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Linker and Tail Group Modifications on 2-((4-isopropyl-
4H-1,2,4-triazol-3-yl)thio)-N-(4-phenoxyphenyl)
Acetamide to Improve SIRT2 Inhibitory Potency
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Linker and Tail Group Modifications on 2-((4-isopropyl-
4H-1,2,4-triazol-3-yl)thio)-N-(4-phenoxyphenyl)Acetamide
to Improve SIRT2 Inhibitory Potency

SUMMARY

Interest in SIRT2 has grown continuously over recent years, resulting
in accumulated evidence that overexpression of SIRT2 is associated
with many disorders, and its inhibition delays the progression of
pathologies. Hence, rargeting SIRT2 may be of therapeutic relevance,

and inhibiting SIRT2 activity is a promising therapeutic strategy
Jor severe diseases. The overarching aim of the work presented herein

was to improve the SIRT2 inbibition potentials of our initial hits by
modifying both linker and tail groups. Among the title compounds,

8§T49 (50.07%) and ST60 (54.03%) displayed the best inbibition

rates against SIRT2 over SIRT1 and SIRT3. Predicted binding
conformations of these compounds to SIRT2 highlighted the impact of
the crucial interactions with SIRT2 active site residues on inbibitory
activity. These results would provide structural guidance for future
related design efforts.

Key Words: Drug design, hit optimization, inhibitor, molecular
modeling, SIRT2

SIRT?2 Inhibitor Etkisini Gelistirmek Amactyla 2-((4-izopropil-4H-
1,2,4-triazol-3-il)tiyo)-N-(4-fenoksifenil)Asetamit Yapisinda Koprii
ve Kuyruk Gruplar: Uzerinde Gergeklegtirilen Modifikasyonlar

0z

SIRT2 enziminin asiri ekspresyonunun bircok hastalik ile iligkili
olduguna ve SIRT2 inhibisyonunun  patolojilerin  ilerlemesini
geciktirdigine dair ¢aliymalarin varligs, SIRT2 engimine olan ilgiyi
artirmigtir. Bu nedenle, SIRT2 inbibisyonu ciddi hastaliklarin
tedavisi igin wmut verici bir terapitik hedef haline gelmistir. Bu
calimada, daba once bildirilen oncii bilesigin kiprii ve kuyruk
gruplar:  iizerinde  yapisal modifikasyonlar  yapilarak SIRT2
inhibisyon potansiyellerinin gelistirilmesi amaglanmigtir. Sentezlenen
bilesikler arasinda ST49 (%50.07) ve ST60 (%54.03), SIRT1 ve
SIRT3'e kiyasla SIRT2ye karsi en iyi inhibisyonu sergilemiglerdir.
Bu bilesiklerin ongoriilen baglanma konformasyonlars, inhibitor
etki icin SIRT2 aktif bolgesindeki onemli etkilesimlerin varlgin
desteklemistir. Bu sonuglar, gelecekteki tasarim calismalars icin yol
gosterici veriler saglamaktadsr.
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INTRODUCTION

Epigenetic-modifying enzymes, classified into
writers, readers, and erasers, are gaining interest as
a potential target for drug discovery (Biswas & Rao,
2018; Ganesan et al,, 2019; Lu et al., 2020; Zhang et
al., 2023). Sirtuins (SIRTSs) are a host of nicotinamide
adenine dinucleotide (NAD*)-dependent histone
deacetylases (HDACs), acting as epigenetic erasers
(Biswas & Rao, 2018; Chen et al.,, 2015; Frye, 2000).
SIRT2, the second member of the SIRT family, has
predominantly cytoplasmic localization but shut-
tles into the nucleus to regulate nucleolar processes
during mitosis (Min et al., 2018; Silva et al., 2023).
SIRT2 plays a role in a wide range of physiological
processes, such as metabolism and control of gene
expression, through its deacylase activity on histones
and non-histone proteins, including a-tubulin, p53,
BubR1, BCL6, FOXO1, FOXO3a, and severe pro-
teins involved in the regulation of metabolic enzymes
(Avalos et al., 2002; Jing, Gesta, & Kahn, 2007; North
et al., 2003; North et al.,, 2014; Penteado et al., 2023;
Xu et al,, 2014; Zhao et al,, 2013). Accordingly, the
importance of SIRT2 expression levels has been un-
covered in a wide range of diseases, such as cancer,
neurodegeneration, inflammation, and aging (Chen,
Huang, & Hu, 2020; Hong et al.,, 2021; Kaya & Eren,
2023; Wang et al,, 2019). Although research and de-
velopment of small molecule SIRT2 inhibitors have
gained significant momentum (Cai et al., 2023; Eren
et al., 2019; Gozelle et al., 2022; Gozelle et al., 2023;
Mellini et al., 2017; Quinti et al., 2016; Rumpf et al,,
2015; Spiegelman et al.,, 2019; Sukuroglu et al., 2021;

Tantawy et al., 2021; Trapp et al., 2006; Yagci et al.,
2021; Yang et al., 2018; Yang et al., 2019), there is still a
lack of clinically approved SIRT2 inhibitors and more
effort should be focused on novel SIRT2 inhibitor
scaffolds with improved efficacy and drug-like physi-
cochemical properties.

