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ABSTRACT: Phosphatidylinositol 5-phosphate 4-kinases (PI5SP4Ks) are important molecular players in a variety of diseases, such
as cancer. Currently available PISP4K inhibitors are reversible small molecules, which may lack selectivity and sufficient cellular
on-target activity. In this study, we present a new class of covalent

4 Improved Selectivity Profile

pan-PI5P4K inhibitors with potent biochemical and cellular activity. i |

Our designs are based on THZ-P1-2, a covalent PISP4K inhibitor A LT TR g 4
pre?viously.dehvelc.)ped in our lab. Here, we report fuﬁher structure- i c:n: 0;’;131(;2@ o o 5-°

guided optimization and structure-activity relationship (SAR) study ICso = 5.9 M (PISPAKB) ;

of this scaffold, resulting in compound 30, which retained Rational Compoundl i SAR | THZP12 30
biochemical and cellular potency, while demonstrating a __Design .

significantly improved selectivity profile. Furthermore, we confirm ( & [ V7% = | Cellular Target-engagement
that the inhibitors show efficient binding affinity in the context of b I A ResY) c‘i&“ﬁi“f
HEK 293T cells using isothermal CETSA methods. Taken together, " 30 FEEEE
compound 30 represents a highly selective pan-PI5SP4K covalent ‘%;::19_35 :“T (ﬁfiff;) i ——— |

lead molecule.

KEYWORDS: PI5P4K, lipid kinase inhibitors, structure-activity relationship, covalent inhibitors, phosphoinositide, drug discovery

The phosphatidylinositol 5-phosphate 4-kinases (PI5SP4Ks),
consisting of the three isoforms, PISP4Ka, B, and v, are lipid
kinases that catalyze phosphorylation of phosphatidylinositol 5-
phosphate (PISP) on its 4-position to form phosphatidylinositol-

4,5-bisphosphate (PI-4,5-P,).! In the cellular membrane, P1-4,5- I-OMe Tyrphostin AG 538 a131

P, is also produced by another signaling pathway, in which {050 = 1 kM (PISPAK) 1Cs0 = 1.9 uM (PISP4K)
phosphatidylinositol 4-phosphate (PI4P) is phosphorylated by

phosphatidylinositol 4-phosphate 5-kinases (PI4P5Ks). NH, © L cFs N-n %0
Although the majority of P1-4,5-P, is produced via the PI4P5K N )j)kN Q\ca N /N NjN I . 5
pathway, the PISP4Ks have been recognized as key regulators XN)‘\N/ H ©/LNH PN {

of many cell functions including metabolism, stress response, ”N/&o K@ (s
autophagy, and immunological processes.”® Dysregulation of SARO08S NIH-12848 NCT-504

the PISP4K signaling pathway has been further linked to ICs = 3.8 uM (PISP4K) ICso = 1 uM (PISP4KY)  ICs = 15.8 uM (PISP4Ky)
diseases such as diabetes,® neurodegenerative disorders,* and Figure 1. Reported PISP4K inhibitors.
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cancers®!!. These findings indicate that the inhibition of
PISP4K kinase activity with a small molecule inhibitor might
have a therapeutic potential across various diseases.

To date, several scaffolds have been developed as PISP4K
inhibitors.>?13 For example, [-OMe Tyrphostin AG 538 was
reported to inhibit PI5SP4K o with an ICs, of 1 uM,'? while NIH-
12848 was found to be a PISP4Ky selective compound!®
(Figure 1). However, though some of the reported compounds
might seem able to covalently label kinases, such as al31, these
inhibitors are reversible inhibitors with micromolar
biochemical potency against PISP4K, which limits their use in
the investigation of PISP4K function in the cellular context
(Supporting Figure 6). In general, irreversible binding through
a unique cysteine represents a viable strategy to improve
potency and selectivity.!® We recently reported the discovery of
THZ-P1-2 as a pan-PI5SP4K covalent small molecule inhibitor
by targeting conserved cysteines across all three PISP4K
isoforms, that are situated outside of the ATP-binding pocket.
Here we report the structure-activity relationship (SAR) for this
series of compounds.

