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2,4-DIANILINOPYRIMIDINE DERIVATIVES
AS SUBMICROMOLAR CK2 INHIBITORS

Aim. This study aims to identify and characterize new 2,4-dianilinopyrimidine derivatives as inhibitors of protein ki-
nase CK2, a key enzyme implicated in numerous pathological processes. Methods. A series of newly synthesized
2,4-dianilinopyrimidine derivatives was evaluated using a luminescence-based assay to determine the inhibitory acti-
vity against CK2. Luminescence based structure-activity relationship analysis and molecular docking studies were
performed to elucidate key interactions within the ATP-binding site. Results. Several compounds demonstrated sub-
micromolar inhibitory activity against CK2 (IC,). SAR analysis and docking revealed that the position of the carbo-
xylic group on the aniline ring is critical for activity. Compounds bearing an ortho-carboxyl group were active, where-
as meta substitution led to a loss of activity, consistent with interactions between the carboxyl group and Lys68.
Additionally, the presence of polar substituents on the second aniline ring contributed to activity, likely through inte-
ractions with the hinge region residues, including Val116, Asn117, and Asn118. Conclusions. The 2,4-dianilinopy-
rimidine scaffold represents a promising platform for the development of potent CK2 inhibitors, with key structural
features identified for further optimization.
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Introduction sociated with a wide range of pathological condi-

tions, including viral diseases [1—2], cancers [3—
Protein kinase CK2 is a well-established regulatory | 9], notably cholangiocarcinoma [10], as well as
enzyme involved in the control of cell proliferation | other disorders [11—16]. Given the potential of
and apoptosis. Aberrant CK2 activity has been as- | this enzyme as a therapeutic target, a large number
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of CK2-directed compounds have been developed
to date. These compounds are predominantly
small molecules acting as ATP-competitive inhibi-
tors. Among them, several major classes can be
distinguished, including polyhalogenated benzi-
midazole and benzotriazole derivatives, anth-
raquinone and benzoquinone derivatives, pyra-
zolo[1,5-a]pyrimidine derivatives, 2-aminothia-
zole derivatives, indeno[1,2-b]indole derivatives,
flavonoid and coumarin derivatives, carboxylic
acid derivatives, and others [17].

The pyrimidine-based scaffolds have emerged as
particularly promising CK2 inhibitors due to their
tunable selectivity profiles. Structural modification
of the clinically evaluated inhibitor CX-4945, in
which the pyridine was replaced by a pyrimidine
ring, has been shown to enhance both selectivity
and inhibitory activity [18]. Accordingly, pyrimi-
dine derivatives incorporating polar anchoring
groups, such as carboxyl, continue to represent an
active and productive direction in CK2 inhibitor
development [19—20]. In this context, 2,4-diani-
linopyrimidines constitute a versatile scaffold with
demonstrated activity across several human pro-
tein kinases [21—22].

The aim of this study was to evaluate the in-
hibitory activity of 48 newly synthesized 2,4-di-
anilinopyrimidine derivatives against CK2 and
to predict their binding modes using molecu-
lar docking.
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Materials and Methods
Compound synthesis

All reagents were purchased from Merck KGaA
company (Germany). The solvents were purchased
from Macrochim (Ukraine). Melting points were
measured on a Kofler melting point-device and are
uncorrected. Thin layer chromatography was per-
formed on DC-Alufolien Kieselgel 60 F254 plates
(Merck, Germany) in CHCI; : MeOH, 19 : 1. 1H
NMR spectra were recorded in DMSO-d6 on Va-
rian Gemini-2000 instrument (400 MHz, Varian,
USA) using tetramethylsilane as an internal stan-
dard; Chromato-mass-spectrometric analysis (LC-
MS) was performed on Agilent 1100LC/MSD SL
instrument (Agilent Technologies, USA) equipped
with Zorbax SB-C18 Rapid Resolution HT Car-
tridge (2.1 x 30 mm, 1.8 um) using a 0—100% gra-
dient (2 min) of CH3CN in 0.1% formic acid.