Our initial attempt to identify novel scaffolds for
SIRT?2 inhibition let us obtain hit compounds with
confirmed activities from virtual screening (Eren
et al., 2019). Herein, motivated by a desire to drive
further inhibitor optimization, among the obtained
hits, STH2 was selected and refined by linker and tail
group modifications to improve SIRT?2 inhibitory po-
tency (Figure 1). The oxygen atom, as a linker between
the phenyl ring which was accommodated in the sub-
strate channel of SIRT2 and the central phenyl ring,
was replaced by -CH,O-, -OCH,-, -NH-, -CH,NH-,
-NHCH,-, -CH,-, and -CO- groups to achieve the
needed orientation of terminal phenyl ring allowing
the crucial n-m interactions with the residues F119,
F131, and F234. In the case of the tail group, which
was directed toward the selectivity pocket, modifica-
tion strategies, including fused ring cyclization, chain
cyclization, and bioisosteric replacement, were adopt-
ed to access favorable moieties for selectivity pocket
occupation, primarily by interacting with the residues
Y139 and F190. As a result, fourteen novel analogs,
seven of which were N-(4-phenoxyphenyl)aryl-car-
boxamides (§T47-ST53) and seven were N-(aryl)-2-
(phenylthio)acetamides (ST54-ST60) were designed
and synthesized, followed by evaluation of their in-

hibitory activities against SIRT2.

Figure 1. Structural modifications on STH2 yielding novel analogues ST47-60.
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MATERIAL AND METHODS
Chemistry

All chemicals used in the research were purchased
commercially and employed without additional puri-
fication. Thin-layer chromatography (TLC) was ap-
plied to observe reactions on silica-coated aluminum
plates (Silica gel 60 F.,, Merck) using UV light at 254
or 365 nm wavelengths. Using tetramethylsilane as
the internal standard, '"H-NMR and “C-NMR spectra
were obtained using a Bruker Avance neo 500 MHz
FT-NMR and an Agilent Varian Mercury 400 MHz
High-Performance Digital FT-NMR spectrometers.

2547

The chemical shifts were identified as § (ppm), where-
as the coupling constants were expressed as Hertz. The
Waters LCT Premier XE Mass Spectrometer was used
to acquire high-resolution mass spectra data (HRMS).
The equipment was utilized in electrospray ionization
(EST*) mode and connected to an AQUITY Ultra Per-
formance Liquid Chromatography system (Waters
Corporation, Milford, MA, USA) with a UV detector
set to monitor at 254 nm wavelength. The purity of all
target compounds exceeded 95%. The melting points
were determined using the Stuart SMP50 automated

melting point instrument without correction.

4-Phenoxyaniline (la): The synthesis of la was
performed as previously reported (Lanning et al.,
2016; Ma & Rao, 2003; Yagci et al.,2021). Yield: 37%,
white solid. Mp 84.1-84.4 °C. CAS: 139-59-3. HRMS
(ESI/TOF) m/z: [M+ACN+H]* Calcd for C,,H, ,N,O
227.1184; Found 227.1182.
(1b):
The synthesis of 1b was performed as previously re-
ported (Han et al, 2012). Yield: 55%, white solid.
Mp 109.5-109.9 °C. CAS: 36160-85-7. HRMS (ESI/
TOF) m/z: [M+H]* Calcd for C ,H ,BrNO, 306.0130;
Found 306.0121.

2-Bromo-N-(4-phenoxyphenyl)acetamide

2-(Phenylthio)acetic acid (2a): The synthesis of
2a was performed as previously reported (Xie et al.,
2017). Yield: 85%, white solid. Mp 60.0-60.9 °C. CAS:
103-04-8. HRMS (ESI/TOF) m/z: [M+ACN+H]* Cal-
cd for C,H O,S 210.0589; Found 210.0587.

N-(4-Aminophenyl)-2-(phenylthio)acetamide
(2b): Initially, N-(4-nitrophenyl)-2-(phenylthio)acet-
amide (CAS: 220518-16-1) was synthesized by ami-
dation of 2a (1 mmol) and 4-nitroaniline (1 mmol)
in the presence of oxalyl chloride by using described
method by Gozelle et al. (2022). Next, N-(4-nitro-
phenyl)-2-(phenylthio)acetamide (1 mmol), with-
out performing additional purification, was refluxed
in ethanol for 6 h in the presence of SnCL.H,0O (5
mmol). After the reaction was finished, the reaction
mixture was concentrated in vacuo, and the crude
was dissolved in a 10% aqueous solution NaHCO,
solution. The aqueous phase was extracted with ethyl
acetate (3x10 ml), and the organic phase was subject-
ed to washing with brine. After being dried over an-
hydrous Na_SO,, the organic phase was concentrated
in vacuo. The pure 2b was obtained by purifying the
crude product via silica-based column chromatogra-
phy using an elution system of n-hexane:ethyl acetate
(80:20). Yield: 61%, white solid. Mp >300 °C. CAS:
1019393-66-8. HRMS (ESI/TOF) m/z: [M+H]* Calcd
for C _H N.OS 259.0905; Found 259.0905.

1477157 "2

N-(4-formylphenyl)-2-(phenylthio)acetamide
(2¢): Oxalyl chloride (2 mmol) was added to a solu-
tion of 2a (1 mmol) and a catalytic amount of DMF
in DCM at 0 °C, and the reaction mixture was stirred
at room temperature for 2 h. The solvent was removed
in vacuo after acyl chloride was formed. A solution of
obtained 2-(phenylthio)acetyl chloride (theoretically
1 mmol) in DCM was added dropwise to a solution
of 4-aminobenzaldehyde (1 mmol) and DIPEA (1.5
mmol) in DCM at 0 °C and stirred at room tempera-
ture for 4 h. Without additional purification. The re-
sulting 2¢c was used in the following step. Yield: 45%,
yellowish oil. CAS: 1977315-84-6. HRMS (ESI/TOF)
m/z: [M+H]* Calcd for C H,,NO,S 272.0745; Found
272.0737.

