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Synthesis and modification of 7-aroyl
derivatives of 4,7-dihydro-[1,2,4]triazolo-[1,5-a]-
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Sirtuin-2 (SIRT2) is a member of the human sirtuin class that regulates various biological
processes and is considered a novel biomarker for numerous types of cancer. Depending on the
type of tumor, SIRT2 knockout leads to a controversial role in tumorigenesis. However, pharma-
cological inhibition of SIRT2 with small molecules leads exclusively to inhibition of the growth
of many cancer cells, thus opening the way to the therapy of oncological diseases. In this work,
we synthesized 7-aroyltriazolo[1,5-a]pyrimidine derivatives (some of which showed good inhibi-
tory activity) and modified the active functional groups of the bicyclic structure. The effect of
functionalization of the nitrogen atom and the influence of the oxidation and reduction of the
dihydropyrimidine fragment on the inhibitory activity of the studied derivatives against sirtuin-
2 was analyzed by molecular docking calculations.

Keywords: sirtuin-2, inhibitor, organic synthesis, triazolo[1,5-a]pyrimidine, molecular docking.

Cunres i momudikamia 7-apoinmoxigaux 4,7-nurigpo[l,2,4]rpuasono-[1,5-ajmipu-
MigMHYy gK TOTeHHiAHuUX IiHridiTopie cipryiny-2. K.I. Mapuenrko, O.B. Kupuuerko,
H.M. Konoc.

Cipryiuu-2 (SIRT2) e mpemcraBHMKOM Kjacy CIpTYIHIB JIIOOUHU, SAKAN PeryJrioe p13H1
010JIOTIYHI MIPOIECH Ta BBAYKAETHCS HOBUM 010MapKEPOM JJIs PISHUX BI/mlB paky. B 3amesxuocTi
Big Tuny myxiwan, HokayT SIRT2 mpuBoauTh 10 cymepedsnBoi posii B MyXJIUHOTeHe3l, OJHAK
d)apMa}conorque lHFleBaHHH SIRT2 manumu MoJIeKyJIaMu Bejle BUKJIIOUHO JI0 MPUrHIYeHHA pocTy
b6araThboX THIIIB PAaKOBUX KJIITHH, BIKPUBAIOYHN TAKUM YMHOM IUJISX JI0 JIKYBAHHS OHKOJIOTTUHUX
3aXBOPIOBAHbB. B 11i#1 po60TI HAMYU CHHTE30BAHO PSJT OXTHUX 7-apoiyiTprasdosiol1,5-a]mipuMigumy
(okpemi TMpeACTABHUKM SKHX II0KA3AJH XOPOIMy 1HTIOYIYy AaKTHBHICTH) Ta IIPOBeIeHAa
MOJUMDIKAINSA AKTUBHAX (PYHKIOHAJIBHUX TPyl OIIUKJIIYHOI CTPYKTYPU. 3 BUKOPUCTAHHS
MOJIEKYJIAPHOTO JIOKIHTY OyJIO IIPpOAHAJI30BAHO BILIWB (PYHKITIOHAJI3AIlli aToMa HITPOTeHY,
OKWCJIEHHS Ta BIIHOBJIEHHS JUTIIPOIIPUMIIHHOBOTO (DpAarMeHTa y JOCIIIKYBAHUX ITOXITHUX HA
mpolrec 1HTI0yBaHHS CipTyIHIB-2.

© 2024 — STC “Institute for Single Crystals”

1. Introduction

Silent Information Regulator 2 (STRTZ2)-type
proteins belong to NAD%-dependent protein
deacetylases, acting as key regulators of gene
expression, DNA repair, cell cycle control, and
cell survival [1-2]. Similar to the other members
of the Sirtuin family, they have been found in
many tissues. However, their highest concen-
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trations are observed in the brain and muscle
[3]. SIRT2 deacylation targets increase the sen-
sitivity of cells to insulin, as well as the number
of mitochondria in the cell and the expression
of the antioxidant enzyme, thereby reducing
the level of reactive oxygen species [4]. In addi-
tion, SIRT2 plays a vital role in oncogenesis: it
can either inhibit or promote tumor growth. It

