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Abstract

We report the synthesis of 2,6-disubstituted pyrazines as potent cell active CSNK2A inhibitors.
4’-Carboxyphenyl was found to be the optimal 2-pyrazine substituent for CSNK2A activity, with
little tolerance for additional modification. At the 6-position, modifications of the 6-
isopropylaminoindazole substituent were explored to improve selectivity over PIM3 while
maintaining potent CSNK2A inhibition. The 6-isopropoxyindole analogue 6¢ was identified as a
nanomolar CSNK2A inhibitor with 30-fold selectivity over PIM3 in cells. Replacement of the 6-
isopropoxyindole by isosteric ortho-methoxy anilines, such as 7b and 7c, also generated
analogues with selectivity for CSNK2A over PIM3 and also improved the kinome-wide
selectivity. The optimized 2,6-disubstituted pyrazines showed inhibition of viral replication
consistent with their CSNK2A activity.

Abbreviations

ACN; acetonitrile, ATP; adenosine triphosphate, BRET; bioluminescence resonance energy
transfer, DCM; dichloromethane, DIPEA, diisopropylethylamine, DMF; dimethylformamide, DNA,;

deoxyribonucleic acid, HEK; human embryonic kidney

Casein Kinase 2 (CSNK2) is member of the eukaryotic protein kinase family that has garnered
substantial attention for its multifaceted regulatory role in cell signaling.! CSNK2 is constitutively
active and can phosphorylate a wide range of substrates, including transcription factors, cell
cycle regulators, and DNA repair proteins. Its dysregulation has been implicated in various
pathologies, including cancer, neurological disorders, and autoimmune conditions.? Elevated
CSNK2 activity has been observed in many types of cancer, and it is thought to play a role in
promoting cell survival, proliferation, and resistance to apoptosis. CSNK2 been explored as a
potential anticancer drug target for many years, leading to the clinical development of
silmitasertib for the treatment of rare colangiosarcomas.® A distinctive feature of CSNK2 is its
tetrameric structure, composed of two catalytic subunits (CSNK2A1 or CSNK2A2), which are
the target of ATP-competitive inhibitors, and two regulatory subunits (CSNK2B). Renewed
interest in CSNK2 as a potential host target for antiviral therapy followed the discovery of its role
in SARS-CoV-2 viral entry.* However, one of the challenges of antiviral drug therapy is the
requirement for sustained drug levels at several times the effective antiviral dose. Many of the
existing CSNK2A inhibitors (Figure 1) either lack sufficient potency (e.g. silmitisertib)® or good
pharmacokinetics (e.g. SGC-CK2-1)° for use as antiviral drugs. Our attempts to modify the
naphthyridine chemotype found in silmitisertib failed to yield analogues with increased potency

on CSNK2A.” Likewise, extensive modification of the pyrazolopyrimidine chemotype found in


https://doi.org/10.1101/2023.12.04.569845
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569845; this version posted December 4, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

SGC-CK2-1 was unable to overcome the high metabolic clearance due to phase 1 and phase 2
metabolism.®

In the search for an alternative chemotype of CSNK2A inhibitors that would meet the
dual requirements of high potency and good pharmacokinetics, we were drawn to the reports by
Fuchi® and by Gingipalli*® of the pyrazine chemotype (1 and 2, Figure 1). Both 1 and 2 are 2,6-
disubstituted pyrazines that contain carboxylic acids on their 2-aryl group and a 6-
alkylaminoindazole at the 6-position. Pyrazine 1 was reported to be a 9 nM inhibitor of CSNK2A
with in vivo activity in a rat model of nephritis following interperitoneal dosing.® Pyrazine 2 was
described a potent dual CSNK2A/PIM3 inhibitor with ICs, of 5 nM and <3 nM, respectively.™
Additional characterization of 2 showed that it blocked CSNK2 substrate phosphorylation in cells
and showed promising pharmacokinetic properties with low intrinsic clearance, long plasma
half-life, and modest oral bioavailability in mice. However, the potent PIM3 kinase inhibition by 2

limited its utility as a pharmacological probe for CSNK2.*°
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Figure 1. Structures of CSNK2A inhibitors

