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Abstract: To improve the stability of amino acid ester derivatives of DB02, a series of 24 amide derivatives of
DBO02 amino acids as non-nucleoside HIV-1 reverse transcriptase inhibitor were designed and synthesized based on
bioisosterism by replacing amino acid ester scaffold with more stable amide bond. The anti-HIV-1 activity of these
compounds was evaluated by MTT assay and counting the number of syncytia. Most of the target compounds
showed a potential anti-HIV-1 activity, among which compounds 2d, 2i, 21, 2s, and 2w had better antiviral effect
than lead compound DB02, with a therapeutic index > 1 000.00. Finally, the structure-activity relationship of these
compounds was discussed, which provided new ideas for the further development of DB02 derivatives.
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(A) Predicted binding mode of compound 1a in the allosteric site of HIV-1 wt RT (PDB: 1RT). (B) Target compounds design
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Table 1 Physical data of compounds 2a-2x
Compd. Yield/% mp/°C Compd. Yield/% mp/°C

2a 55 160.8-161.8 2m 62 148.1-149.1
2b 45 157.3-158.3 2n 58 111.7-112.7
2¢ 41 172.1-172.1 20 55 106.1-107.1
2d 53 174.2-175.2 2p 44 138.9-139.9
2e 40 174.7-175.7 2q 39 141.3-142.3
2f 49 176.3-177.3 2r 43 124.8-125.8
2g 58 199.6-200.6 2s 56 141.6-142.6
2h 53 142.2-143.2 2t 62 115.0-116.0
2i 49 159.8-160.8 2u 54 117.7-118.7
2j 40 197.1-198.1 2v 64 136.2-137.2
2k 48 203.7-204.7 2w 61 139.3-149.3
21 52 162.5-163.5 2x 61 131.5-132.5
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Scheme 1 Synthetic route of target compounds
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Table 2

Spectral data of compounds 2a-2x

Compd.

'H NMR, “C NMR, HRMS-ESI

2a

2b

2¢

2d

2e

2f

2g

2h

2i

2j

2k

21

'H NMR (400 MHz, DMSO0-d,) d: 8.02 (d, J= 8.5 Hz, 2H, ArH), 7.86 (d, /= 9.2 Hz, 2H, ArH), 4.60 (s, 2H, CH,-S), 3.61 (d, /= 2.9 Hz,
2H, NH,CH,), 2.09 (d, J = 6.7 Hz, 2H, CH,-cyclohexyl), 1.79 (s, 3H, Me), 1.66 (m, 7H, Cyclohexyl), 1.54 (m, 4H, cyclohexyl ); “C NMR
(100 MHz, DMSO-d,) 6: 190.3,174.3, 161.5 (2C), 155.9, 142.8, 131.1, 130.0 (2C), 118.7 (2C), 115.3,43.9, 37.6 (2C), 36.8 (2C), 32.9,
32.6 (3C), 10.9; HRMS-ESI: m/z caled. for C,,H,,N,0,S [M+H]" 429.194 6, found 429.194 8.

'H NMR (400 MHz, DMSO-d,) 6: 8.03 (d,J= 8.5 Hz, 2H, ArH), 7.83 (d, /= 9.9 Hz, 2H, ArH), 4.60 (s, 2H, CH,-S), 3.60 (d, /= 2.9 Hz, 2H,
NH,CH,), 2.29-2.26 (m, 2H, CH,CH,), 2.08 (d, /= 6.9 Hz, 2H, CH,-cyclohexyl), 1.65 (m, 7H, cyclohexyl), 1.53 (dd, /= 6.1, 2.1 Hz, 4H,
cyclohexyl), 0.91 (s, 3H, CH,CH,); C NMR (100 MHz, DMSO-d,) ¢: 192.3,174.4,161.7 (2C), 156.4,143.2, 131.0, 130.0 (2C), 118.7 (2C),
117.2,43.9,37.6,36.6 (2C), 32.9 (2C), 32.6 (3C), 22.5, 13.7; HRMS-ESI: m/z caled. for C,;H,)N,0,S [M+H]" 443.210 3, found 443.210 5.
'H NMR (400 MHz, DMSO0-d,) d: 8.02 (s, 2H, ArH), 7.88-7.79 (m, 2H, ArH), 4.63-4.55 (m, 2H, CH,-S), 3.62-3.55 (m, 1H, CH-NH,),
2.15-2.04 (m, 2H, CH,-cyclohexyl), 1.83-1.77 (m, 3H, Me), 1.68-1.60 (m, 1H, cyclohexyl), 1.54-1.48 (m, 3H, CHCH,), 1.35-1.21 (m, 7H,
cyclohexyl), 1.02-0.90 (m, 3H, cyclohexyl); *C NMR (100 MHz, DMSO0-d,) 9: 191.9,174.7,164.1, 160.9, 156.4, 143.4,131.0, 129.5 (2C),
118.3 (20), 114.7, 50.87, 36.6, 36.3, 32.4 (2C), 25.8, 25.5 (3C), 20.7, 10.4; HRMS-ESI: m/z calcd. for C,;H, N,O,S [M+H]" 443.210 3,
found 443.210 6.