General synthesis method A through acyl chlo-
ride-mediated amide formation (ST47, ST48, ST52-
ST56, ST59, ST60): Oxalyl chloride (2 mmol) was
added to a solution of an appropriate carboxylic acid

(1 mmol), and a catalytic amount of DMF in DCM at 0
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°C. Then, the mixture was stirred for 2 h at room tem-
perature. The solvent was removed in vacuo after acyl
chloride was formed. A solution of obtained appro-
priate acyl chloride (theoretically 1 mmol) in DCM
was added dropwise to a solution of an appropriate
amine (1 mmol) and DIPEA (1.5 mmol) in DCM at 0
°C. The mixture was stirred at room temperature for
2-4 h. After the reaction was completed, the reaction
mixture was diluted with DCM and subjected to se-
quential washing with 0.1 M HCI, 1% aqueous solu-
tion of NaHCO,, and brine. After being dried over
anhydrous Na,SO,, the combined organic phase was
concentrated in vacuo. While ST47, ST48, and ST53
were purified by recrystallization from ethanol/water,
ST52, ST54, ST55, ST56, ST59, and ST60 were puri-
fied by silica-based column chromatography using an

elution system of n-hexane:ethyl acetate (85:15).

General synthesis method B through EDC/
HOBt-mediated amide formation (ST50, ST51): A
solution of an appropriate carboxylic acid (1 mmol),
HOBt (1 mmol), EDC (1 mmol), and DIPEA (1.5
mmol) in DCM was stirred at room temperature for
30 min. After adding la (1 mmol), the reaction mix-
ture was stirred overnight at room temperature until
the reaction was completed. Then, the reaction mix-
ture was diluted with DCM and subjected to sequen-
tial washing with 0.1 M HCI, 1% aqueous solution of
NaHCO,, and brine. After being dried over anhydrous
Na,SO,, the combined organic phase was concentrat-
ed in vacuo. The crude product underwent purifica-
tion via silica-based column chromatography using
an elution system of n-hexane:ethyl acetate (85:15).

N-(4-Phenoxyphenyl)-3-phenylpropanamide
(ST47): Obtained following the general synthesis
method A from 3-phenylpropanoyl chloride (theoret-
ically 1 mmol), 1a (1 mmol), and DIPEA (1.5 mmol).
Yield: 45%, white solid. Mp 133.4-133.7 °C. '"H NMR
(CDCl,, 400 MHz): 8 7.37 (d, J=9.2 Hz, 2H), 7.27-7.33
(m, 4H), 7.19-7.25 (m, 3H), 7.14 (br s, 1H), 7.07 (t,
J=7.4 Hz, 1H), 6.92-6.97 (m, 4H), 3.04 (t, J=7.6 Hz,
2H), 2.65 (t, J=7.6 Hz, 2H). "C-NMR (CDCl,, 100
MHz): § 170.3, 157.5, 153.5, 140.6, 133.2,129.7, 128 4,
320

128.4, 126.4, 123.1, 121.8, 119.5, 118.4, 39.3, 31.6.
HRMS (ESI/TOF) m/z: [M+H]* Calcd for C, H, NO,
318.1494; Found 318.1478.

2-Phenoxy-N-(4-phenoxyphenyl)acetamide
(ST48): Obtained following the general synthesis
method A from 2-phenoxyacetyl chloride (theoreti-
cally 1 mmol), 1a (1 mmol), and DIPEA (1.5 mmol).
Yield: 62%, white solid. Mp 137.3-137.5 °C. '"H NMR
(DMSO-d,, 500 MHz): § 10.10 (s, 1H), 7.67 (d, J=8.9
Hz, 2H), 7.37 (t, J=8.0 Hz, 2H), 7.33 (t, J=8.0 Hz, 2H),
7.11 (t, J=7.4 Hz, 1H), 6.97-7.03 (m, 7H), 4.70 (s, 2H).
“C NMR (DMSO-d,, 125 MHz): § 166.9, 158.3,157.7,
152.6, 134.7, 130.4, 130.0, 123.5, 122.0, 121.7, 119.8,
118.4, 115.2, 67.7. HRMS (ESI/TOF) m/z: [M+H]*
Calcd for C, H NO, 320.1287; Found 320.1295.

2-(Methyl(phenyl)amino)-N-(4-phenoxyphenyl)
acetamide (ST49): A solution of N-methylaniline (1.1
mmol) and DIPEA (1.1 mmol) in ACN was stirred
at room temperature for 15 min. After adding 1b (1
mmol), the reaction was stirred overnight at 50 °C.
Upon completion of the reaction, the reaction mix-
ture was diluted with DCM and subjected to sequen-
tial washing with 1% aqueous solution of NaHCO,
and brine. After being dried over anhydrous Na SO,
the combined organic phase was concentrated in
vacuo. The crude product underwent purification
via silica-based column chromatography using an
elution system of n-hexane:ethyl acetate (80:20) to
afford ST49. Yield: 24%, white solid. Mp 134.8-135.5
°C. 'H NMR (CDCl,, 400 MHz): § 8.42 (br s, 1H),
7.47-7.51 (d, J=9.2 Hz, 2H), 7.26-7.34 (t, ]=7.6 Hz,
4H), 7.09 (t, J=7.2 Hz, 1H), 6.96-7.01 (m, 4H), 6.91
(t, J=7.6 Hz, 1H), 6.84 (d, J]=9.2 Hz, 2H), 3.97 (s, 2H),
3.09 (s, 3H). "C NMR (CDClI,, 100 MHz): § 168.6,
157.5, 153.7, 149.4, 132.7, 129.7, 129.5, 123.1, 121.6,
119.6, 119.4, 118.4, 113.7, 60.0, 40.1. HRMS (ESI/
TOF) m/z: [M+H]* Calcd for C, H, N,O, 333.1603;
Found 333.1610.