Functional materials, 31, 2, 2024
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Scheme 1. Representative inhibitors of SIRT2 and their inhibitory activity shown in the brackets.

was shown that SIRT2 acts as tumor suppres-
sors and oncogenes, as well as plays a key role
in the invasion and formation of metastases of
malignant neoplasms by increasing the cellular
motility of cancer cells [5-9]. At the same time,
specific SIRT2 inhibitors show high antitumor
activity [10-13]. The activity of Sirtuins is in-
hibited by nicotinamide, which binds to the site
of a specific receptor [4, 9]. For this reason, it is
known that those drugs that interfere with this
association may enhance the natural biologi-
cal activity of Sirtuins. Developing new agents
(small molecules) that specifically block the
nicotinamide binding site can become a thera-
peutic strategy for developing new agents for
treating such degenerative diseases as cancer,
Alzheimer’s disease, diabetes, atherosclerosis,
and gout [10, 13].

To date, several types of important Sirtuin-
2 inhibitors are known. Among them are open
and cyclic peptides, indoles, derivatives of oxa-
diazole, pyrimidine [14-16], benzimidazole, ben-
zofuran, purine, etc. (Scheme 1). Some peptide
inhibitors have been proposed for preclinical
studies. SirReal2 is commercially available. A
common feature of most potentially inhibitory
active compounds, although not always, is the
presence of amide groups [17].

Considering the importance of developing
novel SIRT2 inhibitors, we synthesized a series
of [1,2,4]triazolo[1,5-a]pyrimidine derivatives,
which contain promising pyrimidine scaffolds
[17]. The inhibitory activity, binding mecha-
nism, and energetics of the synthesized deriva-
tives towards human SIRT2 were examined by
molecular docking calculations.
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2. Experimental

Reagents and Analytics. All commercially
available reagents and solvents were purchased
from commercial vendors and used without pu-
rification. TH NMR spectra were recorded on a
Bruker Avance-300 (300 MHz) spectrometer
in DMSO-dg or CDCl; with TMS as an inter-
nal reference. Elemental analyses were car-
ried out on an EA 3000 Eurovector elemental
analyzer. Melting points were determined on a
Melting Point Meter KSP1D. High-resolution
mass spectra (electrospray ionization) were
recorded using a Dionex Ultimate 3000 liquid
chromatograph with a Thermo scientificQ Ex-
ective Plus high-resolution mass spectrometry
detector with quadrupole orbitrap. The prog-
ress of reactions was monitored by TLC on TLC
Silica gel 60 F254 plates (Merck), eluent EtOAc
(Merck, analytical grade), visualization under
UV light.

Compounds 4a-e were synthesized by three
component condensation of arylglyoxal hy-
drate 1, acetylacetone 2a or acetoacetic ester
2b, and 3-amino-1,2,4-triazole 3 according to
Scheme 2.

The synthesis of [1,2,4]triazolo[1,5-a]-
pyrimidine derivatives was previously devel-
oped in our lab [18]. In this study, the range
of triazolopyrimidines was expanded, and their
structure modification was performed. The
yields of compounds 4a-e ranged from 67 to
89%. In most cases, the synthesized products
did not require additional purification after
separation from the reaction mixture.

The structure of the synthesized compounds
4a-e contains some functional groups capable
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4a-c: X=Me ,aR=H ,b R=C| ,c R=Br ; 4d,e:

X=0OEt, d R=H , e R=CI

Scheme 2. Synthesis of [1,2,4]triazolo[1,5-a]pyrimidine derivatives.