'H NMR (400 MHz, DMSO0-d,) : 8.02 (d, J= 8.4 Hz, 2H, ArH), 7.82 (d, J = 8.5 Hz, 2H, ArH), 4.60 (s, 2H, CH,-S), 3.54 (q, /= 7.1 Hz,
1H, CH-NH,), 2.28 (q, /= 7.4 Hz, 2H, CH,CH,), 2.08 (d, /= 6.7 Hz, 2H, CH,-cyclohexyl), 1.50-1.40 (m, 3H, CHCH,), 1.36-1.28 (m, 2H,
cyclohexyl), 1.25 (t, J = 6.1 Hz, 5H, cyclohexyl), 0.91 (t, J= 7.2 Hz, 7H, cyclohexyl and CH,CH,); C NMR (100 MHz, DMSO-d,) o:
191.9, 174.9, 163.2, 160.44, 156.32, 143.51, 130.96, 129.55 (2C), 118.33 (2C), 114.63, 50.95, 36.76, 36.14, 32.50 (2C), 25.83, 25.55 (3C),
20.87,17.97, 13.27; HRMS-ESI: m/z caled. for C,,H,,N,0,S [M+H]" 457.225 9, found 457.226 1.

'H NMR (400 MHz, DMSO0-d,) d: 8.07 (s, 2H, ArH), 7.86-7.72 (m, 2H, ArH), 4.60 (s, 2H, CH,-S), 3.72 (m, 1H, CH-NH,), 2.15-2.01 (m,
2H, CH,-cyclohexyl), 1.80-1.74 (s, 3H, Me), 1.71-1.62 (m, 1H, cyclohexyl), 1.52-1.44 (m, 3H, CHCH,), 1.36-1.09 (m, 7H, cyclohexyl),
1.03-0.90 (m, 3H, cyclohexyl); *C NMR (100 MHz, DMSO0-d,) 9: 191.6, 174.7,163.2, 160.5, 154.1, 144.0, 131.8, 129.0 (2C), 117.8 (20),
114.0, 51.0, 36.8, 36.3, 32.8 (2C), 25.9, 25.3 (3C), 18.8, 10.3; HRMS-ESI: m/z calcd. for C,;H,)N,0,S [M+H]" 443.210 3, found 443.210 7.
'H NMR (400 MHz, DMSO-d,) o: 8.04 (d, /= 8.4 Hz, 2H, ArH), 7.80 (d, J = 8.5 Hz, 2H, ArH), 4.61 (s, 2H, CH,-S), 3.60 (q, /= 7.8 Hz,
1H, CH-NH,), 2.18 (q, /= 7.2 Hz, 2H, CH,CH,), 2.08 (d, /= 7.0 Hz, 2H, CH,-cyclohexyl), 1.56-1.40 (m, 3H, CHCH,), 1.35-1.26 (m, 2H,
cyclohexyl), 1.21 (t, J = 6.1 Hz, SH, cyclohexyl), 0.91 (t, J = 7.2 Hz, 7H, cyclohexyl and CH,CH,); “C NMR (100 MHz, DMSO-d) J:
191.2,174.6, 163.8, 161.1, 156.3, 144.7, 131.0, 129.5 (2C), 118.1 (2C), 114.3, 51.8, 36.9 (2C), 35.4 (2C), 31.6, 26.6 (2C), 25.1, 20.2, 18.3,
14.1; HRMS-ESI: m/z caled. for C,,H,,N,0,S [M+H]" 457.225 9, found 457.226 3.

'H NMR (400 MHz, DMSO-d,) J: 8.09 (d, /= 8.4 Hz, 2H, ArH), 7.82 (d, /= 8.5 Hz, 2H, ArH), 4.68 (s, 2H, CH,-S), 3.11 (m, 2H,
NH,CH,CH,), 2.60 (m, 2H, NH,CH,CH,), 2.28 (m, 2H, CH,CH,), 2.08 (d, /= 7.8 Hz, 2H, CH,-cyclohexyl), 1.56-1.29 (m, 11H, cyclohexyl),
0.91 (t,J=7.2 Hz, 3H, CH,CH,); C NMR (100 MHz, DMSO-d,) d: 191.6, 173.6, 162.1, 160.8, 157.9, 143.6, 131.0, 129.6 (2C), 119.2
(20), 114.3,39.8, 36.9, 36.0, 34.5, 33.8 (2C), 32.7, 26.4, 25.3 (2C), 20.2, 14.2; HRMS-ESI: m/z caled. for C,,H,,N,0,S [M+H]" 457.225 9,
found 457.226 0.

'H NMR (400 MHz, DMSO-d,) o: 8.02 (d, /= 8.5 Hz, 2H, ArH), 7.82 (d, J = 8.8 Hz, 2H, ArH), 4.58 (s, 2H, CH,-S), 3.40 (t, /= 6.6 Hz,
1H, CH-NH,), 2.07 (s, 3H, Me), 1.79 (m, 4H, CH,-cyclohexyl and CH,CH,CH,CH,), 1.66-0.91 (m, 15H, cyclohexyl and
CH,CH,CH,CH,), 0.84 (t, /= 6.9 Hz, 3H, CH,CH,CH,CH,); “C NMR (100 MHz, DMSO-d,) : 192.0, 174.7, 163.7, 161.0, 156.2, 143.5,
131.0, 129.5 (2C), 118.3 (2C), 114.9, 55.4, 36.6, 36.2, 34.4, 32.4 (2C), 27.3, 25.8 (3C), 25.5, 22.1, 13.9, 10.4; HRMS-ESI: m/z calcd. for
C,H,\N,0,S [M+H]" 485.257 2, found 485.256 8.

