolinsulfonylchloride (19
mg, 0.07 mmol, 1 eq.) according to General Procedure A (30 mg, 83
%). 'H NMR (500 MHz, DMSO-dg) § 9.48 (s, 1H), 8.71 (d, J = 6.1 Hz,
1H), 8.44 (t,J = 6.1 Hz, 2H), 8.33 (d, J = 7.3 Hz, 1H), 7.83 (t,J = 7.7 Hz,
1H), 7.60 (s, 1H), 7.45 (t, J = 7.4 Hz, 2H), 7.39 (d, J = 8.0 Hz, 4H),
7.27-7.08 (m, 1H), 3.53 (p, J = 6.7, 6.0 Hz, 1H), 2.29 (s, 1H), 2.20-2.12
(m, 1H), 1.98 (p, J = 5.8 Hz, 2H), 1.93-1.86 (m, 2H), 1.82 (p, J = 6.0 Hz,
1H), 1.68 (dt, J = 15.5, 9.8 Hz, 2H), 1.29-1.17 (m, 1H). 13C NMR (126
MHz, DMSO-dg) 6 153.41, 144.56, 139.31, 135.47, 133.48, 132.49,
131.41, 131.12, 130.35, 129.15, 128.61, 128.26, 127.84, 126.53,
117.20, 47.62, 47.34, 43.21, 42.26, 42.03, 30.34. MS-ESI m/z [M +
H]+: caled 519.07, found 518.10. HRMS m/z [M + H]+: caled
518.1591, found 518.1650.

Synthesis of 6-(benzo [d] thiazol-6-ylsulfonyl)-N-((2-chloro-
[1,1’-biphenyl] -4-yl)methyl)-6-azaspiro [3.4] octan-2-amine TFA
salt (43). (24) (30 mg, 0.07 mmol, 1 eq.) was deprotected using General
Procedure B. The crude product was reacted with benzo[d]thiazole-6-
sulfonyl chloride (16 mg, 0.07 mmol, 1 eq.) according to General
Procedure A. The product was not completely pure after the first round
of chromatography and product was further subjected to reverse phase
flash chromatography (H2O/ACN as eluents with addition of 0.2 % of
TFA) yielding the title compound as a TFA salt (29 mg, 83 %). 'H NMR
(400 MHz, DMSO-dg) § 9.62 (s, 1H), 8.69 (d, J = 1.8 Hz, 1H), 8.27 (d, J
= 8.6 Hz, 1H), 8.06 (d, J = 8.5 Hz, 1H), 7.92 (dd, J = 8.6, 1.9 Hz, 1H),
7.64 (d, J = 1.5 Hz, 1H), 7.48-7.38 (m, 8H), 3.94 (s, 2H), 3.60 (h, J =
8.2 Hz, 2H), 3.45 (p, J = 8.0 Hz, 2H), 3.24-2.99 (m, 1H), 2.26 (ddd, J =
11.6, 7.6, 3.9 Hz, 1H), 2.09 (ddt, J = 24.7, 12.3, 4.6 Hz, 4H), 1.96 (ddd,
J =16.6, 8.3, 4.6 Hz, 2H), 1.76 (dt, J = 11.4, 7.8 Hz, 3H). '3C NMR (101
MHz, DMSO-dg) § 160.59, 155.04, 139.86, 138.34, 138.16, 134.57,
134.08, 131.58, 131.26, 130.79, 129.15, 128.67, 128.30, 127.96,
124.26, 123.65, 122.16, 47.12, 47.08, 43.32, 42.19, 42.03, 38.31,
37.74, 30.55. 19r (282 MHz, DMSO-dg) 6 —73.64. MS-ESI m/z [M +
H]+: caled 525.09, found 524.10. HRMS m/z [M + H]+: caled
524.1155, found 524.1290.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-6-((2-
methylbenzo [d] thiazol-6-yl)-sulfonyl)-6-azaspiro [3.4] octan-2-
amine TFA salt (44). (24) (30 mg, 0.07 mmol, 1 eq.) was deprotected
using General Procedure B. The crude product was reacted with 2-
methylbenzo[d]thiazole-6-sulfonyl chloride (17 mg, 0.07 mmol, 1 eq.)
according to General Procedure A. The product was not completely
pure after the first round of chromatography and product was further
subjected to reverse phase flash chromatography (H2O/ACN as eluents
with addition of 0.2 % of TFA) yielding the title compound as a TFA salt
(20 mg, 53 %). 'H NMR (400 MHz, DMSO-dg) 6 9.19 (s, 1H), 8.54 (d, J =
1.9 Hz, 1H), 8.08 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 8.6 Hz, 1H), 7.85 (dd,
J=8.6,1.9Hz, 1H), 7.68 (d, J = 1.5 Hz, 1H), 7.51-7.37 (m, 7H), 3.99 (s,
2H), 3.67-3.57 (m, 1H), 3.57-3.51 (m, 1H), 3.09 (q, J = 7.3 Hz, 1H),
2.85 (s, 3H), 2.32-2.23 (m, 1H), 2.16-2.04 (m, 4H), 1.96 (ddd, J = 12.1,
7.4, 5.2 Hz, 1H), 1.76 (ddd, J = 11.6, 8.6, 6.2 Hz, 2H). 13C NMR (101
MHz, DMSO-dg) 6 171.77, 171.77, 140.16, 138.09, 137.52, 135.56,
133.44, 131.65, 131.32, 131.05, 129.15, 128.91, 128.32, 128.01,
124.21, 122.42, 121.53, 46.90, 46.83, 43.26, 42.10, 41.99, 37.79,
37.19, 30.58, 20.03. '°F (282 MHz, DMSO-de) 5 —73.66. MS-ESI m/z [M
+ H]+: caled 539.12, found 538.10. HRMS m/z [M + H]+: caled
538.1312, found 538.1372.

