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inhibitors of underexplored protein kinases with variable binding
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other underexplored protein kinases, such as CDKLs.
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/Abstract: Protein kinases are key regulators of numerous biological processes and aberrant kinase activity can cause
various diseases, particularly cancer. Herein, we report the identification of new series of highly selective kinase
inhibitors based on the thieno[3,2-b]pyridine scaffold. The weak interaction of the thieno[3,2-b]pyridine core with the
kinase hinge region allows for profoundly different binding modes all of which maintain high kinome-wide selectivity, as
illustrated by the isomers MU1464 and MU1668. Thus, this core structure provides a template of ATP-competitive but
not ATP-mimetic inhibitors that are anchored at the kinase back pocket. Mapping the chemical space around the central
thieno[3,2-b]pyridine pharmacophore afforded highly selective inhibitors of the kinase Haspin, exemplified by the
compound MU1920 that fulfils criteria for a quality chemical probe and is suitable for use in in vivo applications.
However, despite the role of Haspin in mitosis, the inhibition of Haspin alone was not sufficient to elicit cytotoxic effect
in cancer cells. The thieno[3,2-b]pyridine scaffold can be used in a broader context, as a basis of inhibitors targeting

~
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Introduction

The family of protein kinases contains more than 500
proteins that regulate numerous cellular signaling pathways
in the cell.”! Since aberrant activity of some protein kinases
may lead to cancer, neurodegenerative, inflammatory, and
autoimmune diseases,”! targeting this class of enzymes

represents one of the most dynamic areas of pharmaceutical
research and a highly successful target class for drug
development.”!

Of more than 80 small-molecule kinase inhibitors
approved for clinical use,[*! vast majority is represented by
ATP-competitive inhibitors that are tightly anchored to the
kinase hinge backbone. The ATP-binding site across the
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kinome is typically highly conserved, which makes identi-
fication of highly selective kinase inhibitors a non-trivial
task.”) Typical kinase inhibitor scaffolds are formed by
nitrogen-containing heterocycles that enable interaction
with the hinge region of a particular kinase."!

Proper choice of central scaffold can be crucial for
achieving high selectivity against a kinase of choice.”” We
recently demonstrated that the weakly interacting furo[3,2-
b]pyridine core can be used as the basis of highly selective
kinase inhibitors of kinases CLK and HIPK.®! Instead of
forming strong hinge interactions, these inhibitors are
anchored to the back pocket of the ATP site, which is
narrow in some kinases such as Haspin, CLK and DYRK
and DAPK family members, etc., because of an unusual
large residue preceding the DFG motif (xDFG)."”

In this work, we explored the applicability of the
isosteric thieno[3,2-b]pyridine scaffold. The comparative
ability of this motif to interact with the kinases hinge region
was not obvious. On one hand, experimentally determined
hydrogen bond basicity (pKgyx) values of furan and
thiophene are similar,'” suggesting that interaction of
thieno[3,2-b]pyridine would be analogous to furo[3,2-
b]pyridine. On the other hand, hydrogen bonds dominated
by electrostatic effects are stronger in O-containing systems
vs. S-containing ones and calculated potential energy
surfaces of hydrogen bonds involving sulfur are flat.!'!
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While synthetic methodology for preparation of certain
substituted thieno[3,2-b]pyridines is well documented in the
literature,l!'”? reports on biologically active analogs are
relatively scarce.’™ To our knowledge, there are only a
handful of reports on thieno[3,2-b]pyridine-based kinase
inhibitors. The broad-spectrum inhibitor of receptor tyrosine
kinases sitravatinib," is currently studied in clinical trials.
Several reports describe substituted thieno[3,2-b]pyridines
as inhibitors of c-Met/VEGF and src kinases.'”) Of note,
none of them contains data on the inhibitors’ selectivity
profile nor the binding mode to the targeted kinases; and to
our knowledge, there are no reports with a crystal structure
of a thieno[3,2-b]pyridine derivative in a kinase.®!