'H NMR (400 MHz, DMSO-d,) o: 8.06 (d,J = 8.4 Hz, 2H, ArH), 7.84 (d, J = 8.7 Hz, 2H, ArH), 4.59 (s, 2H, CH,-S), 3.37 (t,J= 6.5 Hz,
1H, CH-NH,), 2.28 (q, J = 7.3 Hz, 2H, CH,CH,), 2.06 (d, J = 6.7 Hz, 2H, CH,-cyclohexyl), 1.69-1.17 (m, 13H, cyclohexyl and
CH,CH,CH,CH,), 0.88 (dt, /= 25.0, 7.2 Hz, 10H, CH,CH, and CH,CH,CH,CH,); C NMR (100 MHz, DMSO-d,) 9: 191.9, 174.8, 163.1
(20), 156.2, 143.5, 130.9, 129.5 (2C), 120.9 (2C), 118.3, 55.5, 36.7, 36.1, 34.5, 32.4 (2C), 27.4, 25.8, 25.5 (2C), 22.1, 17.9, 13.8, 13.2;
HRMS-ESI: m/z caled. for C,.H,,N,O,S [M+H]" 499.272 9, found 499.272 6.

'H NMR (400 MHz, DMSO-d,) o: 8.02 (d, /= 8.4 Hz, 2H, ArH), 7.82 (d, J = 8.8 Hz, 2H, ArH), 4.63 (s, 1H, CH,-S), 2.78 (t,J= 7.6 Hz,
2H, NH,CH,CH,CH,CH,CH,), 2.40 (t, /= 7.3 Hz, 2H, NH,CH,CH,CH,CH,CH,), 2.28 (d, J = 7.6 Hz, 2H, CH,-cyclohexyl), 2.08 (s, 3H,
Me), 1.66 (q, J = 5.8 Hz, 4H, NH,CH,CH,CH,CH,CH,), 1.61-1.57 (m, 4H, cyclohexyl and NH,CH,CH,CH,CH,CH,), 1.57-1.50 (m, 4H,
cyclohexyl), 1.37-1.25 (m, 5H, cyclohexyl); *C NMR (100 MHz, DMSO0-d,) 9: 192.1, 175.5, 164.1 (2C), 155.3, 144.2, 131.0, 129.8 (20),
118.0 (2C), 117.0, 43,0, 37.1, 32.9 (2C), 27.2, 26.4 (2C), 25.7 (3C), 24.6, 13.7; HRMS-ESI: m/z caled. for C,;H,N,0,S [M+H]" 485.257 2,
found 485.257 7.

'H NMR (400 MHz, DMSO0-d,) o: 8.00 (d, J= 8.5 Hz, 2H, ArH), 7.82 (d, J = 8.6 Hz, 2H, ArH), 4.60 (s, 2H, CH,-S), 2.76 (t, /= 7.6 Hz,
2H, NH,CH,CH,CH,CH,CH,), 2.40 (t, /= 7.3 Hz, 2H, NH,CH,CH,CH,CH,CH,), 2.30 (m, 2H, CH,CH,), 2.08 (d, /= 6.8 Hz, 2H, CH.-
cyclohexyl), 1.66 (q, J = 5.8 Hz, 4H, NH,CH,CH,CH,CH,CH,), 1.61-1.57 (m, 4H, cyclohexyl), 1.57-1.50 (m, 4H, cyclohexyl and
NH,CH,CH,CH,CH,CH,), 1.37-1.25 (m, 5H, cyclohexyl), 0.92 (m, 3H, CH,CH,); C NMR (100 MHz, DMSO-d,) 6: 192.3,175.8, 164.3
(20), 155.2,144.5,131.1, 129.9 (2C), 118.6 (2C), 117.2, 42.8, 37.2 (2C), 32.9 (2C), 27.2, 26.2 (2C), 25.9 (2C), 24.9 (2C), 18.4, 13.7;
HRMS-ESI: m/z caled. for C,.H,,N,O,S [M+H]" 499.272 9, found 499.273 0.

