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Abstract: Totally 28 new 12N-substituted aloperine derivatives were designed, synthesized and evaluated for
their down-regulating PD-L1 activities in breast cancer MDA-MB-231 cells. Among them, compound 7f could

significantly down-regulate PD-L1 level in concentration- and time-dependent manners, and exhibit a low cyto-

toxicity. It activated the killing activity of co-cultured T cells against tumor cells in a concentration-dependent

manner, showing the potential of tumor immunotherapy. Further study indicated that 7f mediated the degradation

of PD-L1 through a lysosomal pathway. This study provides useful guidance for the development of aloperine

compounds into new small molecule tumor immune suppressants.
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Figure 1 Structures of aloperine (1), 2, 3 and the modification strategies
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Scheme 1 Synthetic route of all the target compounds. Reagents and conditions: (a) R,NCO, CH,Cl,, TEA, rt; (b) Ethyl bromoacetate,
EtOH, NaHCO,, reflux; (c) LiOH, H,0, reflux; (d) HOBt, DIEA, EDCI, CH,Cl,, 0 °C to rt; (¢) Glycine, HOBt, DIEA, EDCI, CH,Cl,, 0 °C to
rt; (f) HOBt, DIEA, EDCI, CH,Cl,, 0 °C to rt; (g) Glycine, H,0, NaOH, 0 °C to rt; (h) HOBt, DIEA, EDCI, CH,Cl,, rt
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Table 1 The structures, physical properties and spectral data of the target compounds
HR-ESI-MS (m/z)
Yield mp . . Formula
Compd. H NMR C NMR
/% /°C Calcd.
Found

4a 72 7577 (600 MHz, CDCL,) 6 5.55 (s, 1H), 4.30 (s, 1H), 4.04 (s, 1H),3.99- (151 MHz, CDCL,) 6 157.4, 136.5, [M+H]":
3.95 (m, 1H), 3.59 (s, 1H), 3.36 (s, 1H), 3.01 (d, J=9.3 Hz, 1H),  127.2,59.7,59.0, 57.2, 54.4, 46.6, C,,H,N,
2.74 (s, 1H), 2.65 (t, J = 12.4 Hz, 1H), 2.49 (s, 2H), 2.20-2.16 (m, 42.4,39.9,34.9,33.2,33.0, 28.4, 318.254 0,
2H), 2.08-2.07 (m, 1H), 1.92-1.77 (m, 6H), 1.66-1.60 (m, 3H), 26.3,24.4,23.6 (2), 19.4. 318.253 9.
1.41-1.36 (m, 1H), 1.13-1.06 (m, 7H).

4b 71 84-86 (600 MHz, CDCL) 6 5.57 (s, 1H), 4.32 (s, 1H), 4.21 (d,J=5.3 Hz, (151 MHz, CDCl,) 6 157.7, 136.4, [M+H]":
1H), 4.14-4.11 (m, 1H), 3.63-3.61 (m, 1H), 3.40-3.37 (m, 1H), 127.2,59.6, 59.1, 54.3, 52.5 (2), C,H,N,0
3.03 (d,J=8.9 Hz, 1H),2.77 (d, J=12.7 Hz, 1H), 2.68 (t, J = 46.7,39.6, 35.0, 33.8, 33.7, 33.2, 344.269 6,
12.7 Hz, 1H), 2.52-2.51 (m, 2H), 2.22-2.18 (m, 2H), 2.13-2.08 28.4,26.1,24.8,24.5,24.3,24.1, 344.269 7.
(m, 1H), 2.03-1.97 (m, 2H), 1.94-1.77 (m, 6H), 1.68-1.58 (m, 23.7,19.4.
6H), 1.46-1.39 (m, 1H), 1.37-1.30 (m, 2H), 1.12 (d, /= 12.8 Hz,
1H), 1.08 (d, J = 12.1 Hz, 1H).

4c 65 102-104 (600 MHz, CDCl,) 6 7.36 (d, J = 8.8 Hz, 2H), 7.22 (d, / = 8.8 Hz, (151 MHz, CDCl,) ¢ 154.8, 138.0, [M+H]":
2H), 6.36 (s, 1H), 5.63 (d, J= 4.4 Hz, 1H), 4.49 (d, J= 4.2 Hz, 135.8, 128.7 (2), 127.8, 127.5, C,,H,,CIN,0
1H), 3.70 (s, 1H), 3.59 (s, 1H), 3.09 (d, J=9.2 Hz, 1H), 2.78 (s, 120.8 (2), 59.4 (2), 54.2, 46.6, 40.2, 386.199 4,
2H), 2.57 (s, 2H), 2.29-2.23 (m, 2H), 2.17-2.12 (m, 1H), 1.99— 34.9,33.2,28.3,26.0,24.8,24.1 386.199 4.
1.82 (m, 5H), 1.69 (d, J= 12.0 Hz, 3H), 1.47-1.41 (m, 1H), 1.11 (s, (2), 19.3.
2H).