The PIM kinases are serine/threonine kinases that regulate cell proliferation, survival,
and protein synthesis. There are three highly homologous PIM kinases (PIM1-3), which have
similar functions but differential expression across tissues.™ *? Although the ATP-binding sites of
the PIM kinases are highly similar, pyrazine 2 had >40-fold selectivity for PIM3 over PIM1 and
>460-fold over PIM2.'° PIM3 is highly expressed in the lung and its knockdown induces
apoptosis of lung cell lines.*® Accordingly, the potent PIM3 kinase inhibition of pyrazine 2 would
complicate its use as a pharmacological probe to study the role of CSNK2A in lung cells in vitro
and might lead to toxicity as an antiviral drug in vivo. Nevertheless, given its promising
pharmacokinetic properties, we elected to synthesize new analogues of the pyrazine chemotype

that were optimized in cells for inhibition of CSNK2A and with improved selectivity over PIM3.
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A re-synthesized sample of 2 showed an ICso by NanoBRET assay of 12 nM and 18 nM
for in-cell target engagement of CSNK2A and PIM3, respectively (Table 1), consistent with the
reported values for in vitro enzyme inhibition. Although Gingipalli et al. described the selectivity
of analogues of 2 over PIM1 and PIM2, no structure-activity relationship was reported for
PIM3.1° Therefore, we decided to synthesize analogues with modification of both the 2- and the

6-pyrazine substituents (Figure 1) to establish the determinants of CSNK2A/PIM3 activity and

\

P-
V50

selectivity in cells.

loop

>

@ CSNK2A1
O PIM1

NRaadl

Figure 2. Overlay of X-ray cocrystal structures of 1 in CSNK2A1 (PDB: 3AT3) and 2 in PIM1 (PDB:
6BSK). CSNK2AL1 protein with pyrazine 1 are shown in dark grey. PIM1 protein with pyrazine 2 are shown
in tan. The carboxylic acids of 1 and 2 form a salt bridge with the catalytic lysine (K68/K67) in both
structures. In the flexible P-loop region, V53/V52 interacts with 1 and 2 in both structures but F49 of PIM1
interacts with the isopropylamine of 2 while Y50 of CSNK2A1 is orientated away from the binding pocket
with the larger cyclopentylamine of 1.

The first series of analogues sought to explore the contribution of the indazole 6-amino
substituent. Comparison of the X-ray structure of 1 in CSNK2A with 2 in PIM1 (Figure 2)
suggested that subtle differences in conformation of the flexible P-loop might be targeted by this
substituent to improve selectivity between the kinases. Synthesis of the modified indazoles
started with an SyAr reaction of 6-nitroindazole with 2,6-dichloropyrazine in DMF to produce
intermediate | in 36% Yyield (Scheme 1). Reduction of the nitro group using iron and NH4CI
afforded intermediate Il in 88% yield. Palladium catalyzed Suzuki reaction with 4-
(carboxymethyl)phenyl boronic acid gave the key intermediate 11l in 79% yield. Saponification of
the methyl ester gave the unsubstituted 6-aminoindazole (4a). Analogues 4b—e and 4g were
synthesized by reductive amination of Il with an aldehyde and NaBH;CN, to give esters 3b-e,
followed by saponification. Analogues 4f and 4h were synthesized by Sy2 reaction of Il with an

alkyl halide at 80 °C or in a microwave at 170 °C, followed by saponification of the ester. The
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acetylated amine 4i was obtained by reaction of 11l with acetyl chloride and subsequent

saponification.

H
X Rl‘N
Q R20,C Q
cl<_N__cl /
X a C N\ N\N ¢ Ny N\N/
=y — Ly
N “ -
N N

X =NO, (1) R!=H, R? = Me (Ill)
b 2 d,e orf .
L% =N (i) e or E R = alkyl or Ac, R? = Me (3a-i)
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Scheme 1. Reagents and conditions: (a) 6-nitro-1H-indazole , NaH, DMF, 0°C to rt, 32%; (b) Fe, NH,4CI,
EtOH/water, reflux, 88%; (c) 4-(methoxycarbonyl) phenyl boronic acid, Pd(dppf)Cl,,Na,CO;
toluene/EtOH/water, 70 °C, 79%; (d) aldehyde, NaBH3CN, THF, 41-43%; (e) alkyl halide, KI, K,CO3, ACN,
170 °C, MW (or 80 °C with no MW), 12-40%; (f) acetyl chloride, DIPEA, THF, 0 °C to rt, 41%; (g) 2 M
LiOH, THF, rt, 9-98%.