Synthesis of N-((2-chloro-[1,1’-biphenyl] -4-yl)methyl)-6-((2-
chlorobenzo [d] thiazol-6-yl)-sulfonyl)-6-azaspiro [3.4] octan-2-
amine TFA salt (45). (24) (30 mg, 0.07 mmol, 1 eq.) was deprotected
using General Procedure B. The crude product was reacted with 2-
chlorobenzo[d]thiazole-6-sulfonyl chloride (19 mg, 0.07 mmol, 1 eq.)
according to General Procedure A. The product was not completely
pure after the first round of chromatography and product was further
subjected to reverse phase flash chromatography (H20/ACN as eluents
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with addition of 0.2 % of TFA) yielding the title compound as a TFA salt
(38 mg, 86 %). 'HNMR (400 MHz, DMSO-dg) 6 8.65 (d, J = 1.9 Hz, 1H),
8.15(d, J = 8.6 Hz, 1H), 8.09 (d, J = 8.5 Hz, 1H), 7.92 (dd, J = 8.6, 1.9
Hz, 1H), 7.66 (d, J = 1.4 Hz, 1H), 7.50-7.37 (m, 7H), 3.96 (s, 2H), 3.60
(p, J = 8.1 Hz, 1H), 3.49-3.44 (m, 1H), 3.09 (q, J = 7.3 Hz, 1H), 2.27
(ddd, J = 11.3, 7.6, 3.4 Hz, 1H), 2.13-2.04 (m, 3H), 1.99 (dt, J = 11.5,
4.7 Hz, 1H), 1.77 (ddd, J = 11.5, 8.7, 5.4 Hz, 2H). '3C NMR (101 MHz,
DMSO-dg) 6 157.16, 152.54, 139.96, 138.75, 138.12, 136.13, 134.20,
131.61, 131.28, 130.88, 129.15, 128.75, 128.31, 127.98, 125.04,
123.06, 122.05, 47.02, 43.30, 42.14, 41.98, 38.14, 37.56, 30.56. °F
(282 MHz, DMSO-dg) 6 —73.67. MS-ESI m/z [M + H]+: caled 559.54,
found 558.05. HRMS m/z [M + H]+: caled 558.0765, found 558.0847.
Synthesis of 5-((2-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)-6-azaspiro [3.4] octan-6-yl)sulfonyl)-1,3-dimethyl-1,3-
dihydro-2H-benzo [d] imidazole-2-one (46). (24) (30 mg, 0.07 mmol,
1 eq.) was deprotected using General Procedure B. The crude product
was reacted with 1,3-dimethyl-2-oxo0-2,3-dihydro-1H-benzo[d]imid-
azole-5-sulfonyl chloride (18 mg, 0.07 mmol, 1 eq.) according to Gen-
eral Procedure A (38 mg, 86 %). IH NMR (400 MHz, DMSO-dg) 6 8.89
(s, 1H), 7.75 (d, J = 8.6 Hz, 1H), 7.66 (d, J = 1.1 Hz, 1H), 7.54-7.50 (m,
2H), 7.49-7.44 (m, 4H), 7.42-7.39 (m, 2H), 7.32 (d, J = 8.7 Hz, 1H),
3.98 (s, 2H), 3.51 (dq, J = 19.7, 7.9 Hz, 3H), 3.39 (s, 3H), 3.37 (s, 3H),
2.28 (ddd, J = 11.5, 7.6, 3.7 Hz, 1H), 2.09 (tdd, J = 12.1, 7.5, 4.7 Hz,
4H), 1.96 (ddd, J = 12.0, 7.3, 5.1 Hz, 1H), 1.76 (ddd, J = 11.3, 8.6, 2.0
Hz, 2H). 13¢ NMR (101 MHz, DMSO-dg) § 140.06, 138.08, 133.84,
132.65, 131.65, 131.29, 130.93, 129.55, 129.14, 128.80, 128.32,
128.01, 120.16, 107.48, 105.93, 47.00, 43.25, 42.16, 42.05, 38.05,
37.43, 30.58, 27.25, 27.19. MS-ESI m/z [M + H]+: caled 552.10, found
551.15. HRMS m/z [M + H]+: caled 551.1805, found 551.1865.
Synthesis of 6-((2-(((2-chloro-[1,1'-biphenyl] -4-yl)methyl)
amino)-6-azaspiro [3.4] octan-6-yl)sulfonyl)benzo [d] oxazol-2
(3H)-one (47). (24) (30 mg, 0.07 mmol, 1 eq.) was deprotected using
General Procedure B. The crude product was reacted with 2-oxo0-2,3-
dihydrobenzo[d]oxazole-6-sulfonyl chloride (16 mg, 0.07 mmol, 1 eq.)
according to General Procedure A (38 mg, 86 %). 4 NMR (500 MHz,
DMSO-dg) 6 7.82 (d, J = 8.5 Hz, 1H), 7.59 (t, J = 9.1 Hz, 3H), 7.50-7.45
(m, 2H), 7.40 (d, J = 7.4 Hz, 4H), 7.24 (d, J = 7.9 Hz, 1H), 7.19-7.09 (m,
1H), 3.82 (s, 2H), 3.53 (d, J = 8.1 Hz, 1H), 3.27 (s, 2H), 2.28-2.19 (m,
1H), 2.07 (ddt, J = 18.2, 11.9, 6.3 Hz, 2H), 1.97-1.84 (m, 3H),
1.77-1.68 (m, 2H). 13C NMR (126 MHz, DMSO-dg) 6§ 154.59, 143.00,
139.24, 138.29, 134.63, 134.59, 131.44, 131.13, 130.18, 129.15,
128.90, 128.27, 128.12, 127.85, 123.04, 109.78, 107.65, 47.80, 47.50,
43.33, 42.34, 42.09, 30.48. MS-ESI m/z [M + H]+: caled 525.03, found
524.10. HRMS m/z [M + H]+: caled 524.1333, found 524.1394.
Synthesis of Methyl N-(benzo [d] thiazol-6-ylsulfonyl)-N-(5-(((2-
chloro-[1,1'-biphenyl] -4-yl)methyl)amino)pentyl)glycinate TFA
salt (73). To a solution of (68) (50 mg, 0.09 mmol, 1 eq.) in DCM (1 mL)
was added TFA (1 mL) at 0 °C. The reaction mixture was allowed to
warm to room temperature and stirred for 1 h. The reaction mixture was
concentrated, co-evaporate two times with Toluol, quenching with
triethylamine (0.5 mL) and again co-evaporated two times with toluol.
The residue was dried under vacuum for 16 h. The crude amine was
solved in DCM (3 mL), (18) (21 mg, 0.09 mmol, 1 eq.) and MgSO4 was
added and stirred for 10 min. Sodium triacetoxyborohydride (42 mg,
0.2 mmol, 2 eq.) was added and stirred overnight. The mixture was
concentrated and the residue was solved DCM. The organic phase was
washed with water 2x, brine 2x, dried over MgSO4 and the solvent was
removed under reduced pressure. The residue was purified by rp-flash
chromatography (H,O/ACN). The product was not completely pure
after the first round of chromatography and product was further sub-
jected to reverse phase flash chromatography (H,O/ACN as eluents with
addition of 0.2 % of TFA) yielding the title compound as a TFA salt (24
mg, 42 %). 'H NMR (400 MHz, DMSO-d) 5 = 9.63 (s, 1H), 8.78 (d, J =
1.9 Hz, 1H), 8.25 (d, J = 8.6 Hz, 1H), 7.93 (dd, J = 8.7, 1.9 Hz, 1H), 7.54
(d, J =1.3 Hz, 1H), 7.50-7.38 (m, 8H), 7.36 (d, J = 1.4 Hz, 2H), 4.12 (s,
2H), 3.76 (s, 2H), 3.54 (s, 3H), 3.19 (t, J = 7.3 Hz, 2H), 1.43 (dp, J =
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23.3, 7.4 Hz, 6H), 1.30-1.14 (m, 4H). 13¢ NMR (101 MHz, DMSO-dg) 6
= 169.46, 160.91, 155.23, 138.60, 136.15, 134.25, 131.21, 131.00,
129.20, 128.20 C-29), 127.64, 127.25, 124.56, 123.56, 122.73, 51.83,
48.55, 48.52, 48.26, 48.17, 27.34, 23.57. 19p (282 MHz, DMSO-dg) &
—73.40. MS-ESI m/z [M + H]+: caled 573.14, found 572.20. HRMS m/z
[M + H]+: caled 572.1366, found 572.1439.