8a,c

Scheme 3. Modification of [1,2,4]triazolo[1,5-a]pyrimidine derivatives (see Scheme 2 for more detail)

of further modifications. It was shown that the
methylation of triazolopyrimidine 4b with the
participation of methyl iodide in the presence
of KOH in acetonitrile does not lead to the for-
mation of the target product. At the same time,
the reaction in the NaH-DMF system in an
inert medium made it possible to obtain com-
pound 6 in 67% yield. Acylation with acetic an-
hydride in pyridine was not specific and made
it possible to obtain amides 5a,c,e. Reduction
of the 7-aroyl group with sodium borohydride
in methanol was carried out on compounds
4d,e with an ethoxycarbonyl group in position
6 of the bicycle. The best results for the aro-
matization of the dihydropyrimidine fragment
(products 8a, ¢) were obtained when the start-
ing compounds were heated with phenyliododi-
acetate in acetic acid. Some attempts to do the
same aromatization with bromine in acetic acid
have been ineffective so far, as they led to the
formation of a mixture of products that were
difficult to identify.
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General procedure for the preparation of
compounds (4). A mixture of acetylacetone (2a)
(0.10 ml, 1.0 mmol) or acetoacetic ester (2b)
(0.15 ml, 1.1 mmol), arylglyoxal hydrate (1)
(1.0 mmol), and 3-aminotriazole (3) (0.08 g, 1.0
mmol) in 5 ml of EtOH was refluxed for 1.5-
2 hour. The reaction mixture was cooled; the
precipitate was filtered off, washed with EtOH,
and recrystallized from EtOH.

1-(7-Benzoyl-5-methyl-4,7-dihydro-[1,2,4]
triazolo[1,5-aJpyrimidin-6-yl)ethan-1-one (4a).
Yield 271 mg (87 %), white crystals, mp 197-
200 °C. TH NMR spectrum, &, ppm: 10.95 (s, 1H,
NH), 8.14 (d, J = 8.0; 2H, Ph), 7.72 (s, 1H, 2-H),
7.58-7.65 (m, 3H, Ph), 6.75 (s, 1H, 7-H), 2.48 (s,
3H, CHy), 2.33 (s, 3H, CHy). Found, %: C 63.77
H 4.90 N 19.76. C;5H4N,O,. Calculated, %: C
63.82 H 5.00 N 19.85.

1-[7-(4-Chlorobenzoyl)-5-methyl-4,7-dihydro
[1,2,4]triazolo[1,5-aJpyrimidin-6-yl] ethan-1-one
(4b). Yield 292 mg (92 %), white crystals, mp
200-202°C."H NMR spectrum, §, ppm: 'TH NMR
spectrum, 6, ppm: 10.97 (s, 1H, NH), 8.17 (d, J =

Functional materials, 31, 2, 2024



K. I. Marchenko et al. /| Synthesis and modification of ...

8.2 Hz, 2H, H Ar), 7.72 (s, 1H, 2-H), 7.65 (d, J =
8.2 Hz, 2H, H Ar), 6.72 (s, 1H, 7-H), 2.50 (s, 3H,
CH,), 2.34 (s, 3H, CH5). Found, %: C 56.79 H
4.17 N 17.80. C,5H,5CIN,O,. Calculated, %: C
56.88 H 4.14 N 17.69.

1-[7-(4-Bromobenzoyl)-5-methyl-4, 7-dihydro[
1,2,4]triazolo[1,5-alpyrimidin-6-yl] ethan-1-one
(4c). Yield 240 mg (67%), white crystals, mp
202-203 °C. Lit. mp 202-204 °C [18].

Ethyl 7-benzoyl-5-methyl-4,7-dihydro-
[1,2,4]triazolo[1,5-a]pyrimidine-6-carboxylat
(4d). Yield 206 mg (73 %), white crystals, mp
204-206 °C. 'TH NMR spectrum, §, ppm: 10.91
(s, 1H, NH), 8.15 (d, J = 7.6 Hz, 2H, Ph), 7.70
(s, 1H, 2-H), 7.59-7.65 (m, 3H, Ph), 6.89 (s, 1H,
7-H), 3.85 (q, J = 7.2 Hz, 2H, CH,), 2.43 (s, 3H,
CH,), 0.76 (t, J = 7.2 Hz, 3H, CH5). Found, %: C
61.70 H 5.10 N 17.86. C;zH,(N,O4. Calculated,
%: C 61.53 H5.16 N 17.94.