- —
Solvent-exposed
region

! 4

Figure 2. Cocrystal structure of PISP4Ka and THZ-P1-2 2 (dark
grey). The pocket bound by the inhibitor is highlighted in pale-
green. H-bonds are shown as dashed bonds. For clarity, only
Asn198, Val199, Phel34 and Phe200 are shown as capped sticks.
PDB-ID: 60SP

Our recently reported irreversible inhibitor of PISP4Ks,
THZ-P1-2, displays sub-micromolar biochemical potency
against PI5P4Koa kinase activity.'” Although the THZ-P1-
2/PI5P4Ka co-crystal structure (PDB-ID: 60SP) did not
resolve the loop that contains the covalently targeted cysteine
(Cys293), the structure clearly revealed key non-covalent
interactions, including two hydrogen bonds between the
aminopyrimidine, as well as the benzamide carbonyl and
Asn198, a hydrogen bond forming between the pyrimidine and
Vall99, and  T-shaped =-stacking  between  the
phenylenediamine group and Phel34 in the p-loop (Figure 2).
In addition, Phel34 and Phe200 form a narrow passage
encaging the phenylenediamine of THZ-P1-2 (Supporting
Figure 7). Even though the electron-density for the war head tail
was insufficiently resolved, the acrylamide moiety seemed to
be positioned towards the solvent exposed region, which allows
proximity to the targetable cysteines for each isoform: Cys 293
(a), 307 or 318 (B), and 313 (y) (Supporting Figure 8).
Hydrophobic interactions between the indole and the
hydrophobic pocket under the p-loop contribute to the overall
affinity.

To understand the SAR of THZ-P1-2 analogs, we employed
biochemical assays for PISP4Ka (ADP Glo) and PISP4K}

Scheme 1. Synthesis of THZ-P1-2 and Compounds 6-11¢
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THZ-P1-2, 6
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©/ O T ; T ;
NH
@ Reagents and conditions: (a) (HO),B-R or respective pinacol

SOzPh
boronic acid esters, NaHCOs3, Pd(PPh;),Cl,, ACN/H,0, 90-100 °C,
2.5-19 h, 53-83% yield; (b) 4-methylaniline, TEA, BuOH, 140 °C,
1 h or 3/4-phenylaniline, TEA, EtOH, 120 °C, 3 h, 99%-quant.
yield; (¢) m-phenylenediamine, DIEA, NMP, 140-160 °C, 1.5h -
2d, 37-95% yield; (d) 4-nitrobenzoyl chloride, pyridine or
TEA/DCM, 1t, 5 h or 4-((tert-butoxycarbonyl)amino)benzoic acid,
HATU, Hunig’s Base, DMF, rt, 1 h, then TFA/DCM, rt, 2 h, 37%
yield; (e) SnCl,-2H,0, EtOAc/MeOH, 80 °C, 4.5h-2d or H,,
10% Pd/C, EtOAc/MeOH or MeOH, rt, 16 h, 4-87% yield over 2
steps; (f) 4-bromocrotonyl chloride, DIEA, DCM or ACN, 0 °C,
then dimethylamine, THF, rt, 1h, 24-71% yield; (g) 4-
dimethylaminocrotonic acid, DIEA, HATU, DCM, or oxalylic
chloride, DMF rt, 1-12h, 6-30% yield; (h) 1.0 M NaOH/1,4-
dioxane, rt, 4-6 h, 8-60% yield.

Table 1. ICs, Evaluation of THZ-P1-2 and Compounds 6-11

Iz

N

WG
o @ﬁ ﬁ =
N~y
N

ICso [UM]*
Cpd R 50 [uM]
PI5P4Ka PISP4Kp
THZ-P1-2 xﬂ\/p 0.95+0.34 59454
H
6 m 2.140.0 10.9+4.0
H
7 *@jN,Nf 3.5+024 15.8+7.5
8 1.3+0.36 63+2.6
ye
N
9 ?sN/©/ 13+0.16 62+13
H
10 PSH 19.3+0.0 245+6.1
11 174+ 4.8 30.4+32.8

@ Average = SD of three experiments, each using an 11-point
titration.
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(Transcreener), which have produced reliable ICs, values for
THZ-P1-2. The THZ-P1-2 analogs, which contain either a

Scheme 2. Synthesis of Compounds 14-19¢
SN A\N
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variety of different indole ring systems, or bulkier mono- or
bicyclic
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R=H, CH,