All of the compounds were synthesized using
well-known methods. The synthesis of 2,4-diani-
linopyrimidine derivatives was carried out accord-
ing to the general well-known procedure [23]. The
intermediate product ITa-m was obtained in a sin-
gle step by a substitution reaction between 2,4-di-
chloropyrimidine I and the corresponding aniline,
among which aminobenzoic acids were also used
(Fig. 1). The reaction was regioselective at position
C4 and could be easily carried out without the
need for purification. Then, the 2-chloro group of
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Fig. 1. Basic scheme for the synthesis of 2,4-dianilinopyrimidine derivatives. Reagents and conditions: a — anilines,
cat. conc HCI, EtOH/H:O0, 50 °C (1 h), then rt (overnight), 86—91%; b — anilines, DMF, 130 °C, 40 min, 60—80%
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Chemical structure of 2,4-dianilinopyrimidine derivatives

and their inhibitory activity toward human protein kinase CK2
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Ne R, R, R, R, R, R, R, R, R, IC,,, uM

1* H H H H H COOH H H H 0,22 £ 0,10

2 H H H H COOH H H H H Inactive

3* H H H COOH H H H H H Inactive

4 H H OH H H CH,COOH H H F Inactive

5 H H OH H COOH H H H F 0,8 = 0,05

6 H H COOH H H H H H H >1

7 H H COOH H H H H H F >1

8 H H COOH H H OCH, H H H >1

9* H H COOH H H COOH H H H 0,7 + 0,07
10 H H COOH H H £ I\O H H H >1
11 H H COOH H H CF, H H H 0,75 + 0,04
12 H H COOH H F H H H H >1
13 H H COOH H COOH H H H H Inactive
14 H H COOH H COOH H H H F Inactive
15 H H COOH H COOH OH H H F Inactive
16 H H COOH H CH, H CH, H H Inactive
17 H H COOH | COOH H H H H H Inactive
18 H COOH H H H H H H H Inactive
19 H COOH H H H OCH, H H H Inactive
20 H COOH H H H COOH H H H >1
21 H COOH H H H < I\O H H H Inactive
22 H COOH H H H CF, H H H Inactive
23 H COOH H H OH H H H H Inactive
24 H COOH H H COOH H H H H Inactive
25 H COOH H H F H H H H Inactive
26 H COOH H H CH, H CH, H H Inactive
27 H COOH H OCH, H H OCH, H H Inactive
28 H COOH H COOH H H H H H Inactive
29 H COOH OH H H H H H H Inactive
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End of the table

Ne R, R, R, R, R, R; R, Ry R, IG5, uM
30 H COOH OH H H COOH H H H Inactive
31 H COOH OH H H CH,COOH H H H Inactive
32 H COOH OH H COOH H H H H 0,78 £ 0,08
33 H COOH OH CH, H CH, H H H Inactive
34 | COOH H H H H H H H H 0,51 £0,16
35*| COOH H H H H H H H F >1

36 | COOH H H H H OCH, H CH, H 0,78 £ 0,08
37*| COOH H H H H COOH H CH, H >1

38 | COOH H H H H \I\O H H H 0,74 + 0,06
39 | COOH H H H H < I\C’ H CH, H >1

40*| COOH H H H OH H H H H 0,7£0,10
41 | COOH H H H OH H H CH, H 0,67 £0,10
42 | COOH H H H F H H CH, H 0,64 £ 0,07
43*| COOH H H H COOH H H H H 0,84 £ 0,04
44 | COOH H H H COOH H H CH, H >1

45 | COOH H H OCH, H H OCH, | CH, H 0,21 £ 0,05
46 | COOH H H OCH, H H OCH,| H H 0,84 + 0,10
47| COOH H H COOH H H H CH, H 0,67 0,10
48 | COOH H H H H OCH, H H H 0,61 +0,15

* Novel compound

compounds ITa-m was substituted with the corre-
sponding aniline, forming compounds IIla-m.

Activity determination

The study was performed using the recombinant
human protein kinase CK2a subunit expressed
from plasmid pZW6 (Addgene, USA; catalog
no. 27086). The luminescence-based kinase assays
were carried out according to the well known pro-
tocols [24] using the Kinase-Glo® assay kit (Pro-
mega, USA; catalog no. V6711). The concentra-
tions of ATP and peptide substrate (RRRDDDSD-
DD) were 10 uM and 200 uM, respectively. Inhibi-
tory activity was calculated using standard met-
hods [24]. IC,; values were determined by testing
inhibitors over a concentration range of 0.01—
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1 uM. The data plotting and IC,, determination
were performed using OriginLab 2021 software.