'H NMR (400 MHz, DMSO-d,) 6: 8.03 (d, J = 8.4 Hz, 2H, ArH), 7.84 (d, J = 8.6 Hz, 2H, ArH), 4.60 (s, 2H, CH,-S), 3.21 (d, /= 5.5 Hz,
1H, CH-NH, ), 2.28 (q,/ = 7.4 Hz, 2H, CH,CH,), 2.07 (d, J = 6.8 Hz, 2H, CH,-cyclohexyl), 1.94 (dq, /= 13.4, 6.8 Hz, 1H, CH(CH,),),
1.49-1.39 (m, 6H, CH(CH,),), 1.30-1.20 (m, 3H, CH,CH,), 0.89 (m, 11H, cyclohexyl); C NMR (100 MHz, DMSO-d,) 6: 191.8,174.3,
163.0, 160.8, 156.1, 143.3,130.8, 129.4 (2C), 120.8 (2C), 118.2, 60.6, 36.6, 35.9, 32.3 (2C), 31.7, 30.1, 25.7, 25.4 (2C), 19.3, 17.8, 17.2,
13.2; HRMS-ESI: m/z caled. for C, H, N,O,S [M+H]" 485.257 2, found 485.257 5.
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'H NMR, "C NMR, HRMS-ESI
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'H NMR (400 MHz, DMSO-d,) J: 8.03 (d, J = 8.4 Hz, 2H, ArH), 7.83 (d, J = 8.5 Hz, 2H, ArH), 4.59 (s, 2H, CH,-S), 3.25 (d, /= 5.6 Hz,
1H, CH-NH,), 2.07 (d, J = 6.7 Hz, 2H, CH,-cyclohexyl), 1.96 (m, 1H, CH(CH,),), 1.80 (s, 3H, Me), 1.61 (d, J = 21.3 Hz, 1H, cyclohexyl),
1.45 (d, J=10.2 Hz, 4H, cyclohexyl), 1.32-1.19 (m, 4H, cyclohexyl), 1.05 (t, /= 7.0 Hz, 2H, cyclohexyl), 0.93 (d, J = 6.7 Hz, 3H, CH
(CH,),), 0.86 (d, J= 6.7 Hz, 3H, CH(CH,),); °C NMR (100 MHz, DMSO-d,) J: 192.0, 174.0, 163.6, 161.0, 156.0, 143.4, 131.0, 129.5
(20), 120.5 (20), 118.3, 60.5, 36.6, 36.2 (2C) , 32.4 (2C), 31.7, 25.8, 25.5 (2C), 18.5 (2C), 10.42; HRMS-ESI: m/z calcd. for C,;H, N,O,S
[M+H]" 471.241 6, found 471.242 0.

'H NMR (400 MHz, DMSO-d,) 6: 8.03 (d, J = 8.9 Hz, 2H, ArH), 7.89-7.79 (m, 2H, ArH), 4.58 (s, 2H, CH,-S), 3.27-3.20 (m, 1H, CH-NH,),
2.06 (q,J = 5.7 Hz, 2H, CH,-cyclohexyl), 1.95 (m, 1H, CH(CH,),), 1.83-1.76 (m, 3H, Me), 1.52-1.18 (m, 6H, CH(CH,),), 1.04-0.79 (m,
11H, cyclohexyl); *C NMR (100 MHz, DMSO-d,) &: 192.0, 174.1, 163.6 (2C), 156.1, 143.4,130.9, 129.5 (2C), 118.3 (2C), 114.8, 60.6, 36.6,
36.2,32.4(2C), 31.7 (2C), 25.8, 25.5 (2C), 19.4 (2C), 10.4; HRMS-ESI: m/z caled. for C,;H,,N,0,S [M+H]" 471.241 6, found 471.241 8.
'H NMR (400 MHz, DMSO-d,) J: 8.02 (d, J = 8.4 Hz, 2H, ArH), 7.83 (d, J = 8.8 Hz, 2H, ArH), 4.58 (s, 2H, CH,-S), 3.19 (d, /= 5.5 Hz,
1H, CH-NH,), 2.28 (q, J= 7.3 Hz, 2H, CH,CH,), 2.07 (d, J = 6.8 Hz, 2H, CH,-cyclohexyl ), 1.98-1.88 (m, 1H, CH(CH,),), 1.65-1.19 (m,
9H, CH(CH,), and CH,CH,), 0.88 (m, 11H, cyclohexyl); °C NMR (100 MHz, DMSO-d,) J: 192.0, 174.5, 163.6 (2C), 156.1, 143.5, 130.9,
129.5 (2C), 118.3 (2C), 114.6, 60.8, 36.6, 36.1, 32.5 (2C), 31.8 (2C), 25.8, 25.5 (2C), 19.4, 17.9, 17.2, 13.3; HRMS-ESI: m/z calcd. for
C,H,,N,0,S [M+H]" 485.257 2, found 485.257 0.

'"H NMR (400 MHz, DMSO-d,) §: 8.01 (d, J = 8.7 Hz, 2H, ArH), 7.83 (d, J = 8.2 Hz, 2H, ArH), 4.57 (s, 2H, CH,-S), 3.43-3.40 (m, 1H,
CH-NH,), 2.08 (d, J = 6.7 Hz, 2H, CH,-cyclohexyl), 1.77-1.70 (m, 1H, CH,CH(CH,),), 1.61 (m, 8H, Me and cyclohexyl), 1.54-1.51 (m,
5H, cyclohexyl and CH,CH(CH,),), 1.17 (m, 3H, cyclohexyl), 0.91 (m, 6H, CH,CH(CH,),); “C NMR (100 MHz, DMSO-d) 6: 192.2.
175.8.160.9. 144.0, 131.4, 131.2, 129.9 (2C), 118.8 (2C), 112.9, 54.5, 44.4,36.7 (2C), 33.1 (2C), 33.0, 26.3, 26.1 (2C), 23.2, 22.6 (2C),
13.8; HRMS-ESI: m/z caled. for C,H, N ,O,S [M+H]" 485.257 2, found 485.257 5.