Synthesis of Methyl 3-(3-(3-(((2-chloro-[1,1’-biphenyl] -4-yl)
methyl)amino)propanamido)-propanamido)benzoate TFA salt
(14). (14) was synthesized according to [45]. Additionally, purification
was performed using reverse phase flash chromatography (H,O/ACN as
eluents with addition of 0.2 % of TFA) yielding the title compound as a
TFA salt (32 mg, 30 % over 5 steps). H NMR (400 MHz, DMSO-dg) 6
10.22 (s, 1H), 8.96 (s, 2H), 8.34-8.20 (m, 2H), 7.81 (ddd, J = 8.2, 2.3,
1.1 Hz, 1H), 7.74 (d, J = 1.6 Hz, 1H), 7.63 (dt, J = 7.8, 1.3 Hz, 1H),
7.53-7.42 (m, 8H), 4.23 (t, J = 5.5 Hz, 2H), 3.84 (s, 3H), 3.39 (q, J = 6.4
Hz, 2H), 3.16 (p, J = 6.9 Hz, 2H), 2.58-2.51 (m, 4H). 13¢ NMR (101
MHz, DMSO-dg) § 170.22, 169.56, 166.59, 140.80, 140.01, 138.53,
133.56, 132.21, 131.84, 131.75, 130.54, 129.66, 129.62, 129.60,
128.81, 128.52, 124.20, 123.97, 120.06, 52.66, 49.50, 43.32, 36.60,
35.50, 31.40. '°F (282 MHz, DMSO-dg) 6 —74.20. MS-ESI m/z [M +
H]+: calcd 494.99, found 494.10.