A = phenyl, cyclohexyl }

@ Reagents and conditions: (a) anilines, DIEA, NMP, 150 °C, 6-8 h, then TFA/DCM, rt, 1 h, 67-84% yield; (b) anilines, DIEA, NMP, 150 °C,
8 h — overnight, 46-60% yield; (c) nitroaniline, Cs,COs3, X-Phos, Pd,(dba);, 1,4-dioxane, 104 °C, 3 h, then SnCl,, MeOH, 80 °C, 8 h, 61%
yield; (d) carboxylic acid chlorides, pyridine, rt, overnight, then SnCl,-2H,0, EtOAc/MeOH, 80 °C, 1.5-2 d, 23-39% yield over 2 steps; (¢)
carboxylic acid chlorides, DIEA or TEA, DCM, 0 °C, 5 min or rt, 1.5 h, then H,, 10% Pd/C, MeOH or EtOAC/MeOH, rt, 12 h — overnight,
36-51% over 2 steps; (f) carboxylic acids, HATU, DIEA, DCM, rt, 0.5-3 h, then HCI, MeOH or EtOAc, rt, 0.5 h — overnight, 54-85% over
2 steps; (g) 4-bromocrotonyl chloride, DIEA, DCM or ACN, 0 °C, 5 min - 0.5 h, then dimethylamine (2.0 M in THF), rt, 0.5-2 h, 30-91%
yield; (h) 4-dimethylaminocrotonic acid hydrochloride, DIEA, HATU, DCM, rt, 12 h, 30% yield; (i) 1.0 M NaOH/1,4-dioxane, 10 °C - rt,

3-6 h, 10-46% yield.

aromatic six-membered rings, were first designed to investigate
the tolerability of the hydrophobic pocket that is occupied by
the indole group in THZ-P1-2. The synthetic strategy for these
analogs revolved around the 4,6-dichloropyrimidine, which
underwent either a Suzuki coupling reaction with aromatic
boronic acids/esters, or an Sy2 nucleophilic substitution
reaction with aromatic amines. The second chloride group was
then substituted with m-phenylenediamine, which was extended
through an amide bond with 4-aminobenzoic acid, containing a
free amino group for 4-dimethylaminocrotonamide
transformation, as the final step (Scheme 1).

THZ-P1-2 showed sub-micromolar potency (ICs, 0f 950 nM)
against PISP4Ka, as well as an ICsy of 5.9 uM against PISP4Kp.
Pyrrolo[2,3-b]pyridine installed in compound 6 led to a slight
decrease in potency on both isoforms, while a 2-methylindazole
of compound 7 dampened the activity even further to 3.5 uM
and 15.8 uM for PISP4K o and PISP4Kp, respectively (Table 1).
Introducing an NH-linker, connecting the pyrimidine with a
phenyl group carrying either a 4-methyl group or even a bulky
4-phenyl substituent (compounds 9 and 8, respectively) were
well tolerated and maintained ICs, values of around 1.3 uM and
6.2-6.3 uM for the a- and p-isoform of the PISP4Ks,
respectively. In contrast, a 3-phenylaniline or direct conjugation
of pyrimidine with a 3-phenylbenzene group resulted in a more
than 10-fold loss in PISP4Ka activity (compounds 10 and 11),
underlining that these changes in the trajectory of binding seem
to cause a steric clash with some residues in the hydrophobic
pocket under the p-loop.

Next, to understand the SAR for the groups that bind the
hinge region, as well as the solvent-exposed region, we
designed a second batch of THZ-P1-2 analogs, shown in
Table 2. To access these compounds, the second chloride
moiety at 6-position of the pyrimidine was substituted with
different aromatic amines through Sy2 reactions, which were
then further conjugated with either 3- or 4-nitro benzoic acid,
4-aminocyclohexane-1-carboxylic acid or 4-aminopiperidine
through amide bond formation to yield compounds 14-19 and
25 (Schemes 2 and 4). We also synthesized compound 22 with

a distinct 3-aminopiperidine group installed at 6-position of the
pyrimidine, followed by a urea functionality, which was utilized
to conjugate with 3-aminobenzeneamine (Scheme 3). All these
compounds contain a free amino group, which was eventually
converted to a 4-dimethylaminocrotonamide as a cysteine react-

Table 2. ICsy Evaluation of Compounds 14-19,22,25,30

ICs) [uM]*
PISP4K

a B

W O\m ~y 29.8

14 2T
W +£12.1
s ) @ig@NU\@ 53 33.6
AAAS T LT a30 282

o N7N
dNﬁq g 6.5 205

Cpd R

16 \ it

Ay VN 2090 119

o NZON
. \NWHOANQN o 2.1 8.9
! o " . oy 078 +2.9

.
~ = N
. Y O\mnj . 199 356
N

+£036  +24
POBE! 2.0 318

LTS HO S R e b
/NMN / +1.17 +4.1

PO
~ Z B
2 VPO YD
2O 2.6 10.1
N

+0.76 +10.2

inactive  inactive

25 |
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@ Average = SD of three experiments, each using an 11-point
titration.