Ethyl  7-(4-chlorobenzoyl)-5-methyl-4,7-di-
hydro-[1,2,4]triazolo[1,5-aJpyrimidine-6-carbo-
xylate (4e). Yield 309 mg (89 %), white crystals,
mp 203-205°C. "H NMR spectrum, §, ppm: 10.98
(s, 1H, NH), 8.16 (d, J = 8.0 Hz, 2H, Ar), 7.87 (d,
J=8.0Hz, 2H, Ar), 7.77 (s, 1H, 2-H), 6.92 (s, 1H,
7-H), 3.93 (q, J = 7.1 Hz, 2H, CH,), 2.47 (s, 3H,
CH,), 0.86 (t, J = 7.1 Hz, 3H, CH,). Found, %:
C 55.51 H 4.43 N 16.30. C45H,5CIN,O,. Calcu-
lated, %: C 55.42 H 4.36 N 16.16.

General procedure for the preparation of
compounds b5a,c,e. 1.3 mmol of acetane hy-
dride was added to a solution of derivatives 4
(1 mmol) in 6 ml of dry pyridine in an ice bath
in an argon atmosphere. The solution was left
to warm to room temperature and left mixing
overnight. The solution was poured into the 10
equiv. of ice, the precipitate was filtrated and
purified by flash column chromatography on
silica gel 60 (AcOEt/hexane 1:1).

1,1°-(7-benzoyl-5-methyl-[1,2,4]triazolo[1,5-
alpyrimidine-4,6(7H)-diyl)bis(ethan-1-one)
(5a). Yield 230 mg (68 %), white precipitate, mp
207-210 °C."H NMR spectrum, 8, ppm: 8.30 (s,
1H, 2-H), 8.13 (d, J = 8.0 Hz, 2H, Ph), 7.57-7.72
(m, 3H, Ph), 6.64 (s, 1H, 7-H), 2.74 (s, 3H, CH;),
2.50 (s, 3H, CHyp), 2.24 (s, 3H, CHy). Found, %: C
62.88 H 4.90 N 17.35. C;7H5N4O3. Calculated,
%: C 62.95 H4.97 N 17.27

1,1-(7-(4-bromobenzoyl)-5-methyl-[1,2,4]tri-
azolo[1,5-aJpyrimidine-4,6(7H)-diyl)bis (ethan-
1-one) (5¢). Yield 286 mg (71 %), white precipi-
tate, mp 213-216 °C. TH NMR spectrum, &, ppm:
8.34 (s, 1H,2-H),8.10(d, J=7.6 Hz, 2H, Ar), 7.68
(d, J=17.6 Hz, 2H, Ar), 6.67 (s, 1H, 7-H), 2.59 (s,
6H, 2CH,), 2.18 (s, 3H, CHj). Mass spectrum,
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m/z (I, %): 403.0303 [M+H]" [C4,H,5BrN,O4]*
(100), 405.0381[M+H]* [C7H5BrN,O5]" (98).

Ethyl 4-acetyl-7-(4-chlorobenzoyl)-5-methyl-
4,7-dihydro-[1,2,4]triazolo[1,5-a]pyrimidine-
6-carboxylate (5e). Yield 253 mg (65 %), white
precipitate, mp 208-212 °C."H NMR spectrum,
6, ppm: 8.36 (s, 1H. 2-H), 8.15 (d, J = 7.6 Hz,
2H, Ar), 7.70 (d, J = 7.6 Hz, 2H, Ar), 6.68 (s,
1H, 7-H), 4.42 (q, J = 7.2, 2H, CH,), 2.65 (s,
3H, CH,), 2.08 (s, 3H, CH5), 1.33 (t, J= 7.2 Hz,
3H, CH,). Found, %: C 55.68 H 4.37 N 14.31.
C,gH47CIN4O,. Calculated, %: C 55.61 H 4.41
N 14.41

Synthesis of 1-(7-(4-chlorobenzoyl)-4,5-di-
methyl-4,7-dihydro-[1,2,4]triazolo[1,5-a]  py-
rimidin-6-yl)ethan-1-one (6). Sodium hydride
(60% dispersion in mineral oil) was added to a
solution of compound 4b in DMF under argon
atmosphere, and the mixture stirred at room
temperature for 1 h. Mel was added dropwise
and stirring continued for another 5 h. The mix-
ture was poured into saturated aqueous NaCl (5
mL) and extracted with EtOAc (4x3 mL). The
combined organic extracts were washed with
saturated aqueous NaCl solution (2X8 mL) and
dried over Na,SO,. The drying agent was fil-
tered, and the solvent removed under reduced
pressure to afford the product.