The analogues 4a—i were evaluated for their kinase in-cell target engagement using
NanoBRET assays™* developed for CSNK2A and PIM3 (Table 1). For the CSNK2A NanoBRET
we opted to use the CSNK2A2 isoform since it gave a larger assay window and the ATP-binding
site is identicial to CSNK2AL. The isoproylamine 2 was a potent inhibitor of both kinases with a
slight preference for CSNK2A over PIM3. Removal isopropyl group in 4a resulted in a large
decrease in activity on both kinases. Addition of a methyl (4b) or ethyl (4c) group restored
kinase inhibition, but both analogues were more potent on PIM3 than CSNK2A suggesting that
the branched alkyl group of 2 was preferable. Unfortunately, the larger cyclo-pentyl group (4d)
was not tolerated by CSNK2A in this series. The result was surprising given the prior report of
potent CSNK2A enzyme inhibition of 1 which also contains a 6-cyclopentylaminoindazole.’ The
benzyl analogue (4e) showed good activity on both kinases but still showed a preference for
PIM3. The larger phenoxyethyl (4f) analogue was less active. Addition of a second basic group
in 4g and 4h gave analogues with poor activity on CSNK2A. The acylamine (4i) had only weak
activity on CSNK2A.

Since these initial results suggested that the 6-isopropylaminoindazole was the optimal
6-pyrazine substituent for CSNK2A activity, we designed a second series of analogues with
modification of the 2-pyrazine benzoic acid group to explore the effect on CSNK2/PIM3
selectivity. Modification of the benzoic acid required a different synthesis (Scheme 2) which
started from commercially available 6-aminoindazole. Reductive amination with acetone and
NaBH(OACc); gave intermediate IV containing the isopropylamine in 70—-88% yield. Ulmann-type
coupling with 2,6-diiodopyrazine using (1R, 2R)-N,N-dimethylcyclohexane-1,2-diamine as a

ligand and Cul as a catalyst at 110 °C generated intermediate V in 30—45% yield. Analogues
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Table 1. Kinase in-cell target engagement of analogues 2, 4a—i.
H

RN
HO,C Q
N N-\7
ey
2 i-Pr 12 18 1.5
4a H 940 2400 2.5
4b Me 52 30 0.57
4c Et 52 20 0.38
4d c-Pentyl 2200 - -
4e -CH,Ph 83 61 0.73
4f -(CH,),OPh 760 240 0.31
49 -(CH,),NHMe 1000 420 0.42
4h -(CH,),-morpholine 2600 - -
4i Ac 4020 - -

%In-cell target engagement determined by NanoBRET assay. All values are the mean of three assays with
range + 15%.° Ratio of IC50 PIM3/ICso CSNK2A. —, not determined.

5a—e were synthesized by Suzuki coupling with an arylboronic acid and Pd(dppf)Cl, in 45—
67%yield, followed by saponification of the ester if required. To synthesize the 3-chloroindazole
analogue (5f), the sequence was repeated from 3-choloro-6-aminoindazole as a starting
material (Scheme 2).

Analogues 5a—f were tested for kinase in-cell target engagement by NanoBRET assay
(Table 2). Replacement of the benzoic acid with the corresponding carboxamide (5a) or
sulfonamide (5b) resulted in analogues that were inactive on CSNK2A. In the analogues that
retained the benzoic acid, addition of a 3-fluoro group (5c¢) restored CSNK2A activity but
resulted in a compound that had no selectivity over PIM3. The larger 3-chloro group in 5d
resulted in a decrease in CSNK2A activity and the 3-methoxy analogue (5e) was inactive.
Analogue 5f with a 3-chloro group on the indazole core had potent activity on both CSNK2A and
PIM3 but showed no selectivity between the kinases. However, 5f demonstrated that
modification of the indazole at the pyrazine 6-position was better tolerated than changes to the

benzoic acid substituent.
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R=H Y = CONH,, R = H (5a)
R =i-Pr (V) Y = SO,NH,, R = H (5b)
Y = CO,H, R = F (5¢)
Y = CO,H, R = CI (5d)
Y = CO,H, R! = OMe (5e)
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Scheme 2. Reagents and conditions: (a) acetone, AcOH, NaBH(OAc)s;, DCM, rt, 70-88%; (b) 2,6-
diiodopyrazine (1R, 2R)- N1,N2-dimethylcyclohexane-1,2-diamine, Cul, K3sPO,, dioxane, 110 °C, 24 h,
30-45%; (c) boronic acid, Pd(dppf)Cl,, Na,COg3, toluene/EtOH/water, 70 °C, 45-67%; (d) 2 M LiOH, THF,
rt, 22-62%

Table 2. Kinase in-cell target engagement of analogues 5a—f.