Results and Discussion

As a starting point, we prepared a sub-library of 3,5-
disubstituted thieno[3,2-b]pyridines through a two-step
sequence of chemoselective Suzuki couplings, utilizing
commercially available 3-bromo-5-chlorothieno[3,2-
b]pyridine (compound A1l in Route A in Scheme 1 below).
Of note, at that point there were no reports on the use of
Al in the literature, despite the fact that the compound was
commercially available. This first set of thieno[3,2-b]pyridine
derivatives contained the compound 2. Interestingly, this
compound was found to have the kinome-wide selectivity
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Scheme 1. Synthetic routes used for preparation of the target compounds.
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profile quite comparable to that of the furo[3,2-b]pyridine 1
which we used as an early chemical starting point in our
identification of potent and highly selective inhibitors of
CLK kinases (Figure 1, Table S1).5 In complex with CLK1,
the distance of the furo[3,2-b]pyridine oxygen to the hinge
amide is too large (>4 A) for an efficient polar interaction
with the hinge. Instead, this inhibitor scaffold is anchored by
polar interactions with the canonical VIAK back pocket salt
bridge by the methyl pyrazole moiety.

Noteworthy was the activity of both compounds against
the kinase Haspin (Haploid germ cell-specific nuclear
protein kinase)—at 10 uM concentration we observed 97 %
and 96 % inhibition, respectively (Table S1). Haspin, pre-
dominantly localized in the nucleus, is involved in the
regulation of mitosis, where it specifically phosphorylates
threonine 3 of histone H3 promoting centromeric recruit-
ment of the chromosome passenger complex (CPC) during
mitosis.'”! The kinase has been reported to be required for
protection of cohesion at mitotic centromeres,! and inhib-
ition of Haspin to impaire kinetochore recruitment of Bubl
and BubR1 kinases. Depletion of Haspin in human cells
causes premature loss of centromeric cohesin from chromo-
somes in mitosis and failure of metaphase chromosome
alignment, leading to activation of the spindle assembly
checkpoint and mitotic arrest.!"”!

Several previously identified Haspin inhibitors have
been reported to possess anti-tumoral properties, suggesting
that targeting Haspin could be applicable in oncology.*”!
Unfortunately, these inhibitors display significant off-target
activity.

We thus evaluated newly prepared compounds for
activity against this kinase, along with selected off-targets of
2 listed in Table 1 below. The initial set of compounds
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contained also the analog 4 having excellent inhibitory
activity for Haspin (ICs,=89 nM). Pleasingly, the kinome-
wide selectivity of this analog remained high and was clearly
superior to that of the bioisosteric pyrazolo[1,5-a]pyrimidine
3 (Figure 2 and Table S2). Specifically, at 10 uM concen-
tration, we observed >50 % inhibition of 32 kinases by the
compound 4 vs. 156 kinases by the compound 3.

We obtained X-ray crystal structures in complex with
both compounds 3 and 4, revealing significantly different
binding modes (Figure 2).

Compound 3 interacted with Gly608 in the hinge region
of the kinase through N1 of the pyrazolo[1,5-a]pyrimidine
core, resulting in poor kinome wide selectivity. In contrast,
the structure of Haspin with compound 4 showed that the
methyl pyrazole substituent at position 5 of the thieno[3,2-
b]pyridine scaffold formed a hydrogen bond with Gly608,
positioning the thiophene moiety in proximity of the DYT
motif in the kinase back pocket. Interestingly, the similarly
active regiosomer 5 employed yet another binding mode,
where the ligand was rotated approximately 90° relative to
4. Here, the polar interaction with the hinge, again with
Gly608 was established via the pyridine nitrogen atom, while
still maintaining high selectivity across the kinome (Figure 2
and Table S2). In addition, the free nitrogen electron pair of
the pyrazole moiety formed another hydrogen bond with the
catalytic lysine (Lys511). The hinge interaction with Gly608
was the only common feature when comparing the different
binding modes of these three very similar ligands. The
different binding modes between 4 and 5§ can be attributed
to steric constraints related to the position of the methyl
substituent. If 5§ were to adopt the same binding mode as 4,
it would either collide with the hinge region or misalign the
free electron pair of the pyrazole nitrogen, preventing it
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Figure 1. Comparison of the selectivity profiles of compounds 1 and 2; tested at 10 yM concentration in a panel of 208 human kinases with ATP

concentrations at Km (Eurofins).
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Figure 2. Comparison of 3, 4, and 5. (top) Structures and Haspin 1Cs, values of the compounds 3, 4, and 5. (middle) Selectivity profiles of the
compounds 3, 4, and 5; tested at 10 pM concentration in a panel of 413 human kinases with ATP concentrations at Km (Eurofins). Kinase Haspin
is highlighted in green. (bottom) Binding modes of 3 (left), 4 (center), and 5 (right) in Haspin, determined by X-ray crystallography.

