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Abstract: A series of novel benzimidazole and benzothiazole derivatives were designed and synthesized as

inhibitors of SIRT1-SIRT3. The target compounds were synthesized from potassium O-ethyldithiocarbonate
through a three-step route. The structures of the obtained compounds were elucidated by '"HNMR and HR-MS.
Of all compounds, six showed potent SIRT2-inhibitory activities with ICs, values ranging from 2.8 to 21.2

pmol-L™'.  Among them, compound 10c¢ displayed the most potent SIRT2-inhibitory activities (ICs,=2.8
pmol-L™"), with more than 35-fold selectivity over SIRT1 and SIRT3 (ICsy>100 pmol-L ™).
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Figure 1 The structures of some known sirtuins inhibitors
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Scheme 1 Synthetic route of the target compounds.

Reagents and conditions: (a) Potassium O-ethyldithiocarbonate, microwave: 150

Psi, 45 W, 155 C, DMF; (b) 4-Substitute benzyl chloride, Et;N, CH,Cl,, r.t.; (¢) m-CPBA, CH,Cl,, 0 °C; (d) m-CPBA, CH,Cl, r.t.
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Table 1 Physical and spectral data of target compounds
HR-MS m/z
Compd.  Yield/% mp/C [M+H]+ or [M+Na]" 'H NMR (400 MHz, CDCl3) 0
Calcd. (Found)

7a 89.5 140141 C15H3CINO,S, 8.00 (d, J= 8.8 Hz, 1H), 7.93 (d, J= 1.9 Hz, 1H), 7.54 (dd, J = 8.8, 2.0 Hz, 1H), 7.08—

338.007 6 (338.007 7)  7.03 (m, 2H), 6.81—6.77 (m, 2H), 4.46 (d, J=13.2 Hz, 1H), 4.29 (d, J= 13.3 Hz, 1H),
3.77 (s, 3H)

7b 90.8 148—-149 C14H,oCIFNOS, 8.00 (d, J=8.8 Hz, 1H), 7.93 (d, /= 1.9 Hz, 1H), 7.54 (dd, J=8.8, 2.0 Hz, I1H), 7.13—
325.987 6 (325.986 9)  7.07 (m, 2H), 6.98—-6.91 (m, 2H), 4.48 (d, J = 13.3 Hz, 1H), 4.30 (d, J= 13.3 Hz, 1H)

Tc 93.5 176-177 Ci6H13CINO3S, 8.01 (d, J=8.8 Hz, 1H), 7.95-7.89 (m, 3H), 7.55 (dd, J=8.8,2.0 Hz, 1H), 7.22— 7.17
366.002 5 (366.002 0) (m, 2H), 4.56 (d, J= 13.1 Hz, 1H), 4.37 (d, J= 13.1 Hz, 1H), 3.90 (s, 3H)

7d 925  186.5-188.0 CisH1oCIN;0S;  8.01(d, J = 8.8 Hz, 1H), 7.93 (d, J = 2.0 Hz, 1H), 7.587.51 (m, 3H), 7.24—7.19 (m, 2H),
332.9923(332.9915) 4.55(d, J=13.2 Hz, 1H), 437 (d, J= 13.2 Hz, 1H)

Te 90.9 171-172 C4H,oBrCINOS, 8.00 (d, J=8.8 Hz, 1H), 7.94 (d, /= 1.9 Hz, 1H), 7.55 (dd, /= 8.8, 2.0 Hz, 1H), 7.42—
385.907 5 (385.907 4)  7.36 (m, 2H), 7.02-6.97 (m, 2H), 4.46 (d, J = 13.3 Hz, 1H), 4.29 (d, J= 13.3 Hz, 1H)

8a 90.6 187.5-189.0 C;5Hi2CINNaO;S, 8.16 (d, J=8.9 Hz, 1H), 7.93 (d, /= 1.9 Hz, 1H), 7.61 (dd, J=8.8, 2.0 Hz, I1H), 7.18—
375.983 4 (375.983 0)  7.14 (m, 2H), 6.82—6.77 (m, 2H), 4.69 (s, 2H), 3.77 (s, 3H)

8b 89.7 154-155 Ci4H;CIFNO,S; 8.16 (d, J=8.8 Hz, 1H), 7.94 (d, /= 1.9 Hz, 1H), 7.62 (dd, J= 8.8, 2.0 Hz, 1H), 7.28—
341.982 5 (341.981 6) 7.21 (m, 2H), 7.01-6.95 (m, 2H), 4.72 (s, 2H)