4d 75 93-95 (600 MHz, CDCl,) 6 7.26 (t,J = 2.0 Hz, 1H), 7.15 (t,/ = 8.1 Hz, (151 MHz, CDCl,) ¢ 160.2, 155.0, [M+H]":
1H), 6.83 (dd, J=8.2, 1.3 Hz, 1H), 6.57 (dd, /= 8.2, 1.9 Hz, 1H),  140.7, 136.0, 129.4, 127.7, 111.4, C,H,N,0,
6.38 (s, 1H), 5.63 (d, J=4.7 Hz, 1H), 4.50 (d, /= 4.1 Hz, 1H), 108.9, 104.7, 59.4, 55.3(3), 55.2, 382.248 9,
3.80 (s, 3H), 3.71 (s, 1H), 3.59 (s, 1H), 3.08 (dd, J= 11.6,3.1 Hz,  54.2,46.6,40.2,34.9,33.2, 28.3, 382.249 0.
1H), 2.79-2.73 (m, 2H), 2.58 (s, 2H), 2.33-2.25 (m, 2H), 2.18- 26.1,24.2,19.3
2.13 (m, 1H), 1.99-1.99 (m, 2H), 1.95-1.82 (m, 3H), 1.70-1.66
(m, 3H), 1.48-1.41 (m, 1H), 1.10 (s, 2H).

e 15 136-138 (600 MHz, CDCL,) 6 9.30-9.26 (m, 1H), 6.91 (s, 1H), 4.49-4.45 (151 MHz, CDCL,) 6 173.0, 170.3, [M-HJ:
(m, 1H), 4.09 (t, J = 6.2 Hz, 2H), 3.72-3.68 (m, 1H), 1.56-1.53 (m,  162.1,161.3, 111.8, 82.9 (2), 64.8, C,,H, ON.S,
2H), 149 (d, J= 5.5 Hz, 7H), 1.42 (d, J= 6.2 Hz, 3H), 1.33-1.27  60.8, 57.4, 30.6, 24.2, 24.2, 19.0 490.106 1,
(m, 2H), 0.84 (t, J = 7.4 Hz, 3H). (2), 18.4, 13.9. 490.106 7.

4f 69 226-228 (600 MHz, CDCl,) 6 7.23 (t,J = 7.7 Hz, 1H), 7.14 (d, /= 7.7 Hz, (151 MHz, CDCL,) 6 156.6, 146.4, [M+H]":
2H), 5.66-5.64 (m, 2H), 4.51 (s, 1H), 3.80 (s, 1H), 3.52 (s, 1H), 136.2, 132.9, 127.4 (2), 123.4, C,H,N,0
3.15-3.10 (m, 3H), 2.83 (d, J= 12.4 Hz, 1H), 2.73 (t, J= 12.6 Hz,  123.2(2), 59.8, 59.6, 54.4, 46.7, 436.332 2,
1H), 2.65 (d, J=10.8 Hz, 1H), 2.56 (d, /= 11.4 Hz, 1H), 2.33~ 40.2, 35.0, 33.5, 28.8 (2), 28.5 (2), 436.332 6.
2.28 (m, 2H), 2.21-2.17 (m, 1H), 2.02-1.65 (m, 9H), 1.49-1.42 26.1,24.8,24.6, 24.5, 23.8, 23.6,
(m, 1H), 1.26-1.19 (m, 12H), 1.11 (d, J= 11.7 Hz, 1H). 23.5, 19.6.

4g 61 195-197 (600 MHz, CDCL,) 6 7.66 (s, 1H), 7.30 (d, /= 8.7 Hz, 1H), 7.25- (151 MHz, CDCL,) § 154.4, 139.0, [M+H]':
7.24 (m, 1H), 6.40 (s, 1H), 5.64 (d, J = 3.6 Hz, 1H), 4.48 (s, 1H), 135.6, 132.4, 130.2, 128.0, 125.5, C,,H,.CLN,0
3.74-3.69 (m, 1H), 3.60 (s, 1H), 3.09 (d, J = 10.3 Hz, 1H), 2.77- 121.1, 118.7, 59.6, 59.3, 54.2, 46.5, 420.160 4,
2.73 (m, 2H), 2.57-2.48 (m, 2H), 2.29-2.21 (m, 2H), 2.17-2.12 40.2,34.9,33.2,28.2,26.1,24.8, 420.160 6.
(m, 1H), 1.99-1.82 (m, 5H), 1.70-1.67 (m, 3H), 1.48-1.41 (m, 24.2,24.1,19.2.
1H), 1.10 (s, 2H).

4h 64 215217 (600 MHz, CDCL,) 6 7.38 (d,J= 1.4 Hz, 2H), 6.96 (t, /= 1.7Hz, (151 MHz, CDCL,) 6 154.2, 141.4, [M+H]":
1H), 6.43 (s, 1H), 5.62 (d, J = 4.7 Hz, 1H), 4.46 (d, J = 3.0 Hz, 135.5,134.9, 128.0, 122.4, 117.6 C,,H,.CLLN,0
1H), 3.67-3.58 (m, 2H), 3.07 (d, J = 9.4 Hz, 1H), 2.75-2.71 (m, (2), 117.5, 59.6, 59.3, 54.2, 46.5, 420.160 4,
2H), 2.58-2.50 (m, 2H), 2.25 (d, J = 12.2 Hz, 2H), 2.14-2.09 (m, 40.2,34.9,33.2,28.2,26.1,24.8, 420.160 6.
1H), 1.98-1.79 (m, 5H), 1.68-1.65 (m, 3H), 1.46-1.40 (m, 1H), 24.2,24.0,19.2.
1.12-1.08 (m, 2H).