Yield 221 mg (67 %), yellow oil."TH NMR
spectrum, 6, ppm: 8.16 (d, J = 8.0 Hz, 2H, Ar),
7.76 (s, 1H, 2-H), 7.66 (d, J = 8.0 Hz, 2H, Ar),
6.74 (s, 1H, 7-H), 3.56 (s, 3H, NCH,), 2.57 (s,
3H, CH5), 2.36 (s, 3H, CH5). 13C NMR spectrum,
6, ppm: 195.9, 195.6, 150.6, 150.2, 149.7, 138.9,
135.1, 131.2 (2C), 129.3 (20), 110.3, 57.7, 33.6,
31.6, 17.6. Found, %: C 58.18 H 4.44 N 16.99.
C,46H15CIN4O,. Calculated, %: C 58.10 H 4.57
N 16.94.

General procedure for the preparation of
compounds (7d,e). Sodium borohydride (10
mmol) was added to a solution of compounds
4 (1 mmol) in 5 mL of MeOH in ice bath. Af-
ter gas evolution stopped, the reaction mixture
was refluxed for 1 hour. A white precipitate
was formed, filtrated, and washed with MeOH.

Ethyl 7-(hydroxy(phenyl)methyl)-5-methyl-
4,7-dihydro-[1,2,4]triazolo[1,5-a]pyrimidine-6-
carboxylate (7d). Yield 238 mg (76 %), white
precipitate, mp 250-253 °C. TH NMR spectrum,
8, ppm: 10.23 (s, 1H, NH), 7.57 (s, 1H, 2-H), 7.16-
7.27 (m, 2H, Ph), 7.00-7.08 (m, 3H, Ph), 5.58 (s,
1H, OH), 5.52 (d, J = 3.0 Hz, 1H, 8-H), 4.78 (d, J
=3.0Hz, 1H, 7-H), 4.16 (q, J="7.0 Hz, 2H, CH,),
2.25 (s, 3H, CH3), 1.30 (t, J= 7.0 Hz, 3H, CH,).
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Mass spectrum, m/z (I, %): 313.1205 [M+H]*
[C4gH1gN4O5]™ (100).

Ethyl 7-((4-chlorophenyl)(hydroxy)methyl)-
5-methyl-4,7-dihydro-[1,2,4]triazolo[1,5-a] py-
rimidine-6-carboxylate (7e). Yield 252 mg (73
%), white precipitate, mp 246-249 °C."H NMR
spectrum, 6, ppm: 10.31 (s, 1H, NH), 7.59 (s, 1H,
2-H), 7.31 (d, J = 8.0 Hz, 2H, Ar), 7.07 d, J =
8.0 Hz, 2H, Ar), 5.72 (s, 1H, OH), 5.50 (d, /= 3.0
Hz, 1H, 8H), 4.79 (d, J = 3.0 Hz, 1H, 7-H), 4.17
(a, J = 7.0 Hz, 2H), 2.27 (s, 3H, CH), 1.30 (t, J
= 7.1 Hz, 3H, CH,). Found, %: C 55.18 H 4.88 N
16.19. C45H47CIN,O5. Calculated, %: C 55.10 H
4.91 N 16.06.

General procedure for the preparation of
compounds (8a,c). 1.25 equiv of PhI(OAc), was
added to a suspension of derivatives 4 (1 mmol)
in 5 mL of acetic acid,. The reaction mixture
was heated on oil bath at 130°C for 4 h. An-
other 0.5 equiv. of PhI(OAc), was added to the
resulting solution, and stirred for 30 min. 7 mL
of EtOH was added to the reaction mixture and
stirred for 15 minutes more. The resulting solu-
tion was concentrated under reduced pressure.
5 mL of n-heptane was added and evaporated
again. The residue was purified using flash-
chromatography on silica gel 60 (DCM/MeOH
97:3) to give the desirable product.