Molecular Docking

Molecular docking studies were conducted with
MzDOCK software [25]. The crystal structure of
CK2 co-crystallized with adenylyl imidodiphos-
phate (PDB ID: 3NSZ) [26] was used for the simu-
lations. For the protein preparation all ions, water
and ligand molecules were removed from the
PDB-file and Kollman charges were added. The
forcefield MMFF94 was used for the ligand prepa-
ration. Nine ligand conformations characterized
by distinct scoring function values were generated.
The conformation with the lowest scoring func-
tion value was regarded as the most favorable.

ISSN 1993-6842 (on-line); ISSN 0233-7657 (print). Biopolymers and Cell. 2026. Vol. 42, No. 2



Dianilinopyrimidines target CK2

Results and Discussion
Compound activity and SAR

A total of 48 2,4-dianilinopyrimidine deriva-
tives were synthesized and evaluated for CK2
inhibitory activity. All compounds were initially
screened at a concentration of 1 uM. The com-
pounds exhibiting inhibition rates below 25%
were marked as inactive. For compounds sho-
wing inhibition rate above 50%, IC,, values were
determined (Table).

The position of the carboxyl on the A-ring was
identified as the most critical structural determi-
nant of inhibitory activity. According to published
data, this functional group plays a key role in bin-
ding to essential residues within the ATP-binding
site, including Lys68, Aspl75, and Trpl76 [17,
26—28]. Consistent with this mechanism, nearly
all compounds bearing the carboxyl in the meta
position (R2) were inactive, whereas several active
derivatives contained the carboxyl in the para po-
sition (R1). Notably, all tested compounds with an
ortho-substituted carboxyl (R3) exhibited inhibi-
tory activity. Active compounds were also obser-
ved among the derivatives bearing carboxyl in the
meta or para positions on the B-ring (R5 and R6),
suggesting the possibility of an alternative binding
mode for this subset of compounds.

Within ortho-substituted carboxyl (R3) active
derivatives, the compounds featuring polar sub-
stituents at positions R5 or R6 were particularly
prominent. This behavior may be attributed to ad-
ditional interactions with the hinge region, poten-
tially involving residue Asnl118, as previously re-
ported for pyrazolo[1,5-a]pyrimidine derivatives
[17, 28]. Moderately nonpolar substituents at posi-
tions R4 and R8 were also associated with enhanced
activity, likely reflecting strengthened hydrophobic
interactions in this region of the binding pocket.

Binding mode

Molecular docking was performed to propose the
binding modes of 2,4-dianilinopyrimidine deriva-
tives within the ATP-binding site of CK2. The over-
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Fig. 2. The complex of compound 46 with the CK2 ATP-
binding site obtained through molecular docking. Hydro-
gen bonds are indicated in green, hydrophobic interac-
tions in purple, electrostatic interactions in yellow and
C-HeeO interactions in white

Lys68
/
e 4 A ///
Y. .
Asnl17 X /) \
1le95
Asnl18
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Fig. 3. The complex of compound 5 with the CK2 ATP-
binding site obtained through molecular docking. Hydro-
gen bonds are indicated in green, hydrophobic interac-
tions in purple, electrostatic interactions in yellow and
C-Hee«O interactions in white

all predicted binding mode is shown in Fig. 2. The
2,4-dianilinopyrimidine core engages in multiple
hydrophobic interactions with residues of the ATP-
binding pocket. The pyrimidine ring interacts with
Val66, Met153, and Ile174, resembling the interac-
tion pattern observed for the C-ring of aurones and
flavones rather than that of pyrazolo[1,5-a]pyrimi-
dine derivatives [24, 29—30]. The A-ring forms
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hydrophobic contacts with Val53, Phel13, Ile174,
and Lys68, whereas the B-ring interacts with Leu45
and Met153, further supporting similarity between
the binding mode of 2,4-dianilinopyrimidine de-
rivatives and that reported for flavonoid derivatives
(17, 24, 29—30].