N-(4-Phenoxyphenyl)-5-phenylthiophene-2-car-
boxamide (ST50): Obtained following the general
synthesis method B from 5-phenylthiophene-2-car-
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boxylic acid (1 mmol), HOBt (1 mmol), EDC (1
mmol), DIPEA (1.5 mmol), and 1a (1 mmol). Yield:
59%, white solid. Mp 197.4-197.8 °C. 'H NMR (DM-
SO-d,, 500 MHz): 6 10.29 (s, 1H), 8.03 (d, J=3.9 Hz,
1H), 7.71 (d, J=8.6 Hz, 4H), 7.64 (d, J=3.9 Hz, 1H),
7.48 (t, J=7.4 Hz, 2H), 7.39 (t, J=7.9 Hz, 3H), 7.13 (t,
J=7.4 Hz, 1H), 7.05 (d, J=8.6 Hz, 2H), 7.01 (d, J]=7.9
Hz, 2H). BC NMR (DMSO-dﬁ, 125 MHz): 6 160.0,
157.7, 152.9, 148.8, 139.3, 134.9, 133.5, 130.6, 130.5,
129.8, 129.2, 126.2, 124.9, 123.6, 122.6, 119.7, 118.6.
HRMS (ESI/TOF) m/z: [M+H]* Caled for C,H-
NO S 372.1058; Found 372.1059.

N-(4-Phenoxyphenyl)benzothiophene-2-carbox-
amide (ST51): Obtained following the general synthe-
sis method B from benzothiophene-2-carboxylic acid
(1 mmol), HOBt (1 mmol), EDC (1 mmol), DIPEA
(1.5 mmol), and 1a (1 mmol). Yield: 54%, white solid.
Mp 192.2-193.1 °C. 'H NMR (DMSO-d,, 500 MHz):
6 10.56 (s, 1H), 8.36 (s, 1H), 8.06 (d, J=7.4 Hz, 1H),
8.02 (d, J=8.4 Hz, 1H), 7.80 (d, J=9.0 Hz, 2H), 7.48-
7.51 (m, 2H), 7.40 (t, J=8.4 Hz, 2H), 7.13 (t, J=7.4 Hz,
1H), 7.07 (d, J=9.0 Hz, 2H), 7.02 (d, J=7.8 Hz, 2H).
"CNMR (DMSO-d,, 125 MHz): § 160.6, 157.6, 152.9,
140.9, 140.5, 139.6, 134.9, 130.5, 127.0, 126.2, 125.9,
125.5, 123.6, 123.3, 122.5, 119.7, 118.6. HRMS (ESI/
TOF) m/z: [M+H]* Calcd for C, H, NO,S 346.0902;
Found 346.0903.

N-(4-Phenoxyphenyl)-5-phenylfuran-2-carbox-
amide (ST52): Obtained following the general syn-
thesis method A, from 5-phenylfuran-2-carbonyl
chloride (theoretically 1 mmol), 1a (1 mmol), and
DIPEA (1.5 mmol). Yield: 42%, yellowish oil. 'H
NMR (DMSO-d,, 500 MHz): § 10.21 (s, 1H), 7.98 (d,
J=7.2 Hz, 2H), 7.79 (d, J=9.0 Hz, 2H), 7.51 (t, J=7.4
Hz, 2H), 7.36-7.44 (m, 4H), 7.18 (d, J=3.6 Hz, 1H),
7.13 (t, J=7.4 Hz, 1H), 7.06 (d, J=9.0 Hz, 2H), 7.02
(dd, J=8.7 and 1.0 Hz, 2H). *C NMR (DMSO-d,, 125
MHz): § 157.7,156.4, 155.7, 152.9, 147.1, 134.6, 130.5,
129.8, 129.4, 129.2, 125.0, 123.6, 122.9, 119.7, 118.6,
117.4, 108.3. HRMS (ESI/TOF) m/z: [M+H]* Calcd
for C,,;H NO, 356.1287; Found 356.1301.

N-(4-Phenoxyphenyl)benzofuran-2-carboxam-
ide (ST53): Obtained following the general synthe-
sis method A from benzofuran-2-carbonyl chloride
(theoretically 1 mmol), 1a (1 mmol), and DIPEA (1.5
mmol). Yield: 66%, white solid. Mp 159.0-159.4 °C.
'H NMR (DMSO-d,, 500 MHz): § 10.59 (s, 1H), 7.83-
7.86 (m, 3H), 7.77 (d, J=0.8 Hz, 1H), 7.73 (dd, J=8.4
and 0.8 Hz, 1H), 7.51 (t, J=7.4 Hz, 1H), 7.35-7.43 (m,
3H),7.13 (tt, J=7.4 and 1.1 Hz, 1H), 7.06 (d, J]=9.0 Hz,
2H), 7.01 (d, J=7.7 Hz, 2H). “*C NMR (DMSO-d,, 125
MHz): § 157.6, 157.0, 154.9, 153.0, 149.3, 134.6, 130.5,
127.6, 124.3, 123.6 (2C), 123.4, 122.7, 119.7, 118.6,
112.4, 111.1. HRMS (ESI/TOF) m/z: [M+H]* Calcd
for C,,H, NO, 330.1130; Found 330.1126.

N-(4-(Benzyloxy)phenyl)-2-(phenylthio)acet-
amide (ST54): Obtained following the general syn-
thesis method A, from 2-(phenylthio)acetyl chlo-
ride (theoretically 1 mmol), 4-(benzyloxy)aniline (1
mmol), and DIPEA (1.5 mmol). Yield: 28%, white
solid. Mp 150.3-150.8 °C. '"H NMR (DMSO-d,, 400
MHz): 6 10.07 (s, 1H), 7.30-7.47 (m, 11H), 7.20 (t,
J=7.2 Hz, 1H), 6.95 (d, J=8.8 Hz, 2H), 5.06 (s, 2H),
3.82 (s, 2H). "C NMR (DMSO-d,, 100 MHz): § 166.3,
154.4, 137.1, 135.9, 132.1, 129.0, 128.4, 128.0, 127.8,
127.7, 125.9, 120.7, 114.9, 69.3, 37.3. HRMS (ESI/
TOF) m/z: [M+H]* Calcd for C, H, NO,S 350.1215;
Found 350.1215.