1-(7-benzoyl-5-methyl-[1,2,4]triazolo[1,5-
alpyrimidin-6-yl)ethan-1-one (8a). Yield 199 mg
(71 %), white precipitate, mp > 300 °C."H NMR
spectrum, 8§, ppm: 8.36 (s, 1H, 2-H), 8.12 (d, J
= 8.0 Hz, 2H, Ph), 7.60-7.67 (m, 3H, Ph), 2.78
(s, 3H, CHy), 2.51 (s, 3H, CH3). Mass spectrum,
m/z (I, %): 281.1035 [M+H]* [C45H,,N,4O,]*
(100).

1-(7-(4-bromobenzoyl)-5-methyl-[1,2,4]tri-
azolo[1,5-aJpyrimidin-6-yl)ethan-1-one (8c).
Yield 266 mg (74 %), white precipitate, mp >
300 °C."H NMR spectrum, 8, ppm: 8.36 (s,
1H, 2-H), 8.10 (d, J = 7.8 Hz, 2H, Ar), 7.62 (d,
J = 7.8 Hz, 2H, Ar), 2.79 (s, 3H, CH,), 2.53 (s,
3H, CHj3). Found, %: C 49.98 H 3.00 N 15.42.
C45H44BrN4O,. Calculated, %: C 50.16 H 3.09
N 15.60.

Molecular docking setup. The crystallo-
graphic structure of SIRT2 co-crystalized with
inhibitor SirReal2 (PDB ID: 4RMG [19]) was
used for modelling a receptor. The Graphical
User Interface of the AutoDock Tools (ADT) was
employed to prepare the protein and ligands.
The inhibitor molecule was removed while co-
factor NAD" was preserved for the docking
calculations. A grid box was centered at the
substrate binding pocket [17] with Cartesian

rel’

rel’
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coordinates x= -16.76, y=-26.19, and z= 14.61,
respectively. A receptor grid box was 40x40x40
A with a grid spacing of 0.375 A. The AutoDock
Vina 1.1.2 software was utilized for molecular
docking calculations [20-21]. The structure of
the SIRT2 receptor was kept rigid throughout
the docking process, while the ligand molecules
were conformationally flexible. The exhaustive-
ness parameter was set to 164. For each dock-
ing run, nine docking poses were selected and
ranked based on their score values in kcal/mol.
Interaction analysis was performed using VMD
1.9.3 [22]. The pose with the lowest binding en-
ergy or binding affinity was used for further
analysis.

3. Results and discussion

Synthesis. The 7-aroyl[1,2,4]triazolo[1,5-
a]pyrimidine derivatives 4a-e were synthesized
by three-component condensation (Scheme 2).
The products 5a,c,e, 6,7d,e, and 8a,c were ob-
tained according to the corresponding reaction
shown in Scheme 3. TH NMR spectra, mass
spectrometry, and elemental analysis con-
firmed the structure of the new compounds.

Molecular Docking Calculations. The struc-
ture of the human SIRT2 from Protein Data
Bank (PDB ID: 4RMG) was obtained by X-ray
method at a resolution of 1.88 A [19]. The crys-
tal structure of SIRT2 contains co-crystalized
inhibitor SirReal2 (Scheme 1 and Figure 1).
More co-crystal structures with other ligands
and inhibitors have also become available, pro-
viding a unique opportunity to identify the sub-
strate-binding pocket and inhibitor binding po-
sition at the molecular level [13, 16]. Therefore,
several docking studies have already used this
X-ray structure [13, 23]. The substrate pocket
of the enzyme is also occupied by the NAD™ co-
factor (green), which plays a crucial role in the
enzyme's activity.

First, to test whether our molecular dock-
ing approach is able to correctly reproduce the
binding mode of the co-crystallized inhibitor
SirReal2, we re-docked it against the corre-
sponding crystal structure of SIRT2. The insert
in Figure 1 shows that the re-docked position
of SirReal2 overlaps well with its position in
the co-crystalized protein-ligand complex. The
binding affinity of SirReal2 was found to be -
12.0 kcal/mol, which can now be considered as
some reference affinity for comparison with
other studied ligands.