'H NMR (400 MHz, DMSO-d,) J: 8.06 (d, J = 8.7 Hz, 2H, ArH), 7.85 (t, J = 8.2 Hz, 2H, ArH), 4.59 (s, 2H, CH,-S), 3.44-3.41 (m, 1H,
CH-NH,), 2.29 (m, 2H, CH,CH,), 2.08 (d, J = 6.7 Hz, 2H, CH,-cyclohexyl), 1.77-1.70 (m, 1H, CH,CH(CH,),), 1.64-1.60 (m, 8H,
cyclohexyl), 1.54-1.50 (m, SH, cyclohexyl and CH,CH(CH,),), 1.17 (t, J = 7.1 Hz, 3H, CH,CH,), 0.92 (m, 6H, CH,CH(CH,),); "C NMR
(100 MHz, DMSO-d,) 6: 192.2,175.8,160.9, 144.0, 131.4, 131.2 (2C), 129.9 (20), 118.8, 112.9, 54.5, 44.4, 36.7 (2C), 33.1 (2C), 33.0,
26.3,26.1 (2C), 23.2,22.6 (2C), 18.5, 13.8; HRMS-ESI: m/z calc.d for C,,H,\N,0,S [M+H]" 499.272 9, found 499.273 3.

'"H NMR (400 MHz, DMSO-d,) J: 8.02 (d, J = 8.4 Hz, 2H, ArH), 7.83 (d, J = 8.7 Hz, 2H, ArH), 4.59 (s, 2H, CH,-S), 3.44 (dd, J = 8.5,

5.8 Hz, 1H, CH-NH,), 2.08 (d, J = 6.6 Hz, 2H, CH,-cyclohexyl), 1.80 (s, 3H, Me), 1.77-1.69 (m, 1H, CH,CH(CH,),), 1.54-1.20 (m, 10H,
cyclohexyl and CH,CH(CH,),), 0.89 (m, 9H, cyclohexyl and CH,CH(CH,),); "C NMR (100 MHz, DMSO-d)) 6: 192.5,175.5, 163.3,
161.4, 156.1, 144.0, 130.9, 129.9 (2C), 120.5 (2C), 118.4, 54.2,44.2, 37.1, 36.7, 32.8 (2C), 30.1, 25.9 (2C), 25.8, 23.5, 22.4 (2C), 13.8;
HRMS-ESI: m/z caled. for C,;H,.N,0,S [M+H]" 485.257 2, found 485.257 6.

'H NMR (400 MHz, DMSO-d,) d: 8.06-7.99 (m, 2H, ArH), 7.82 (t, J = 6.2 Hz, 2H, ArH), 4.60 (d, J = 4.0 Hz, 2H, CH,-S), 3.43-3.39 (m,
1H, CH-NH,), 2.28 (m, 2H, CH,CH,), 2.08 (d, J = 5.5 Hz, 2H, CH,-cyclohexyl), 1.73 (dp, /= 13.4, 6.6 Hz, 1H, CH,CH(CH,),), 1.51-1.23
(m, 9H, cyclohexyl and CH,CH(CH,),), 0.97-0.83 (m, 13H, cyclohexyl and CH,CH(CH,),) and CH,CH.,); “C NMR (100 MHz, DMSO-d,)
0:191.9, 175.3, 163.2, 160.5, 156.3, 143.6, 130.9, 129.6 (2C), 120.9 (2C), 118.4, 54.1,43.9, 36.7, 36.1, 32.5 (2C), 25.8, 25.6 (2C), 24.2,
23.1(2C), 21.9, 17.9, 13.3; HRMS-ESI: m/z calced. for C,,H,\N,0,S [M+H]" 499.272 9, found 499.272 7.

"H NMR (400 MHz, DMSO-d,) 8: 8.02 (d, J = 8.4 Hz, 2H, ArH), 7.80 (d, J = 8.6 Hz, 2H, ArH), 7.27-7.16 (m, 5H, ArH), 4.61 (s, 2H,
CH,-S), 3.66 (m, 1H, CH-NH,), 3.01 (dd, /= 13.4, 5.7 Hz, 1H, CH,-Ph), 2.77 (dd, J = 13.4, 7.7 Hz, 1H, CH,-Ph), 2.09 (d, /= 6.6 Hz, 2H,
CH,-cyclohexyl), 1.80 (s, 3H, Me), 1.26 (t, J = 14.8 Hz, 7TH, cyclohexyl), 0.92 (h, J=13.4, 12.3 Hz, 4H, cyclohexyl); "C NMR (100 MHz,
DMSO-d,) : 192.3, 174.4, 163.9 (2C), 156.4, 143.9, 138.7, 131.4, 130.0, 129.7 (2C), 128.5 (2C), 126.6 (2C), 118.8 (2C), 115.4, 57.5, 37.1,
36.7 (2C), 32.9 (2C), 26.3, 26.0 (3C), 10.8; HRMS-ESI: m/z caled. for C,,H,,N,0,S [M+H]" 519.241 6, found 519.242 0.