N-(4-(Phenoxymethyl)phenyl)-2-(phenylthio)ac-
etamide (ST55): Obtained following the general syn-
thesis method A, from 2-(phenylthio)acetyl chloride
(theoretically 1 mmol), 4-(phenoxymethyl)aniline (1
mmol), and DIPEA (1.5 mmol). Yield: 24%, white
solid. Mp 139.5-139.8 °C. '"H NMR (DMSO-d,, 400
MHz): § 10.25 (s, 1H,), 7.56 (d, J=8.2 Hz, 2H), 7.38
(t, J=8.0 Hz, 4H), 7.27-7.33 (m, 4H), 7.19 (t, J=7.2
Hz, 1H), 6.98 (d, J=8.2 Hz, 2H), 6.92 (t, ]=7.2 Hz,
1H), 5.01 (s, 2H), 3.85 (s, 2H). *C NMR (DMSO-d,,
100 MHz): § 166.7, 158.2, 138.4, 135.8, 132.0, 129.4,
128.9, 128.4, 128.0, 125.9, 120.5, 119.0, 114.7, 68.7,
37.4. HRMS (ESI/TOF) m/z: [M+H]* Calcd for C, H-
L.NO,S 350.1215; Found 350.1216.
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N-(4-(Phenylamino)phenyl)-2-(phenylthio)acet-
amide (ST56): Obtained following the general syn-
thesis method A, from 2-(phenylthio)acetyl chloride
(theoretically 1 mmol), N-phenyl-1,4-phenylenedi-
amine (1 mmol), and DIPEA (1.5 mmol). Yield: 42%,
white solid. Mp 145.0-145.1 °C. '"H NMR (DMSO-dﬁ,
500 MHz): 6 10.01 (s, 1H), 8.03 (s, 1H), 7.41-7.45 (m,
4H), 7.33 (t, J=7.8 Hz, 2H), 7.19- 7.23 (m, 3H), 7.00-
7.04 (m, 4H), 6.78 (t, J]=7.3 Hz, 1H), 3.83 (s, 2H). °C
NMR (DMSO-d,, 125 MHz): § 166.6, 144.4, 139.6,
136.5, 132.1, 129.6, 129.5, 128.5, 126.4, 121.0, 119.6,
118.2, 116.4, 37.9. HRMS (ESI/TOF) m/z: [M+H]*
Calcd for C, H N S 335.1218; Found 335.1228.

197 22

N-(4-(Benzylamino)phenyl)-2-(phenylthio)acet-
amide (ST57): A solution of benzaldehyde (1 mmol),
2b (1 mmol), and anhydrous Na, SO, (6 mmol) in
DCM was stirred at room temperature under an ar-
gon atmosphere until imine formation was complet-
ed. Following the filtration of the reaction mixture,
the imine intermediate (filtrate) was concentrated in
vacuo and dissolved in methanol. Then, NaBH, was
slowly added and stirred for 30 min at room tempera-
ture. After the reaction was completed, the mixture
was diluted with a 5% aqueous solution of NaHCO,
until pH=~8 and subjected to extracting with DCM
(3x10 ml). After being dried over anhydrous Na,SO,,
the combined organic phase was concentrated in vac-
uo. The crude underwent purification via silica-based
column chromatography using an elution system of
n-hexane:ethyl acetate (85:15) to afford ST57. Yield:
24%, white solid. Mp 124.8-125.1 °C. 'H NMR (DM-
SO-d,, 500 MHz): § 9.78 (s, 1H), 7.38-7.41 (m, 2H),
7.30-7.36 (m, 6H), 7.18-7.23 (m, 4H), 6.52 (d, J=8.9
Hz, 2H), 6.10 (t, J=6.0 Hz, 1H), 4.24 (d, J=6.0 Hz, 2H),
3.78 (s, 2H). "C NMR (DMSO-d,, 125 MHz): § 166.2,
145.7, 140.8, 136.6, 129.4, 128.7, 128.5, 128.4, 127.6,
127.0, 126.3, 121.4, 112.6, 47.2, 37.8. HRMS (ESI/
TOF) m/z: [M+H]* Calcd for C, H, N,OS 349.1375;
Found 349.1364.

N-(4-((Phenylamino)methyl)phenyl)-2-(phen-
ylthio)acetamide (ST58): A solution of aniline (1