8¢ 91.4 200-201 C16H,3CINO,S, 8.17 (d, J = 8.8 Hz, 1H), 7.97-7.92 (m, 3H), 7.62 (dd, J= 8.8, 2.0 Hz, 1H), 7.36~7.32
381.996 9 (381.996 7)  (m, 2H), 4.80 (s, 2H), 3.90 (s, 3H)

8d 83.3 201-202 C1sH1oCIN;0,S,  8.16 (d, J = 8.9 Hz, 1H), 7.97 (d, J = 1.9 Hz, 1H), 7.66—7.58 (m, 3H), 7.44—7.40 (m, 2H),
348.987 2 (348.986 5) 4.80 (s, 2H)

8e 94.0 190-191 C14H;oBrCINO,S,  8.16 (d, J = 8.8 Hz, 1H), 7.95 (d, J = 1.8 Hz, 1H), 7.62 (dd, J = 8.9, 2.0 Hz, 1H), 7.46—
401.902 4 (401.902 0)  7.40 (m, 2H), 7.16-7.11 (m, 2H), 4.70 (s, 2H)

9a 93.3 160.5-162.0 C16H,6CIN,0,8 7.82 (s, 1H), 7.35 (dd, J=8.7, 1.8 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H), 6.97-6.90 (m, 2H),
335.062 1 (335.061 6)  6.79-6.73 (m, 2H), 4.59 (d, J = 13.1 Hz, 1H), 4.43 (d, J = 13.1 Hz, 1H), 3.77 (s, 3H),

3.48 (s, 3H)

9b 82.7 168—169 C;sHi3CIFN,OS 7.86 (s, 1H), 7.39 (dd, J=8.7, 1.3 Hz, 1H), 7.29-7.24 (m, 1H), 7.09—7.02 (m, 2H), 6.98—
323.042 1 (323.042 1)  6.91 (m, 2H), 4.66 (d, J = 13.2 Hz, 1H), 4.58 (d, J = 13.0 Hz, 1H), 3.56 (s, 3H)

9 80.0 176.5-177.5 C17H,6CIN,0;8 7.95-7.89 (m, 2H), 7.82 (s, 1H), 7.36 (d, J= 8.7 Hz, 1H), 7.22 (d, J = 8.6 Hz, 1H), 7.16—
363.057 0 (363.056 1) 7.12 (m, 2H), 4.71 (d, J = 12.9 Hz, 1H), 4.55 (d, J= 13.0 Hz, 1H), 3.91 (s, 3H), 3.50 (s, 3H)

10a 93.1 156.5-158.0 C16H,6CIN,0;8 7.91(d, J= 1.4 Hz, 1H), 7.43 (dd, J= 8.8, 1.5 Hz, 1H), 7.31-7.23 (m, 1H), 7.12-7.07 (m,
351.056 0 (351.0557) J=28.5Hz, 2H), 6.81-6.76 (m, J = 8.6 Hz, 2H), 4.73 (s, 2H), 3.77 (s, 3H), 3.61 (s, 3H)

10b 90.7 150-151 C1sH;sCIFN,0,S  7.89 (d, J= 1.6 Hz, 1H), 7.4 (dd, J=8.8, 1.6 Hz, 1H), 7.29 (d, J = 8.8 Hz, 1H), 7.25—
339.037 0 (339.036 3)  7.20 (m, 2H), 7.01-6.94 (m, 2H), 4.80 (s, 2H), 3.71 (s, 3H)

10¢ 91.4 176.5-178.0 C17H;6CIN,0,48 7.98-7.93 (m, 2H), 7.89 (s, 1H), 7.44 (d, J = 8.8 Hz, 1H), 7.35-7.28 (m, 3H), 4.88 (s,

379.051 9 (379.051 3)

2H), 3.90 (s, 3H), 3.68 (s, 3H)

Table 2 Theinhibitory activities against SIRT1-SIRT3 of target compounds

% inhibition at 50 umol-L™"