Synthesis of 3-(3-(3-(((2-chloro-[1,1’-biphenyl] -4-yl)methyl)
amino)propanamido)propan-amido)benzoic acid HCl salt (15).
(15) was synthesized according to Ref. [45]. Additionally, purification
was performed by precipitating the product as HCl salt with 4 N HCl in
dioxane and rinsing the product with DCM and diethyl ether (20 mg, 43
% over 6 steps). 1H NMR (400 MHz, DMSO-dg) 6 10.30 (q, J = 3.3 Hz,
1H), 8.34 (d, J = 6.8 Hz, 1H), 8.28 (q, J = 1.8 Hz, 1H), 7.85-7.80 (m,
2H), 7.60 (ddd, J = 8.0, 3.7, 2.2 Hz, 2H), 7.49-7.39 (m, 7H), 4.17 (s,
2H), 3.37 (q, J = 6.4 Hz, 2H), 3.09 (t, J = 7.3 Hz, 2H), 2.61 (td, J = 6.8,
3.7 Hz, 2H), 2.54 (t, J = 6.7 Hz, 2H). 1*C NMR (101 MHz, DMSO-ds) 5
169.74, 169.19, 167.23, 140.07, 139.44, 138.16, 133.72, 131.60,
131.27, 129.17, 129.12, 128.87, 128.31, 127.98, 123.89, 123.16,
119.91, 49.01, 42.85, 36.21, 35.13, 31.21. MS-ESI m/z [M + H]+: caled
480.96, found 480.10.
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Abbreviations

ATP adenosine triphosphate

CDK Cyclin-dependent kinase

CK2 casein kinase-2

CLK Cdc2-like kinase

CyoNME N,N-dicyclohexylmethylamine;

DABSO DABCO (1,4-diazabicyclo[2.2. 2]octane)-Bis(sulfur dioxide)
DAPK Death associated protein kinase

DCM dichloromethane

DMAP  4-dimethylaminopyridine;

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide;

DMSO  dimethyl sulfoxide;

DSF differential scanning fluorimetry

DYRK  dual-specificity tyrosine-regulated kinase
FLT fms related receptor tyrosine kinase

GTP guanosine triphosphate

HIPK Homeodomain-interacting protein kinase
i-PrOH  isopropanol

ITC isothermal titration calorimetry

MAPK  mitogen-activated protein kinase

N(Et); triethylamine;

N-Boc  N-tert-butyloxycarbonyl

NFSI N-Fluorobenzenesulfonimide;

on overnight

PDB Protein Data Base

PEG polyethylene glycol

PIM Pim-1 Proto-Oncogene Serine/Threonine Kinase
PK protein kinase; rt, room temperature
SAR structure activity relationship;

SGC Structural Genomic Consortium

Sn2 bimolecular nucleophilic substitution
TBK TANK-binding kinase

THF tetrahydrofuran

Tm shift thermal shift

pw microwave
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