B
™
=
Kinase Pll-’}ll-Z{ o /ncf::l .
cKi %contr.

MSK2 0.1 100

TYK2b 0.9 100

AGC CSNK2A2 1.3 90

PDGFRb 43 70

PIKFYVE 6.4 100

Figure 3. A. KINOMEscan results for THZ-P1-2 and compound 30. Selectivity profile was determined for 469 kinases as percent DMSO
control at 1 uM inhibitor concentration (excluding mutant, atypical and pathogen). B. Table comparing percent DMSO control for top 5

off-targets of THZ-P1-2 to compound 30.

ive warhead.

We first found that introducing a methyl group to either
carbon-4 (compound 15) or carbon-6 (compound 16) led to up
to 5-fold higher 1Csys compared to THZ-P1-2 and compound 6.
An explanation could be that the conformational changes in
these compounds are potentially causing steric clashes with the
relatively small passage (Supporting Figure 7) or are
jeopardizing the m-stacking interaction with Phel34. Going
even further, using a bulky, non-aromatic piperidine ring,
resulted in the overall inactive compound 22.

Scheme 3. Synthesis of Compound 222

N° N a, b N cd
L~ T W L~ -
cl ‘ A\ N ‘ AR
NN N
2b SO,Ph 20 SO,Ph
H ’\“A\N
H2N\©/NTN NP A e f
H
o NN
21 50,Ph
~
PUPOBY:
N,
N Z N X
A NG IR
o 2y

@ Reagents: (a) tert-butyl 3-aminopiperidine-1-carboxylate, DIEA,
NMP, 110 °C, overnight, 50% yield; (b) TFA/DCM, rt, overnight,
quant. yield; (c) 3-nitroaniline, triphosgene, TEA, DCM, 0 °C, 2 h,
then rt, overnight, 83% yield; (d) SnCl,, EtOAc/MeOH, reflux,
overnight, 74% yield; (e) 4-bromocrotonyl chloride, DIEA, DCM,
0 °C, 5 min, then dimethylamine (2.0 M in THF), rt, 1 h, 68% yield;
(f) 1.0 M NaOH/1,4-dioxane, 10 °C - rt, 4 h, 30% yield.

A scan of different crotonamide warhead-containing linkers
pointing towards the solvent-exposed area, including either
piperidine, cyclohexane or phenyl rings with different
substitution patterns demonstrated high tolerability to both the
composition and the conformation of the linker with respect to
activity against PISP4Ka. For example, both piperidine and
cyclohexane containing compounds (compounds 25 and 19,

respectively) showed almost identical activity with ICs, values
0f2.0-2.5 uM on PISP4Ka. Interestingly, PISP4Kp seems to be
more sensitive to changes in this motif, since the ICs, of
compound 19 drops by 5-fold, compared to THZ-P1-2.
Similarly, the regiochemical variation of compound 6 to
compound 17, attaching the crotonamide residue in either 3- or
4-position of the benzamide, or to compound 18, carrying either
a m- or p-phenylenediamine, displayed again only minor effects
on the inhibitory activity on PISP4Ka. While changing the
warhead attachment-site on the benzamide did not have any
effect on PISP4Kp activity either (compounds 6 and 17),
changes in the phenylenediamine moiety led to a 3.5-fold higher
ICs4 (compound 18), underlining a higher sensitivity of the -
isoform to alterations in this region. However, an extended
linker with an insertion of a methylene group, shifting the
benzamide carbonyl further away from the hinge region, in
compound 14 became more resistant to both, PISP4Ko and
PISP4K.