'HNMR (400 MHz, DMSO-d,) J: 8.02 (d, /= 8.4 Hz, 2H, ArH ), 7.81 (d, J= 8.4 Hz, 2H, ArH), 7.26-7.16 (m, 5H, ArH), 4.61 (s, 2H, CH,-S),
3.69 (m, 1H, CH-NH,), 3.02 (dd, /= 13.4, 5.7 Hz, 1H, CH,-Ph), 2.77 (dd, /= 13.4, 7.7 Hz, 1H, CH,-Ph), 2.29 (q, /= 7.3 Hz, 2H, CH,CH,),
2.08 (d, J = 6.8 Hz, 2H, CH,-cyclohexyl), 1.52-1.18 (m, 7H, cyclohexyl), 0.91 (t, /= 7.6 Hz, 7H, cyclohexyl and CH,CH.,); “C NMR
(100 MHz, DMSO-d,) d: 192.3,174.4,163.6,160.9, 156.7, 143.9,138.7,131.4,129.9 (2C), 129.8 (2C), 128.5 (2C), 126.6, 121.4 (2C), 118.9,
57.5,37.2,36.6 (2C), 32.9 (2C), 26.3,26.0 (3C), 18.4, 13.7; HRMS-ESI: m/z calcd. for C,;H,N,0,S [M+H]" 533.257 2, found 533.257 0.
'"H NMR (400 MHz, DMSO-d,) J: 10.44 (s, 1H, C=0-NH), 8.02 (d, J = 8.4 Hz, 2H, ArH), 7.85 (d, J = 8.5 Hz, 2H, ArH), 4.59 (s, 2H,
CH,-S), 3.80 (m, 1H, pyrrolidinyl), 2.92 (t, J = 6.6 Hz, 2H, pyrrolidinyl), 2.08 (d, J = 7.0 Hz, 2H, CH,-cyclohexyl), 1.79 (s, 3H, Me), 1.73~
1.18 (m, 11H, cyclohexyl), 0.91 (m, 4H, pyrrolidinyl); "C NMR (100 MHz, DMSO-d,) J: 192.5, 174.0, 164.1, 161.4, 156.5, 143.5, 131.6,
130.0 (2C), 118.8 (2C), 115.4,61.2,47.1, 37.1, 36.7, 32.8 (2C), 30.9 (2C), 26.3, 26.1 (2C), 25.9, 10.9; HRMS-ESI: m/z calcd. for
C,H,,N,0,S [M+H]" 469.225 9, found 469.226 3.

'H NMR (400 MHz, DMSO-d,) 6: 10.69 (s, 1H, C=0-NH), 8.20-7.70 (m, 4H, ArH), 4.59 (s, 2H, CH,-S), 3.90 (s, 1H, pyrrolidinyl), 2.95
(m, 2H, pyrrolidinyl), 2.16 (m, 4H, CH,-cyclohexyl and CH,CH,), 1.72-1.10 (m, 12H, cyclohexyl and pyrrolidinyl), 1.01-0.75 (m, 6H,
pyrrolidinyl and CH,CH,); "C NMR (100 MHz, DMSO-d,) d: 192.5, 173.2, 163.8, 160.8, 156.8, 143.5, 131.6, 129.9 (2C), 121.3 (2C),
118.8,61.0,46.9,43.9,37.2, 36.5, 32.9, 30.8, 26.3, 25.9, 25.8, 22.5, 22.2, 18.4, 13.7; HRMS-ESI: m/z calcd. for C,;H, N,0,S [M+H]"
483.241 6, found 483.241 8.

'"H NMR (400 MHz, DMSO-d,) 8: 10.69 (s, 1H, C=0-NH), 8.20 (d, J = 8.4 Hz, 2H, ArH), 7.80 (d, J = 8.6 Hz, 2H, ArH), 4.60 (s, 2H,
CH,-S), 3.90 (t, 1H, pyrrolidinyl), 2.95 (m, 2H, pyrrolidinyl), 2.16 (q, J = 8.5 Hz, 2H, CH,CH,), 2.06(d, J = 7.2, 2H, CH,-cyclohexyl),
1.72-1.10 (m, 12H, cyclohexyl and pyrrolidinyl), 1.01-0.75 (m, 6H, pyrrolidinyl and CH,CH,); C NMR (100 MHz, DMSO-d,) 6: 191.4,
172.2,163.8, 159.8, 156.8, 146.2, 131.8, 129.9 (2C), 121.3 (2C), 118.8, 62.4,46.9, 43.9, 37.2, 36.5, 32.9, 30.8, 26.3, 26.0, 25.8, 22.6, 22.3,
18.4, 14.0; HRMS-ESI: m/z calcd. for C, H, N,O,S [M+H]" 483.241 6, found 483.242 0.
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Table 3  Anti-HIV-1 activities of target compounds (2a-2x)
(Mean + SD, n = 2). EC,;: The 50% effective concentration; CC:

The 50% cytotoxicity concentration; TI: Therapeutic index

cC EC
Compd. R' R’ 0 o TI
/umol-L /umol-L
2a Me HaN_v >200.00 2594095 >7731
M Et HaNv >200.00  0.15+0.02 > 1375.09
2 Me T:.j 1732+£2.60 0.09+001  197.78
2
24 Et T:: 4752025 0.02+001 2159.67
2
p
2e  Me \er 150.60 £ 6.09 1.54+005  97.76
2
o Et \5: >200.00 0474012 >429.78
2
26 Bt HNTNY 106.68+17.93 0.87+0.18  122.09
2h Me N:f 41.17+2.03 0.13£005  316.79
2
2% Et /\Ahf: 50.53+£8.03 0.02+0.01 2797.55
2
2j  Me MNa~~ 69.70+£540 4.04+0.79 17.27
2k Et PN~ 89.31+4.39 0.13+0.03 684.40
A Et )\ﬁv‘ 2261+3.11 0.03£000  916.56
NH,
2m  Me 21 31.75+0.46 0.55+0.02 57.99
NH,
2 Me )\% 1570+ 141 0.08+0.00  187.32
NH,
2 Et )\1 62.09 4 10.20 0.06=0.01 1014.93
NH,
2 Me ﬁ:‘ 74804931 0.66+0.18  112.94
2
5
2q  Et \(T;mz 6634+4.12 012+001  550.22
ar  Me Y\Nr:‘ 45.15+428 0.11+0.06  401.64
2
23 Et Y\Nr:‘ 5580+ 1.46 0.02£0.01 3401.77
2
2t Me m:‘l 18774042 023+0.02  80.04
2
w Bt m:‘l 350341007 0054001  663.13
2
H *
v Me {‘j@ 2474+ 1.18 0.27 +0.02 91.20
H .
2w Et <Nj}% 50.62+0.79 0.01+0.01 4881.85
H "
2x  Et @R 4430+8.79 0.13+0.07  333.42
DB02 >200.00  0.03+0.01 >7750.81
3TC >200.00 0.61+0.72 >325.42

A, 3R 3 W, %26 H bR &9 i g B8 C-5
AL AR IR TG A 2 B R R, 5- £ B AT AR T
HMT S-FHEATAEY), 5-LFEATAEY) 2b.2d 212k 21,
252w B 5- I BE AT A0 2a. 2¢.2h . 2§ 2m . 2r . 2v [ BT

HIV-1 353 T 4~31 5. sl NEEBRT =, BH
AR (2a) KEFE IR (2§) W5 N ETE IS4, H4&
SR AT AR T V0 L Ak A O LB L SRR ERIA 38 B
HRAFPURTIETE. 40, EIEBR I B 3 1
HRm, 50N L-FH 2R LT AR A L- 2 TR 4 &
2w 2s . 21 HoE VR AL T AH B (1) D-#4 BT AR 4 2x . 29
20, Y5 AR FEET, W) L-F BUAT £ (2e-26) B D-
FITART AN (2 2d) TG HEFRAR. &54 ik TR
I3, 1% R IIMGAE P C-2 O BE R o 3 NV 71T AL,
JE B 2[RV K, 12 B I T T e ik e R B 5
V106 B RE ZEEAE A1, H AR BURIE 0T /N 733 il 57
HRT 4G omkE N, Kk, R E R 450 %
S, (A OE P R 2 A R B . S5
TR 22 ) N BE 2 R R S B R, W A Ok R AT
RN
3 IhEE

¥ NNRTIs-DB02 [ 5% 245 P, A ST it 6 il
7 24 /> DB02 & & IR It Wz 117 AE W (2a~2x), K H
'H NMR A1 °C NMR #EAT T 25 i . 4 &1 20 ff 7K ST
PrHIV-13E W 7L R B, H A& 9385 ik B A K4
P HIV-1 3§ 1 (EC,, = 0.01~2.59 pmol-L™), K41k
G T RS R 259 3TC, Hh AL &%) 2d . 2i.21. 25
2w [ EC, [E LT 5S4k &4 DB02 H A A K 1iE
JTHREL (TI> 1 000.00). W4 2K R oMW, %26
b A v e IR C-5 A7 BUAR JE Ko C-2 % oA vty A5 FA | 5
N TR R RN A Y 35 6 i P A B S i) o gk —
SR G N 22 ST (1) S L R A B S R R R 3R R
W EYIKIENE, TR EA BIF2830 1% i bt
HIV {5 IE 259

LI E S

A 7T 2 (AR) BRI Z (RG) B2 AR 48 & B
Bt BATH & A5 2. A ik Bt B R (100/200~
300 H) WA & Sl T, #)2 @i (TLO) iRIWH
FUl 7 KB T 25 PR A A . BEMEEE (thiazolyl blue
tetrazolium bromide, MTT). T % % (penicillin). & £
B LA BERR AU BERR Al Y . TWEEN 20 4
Sigma 2 | 7= it o bt FE B R 44 (sodium dodecyl
sulfate, SDS) A BioFROXX /A &) 7% it » . H 3 WP #1
(dimethyl sulfoxide, DMSO) & VWR Life Science
AMRESCO A # 7= it o #i B2 5% %5 % (streptomycin sul-
fate) S Solarbio 24 & 77§ o N,N-—H 3& H ¥ iz (N, N-
dimethylformamine, DMF) A Ji #5 i B} [ 44 % 5 A B
NP . RPMI-1640. i 4 L3 ( fetal bovine serum,
FBS) ¥ Gibco 2 F] /™ it o Hi KK & (lamivudine, 3TC)