from forming a hydrogen bond with the hinge region.
Conversely, if 4 were to adopt the binding mode of §, steric
hindrance would occur in the back pocket, or the free
electron pair of the pyrazole would not be positioned to act
as a hydrogen bond acceptor for Lys511. The comparison
between binding modes of compounds 3 and 4 was
particularly intriguing. While it is relatively easy to see why
4 did not share the same binding mode as 3—due to the
inability of the thiophene sulfur to form a proper hydrogen
bond with the hinge —the reverse scenario was less clear. In
the absence of steric factors, we speculated that the
pyrazolo[1,5-a]pyrimidine core served as a better hydrogen
bond acceptor than the pyrazole alone, thus favoring this
binding mode. This is consistent with observations that
many kinase inhibitors and ATP interact with the hinge
region via two conjugated ring systems.”!! The very different
binding modes of the similar compounds 3 and 4 convinc-
ingly illustrated why 4 showed greater selectivity than 3.
While it is possible that 3 could adopt the binding mode of 4
with other kinases contributing to its promiscuity, this was
not the case for 4, which was restricted to only one possible
binding mode. In summary, a combination of steric require-

Angew. Chem. Int. Ed. 2024, 202412786 (5 of 11)

ments in the back pocket and DYT region, together with the
position and availability of hydrogen bond acceptors,
dictated different binding modes, resulting in different
selectivity profiles. Notably, we are not aware of any other
cases where such minor structural changes resulted in so
profoundly different binding modes.

The similar selectivity profiles and the almost exclusive
selectivity of 5 for Haspin suggested that binding of both
compounds is driven by back pocket interactions. Encourag-
ingly, both 4 and 5 possessed significantly better kinome-
wide selectivity than one of the state-of-the-art Haspin
inhibitors—compound CHR6494%3 (Figure S1, Table S3).
Our subsequent efforts were thus focused on further
optimization of activity and selectivity for this kinase. In
order to properly functionalize the thieno[3,2-b]pyridine
core, we developed additional syntheses—routes B-G
depicted in Scheme 1. All newly prepared compounds were
profiled in radiometric kinase assays (Eurofins) against
Haspin and seven selected off-target kinases listed in
Table 1.

Routes A and B employing palladium-catalyzed cou-
plings of the commercially available precursor Al with

© 2024 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH
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boron-, nitrogen- and oxygen-based nucleophiles provided
convenient modular access to a diverse set of 3,5-disubsti-
tuted thieno[3,2-b]pyridines. This methodology was further
extended by route C that included additional iodination
step, which allowed for flexible synthesis of 2,3,5-trisubsti-
tuted analogs (Scheme 1).

Through this protocol, we were able to identify optimal
substituents at position 3 of the thieno[3,2-b]pyridine
scaffold, namely, pyridine, pyrimidine and isothiazole—
exemplified by the compounds 4, 18 and 21 (Table 1).

Similarly, selected nitrogen-containing heterocycles were
found to be optimal for functionalization of position 5 (cf.
compounds 4, 5 and 7 in Table 1).

Further selective improvement of the Haspin inhibitory
activity was achieved through installation of the NH linker,
as exemplified by compound 8 in Table 1. Additional
substitution of the N-methylpyrazole substituent provided
potent and selective Haspin inhibitor 9. It should be noted
that achieving high potency and selectivity required careful
optimization of the substituent R’—as illustrated by e.g. the
structurally close analogs 11, 13, 14, and the regioisomer 12,
which were dramatically less active (Table 1).

In order to explore the effect of substitution at the
remaining positions of the thieno[3,2-b]pyridine core, we
targeted the 6- and 7-methylated analogs of 4.

Along this line, we developed the routes D and E that
employ assembly of the pyridine ring through Pd-catalyzed
Heck cyclization and Ru-catalyzed alkenylation, respectively
(Scheme 1).”! As illustrated by the compounds 23 and (in
particular) 25, these additional methylations had rather
detrimental effect on the compounds’ Haspin inhibitory
activity (Table 1). Similarly, the 2-methylated analog 22,
prepared via route C, was also significantly less active
(Table 1). We observed interesting chemoselectivity in the
reactions with 5,7-dichlorinated thieno[3,2-b]pyridines F2 in
route F: while the nucleophilic substitution with sodium
methoxide (step la) proceeded exclusively at position 7
(ultimately providing the analog 24), palladium-catalyzed
coupling (step 1b) afforded the 5-substituted intermediate
that was elaborated into the target compound 26
(Scheme 1). We also found conditions for regioselective
iodination of 5-substituted thieno[3,2-b]pyridines (route G
in Scheme 1). This allowed for modular late-stage manipu-
lation of position 3 and installation of 3-NH-linked sub-
stituents, exemplified by the compounds 15, 16 and 17 with
attractive inhibitory activity against the kinases CDKL3/4
and the bromodomain protein TAF1L (Table 1). Overall, by
the routes A—G depicted in Scheme 1, we prepared and
tested 153 new thieno[3,2-b]pyridine derivatives (Table S4).