Scheme 4. Synthesis of Compound 25°

25

@Reagents: (a) 2-(3-aminophenyl)acetic acid, DIEA, NMP, 140 °C,
12 h, 6% vyield; (b) tert-butyl piperidin-4-ylcarbamate, HATU,
DIEA, DMF, rt, 0.5 h, 51% yield; (c) HCI, EtOAc, rt, 0.5 h, 90%
yield; (d) 4-dimethylaminocrotonic acid hydrochloride, DIEA,
HATU, DCM, 1t, 0.5 h, 50% yield; (e) 1.0 M NaOH/1,4-dioxane,
rt, 4 h, 56% yield.
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Inspired by the SAR information we obtained above, as well
as the co-crystal structure of our inhibitor THZ-P1-2 with
PI5P4Ka!7, we cyclized the pyrimidine ring from carbon-4 and
-5 to yield a bicyclic pyrrolo[2,3-d]pyrimidine and introduced a
4-methylphenyl, a favored residue (e.g. compound 9), attached
to the N-atom of the pyrrolo ring system. We hypothesized that

A
O RN G & N ¢ N & N ¥ VI &)
SR ERHL ST D

DMSO e W i o v
THZ-P1-2 | e e ) ) o o

L O O O R VI SR R S S v
SR ERHES &

DMSO‘-.‘---‘Q-‘&M B
- — | PIsPakp
THZ-P1-2 ‘ ST L L R l

PISP4Kat

(@]
o

100 H PI5P4Ka 100

W PISP4Kp

50 50 B

th

It I_

o
0

emistry Letters

this could potentially improve the overall selectivity of the
scaffold, while maintaining on-target activity. The compound
was

0 N o O
P & o o B D e an
S LSS
PISPAKa [ e e (D o e S |
GAPDH | G S e ) e N Ol 0 G|
PISPAKR | W e (0 et B i o o el
GAPDH | e e e N Ol S )|
E
- THZ-P1-2 100 -+ THZ-P1-2
= Cpd 9 = Cpd9
~ Cpd 30 + Cpd 30
-+ Cpd 8 - Cpd 8

50

40 05 00 05
Log([compound])

Relative band intensity (%)
Relative band intensity (%)

40 05 00 05 10
Log([compound])

1.0

Relative band intensity (%)

Figure 4. A..Melting-curves (T,,) of PISP4Ka and PISP4Kf. Treatment with THZ-P1-2 at 10 pM for 1 h, in comparison to DMSO.
B. Representative western blot of isothermal CETSA at 52 °C (HEK 293T cells) with selected PI5SP4Ka/ inhibitors at 1 or 10 pM.

C. Quantified relative band intensity (%) of isothermal CETSA exp
Dose-response curve of isothermal CETSA for PISP4Ka at 52 °C
three independent experiments (Representative western blot, see

eriment (Figure 4B). Mean of three independent experiments. D.
(HEK 293T cells) with selected PI5P4Ko/f inhibitors. Mean of
Supporting Figure SA). E. Dose-response curve of isothermal

CETSA for PISP4Kp at 52 °C (HEK 293T cells) with selected PISP4Ka/p inhibitors. Mean of three independent experiments

(Representative western blot, see Supporting Figure 5B).
Scheme 5. Synthesis of Compound 30?

N‘A\N a NTSN b
_a, _b
C\)\éNH Cl)\é"‘
26 27

% X
QI c.d 3 e
HoN N N N
e e

28 HaN 29

30

“Reagents: (a) 4-iodotoluidine, trans-1,2-cyclohexanediamine,
K;PO,, Cul, toluene, 110°C, 1d, 48% yield; (b) m-
phenylenediamine, DIEA, NMP, 150 °C, 4 d, quant. yield; (c)
4-nitrobenzoyl  chloride, pyridine, rt, overnight; (d)
SnCl,-2H,0, EtOAc/MeOH, 80 °C, 1 d, 40% yield over 2 steps;
(e) 4-bromocrotonyl chloride, DIEA, ACN, 0°C; (f)
dimethylamine (2.0 M in THF), rt, 1 h, 4% yield over 2 steps.

synthesized through the coupling of 4-chloro-7H-pyrrolo[2,3-

dlpyrimidine with 4-iodotoluene in a copper-catalyzed
nucleophilic substitution reaction. The free chloride was then

coupled with m-phenylenediamine, extended with benzoic acid
via an amide bond and the free amino group was finally
converted to a crotonamide as already described in Scheme 1
(Scheme 5), leading to active compound 30 with ICs, values of
1.3 uM and 9.9 uM for PISP4Ka and PISP4K}, respectively.