mmol), 2¢ (1 mmol), and anhydrous Na,SO, (6 mmol)
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in DCM was stirred at room temperature under an ar-
gon atmosphere until imine formation was complet-
ed. Following the filtration of the reaction mixture,
the imine intermediate (filtrate) was concentrated in
vacuo and dissolved in methanol. Then, NaBH, was
slowly added and stirred for 30 min at room tempera-
ture. After the reaction was completed, the mixture
was diluted with a 5% aqueous solution of NaHCO,
until pH=~8 and subjected to extracting with DCM
(3x10 ml). After being dried over anhydrous Na,SO,,
the combined organic phase was concentrated in vac-
uo. The crude product underwent purification via
silica-based column chromatography using an elu-
tion system of DCM:methanol (99:1) to afford ST58.
Yield: 43%, white solid. Mp >300 °C. '"H NMR (DM-
SO-d,, 500 MHz): § 10.26 (s, 1H), 7.50 (d, J=8.5 Hz,
2H), 7.40 (d, J=7.4 Hz, 2H), 7.32 (t, J=7.8 Hz, 2H),
7.29 (d, J=8.5 Hz, 2H), 7.20 (t, J=7.4 Hz, 1H), 7.03 (t,
J=7.8 Hz, 2H), 6.55 (d, /]=7.8 Hz, 2H), 6.50 (t, ]=7.4
Hz, 1H), 6.15 (t, J=5.8 Hz, 1H), 4.19 (d, J=5.8 Hz, 2H),
3.85 (s, 2H). "C NMR (DMSO-d,, 125 MHz): § 167.1,
149.1, 137.9, 136.4, 135.8, 129.5, 129.3, 128.5, 128.0,
126.5, 119.7, 116.2, 112.7, 46.5, 37.9. HRMS (ESI/
TOF) m/z: [M+H]* Calcd for C, H, N,OS 349.1375;
Found 349.1369.
N-(4-Benzylphenyl)-2-(phenylthio)acetamide
(ST59): Obtained following the general synthesis
method A, from 2-(phenylthio)acetyl chloride (the-
oretically 1 mmol), 4-benzylaniline (1 mmol), and
DIPEA (1.5 mmol). Yield: 40%, white solid. Mp
136.0-136.3 °C. '"H NMR (DMSO-d,, 400 MHz): §
10.09 (s, 1H), 7.47 (d, J=8.4 Hz, 2H), 7.40 (d, J=7.6
Hz,2H),7.31 (t, J=8.4 Hz, 2H), 7.26 (d, J]=7.6 Hz, 2H),
7.14-7.21 (m, 6H), 3.88 (s, 2H), 3.83 (s, 2H). *C NMR
(DMSO-d,, 100 MHz): 6 166.5, 141.3, 136.8, 136.3,
135.8, 128.9 (2C), 128.5, 128.3, 128.0, 125.9, 125.8,
119.3, 40.4, 37.4. HRMS (ESI/TOF) m/z: [M+H]* Cal-
cd for C,,H, NOS 334.1266; Found 334.1258.
N-(4-Benzoylphenyl)-2-(phenylthio)acetamide
(ST60): Obtained following the general synthesis
method A, from 2-(phenylthio)acetyl chloride (the-

oretically 1 mmol), 4-aminobenzophenone (1 mmol),
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and DIPEA (1.5 mmol). Yield: 32%, white solid. Mp
130.7-131.1 °C. 'H NMR (DMSO-dG, 400 MHz): &
10.60 (s, 1H), 7.64-7.77 (m, 7H), 7.55 (t, J=7.6 Hz,
2H), 7.41 (d, J=8.0 Hz, 2H), 7.33 (t, J=7.6 Hz, 2H),
7.21 (t, J=7.6 Hz, 1H), 3.92 (s, 2H). *C NMR (DM-
SO-dé, 100 MHz): § 194.5, 167.5, 142.9, 137.5, 135.6,
132.3, 131.6, 131.2, 129.4, 129.1, 128.5, 128.2, 126.1,
118.4, 37.6. HRMS (ESI/TOF) m/z: [M+H]* Calcd for
C, H,,NO,S 348.1058; Found 348.1064.

In vitro SIRT?2 inhibition assay

The inhibitory activities of the title compounds
were examined using SIRT2 Direct Fluorescent
Screening Assay Kits (Item No. 700280) following
the manufacturer’s protocol (Cayman Chemical, Ann
Arbor, MI, USA) and a previously reported method
(Gozelle et al., 2023). The percentage of inhibition in
each well was calculated by comparing the fluores-
cence readings of compound-treated wells to those
of control wells. The experiment was repeated three

times.
Molecular docking

The molecular docking simulations were per-

formed using Glide within the Schrodinger
Small-Molecule Drug Discovery Suite (Small-Mole-
cule Drug Discovery Suite 2023-1, Schrédinger, LLC,
New York, NY, 2023). The x-ray crystal structure of
human SIRT2 (PDB: 5DY4) was retrieved from the
RCSB Protein Data Bank and prepared by our previ-
ous protocol (Gozelle et al., 2022). The selected com-

pounds were docked into the SIRT?2 active site using

the XP docking mode using a radius scaling factor of
0.80 vdW and a partial charge cutoff of 0.20 (Friesner
et al., 2006).

RESULTS AND DISCUSSION

Synthesis

The synthesis of N-(4-phenoxyphenyl)aryl-car-
boxamide derivatives (ST47-ST53) was carried out
following the synthetic sequence depicted in Scheme
1. The Ullman coupling reaction of commercially
available 1-iodo-4-nitrobenzene and phenol, cata-
lyzed by Cul and N,N-dimethylglycine, afforded 1-ni-
tro-4-phenoxybenzene, which was used without fur-
ther purification in the next step. 4-Phenoxyaniline
(1a) was obtained by reduction of the 1-nitro-4-phe-
noxybenzene in the presence of SnCl,.2H,O. The title
compounds ST47, ST48, ST52, and ST53 were synthe-
sized by the reaction of la with an appropriate acyl
chloride, which was produced in the presence of oxalyl
chloride from commercially available carboxylic acid
derivatives with total yields ranging from 42% to 66%.
ST49 was obtained through the substitution reaction
of N-methylaniline and the 2-bromo-N-(4-phenoxy-
phenyl)acetamide intermediate (1b), which was the
product of the reaction between la and 2-bromoace-
tyl bromide in a yield of 24%. Moreover, amide cou-
pling reactions of 5-phenylthiophene-2-carboxylic
acid or benzothiophene-2-carboxylic acid with 1a in
the presence of EDC, HOBt, and DIPEA afforded the
desired compounds ST50 or ST51 with 54% and 59%
yields, respectively.
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Scheme 1. Synthetic route to compounds ST47-ST53. Reagents and conditions: (a) Cul, Cs,CO,, N,N-di-
methylglycine, 1,4-dioxane, DME, 100 °C, overnight; (b) SnCl,.2H, 0, ethanol, reflux, 4 h; (c) i. appropriate

carboxylic acid (3-phenylpropanoic acid for ST47, 2-phenoxyacetic acid for ST48, 5-phenylfuran-2-carbox-
ylic acid for ST52, benzofuran-2-carboxylic acid for ST53), oxalyl chloride, cat. DMF, DCM, rt, 2 h, ii. 1a,
DIPEA, DCM, rt, 2-4 h; (d) 2-bromoacetyl bromide, TEA, rt, 3 h; (e) N-methylaniline, DIPEA, ACN, 100
°C, overnight; (f) appropriate carboxylic acid (5-phenylthiophene-2-carboxylic acid for ST50 and benzothio-
phene-2-carboxylic acid for ST51), 1a, EDC, HOBt, DIPEA, DCM, rt, overnight.