The carboxyl on the A-ring, whose position is
critical for inhibitory activity, forms electrostatic
and hydrogen-bond interactions with Lys68 and
Aspl75, in agreement with published data [17,
26—28]. Hydrogen and C-HeesO interactions be-
tween substituents of the A-ring and the hinge re-
gion were also observed, particularly involving
Asnll7, Asnll18, and Valll6. These interactions
may explain the importance of these substituents
for inhibitory activity. Similar contacts have been
reported for polar substituents on the correspon-
ding ring in both pyrazolo[1,5-a]pyrimidine and
flavonoid derivatives [17, 24, 28—30].

The proposed binding mode for compounds
bearing the carboxyl on the opposite side of the
molecule, on the B-ring, is presented in Fig. 3.
Owing to the substantial molecular symmetry, this
orientation is generally similar to that of other de-
rivatives, maintaining key hydrophobic contacts
and hydrogen-bond/electrostatic interactions of
the carboxyl with Lys68. In this case, interactions
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I[MOXIOHI 2,4-ATAHUITHO-ITIPMIIVHY
AK CYBMIKPOMOJIAPHI IHT'TBITOPU CK2

Mema. e focnmipkeHHs CIpsMOBaHe Ha ifeHTriKalliio Ta XapaKTepUCTUKY HOBUX IOXiTHUX 2,4-fiaHimiHOmpuMinu-
HY 5K iHri6itopis mpoteinkinasu CK2 — k1040BOro ¢pepMeHTy, 3aMy4eHOro K0 YMCIEHHNX MaTOMOTiYHMX IPOLeCiB.
Memoou. Cepio HOBOCMHTE30BaHMX MOXIFHNX 2,4-TiaHITIHOMIpUMIANHY 6Y/I0 ZOCTIIKEHO 3a JOIIOMOTO JTIOMiHec-
LIEHTHOTO aHasIi3y [/Is BUSHaueHHs iHribyBanbHoOl akTuBHOCTI mjofo CK2. [TpoBeneHo aHasi3 B3a€EMO3B 513Ky «CTPYK-
Typa-aKTUBHICTb» Ha OCHOBI TIOMiHeCIIEHTHVX JaHMX, & TAKOX MOJIEKY/ISIpHE JJOKiHT-MOZEeMIOBAHHA IS 3 ACYBaHH:
KJTFOUOBMX B3a€EMOZIi1 y caiiti 38’s13yBaHHs ATO. Pesynvmamu. Kibka CIONyK IpOZeMOHCTPYBaIu CyOMIKPOMOIAPHY
inribyBampay aktuBHicTh 1wono CK2 (IC,)). AHami3 «CTPyKTypa-aKTUBHICTb» Ta JOKIHT ITOKa3asy, L0 IOI0KEHHs
KapOOKCUIbHOI TPYIN B aHITIHOBOMY Ki/bIli € KpUTUYHUM A1 aKTUBHOCTI. CIIOTYKY 3 OPTO-KapOOKCUIBHOIO TPYIIOI0
Oy aKTUBHUMM, TOZI K MeTa-3aMillleHHA NPU3BOAMIO O BTPATY aKTUBHOCTI, IJO Y3TOMKYEThCS i3 B3aEMOAIiAMM
MDK KapOOKCHIbHO Ipymio Ta Lys68. KpiM Toro, HasBHICTb MOJSIPHNUX 3aMICHUKIB Y [PYTOMY aHiTiHOBOMY Kinmblii
crpusiia akTUBHOCTI, IMOBIpHO, Yepes3 B3aeMO/ii 3 aMiHOKMCIOTHUMI 3a/IMIIKaMI «IIapPHIpHOI» JiZAHKY, BKIIOYA04un
Valll6, Asn117 ta Asnl18. Bucrnosexu. Monexyna 2,4-fiaHiniHOIIPUMIANHY € HePCIeKTUBHOIO IIATPOPMOIO Ji/Is PO3-
po6xu inribitopis CK2, mpryomy BISHaUYEHO KTIOYOBi CTPYKTYPHI 0COOMMBOCTI /151 ITOAA/IbLIOL O TUMI3ai].

Kntouogi cnosa: inribysanusa gepMeHTiB, Oic-aHIIiHOMIpUMIANH, MONEKYIAPHUI HOKIHI, IpoTelHKiHa3a, ToOMi-
HeCILleHIlis.
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