Functional materials, 31, 2, 2024
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Fig. 1. The 1.88 A X-ray structure of the human SIRT2 (PDB ID: 4RMG) [19] co-crystalized with inhibitor
SirReal2 is shown by the stick representation and colored blue. The substrate pocket of the enzyme is also
occupied by the cofactor NAD* (green). Coordinated Zn2* ion is located in the Zinc binding domain. The
Insert: Re-docking of inhibitor SirReal2 (red) demonstrate good overlap with its X-ray position (blue).

Next, the molecular docking calculations
of the studied derivatives against SIRT2 were
carried out using the same docking setup. Fig.
2 shows the structure of SIRT2: ligand com-
plexes for some derivatives that exhibit the
strong binding affinity. We found that 7-aroyl-
triazolo[1,5-a]pyrimidine derivatives and their
modified analogs bind to the enzyme hydropho-
bic pocket and mainly form hydrophobic inter-
actions with a set of hydrophobic residues, such
as F96, Y139, 1169, and F190, respectively.
These enzyme residues played a crucial role in
selective recognition of other highly potent in-
hibitors, such as SirReal2 (Figure 1), SR86, and
L1-L2 [13, 17, 23-25]. The predicted binding af-
finities of all studied ligands are summarized
in Table 1.

Figures 2a-b demonstrate the binding modes
of the two best binding ligands, 5a and 5e. Even
though these ligands showed similar binding
affinities of -8.7 and 8.3 kcal/mol, their binding
conformation differed essentially. Ligand 5a is
deeply buried in the SIRT2 substrate pocket,
whereas ligand 5e is bound differently. In the
SIRT2:5e complex, the terminal aryl ring faces
outward from the substrate pocket. It suggests
that the binding selectivity of the studied li-
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Table 1. The binding affinity of the studied de-
rivatives and some existing inhibitors against
the SIRT2 enzyme estimated by molecular
docking calculations

. Docking Binding Affinit
Ligand g&kcal/ mo%) Y

4a -8.0
4b -8.3
4c -8.0
4e -7.8
5a -8.7
5¢c -8.7
5e -8.3
6 -8.0
7e -7.9
8a -8.3
SirReall -10.6
SirReal2 -12.0
SR86 -11.2
L1 -10.3
L2 -12.0

gands is primarily determined by interacting
and recognizing the triazolo[1,5-a]pyrimidine
moiety.

Table 1 shows that the studied ligands bind
to the SIRT2 enzyme with affinities from -7.8
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Fig. 2. The predicted binding mode of the best binding ligands with SIRT2 (PDB entry 4RMG). The ligands
5a (a), 5e (b), 4b (c), 6 (d), 8a (e) and 4a (f) are shown by the color-coded stick representation. The cofactor
NAD" located in the substrate pocket is also shown green. Some key enzyme residues are highlighted by

brown.

266 Functional materials, 31, 2, 2024



K. I. Marchenko et al. /| Synthesis and modification of ...

up to 8.7 kcal/mol, respectively. Compared
to the current landscape of SIRT2 inhibitors
(Scheme 1), the studied ligands demonstrate
the smaller binding affinities by 1-2 kcal/mol
only. Thus, given their high selectivity for the
SIRT2 enzyme, their inhibitory activity would
be expected to be in the mM range.

4. Summary

The discovery of new SIRT2 inhibitors prom-
ises therapeutic treatment for a wide range of
tumors. Therefore, developing new agents and
optimization of available scaffolds are still re-
quired. This work presents the synthesis and
structure characterization of a series of 7-aroyl-
triazolo[1,5-a]pyrimidine derivatives and their
post-modified analogs by the active functional
groups of the bicyclic structure. The inhibitory
activity and binding mechanism of the studied
derivatives against the SIRT2 enzyme were
considered by molecular docking calculations.
We found that the functionalization of the ni-
trogen atom and the oxidation and reduction
of the dihydropyrimidine fragment resulted in
some increase in the inhibitory activity against
sirtuin-2; thus, the high selectivity and affinity
of N-acyl derivatives 5a,c,e open up prospects
for the development of promising anticancer
drugs.
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