IC50/umol-L7l

Compd. R

SIRT1 SIRT2 SIRT3 SIRT1 SIRT2 SIRT3

Ta CH30 33 28 43 >100 >100 >100
7b F 57 45 39 76.8 >100 >100
Tc CH;0CO 51 39 34 85.1 >100 >100
7d CN 45 38 41 >100 >100 >100
Te Br 43 33 26 >100 >100 >100
8a CH;0 36 31 35 >100 >100 >100
8b F 56 45 36 80.7 >100 >100
8c CH;0CO 53 26 33 82.3 >100 >100
8d CN 43 33 36 >100 >100 >100
8e Br 44 34 33 >100 >100 >100
9a CH;0 33 71 38 >100 21.2 >100
9b F 20 84 27 >100 10.6 >100
9¢ CH;0CO 30 87 39 >100 52 >100
10a CH;0 20 90 31 >100 7.7 >100
10b F 68 87 72 31.9 39 21.2
10c CH;0CO 20 96 35 >100 2.8 >100
Tenovin-6 - 66 84 38 37.5 15.3 >100
AGK2 - 35 100 58 >100 1.56 52.8
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Figure 2 Molecular interactions between 10¢ and SIRT2
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I UK MP-J3 06 A0 5 A e, il B AR OE
"HNMR # % H Varian 400 MHz Plus A% W L35 {500 2
(TMS N N #51); HR-MS X H| ThermoExactivePlus Jii it
A 5E o B FH A3 Dy i 5 Ak S Al el gy A 4l
1 ZEEK
1.1 EfR 3 F 4 EREZE ALE 3 A6

-GiE-6-SAEFEM 3) WAMK H 310 mg
(1.94 mmol) 2-%3&-5-F R B A1 790 mg (4.93 mmol)
CHEEFERME T 10 mL &, I 3 mL DMF,
PEFE R AV, NG, 7E 150 psi K77+ 45 W,
155 °C J ¥ 5 min. #% 1k 8, H 30 mL /K8, FHEE
B2 pH & 3~4, Hri kG, ik, 733K 6
& (3) 350 mg. FH ZBEH 45, 1338 3 A Z0RE R (3)
290 mg, YK 74%; mp 231~232 °C; 'HNMR (400
MHz, CDCl3) &: 13.86 (s, 1H), 7.86 (s, 1H), 7.44 (d, J =
8.6 Hz, 1H), 7.28 (d, J= 8.5 Hz, 1H). #EE K 4.

5-S-2-TRE-N-FRER B ) A ZURE
1A W 66.4%:; mp 239.5~241°C; '"HNMR (400 MHz,
DMSO-d) 6: 12.87 (s, 1H), 7.39 (d, J = 8.5 Hz, 1H),
7.25(d, J=8.6 Hz, 1H), 7.19 (s, 1H), 3.64 (s, 3H) -

1.2 hE{k Sa~5e Fl 6a~6¢c IS RIEE (ULEH
5a A fjl)

6-F-2-[4- A EEFTE)RE K H [d|EHE (5a)
BIA R K 400 mg (2.0 mmol) L&Y 3 BT R
o, JIA 15 mL CH,Cl,« 1 mL DMF, JIA 0.3 mL (2.1
mmol) 4-FEFEFR, 221290 0.39 mL (2.8 mmol)
EtN, FiR&M 3 he F1kx M, 24 CH,CL, 10
mL 7K, 7 EAR, SR, 753 A E 4 581 mg,
CBFE LG, 9B A A (Sa) 430 mg, Y& 67%;
mp 103~104 ‘C; 'HNMR (400 MHz, DMSO-d;) §:
8.17 (d, J= 1.8 Hz, 1H), 7.87 (d, J = 8.7 Hz, 1H), 7.50
(dd, J = 8.7, 2.0 Hz, 1H), 7.45~7.39 (m, 2H), 6.93 ~
6.87 (m, 2H), 4.60 (s, 2H), 3.73 (s, 3H) . i8iE A i 5b~
Se, UL 4 0% 3 @A 6a~6¢.

-2 2-[4-AEFTE)RE| X FH[d]'EM (5b)
A, R 54.8%; mp 84~85C; 'THNMR (400
MHz, CDCls) 6: 7.79 (d, J = 8.6 Hz, 1H), 7.73 (d, J =
1.4 Hz, 1H), 7.45~7.36 (m, 3H), 7.05~6.97 (m, 2H),
4.57 (s, 2H) -