\fH \fH

Y. Q HO,C Q
/ »~—Cl
lei)\[Nj/N\N \©\[N\]/N‘N
p N/ 5f

N Sa-e
Compound Y R, I(éi)'\?:,\zﬂ?a IC;”(\f\i/l)a Sellqeactﬂ)vbity
5a CONH,  H i.a. - _
5b SO;,NH, H i.a. — _
5c CO.H F 30 28 0.93
5d COzH Cl 260 — —
5e CO.H OMe i.a. — —
of 20 20 1.0

%In-cell target engagement determined by NanoBRET assay. i.a. = inactive at 10 uM. All values are the
mean of three assays with range + 15%.° Ratio of IC50 PIM3/IC5o CSNK2A. —, not determined.

A third series of analogues was synthesized in which the indazole 6-amino substituent
was replaced by an ether. To synthesize the ether analogue of 2, 6-hydroxyindazole was
alkylated with 2-iodopropane in 63% yield to give intermediate VIII (Scheme 3). A Ulman
coupling reaction with 2,6-diiodopyrazine using (1R, 2R)-N,N-dimethylcyclohexane-1,2-diamine
and Cul at 110 °C gave a modest 31% yield of IX. Suzuki reaction with (4-(methoxycarbonyl)
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phenyl)boronic acid followed by ester hydrolysis produced isopropyl ether 6a. Synthesis of the
methoxy ether analogue (6b) started with an SyAr reaction between 2,6-dichloropyrazine and 6-
methoxyindazole to give intermediate X in 50% yield. A repeat of the Suzuki coupling and ester
hydrolysis yielded 6b. The indole analogue of 6a was synthesized by reaction of 2-chloro-6-
bromopyrazine with (4-(methoxycarbonyl)phenyl)boronic acid by Suzuki coupling using
Pd(PPhs), as catalyst to give intermediate XI in 49% yield. An SyAr reaction with 6-
isoproxyindole using sodium hydride as a base produced indole 6c in low yield. No
saponification was required for this analogue since the ester was removed during the SyAr
reaction. The 6-isopropylaminoindole 6d was synthesized from the corresponding indole by
SNAr reaction, followed by saponification.
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Scheme 3. Reagents and conditions: (a) 2-iodopropane, Cs,CO3, DMF, rt, 63%); (b) 2,6-diiodopyrazine
(1R, 2R)-N,N-dimethylcyclohexane-1,2-diamine, Cul, KsPO,, dioxane, 110 °C, 24 h, 13-31%; (c) 4-
(methoxycarbonyl)phenylboronic acid, Pd(dppf)Cl, (or Pd(PPh3),, Na,COj3, toluene/EtOH/water, 70 °C,
32-61%; (d) 2 M LiOH, THF, rt, 52—65%; (e) 6-methoxyindazole , NaH, DMF, 0 °C to rt, 50%; (f) 6-
isoproxyindole or 6-isopropylaminoindole, NaH, DMF, 0 °C to rt, 10%.

Analogues 6a—c demonstrated nanomolar activity for in-cell target engagement on
CSNK2A and PIM3 by NanoBRET assay (Table 3). The isopropoxyether 6a had equivalent
activity to 2 in cells, demonstrating that the 6-anilinoindazole nitrogen was not required for
potent inhibition of either CSNK2A or PIM3. The methyl ether 6b was less active on CSNK2A
but maintained its activity on PIM3 suggesting that there were indeed subtle differences in the
P-loop of their ATP binding pockets. Most surprisingly, switching the 6-isopropoxyindazole to the
6-isopropoxyindole 6¢ resulted in an increase in CSNK2A activity and a concomitant decrease

in PIM3 activity. 6-isopropoxyindole 6¢ was the most potent and selective analogue in the
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pyrazine series, demonstrating a 30-fold preference for CSNK2A over PIM3. The 6-
isopropylaminoindole (6d) also showed potent CSNK2 inhibition with reduced PIM3 activity with

a 13-fold selectivity ratio.