Of the thieno[3,2-b]pyridine derivatives summarized in
Tables 1 and S4, the compound 9 (MU1920) was found to
possess optimal combination of high inhibitory potency
against Haspin combined with significant selectivity against
the off-target kinases CDKL3, CDKL4, CLK2, DYRK2,
PIM1, TAFIL and TRB2 (Table 1). This high off-target
selectivity of 9 compared favorably to the known nanomolar
inhibitors of Haspin, namely CHR6494,”2 LDN192960,
LDN209929,%4 5-iodotubercidin (5-1Tu),”! SGI1776,* and
CX6258."" As summarized in Table 2, all these Haspin
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Table 2: 1Cy, values (nM)® of selected known Haspin inhibitors.”! All compounds were tested in radiometric assays with ATP concentrations at Km (Eurofins).

Inhibitor
5-1Tu
HASPIN-
IN-3
LDN
192960
-HCl
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inhibitors were found to be less selective, underlining the
potential of 9 to become a high-quality chemical biology
probe. Thus, in order to further characterize 9, we subjected
it to kinome-wide profiling at 1 uM concentration in a panel
of 413 human kinases (radiometric assay, Eurofins). To our
delight, the compound showed exquisite selectivity and none
of the kinases was inhibited more than 50 % (Figure 3A,
Table S5).

The kinome-wide selectivity of 9 compared particularly
favorably to that of the known Haspin inhibitor CHR6494
(Figure S1, Table S3). The crystal structure of 9 in Haspin
(Figure 3A) revealed the binding mode analogous to that of
5, and confirmed the compound as ATP-competitive inhib-
itor.

Next, we tested 9 for its ability to inhibit Haspin in the
cell. In the HeLa and MDA-MB-231 cell lines, 9 elicited
efficient inhibition of Haspin (with the ICs, values of
0.13 uM for HeLa and 0.35 uM for MDA-MB-231), indi-
cated by the absence of phosphorylation of Thr3 in histone
H3 (specific target of Haspin) as determined by western blot
(Figure 3B and Figure S3). Cellular inhibition of Haspin
with 9 was further confirmed by the ELISA assay in colon
carcinoma cell line HT29, with the observed ICs, value of
94 nM (Figure 3D). However, up to 10 uM concentration, 9
did not elicit significant changes in the cell density (Fig-
ure 3E), viability (Figure 3F), and cycle distribution (Fig-
ure 3G) in HeLa and MDA-MB-231 cells. Also, similar
concentrations of 9 did not affect the viability in large panel
of 160 cancer cell lines (ECsy> 50 uM, Table S6) suggesting
that selective inhibition of the kinase Haspin is not
inherently cytotoxic. However, detailed analysis of cell cycle
phase lengths by fluorescence time-lapse microscopy showed
a significant increase in metaphase length in HeLa Fucci4
cells (Figure 3H).

The high cellular selectivity of 9 was confirmed in the
Kinobeads assay®! in human lysate generated from COLO-
205, K-562, SK-N-BE(2), MV-4-11, and OVCAR-8 cells
(described in the Supporting Information). Although Haspin
was not bound by Kinobeads, our profiling revealed no
other targets across 262 quantified kinases (Figure S4 and
S5).

The less selective inhibitors 4 and 5 showed similar
inhibitory activity against Haspin in HeLa and MDA-MB-
231 cell lines (Figure S2). However, in contrast to 9, these
compounds at higher concentrations (10 uM) affected cell
viability and induced changes in cell cycle (Figure S2), likely
elicited by off-target inhibition.

In order to evaluate the potential of 9 to be used in vivo,
we determined its pharmacokinetic parameters in mice.
Pleasingly, the pharmacokinetic profile of 9 was good with
the oral bioavailability 53% at the 20 mpk dose. The
compound administered orally at the 100 mpk dose was well
tolerated (no signs of acute toxicity were observed in the
animals), reaching plasma concentration >0.75 uM for at
least 10 hours (Figure 3I). The extent of plasma protein
binding of 9 was found to be 91% (mouse) and 95%
(human) (Figure 3J), the (kinetic) aqueous solubility 4 pM,
and microsomal clearance (mouse) with CLint 149 pL/min/
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mg. Collectively, these pharmacological properties make the
Haspin inhibitor 9 a suitable tool for in vivo studies.