The synthesis of N-(aryl)-2-(phenylthio)acet-
amides was carried out under the synthetic sequence
depicted in Scheme 2. Initially, 2-(phenylthio)acetic
acid (2a), which is the starting material for N-(aryl)-
2-(phenylthio)acetamide derivatives, was synthesized
through the reaction of thiophenol and 2-bromoace-
tic acid in a basic medium. Subsequently, by reacting
commercially available 4-substituted aniline deriva-
tives with 2-(phenylthio)acetyl chloride, which was
obtained from 2a and oxalyl chloride, the desired
compounds ST54, ST55, ST56, ST59, and ST60 were
produced with total yields ranged from 24% to 42%.
The first step in the synthesis route to ST57 was the
reaction of 2-(phenylthio)acetyl chloride with 4-ni-
troaniline, yielding N-(4-nitrophenyl)-2-(phenylthio)

acetamide. Next, by reducing nitro precursor in the
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presence of SnCl,.2H, O, N-(4-aminophenyl)-2-(phen-
ylthio)acetamide (2b) was obtained in a yield of 55%.
An indirect reductive amination procedure involving
the condensation of 2b with benzaldehyde and the
subsequent reduction with NaBH, gave the desired
product ST57 with a 61% yield. In the case of com-
pound ST58, 4-aminobenzaldehyde was reacted with
2-(phenylthio)acetyl chloride yielding N-(4-formyl-
phenyl)-2-(phenylthio)acetamide (2c), which was
used in the next step without further purification, fol-
lowed by an indirect reductive amination reaction of
2¢ and aniline producing the title compound ST58 in
ayield of 43%. Finally, the structures of the final com-
pounds were confirmed by '"H-NMR, “C-NMR, and
HRMS spectra.
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Scheme 2. Synthetic route to compounds ST54-ST60. Reagents and conditions: (a) NaOH, K,CO,, ethanol,
water, rt, 2 h; (b) i. 2a, oxalyl chloride, cat. DME, DCM, rt, 2 h, ii. Appropriate amine (4-(benzyloxy)aniline

for ST54, 4-(phenoxymethyl)aniline for ST55, N-phenyl-p-phenylenediamine for ST56, 4-benzylaniline for
S$T59, 4-aminobenzophenone for ST60, 4-nitroaniline for 2b, 4-aminobenzaldehyde for 2¢), DIPEA, DCM,
rt, 2-4 h; (¢) SnCl,.2H,0, ethanol, reflux, 6 h; (d) i. benzaldehyde for ST57, aniline for ST58, Na,SO,, DCM, rt,

overnight, ii. NaBH,, methanol, rt, 30 min.

Biological results

The inhibitory activities of the target compounds
(ST47-ST60) against SIRT2 were tested in a fluores-
cence-based assay (Damonte et al., 2017; Yoon & Kim,
2016) at a screening dose of 100 uM. The results are
listed in Table 1. According to the results, a signifi-
cant increase in the inhibition rates of the tested com-

pounds was observed compared to that of STH2.

A brief overview of SAR related to the modifica-
tions performed revealed that among the compounds
ST47-ST49 generated by bioisosteric replacement of
sulfur atom close to the tail group, ST49 with N-me-
thylamino group exhibited the best inhibition rate
with a value of 50.07% at 100 pM. In comparison,
STH2 had an inhibition value of 84.28% and 36.89%
against SIRT2 at 300 pM and 100 uM screening con-

centrations, respectively. The title compounds ST50-
ST53 bearing thiophene, benzothiophene, furan, and
benzofuran rings were obtained due to fused ring cy-
clization and chain cyclization strategies implement-
ed through the tail group. The fused ring compounds
(ST51 and ST53) demonstrated a slight superiority in
SIRT?2 inhibitory effect compared to ST50 and ST52
with 5-phenylthiophene and 5-phenylfuran moi-
eties, respectively. Besides, ST50 and ST51, with sul-
fur-containing rings, were more likely to show potent
inhibition against SIRT2 than their counterparts with
oxygen-containing rings (ST52 and ST53). Regarding
the linker modification, the title compounds ST54-
ST60 were obtained to contain various linkers instead
of oxygen atom in the STH2 structure. Surprising-

ly, replacement of oxygen linker with -CH,O- and
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-OCH,- groups in ST54 and ST55 led to significant
loss of inhibitory effect on SIRT?2 activity, while ST56,
ST57, and ST58 with amine-containing linker (-NH-,
-CH,NH-, -NHCH,-) displayed an enhanced SIRT2
inhibition ranging from 27.81% to 42.31% at 100 pM
screening concentration. Moreover, SIRT2 inhibitions
of 41.52% and 54.03% were obtained at 100 pM meth-
ylene linker-bearing ST59 and carbonyl linker-bear-
ing ST60, respectively. Compared to the data gained
in our previous study (Gozelle et al., 2023), the an-
alogs with thiophene as the central ring exhibited a
more potent inhibitory effect against SIRT2. In addi-
tion, the introduction of longer linker groups (n=2)
resulted in a decrease in activity. All compounds

tested displayed moderate inhibitory activity against
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SIRT2 compared to Suramin, the non-selective sirtu-
in inhibitor with an IC_| value of 1.15 uM for SIRT2
(Trapp et al., 2007).