Table 3. Kinase in-cell target engagement of analogues 6a—c.

HOZC\G\E Q HOZC\Q\[ Q
N/ 6a, 6b 6c 6d

Compound R! CSNK2A PIM3 Selectivity
P ICs0 ("M)*  ICso (NM)® Ratio”
6a Oi-Pr 11 11 1
6b OMe 97 11 0.11
6c Oi-Pr 2.2 66 30

In-cell target engagement determined by NanoBRET assay. All values are the mean of three assays with
range + 15%. ® Ratio of IC50 PIM3/IC5o CSNK2A

Since the switch to the indole in 6¢ and 6d had produced the most selective analogues,
we decided to synthesize several isosteric replacements of the heterocycle. Suzuki et al. had
reported that meta-substituted aniline replacements of the indazole in 1 retained CSNK2A
inhibition, but did not synthesize any 2-substituted anilines that might retain the planarity of an
indole through H-bonding. We designed anilines with either fluorine or methoxy as an ortho-

substituent to provide a potential H-bond acceptor for the aniline N-H (Scheme 4). To synthe-

X
O2N MeOC \©\R1 HO,C \©\Rl
N_ _NH R
R! a | \j/ _cd_ N N R
NH, N | /]/

R1=F (a), OMe (b
(&), OMe (0) b[[ X =NOz (Xila.0) 7aRl=F
X = NH, (Xllia,b) 75 Rl= OMe

O
HO o
O = T ey G
OMe OMe N_ _N_ <
NO, X \©\E j/ H
[X= NO, (XIV) Nig
X = NH, (XVI) 7c
Scheme 4. Reagents and conditions: Xl, Pd,(dba)s, BINAP, Cs,COs3, dioxane, 90 °C, 45-55%; (b) Fe,
NH,4CI, EtOH/water, reflux; (c) acetone, NaBH3;CN, AcOH, DMF, rt, 26-33%; (d) 2 M LiOH, THF, rt, 19-
93%; (e) 2-iodopropane, Cs,CO3, DMF, rt, 70%. Dashed lines show the potential intramolecular H-bonds.


https://doi.org/10.1101/2023.12.04.569845
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.04.569845; this version posted December 4, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

size the compounds, 2-fluoro-5-nitroaniline or 2-methoxy-5-nitroaniline was reacted with
intermediate XI by Buchwald amination reaction, to afford intermediate Xlla and Xllb in 45-55%
yield. The resulting nitro intermediates were reduced with Fe and NH,4CI to give the
corresponding anilines Xllla and XllIb. Reductive amination with acetone and saponification
yielded the isopropyl anilines 7a and 7b. Synthesis of the isopropyl ether 7c started from 3-nitro-
4-methoxyphenol. Reaction with 2-iodopropane produced the ether XIV in 70% yield. Reduction
of the nitro group to the intermediate XVI followed by Buchwald coupling with intermediate Xl
and saponification yielded the isopropyl ether analogue 7c.

The three aniline analogues 7a—c were assayed by NanoBRET for in-cell target
engagement to CSNK2A and PIM3 (Table 4). The 2-fluoroaniline 7a maintained moderate
activity on CSNK2A but showed a reduction in PIM3 activity. As a result, 7a was weakly
selective for CSNK2A over PIM3. The 2-methoxyaniline 7b had equivalent activity to 7a on
CSNK2A but with an even greater reduction in PIM3 activity. The selectivity of aniline 7b, with a
ratio of 20-fold, rivaled that of indole 6¢. Switching the isopropyl aniline to an isopropyl ether in
7c resulted in an increase in both CSNK2A and PIM3 activity, with the compound showing
modest selectivity for CSNK2A (5.6-fold).

Table 4. Kinase in-cell target engagement of analogues 7a—c.