As previously reported, the selectivity profiling of THZ-P1-
217 with KINOMEscan has shown that this compound exhibits
cross activity with the type I lipid kinase PIKFYVE, as well as
several protein kinases including BRK, TYK?2 and Abl. We next
questioned whether the bicyclic pyrrolo[2,3-d]pyrimidine
scaffold on compound 30 could dial out these off-targets,
making it a more selective PISP4K inhibitor. Therefore, another
KINOMEscan profiling assay for compound 30 was
undertaken. At 1 uM, compound 30 lost almost all off-targets
seen with THZ-P1-2, including the PISP4K-related PIKFYVE
kinase (Figure 3). An ADP-Glo biochemical assay
(commercially available from Carna Biosciences, Inc.) done
with PIKFYVE confirmed these findings as an ICsy value of
40.1 nM for THZ-P1-2, whereas compound 30 did not show
any activity in this assay format, which was also true for other
off-targets (Supporting Table 2). Since the two compounds
solely differ in their head group moieties, facing the
hydrophobic pocket in the binding site, potential reasons for the
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selectivity improvement could be the slightly bulkier head
group in compound 30, as well as the missing hydrogen bond
offering NH group of the indole found in THZ-P1-2. It should
be noted, that PISP4Ko is not assessed in the KINOMEscan
panel. Although PISP4Kf and PISP4Ky were included in the
kinases tested, we could not see significant binding of both
compounds tested, despite their biochemical potency and
cellular target engagement. Hence, the kinome-wide profiling
data (Figure 3A) was used to investigate potential off-targets.

To assess the cellular activity of the THZ-P1-2 analogs, we
used a cellular thermal shift assay (CETSA), in which we
treated HEK 293T cells with our most potent pan-PISP4K
inhibitors. We first determined the optimal incubation
temperature for the assay, by comparing melting curves of cells
treated with either DMSO or 10 uM THZ-P1-2 at temperatures
ranging from 40-67 °C (Figure 4A). While we observed loss of
soluble PISP4Ka and PISP4Kf between 49 and 52 °C with the
DMSO control, THZ-P1-2 stabilized the enzymes to
temperatures up to 58 to 61 °C, showing that THZ-P1-2 exhibits
good pan-PISP4K binding in the cellular context. We
determined 52 °C to be the optimal assay temperature to
investigate cellular target engagement of our compounds, since
incubation at this temperature resulted in still optimal
stabilization of soluble PISP4Ko/f with THZ-P1-2, while the
DMSO treated cells show already an immense loss of soluble
protein. This temperature was used for further CETSA
experiments. Next, an isothermal CETSA was performed to
compare cellular target engagement of our top inhibitors,
showing good target binding activity of all selected compounds
in HEK 293T cells (Figure 4B and 4C). Dose-response curves
were obtained using the same isothermal CETSA conditions.
Surprisingly, compounds 8 and 30 generally showed slightly
less cellular activity compared to THZ-P1-2, while compound
9 seems to be slightly more active in cells (Figure 4D, 4E and
Supporting Figure 5A and 5B).

Ultimately, comparing our lead compounds, THZ-P1-2 and
compound 30, with their reversible analogs (THZ-P1-2-R and
compound 30-R, respectively) lead to an overall decrease in
biochemical activity of 3-4-fold, except for compound 30 and
its PI5SP4Ko activity, which did not change significantly
(Supporting Figure 9A). The same trend was seen in an
isothermal CETSA experiment, although compound 30 now
seems to show similar potency changes on both, PISP4Ka and
B (Supporting Figure 9B and C). However, the observed
potency changes between covalent and non-covalent analogs
were again more pronounced with THZ-P1-2. To make sure that
compound 30 is still a covalent PISP4K inhibitor, an intact mass
spectrometry experiment was undertaken, which showed
indeed covalent labeling of PISP4Ka,B and y by compound 30
(Supporting Figure 10). These results indicate, that compound
30 might be a slower covalent binder than THZ-P1-2, which
could explain not only the biochemical results, but also the
weaker cellular activity of compound 30.

In conclusion, the discovery of THZ-P1-2 and its analogs
present a novel class of covalent inhibitors for PISP4Ks. The
SAR study reported here provides a rational for further
development, by systematically exploring the tolerability of
each binding region for chemical modification. The selectivity
profiling indicated a highly selective PISP4K inhibitor is
achievable through the modification of the core 4,6-pyrimidine
scaffold, shown by compound 30. Furthermore, investigating
the cellular target engagement, using isothermal CETSA

methods, we were able to confirm that the inhibitors show
efficient binding affinity in the context of HEK 293T cells.
These findings suggest that compound 30 is a selective,
covalent pan-PISP4K inhibitor, which may overcome
limitations of cellular activity of reported PISP4K inhibitors.
Further efforts to optimize cellular potency of compound 30
and its pharmacokinetics for in vivo studies are ongoing.
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