WG 4 AR S0 SRR A 77 DB 02 S FR A7 AL W) A B B4 HIV-1 35 PR 5T © o4l -

WHRELXCEMEAREGR AR . NTHEY K
C8166 4l il % 52 % ¥k HIV-1,,, HH NTH AIDS Reagent
Progro S,

Bruker DRX 400 (¥ii & Bruker 2 &), W45 TMS, &
FI DMSO-d,; $0F 1 554 (WRS-1, H [E 56 R 5
2\ 7]); Agilent LC/MSD TOF Jit 1% (3£ [ Agilent 2
A]); B0 HL (Allegra X-30, 3¢ [ Beckman 2 &]); 2%
W)@ AR (1287)CO, 41 ML 35 3748 (3111).-80 °CK
# (386L —86 °C) (£ [E Thermo 2 #]); 2~8 °C K
(HYC-360). —20 °Cyk 4 (BCD-196E/D) (' [ Haier 2%
F)); W kR X (800TS, 3 [H Bioteck 2 w]); 13 & & 4%
(TS-100F, H 74 Nikon A ).
1 HEYHER
1.1 N-Fmoc-Q2-4-ZEAFREE)2-5RZE)EEH
EREEEV S AR HU 250 mL )44 B i e i, % N-Fmoc-
AR 3 (10 mmol) ¥ T 150 mL — 5 B B2 iAW P, %
H10.75 mL — 50 H4 (10 mmol), b [Eli7 S B 5 h ),
PR ZE TR R 250 ), B2 48 2 h, 43 7 ] 44 N-Fmoc-
AIETRIE S 4, F 150 mL JE7K LTk fif 18] 44 4, PR
IINEHEZE 27 5 (10 mmol), JEI 21 7E % 5 min, A & 44
A%, E, JE U S0 mL /K PRk, A T 48 h 3
&M 6, RN 62%~89%. W ALALEER T F
— R
1.2 (OH-Z-9-FE)BE-(4-C-BZEE)XEH)EE))
SEFRBREENER £ = OEEA AN L —21E
RFEW) 6, TN\ 4.467 g (£ 20 mmol) 1= 1k 8 By & .
120 mL (ZFR ZHe-545 = 111, VIV) IR A V7, I
[5] 9 20 min, BT 20 mL 7K ZBE, [ M 2 h g 45 1k
e HGh g, SRV A ST (30 mL) k. & IEIE
T, FH TG /KR R 5 T 8, el s 228 TR 15 vk 0 £ T 44k ek
O B E W T, ] B R — 2
1.3 BHRUEYHER 7850 mL )& 5K be i 4
BN 2 mmol [ 5-f 5 -2- % 1% g i 8 #1110 mL DMF, £
SEATIE RIS N 2 mmol JE /K Bk BR 4, IR BEEE 0.5 h,
TN B — 25 Fr 48 ] 44 7 (2 mmol), TLC #R B2 Kl )
N ZE TR BT O, RN R BN TKOK R R B, 7
A MY, F QTR BRI 3 IR, B FHANLEHH
TELFR AT BRhOK PR 3 IR, To /KB IR Ah T 6, B 28 TR Bk 2
V), 49 2 B 6 [ AR i (9), B 6 mL S bE i
(9), I 3 mLWREE, & IR N B 30 min, 98 281 BR
FUER . BRI R, F oK 2 Bk /b 5 2 sk &
WRIE, T e 4l AL WAl B B B AR AT (2). IR
#:30%~69%.
2 BHFrMCEYIRIIT HIV-15E M)

2.1 HEYIT C8166 MR SF ML 96 FLIR N

ZGWNAT SRR SRR, JLR B 6 N AIRE, A
Wik B % 3 AN FL (4L 100 pL), [H] &% B T 254 1
FH X HE L (NC) A1 (X REFL (BC)o [ BC FLAP,
LI 100 pL C8166 4t i = ¥ (4 il %5 2 o~ 1 = T
4x10°/M), 1E37 °C.5% CO, R F-MRE TR 3 K, KA MTT
I E A PR C8166 41 i R (1 EEME . 800TS MR X
£ 570/630 nm ¥ & R Wl 5 OD 1H, i1 5 2 54 o 55 1%
RIZ (the 50% cytotoxicity concentration, CC,,)"*'",

22 AT HIV-1,,, B C8166 £ A& 25 19 H0 I 4
F3 96 FLIR P9 #2540 AT S 5 bR FE AR B, 2L B 6 4>
VIR TE, BN AR JE R 3 AR AL (5L 100 pL).
LN 50 uL C8166 41 il 2 i (41 i % /5 N & = T+
8x10°/4™) 5 50 L HIV-1,, 9% # # B (1300 TCIDS0),
[ B 152 B C8166 4H A 5 95 2 1) BH M xf B 5L (PC), B
T37°C.5% CO, IR MM G 7. 55 3 RAEM B 2 i
T (100x) W5 A MR 1R T8 B T, T 5 30 20k

J& (the 50% effective concentration, EC,,)!"" .

fE&E STEK: & 4T ST & AR S T HIV-1 35 PRI &
NEEET RIRMIHL SR A G B R S 55T S )
Lo SC R AR oy 85 B R AR B I AR AN SC ) 2 v Ay
RIS K A7 DTUR AR L S8 AR S SO AB AR

F S ToA 2 R
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