YZ
HO,C \©\R1
N NH
N
.y

N

1 CSNK2A PIM3 Selectivity
Compound R 2 1Ceu (MM ICsp (NM)? Ratio”
7a F N 120 430 3.6
7b OMe N 100 2000 20
7c OMe O 60 340 5.6

%In-cell target engagement determined by NanoBRET assay. All values are the mean of three assays with
range * 15%.° Ratio of ICs0 PIM3/IC5o CSNK2A

The indazole 2, indole 6¢ and ortho-methoxy aniline 7c were also evaluated across a
large panel of 101 kinases by thermal shift assays to identify other potential off-target kinases
(Table S1). Aniline 7c showed activity on 18/101 kinases with T, >5 °C at a concentration of 10
MM. The major off target kinases with T, >9 °C were DAPK3, PIM1, BIKE, MAPK15, and
DYRK2. Notably, the indazole 2 and indole 6c were significantly less selective across the panel

with 34 and 29 kinases showing T, >5 °C, respectively. Thus, the ortho-methoxy aniline

10
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functioned as a isosteric replacement for the indazole and indole that maintained submicromolar
activity on CSNK2A in cells and also improved the broader kinase selectivity.

To provide additional insight onto the basis of the potent kinase inhibition of the 6-indolo-
pyrazine 6¢ and the 6-anilino-pyrazine 7c, we determined their co-crystal structures with
CSNK2A (Figure 3). The structure of indole 6¢ (PDB: 8QWY) showed the expected interaction
within the ATP-binding pocket of CSNK2A. The carboxylic acid interacted with the catalytic
lysine (K68), while one of the pyrazine nitrogens formed the main H-bond with the hinge region
(Figure 3A). The three rings of 6¢ adopted a co-planar conformation as is commonly seen in
other CSNK2A inhibitors. The aniline 7c (PDB: 8QWZ) adopted a similar conformation in the
CSNK2A ATP-binding pocket, with polar interactions to K68 and the hinge region. The three
rings of 6¢c were also co-planar, supported in part by an internal H-bond between the aniline N-H
and the ortho-methoxy group (Figure 3B). The co-crystal structures confirmed the effectiveness

of the ortho-methoxy aniline 7c as an isosteric replacement of the indole 6c.

Figure 3. CSNK2A X-ray co-crystal structures. (A) Indole 6¢ (PDB: 8QWY); (B) Aniline 7c (PDB: 8QW2);
Polar interactions between the carboxylic acid and K68 and the pyrazine nitrogen and the backbone
amide of V116 are shown as dashed lines.

Table 5. Antiviral activity of pyrazine CSNK2A inhibitors.
Compound  MHV ICso (uM)?

2 1.1
4a 4.4
4b 8.6
4c 1.2
4e 6.3
5c 3.0
5f 2.2
6a 3.2
6b 1.0
6¢ 0.8
6d 0.7
7a 2.3
7b 1.8
7c 1.0

% Inhibition of replication of MHV-nLuc in DBT cells
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The pyrazines with 1Cso <100 nM on CSNK2A and the unsubstituted indazole 4a were
assayed for antiviral activity against the murine hepatitis virus (MHV),*® a non-pathogenic -
coronavirus that is orthologous to SARS-CoV-2 (Table 5). The pyrazines displayed ICs, ranging
from 0.8-8.6 uM for inhibition of viral replication. Although many of the pyrazines showed either
no or modest selectivity for CSNK2A over PIM3, a plot of kinase ICs, against antiviral activity
showed that the potency for MHV inhibition tracked better with CSNK2A activity than PIM3
(Figure 4).
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Figure 4. Relationship of kinase inhibition and antiviral activity. (A) CSNK2A in-cell target engagement
predicts MHV inhibition with R = 0.4; (B) PIM3 in-cell target engagement did not correlate with MHV
inhibition.

In conclusion, 2,6-disubstitued pyrazines are a promising chemotype of CSNK2A
inhibitors. The optimal 4-carboxyphenyl substituent at the pyrazine 2-position can be readily
synthesized by palladium catalyzed Suzuki coupling. At the pyrazine 6-position, incorporation of
6-isopropoxyindole resulted in an analogue 6¢ with nanomolar in-cell target engagement for
CSNK2A and 30-fold selectivity over PIM3. The ortho-methoxy aniline 7¢ also showed potent in-
cell target engagement for CSNK2A and had improved kinome-wide selectivity by thermal shift
assays. The demonstration that ortho-substituted anilines were effective bioisoteric
replacements for the 6-isopropoxyindole highlights the potential for modular synthesis of new

2,6-disubstitued pyrazine CSNK2A inhibitors optimized for cellular potency and antiviral activity.
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