The sub-series with NH-linked substituents at position 3
of the thieno[3,2-b]pyridine core was found to contain
compounds with attractive inhibitory activity against CDKL
kinases, exemplified by the compounds 15 and 16 (Table 1).
This suggests that the thieno[3,2-b]pyridine scaffold can be
used as the basis of efficient inhibitors of other underex-
plored kinases.

Conclusion

Identification of highly selective modulators of biological
pathways (“chemical biology probes”), which can be used as
key tools for elucidation of fundamental biological proc-
esses, represents one of the main challenges in the area of
chemical biology research.” While in some cases suffi-
ciently selective compounds have been identified (and
frequently also served as starting points for development of
novel drugs), for many other biological targets they still are
to be discovered. Those include numerous underexplored
protein kinases that are only emerging as potential targets
for pharmacological inhibition."

In this report, we identify the thieno[3,2-b]pyridine
scaffold as an attractive platform for discovery of new highly
selective kinase inhibitors. We demonstrate that the weakly
interacting thieno[3,2-b]pyridine core allows for adoption of
variable binding modes while keeping high kinome-wide
selectivity, as illustrated by the isomers 4 (MU1464) and 5
(MU1668). This provides a rather unique opportunity for
identification of chemical probes possessing high chemical
similarity, but interacting orthogonally with the kinase of
choice.

Of note, even though the thieno[3,2-b]pyridine core
allows for adoption of variable binding modes (Figure 2), it
does not act as an inert scaffold and contributes to overall
inhibitory activity —as evidenced by the observation that the
direct analog of 9 (MU1920) with geometrically similar
central pharmacophore—i.e. the benzothiophene-based
compound 30—is significantly less potent (Table 1). Inactive
were also thieno[3,2-b]pyridine sulfones, obtained by selec-
tive oxidation using hydrogen peroxide in the presence of
trifluoroacetic acid—e.g. the compound 29, obtained from
the parent compound 4 (Table S4).

The exquisitely selective inhibitor of the kinase Haspin,
compound 9 (MU1920), fulfills the criteria for a quality
chemical biological probe and can be used for in vitro and in
vivo studies, along with the negative control compound 13
(MU2313).