6-F-2-[(4-FREIRETE) R E| R H [d]EM (Sc)
A U 80%; mp 121~122°C; "HNMR (400
MHz, CDCLy) §: 8.03~7.97 (m, 2H), 7.79 (d, J= 8.7 Hz,
1H), 7.72 (d, J = 1.9 Hz, 1H), 7.54~7.50 (m, 2H), 7.39
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(dd, J=8.7,2.0 Hz, 1H), 4.63 (s, 1H), 3.90 (s, 3H) -
6-T-2-[4-BEFTE)RE|FRH[dER (5a)
{0 SR B4R W& 84%; mp 125~126 C; '"HNMR
(400 MHz, CDCl;) 6: 7.79 (d, J = 8.7 Hz, 1H), 7.73 (d,
J=1.9 Hz, 1H), 7.64~7.55 (m, 4H), 7.40 (dd, J = 8.7,
2.0 Hz, 1H), 4.63 (s, 2H) .
6-F-2-[(4-RETE)RE| K FH [d]EB Se) H
AR W 77%; mp 95~96 °C; 'THNMR (400 MHz,
CDCly) 6: 7.79 (d, J = 8.7 Hz, 1H), 7.72 (d, J = 2.0 Hz,
1H), 7.47~7.43 (m, 2H), 7.39 (dd, J = 8.7, 2.0 Hz, 1H),
7.35~7.31 (m, 2H), 4.54 (s, 2H) .
5-S-2-[4-BEETFTE) R E|-1-FE-1H-FEFH[d)
BRI (6a) HI o dnfk; YU 89%; mp 117~118 C;
'HNMR (400 MHz, CDCls) &: 7.75 (s, 1H), 7.37~7.32
(m, 2H), 7.22 (d, J = 8.7 Hz, 1H), 7.15 (d, J = 8.6 Hz,
1H), 6.86~6.81 (m, 2H), 4.63 (s, 2H), 3.78 (s, 3H),
3.61 (s, 3H).
5-8-2-[4-AmETFTE) R E|-1-FE-1H- K H [d]R%
M (6b) e EA; UL 79%; mp 85~86 C; 'HNMR
(400 MHz, CDCl5) 6: 7.81 (s, 1H), 7.47~7.39 (m, 2H),
7.30~7.24 (m, 1H), 7.20 (d, J = 8.2 Hz, 1H), 7.03~
6.95 (m, 2H), 4.74 (s, 2H), 3.66 (s, 3H) .
5-8-2-[4-BEHREFTE)RE]-1-BE-1H-FH
[dIRRIE (6c) I ZURME A, 102 82%; mp 122~
123 °C; '"HNMR (400 MHz, CDCl;) d: 8.00~7.94 (m,
2H), 7.79 (s, 1H), 7.55~7.50 (m, 2H), 7.27~7.25 (m,
1H), 7.18 (d, J = 8.6 Hz, 1H), 4.77 (s, 2H), 3.90 (s, 3H),
3.64 (s, 3H).
1.3 BiFkai7a~Te F19a~9c A RKIEZE (UL
a4 7a )
6-5-2-[(4- FE EAE) W s B £ | 28 H [d] g
(7a) BIERK  VKIBMEF, K 200 mg (0.62 mmol)
Sa B T@ AR B IR, A 10 mL CH,Cl, #i
FE 10 min J&5, 1 85% K m-CPBA 126 mg (0.62 mmol) .
VKB 2&AT R N 30 min, N 5E4 (TLC BRER). HML
FIBREREEBNA W (8 mL) MIAIE L ENA (8 mL) ¥t
B, TOKBREREAT 1, 1hug, W45, Mk -
LR T, R 5 1) 4ith, Btk (7a) 188
mg, W 90%. EEEHHRY) Tb~7Te 1 9a~9c.
1.4 B#irib&48a~8e M 10a~10c A FIEE (UL
k&4 8a Hfhl)
6-F-2-|(4-FEETE)EEE K [d]EME (8a)
BER % 310 mg (0.963 mmol) 5a B T& AR
B, BN 20 mL & HGE, 0 85% ) m-CPBA

782 mg (3.853 mmol) . B 1 h, KM TEA.
FH AR R BV (12 mLx3). ML R0 G AL B T
(12 mL) ¥E¥, T/KMEREE T, SIE, WK, HE
W (e LR OBE, AR 20 0 1) difk, Baf®
m R (8a) 309 mg, ULFE 90.6%. EEE K HIRY
8b~8e A1 10a~10c.
2 SIRT1~SIRT3 {&MINHIFE M SLIE
ZRocE M TR, R AR B R R A Ak i
SIRT1. SIRT2 Al SIRT3 FEA & A H TG EEI . &
YIRK B N: Ac-Arg-His-Lys-[Lys-(Ac)]-AMC . 4k %
NLAE 60 uL & B H3E4T (75 pmol- L™ NAD', 25
umol- L™ JIAAK Bt . SIRT 2 A AIAS A FE i A4k A5
W), 37 CIE 1 h JE 1A S BLE RN 60 pL BIFE i
AEFEWE (50 mmol-L ™" Tris-HCI, pH 8.0+ 100 mmol-L™
NaCl.60 000 unit Trypsin F1 4 mmol-L™" nicotinamide),
37 CIE 20 min. FEFARCEE UK G 355 nm,
WG 9 460 nm, 0 58 WS B o S TSR SR AT AN
TAA W T- & B A1) 3
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