The compounds exhibiting 47-54% SIRT2 inhibi-
tion (ST49, ST51, ST60) were evaluated for their in
vitro SIRT1 and SIRT3 inhibitory activities to predict
the isoform selectivity. The results showed that all
three compounds did not show significant inhibito-
ry potency against SIRT1 compared to the selective
SIRT1 inhibitor EX-527, which had an IC_j value of
0.28 nM (Broussy, Laaroussi, & Vidal, 2020; Solomon
et al., 2006). Furthermore, none of the compounds
tested showed significant inhibitory potency against
SIRT3, confirming the accuracy of our design ap-
proach to selectively inhibit SIRT2.
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Table 1. In vitro inhibitory profiles of compounds tested at 100 uM against SIRT2

X
Saenl

%inhibition+SD
ID X R Modification
SIRT2 SIRT1 SIRT3
S
ST47 29.73+4.88 nt. n.t.
#.0
ST48 40.15+1.75 n.t. n.t.
N
ST49 s \@ 50.07+2.07 8.54+3.50 19.98+4.09
tail
ST50 -0- s 41.66%5.13 t t
U_Q .66+5. n.t. n.t. group
S
ST51 §® 47.19+5.92 7.29+4.05 18.10+3.23
¥ 0
ST52 D—Q 30.4540.64 nt. nt.
o
ST53 —%@ 39.934.21 nt. n.t.
-CH,0O- n.i. n.t. n.t.
ST55 -OCH,- n.i. n.t. n.t.
ST56 -NH- 33.57+4.60 n.t. n.t.
S .
ST52 -CH,NH- 27.81+0.32 n.t. n.t. linker
ST58 -NHCH,- 42.31+7.24 n.t. n.t.
ST59 -CH,- 41.52+7.13 nt. n.t.
ST60 -CO- 54.03+1.52 ni 19.17+0.14
b 84.28+5.19%
STH2 -O- fvSYN n.i n.i -
D 36.89+0.45
N-N
EX-527 76.39+2.49 99.28+1.07 44.61+3.81
Suramin 98.37+0.25 94.52+0.92 96.82+3.26
SD: standard deviation (n = 3); * Percent inhibition @300 uM; n.i.: no inhibition; n.t.: not tested.
Molecular modelling the substrate binding channel, n-n stacking with Y139

To predict the orientations of synthesized com-
pounds bound to SIRT2, molecular docking studies
were carried out compared to the binding pose of
STH2. The information gathered from the x-ray crys-
tal structure of SIRT2 (PDB: 5DY4) highlighted the
importance of the critical interactions, including mn-m
stacking with F119, F131, and F234 at the entrance of

and F190 at the selectivity pocket, and water-mediat-
ed H-bonding with P94 (Schiedel et al., 2016).

Although molecular docking is a valuable tool for
understanding ligand binding predictions, it regularly
fails to differentiate active from inactive compounds
within each chemical family (Chen, 2015). In our case,

the docking results, especially for ST60, could not pro-
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vide supportive findings to establish a relationship be-
tween the binding conformation varying according to

chemical structure and the inhibitory effect.

The SIRT2:docked STH2 complex showed that all
critical interactions mentioned above were obtained.
The replacement of 2-(4-isopropyl-4H-1,2,4-triazol-
3-yl)thio moiety, the so-called tail group, by 2-meth-
yl(phenyl)amino (ST49) led to the loss of interaction
with F131 in the substrate channel, maintaining the
water-mediated H-bond with P94. ST60, exhibiting
the best inhibitory profile in the series, unexpectedly
occupied the active site by interacting only with F190
in the selectivity pocket and F119 in the substrate
binding channel. It was suggested that the reduced ro-

tation of phenyl rings due to introducing the carbonyl

group into the linker induced a conformational modi-
fication, yielding less interaction in the entrance of the
substrate channel (Figure 2). The most notable con-
formational change is observed for the compounds
with fused rings on the tail group (ST51 and ST53).
Benzothiophene and benzofuran ring systems, which
were used in fused ring cyclization, accessed the deep-
er inside the selectivity pocket due to the formation of
more favorable 7t-1t contacts than those of compounds
with 5-phenylthiophene and 5-phenylfuran moieties
(ST50 and ST52). They adopted less bent conforma-
tion that prevented interaction with P94 via structur-
al water (Figure S4). The binding energies for STH2,
ST49, and ST60 in the SIRT2 active site were calculat-
ed as -10.77, -11.43, and -10.82 kcal/mol, respectively.

Figure 2. The proposed binding modes of docked compounds in the SIRT?2 active site (PDB: 5DY4). H-bonds

and -1 contacts are represented by yellow and cyan dashed-lines, respectively.

CONCLUSION

In this work, we aimed to find analogs that exhib-
it more potent inhibition of SIRT2 by modifying the
linker and tail groups on our initial virtual screen-
ing-derived hit. This eventually resulted in a significant
increase in SIRT2 inhibitory activity. Our best SIRT2
inhibitors, ST49 and ST60, exhibited 50.07% and
54.03% inhibition at 100 uM, respectively, while STH2
inhibited SIRT2 by 84.28% and 36.89% at 300 and 100
UM screening concentrations, respectively. Moreover,
ST49 and ST60 showed no significant inhibitory effect
against SIRT1 and SIRT3 isoforms. Based on these
findings, it may be suggested that the one-atom linker
led to tighter binding to SIRT2 and more potent inhi-
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bition than the two-atom linker. Besides, the impact of
the tail group involving m systems on inhibition ability
was undeniable as maintaining the crucial n-x contacts
with the aromatic residues of the selectivity pocket.
This study, however, offers essential insights into struc-
ture-guided modifications for further hit expansion in
the design of SIRT2 inhibitors.
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