The data reported herein (Figure3 and Table S6)
strongly suggest that inhibition of Haspin alone is not
sufficient to elicit anti-cancer effect, and that the antiproli-
ferative activity of previously reported Haspin inhibitors is
at least partly caused by inhibition of off-target kinases, e.g.
PIM-1.P1 The results of complementary studies using sh-
RNA-mediated knockdown of Haspin are rather ambiguous.
While the Haspin depletion has been reported to cause loss
of viability of certain cancer cells,*!) in other studies the
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Figure 3. Characterization of the Haspin inhibitor 9 (MU1920). A. Kinome-wide selectivity tested at 1 pM concentration in a panel of 413 human
kinases with ATP concentrations at Km (Eurofins), X-ray crystal structure of 9 in Haspin. B. Inhibition of pH 3T3 in HeLa and MDA-MB-231 cells
treated by series of concentrations of 9 (0.1 nM—10 pM) for 72 hours and analyzed by western blot. C. Inhibition of pH 3T3 in HeLa and MDA-MB-
231 cells treated by 5 yM 9 for different time intervals (1-60 min) and analyzed by western blot. Nocodazole (NOC, 50 ng/ml) served as positive
control. M.W. ~ molecular weight in kDa. O.D. ~ optical densitometry. Representative images for each condition were selected, quantification in
bar plots represents mean £ SD (n=3). D. In-cell ELISA assay measuring cellular inhibition of Haspin by 9 in colon carcinoma cell line HT29
(Reaction Biology). E. Number of HelLa and MDA-MB-231 cells treated by series of concentrations of 9 (0.1 nM-10 uM) for 72 hours. Cell growth
was determined by counting of trypsinized cells using CASY TT system (n=3, mean £ SD). F. Dose response curves of HeLa and MDA-MB-231
cells treated by series of concentrations of 9 (0.1 nM-10 pM) for 72 hours. 6 pM concentration of bortezomib (indicated by dashed line) was used
as a positive control (n=3, mean £ SD). Viability was determined by quantification of ATP with CellTiter-Glo One solution assay. Values were
normalized to control (DMSO treated cells). G. Effect of 72-hour treatment with series of concentrations of 9 (0.1 nM-10 pM) on the distribution
of cell cycle phases in HeLa and MDA-MB-231 cells. Cell cycle was measured by flow cytometry with propidium iodide staining (n=3, mean=+SD).
H. Metaphase duration of Hela Fucci4 cells after treatment with series of concentrations of 9 (1, 5, 25 pM) by live-cell imaging microscopy within
24-48-hour window after treatment. Data shown is from 3 repetitions. Statistical evaluation was performed using generalized linear mixed model
with biological repetitions as a random effect. *** indicates p <0.001. I. IV and PO pharmacokinetic profile of 9 (dosed as water-soluble 2HCl salt)
in the mouse at 20 mg/kg; PO PK profile of 9 at 100 mg/kg (Bienta). J. Plasma protein binding of 9 and Verapamil as reference (Bienta).
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depletion was not accompanied by a significant impact on
overall proliferation or viability.”” It should be noted that
generally, the phenotype obtained upon depletion may not
always fully correspond to that elicited by small-molecule
inhibition.” These include the scenarios when the protein
of interest is part of a complex. This could also be the case
for Haspin and its role in mitosis, mainly through the
inhibition of Wapl occurring through direct physical inter-
action with Pds5 and phosphorylation of Wapl itself, as well
as through the recruitment of the chromosome passenger
complex, facilitated by Haspin’s kinase activity and phos-
phorylation of Histone H3 at Thr3"* CRISPR/Cas9 knock-
out studies of Haspin have demonstrated that loss of
expression leads to defective mitotic progression. However,
this is not necessarily accompanied by a significant impact
on overall proliferation or viability,® and the results of
individual studies on the role of Haspin may be dependent
on the particular experimental model, ability of tumor cells
to adapt to perturbations in mitotic regulation, and the
possibility that Haspin may have functions independent of
its kinase activity.

Of note, recent reports suggest that selective Haspin
inhibitors could be potentially useful for other therapeutic
applications beyond oncology.*

The data summarized in Table 1 and Table S4 suggest
that the thieno[3,2-b]pyridine scaffold can be utilized in a
broader context, as the basis of inhibitors of other underex-
plored protein kinases, namely cyclin-dependent kinase-like
kinases (CDKLs). CDKLs form a family of serine/threonine
kinases whose biology still remains to be explored in greater
detail;®" nevertheless, the recently published studies suggest
that their pharmacological inhibition can be attractive.
CDKL2 has been recently recognized as a regulator of
epithelial-mesenchymal transition of cancer cells.”® The
function of CDKL3 has not been fully elucidated; however,
its inactivation has been shown to elicit inhibition of
proliferation, migration, and cell cycle progression of human
cholangiocarcinoma cells.’”) Conversely, high levels of
CDKL3 promote progression of osteosarcoma and nega-
tively correlate with the patient survival."”! High levels of
CDKL4 have been found in malignant bone tumor
(chordomas),* while its silencing improved the sensitivity
of colorectal carcinoma cells to the treatment with
oxaliplatin.’ In mouse models, genetic or pharmacological
CDKLS5 inhibition has been shown to mitigate nephrotoxic
and ischemia-associated acute kidney injury."” The neuro-
active steroid ganaxolone was recently approved in EU for
the treatment of seizures in people with CDKLS5 deficiency
disorder.™ However, very few CDKL inhibitors have been
reported, with CDKLs rather being their off-targets,?’™
with unknown selectivity. The compounds CAF-181 and
SNS-032 posted on the Structural Genomics Consortium
web site®! suffer from insufficient potency or selectivity,
respectively. To our knowledge, the only CDKL inhibitors
with acceptable potency and selectivity are the CDKLS
inhibitors B1, B4, and B12, reported in 2023.1*!
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Weak interaction of thieno[3,2-b]pyridine
with the kinase hinge region allows for
design of highly selective inhibitors of
underexplored kinases with variable
binding modes. The newly identified
chemical biology probe MU1920 targets
the kinase Haspin with exquisite ki-
nome-wide selectivity. Our observations
suggest that the thieno[3,2-b]pyridine
scaffold can be used also for identifica-
tion of inhibitors of other “non-routine”
protein kinases, e.g. CDKLs.
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