4i 49 101-103 (600 MHz, CDCL,) 6 7.74 (s, 1H), 7.60 (dd, J = 9.0, 2.4 Hz, 1H), (151 MHz, CDCL,) 6 154.7, 138.6, [M+H]":
7.35(d,J=9.0 Hz, 1H), 6.61 (s, 1H), 5.63 (d, J = 5.4 Hz, 1H), 135.7,131.7, 128.5 128.1, 125.0 C,,H,,CIE,N,0
4.50 (s, 1H), 3.77-3.67 (m, 1H), 3.61 (s, 1H), 3.13-3.04 (m, 1H), 123.7,122.9, 118.6, 59.7, 59.4, 454.186 8,
2.83-2.68 (m, 2H), 2.66-2.47 (m, 2H), 2.36-2.22 (m, 2H), 2.18~ 54.4,46.7,40.4, 35.0, 33.2, 28.3, 454.185 0.
2.09 (m, 1H), 2.02-1.89 (m, 3H), 1.89-1.78 (m, 2H), 1.74-1.63 26.1,24.9,24.3,24.2,19.3.
(m, 3H), 1.49-1.39 (m, 1H), 1.18-1.05 (m, 2H).

4j 19 114-116 (600 MHz, CDCL,) 6 6.90-6.81 (m, 2H), 5.64 (s, 1H), 4.50 (s, 1H), (151 MHz, CDCL,) & 136.5, 135.9, [M+H]":
3.87-3.74 (m, 1H), 3.56-3.43 (m, 1H), 3.17-3.05 (m, 1H), 2.92-  133.3,130.2, 130.1, 129.5(2), C,.H,,ON,
2.70 (m, 2H), 2.67-2.46 (m, 2H), 2.41-2.10 (m, 13H), 2.06-1.77 129.4,129.3,70.6, 61.9, 60.1, 55.1, 394.285 3,
(m, 6H), 1.76-1.56 (m, 3H), 1.51-1.40 (m, 1H), 1.12 (s, 1H). 49.2,47.2,45.7,35.4, 33.0, 29.1, 394.284 9.

25.0,21.6, 21.1, 20.6, 20.1, 19.0.
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Continued
HR-ESI-MS (m/z)
Compd. Yield mp 'H NMR 35C NMR Formula
1% /°C Calcd.
Found

7a 45 73-75 (400 MHz, CDCL,) 6 7.12 (d, J = 8.8 Hz, 2H), 6.54 (d,J=8.4 Hz, (101 MHz, CDCL,) d 167.5, 146.1, [M+H]":
2H), 5.64 (d, J=4.0 Hz, 1H), 4.99 (s, 1H), 4.74 (d, J = 4.4 Hz, 135.3,129.2 (2), 128.5, 122.0, C,,H, CIN,O
1H), 4.02-3.86 (m, 1H), 3.84-3.65 (m, 2H), 3.46-3.31 (m, 1H), 114.1 (2), 59.4, 59.3, 54.4, 46.9, 400.215 0,
3.12-2.98 (m, 1H), 2.74 (d, J = 7.6 Hz, 2H), 2.65-2.54 (m, 1H), 45.5,40.6, 35.1, 31.5, 28.0, 26.3, 400.215 2.
2.43 (s, 1H), 2.38-2.21 (m, 2H), 2.18-2.04 (m, 1H), 1.97 (s, 1H), 24.9,24.6,24.0, 19.2.
1.93-1.74 (m, 5H), 1.72-1.61 (m, 2H), 1.51-1.35 (m, 1H), 1.15-
0.99 (m, 2H).

7b 43 73-75 (600 MHz, DMSO-d,) § 7.22-7.17 (m, 2H), 6.63 (d, J = 8.4 Hz, (151 MHz, CDCL,) 6 167.5, 146.6, [M+H]":
2H), 5.79 (t,J = 4.8 Hz, 1H), 5.60 (d, /= 5.4 Hz, 1H), 4.54 (d,J=  135.3,132.1 (2), 128.6, 114.6 (2), C,,H, BrN,O
5.4 Hz, 1H), 4.00-3.94 (m, 1H), 3.88-3.80 (m, 1H), 3.67-3.60 (m, 109.1, 59.5, 59.4, 54.5,46.9, 45.4, 444,164 5,
1H), 3.52-3.45 (m, 1H), 2.98-2.90 (m, 1H), 2.76-2.70 (m, 1H), 40.6,35.2,31.6, 28.1, 26.3, 24.9, 444.151 0.
2.68-2.62 (m, 1H), 2.55-2.51 (m, 1H), 2.35-2.30 (m, 1H), 2.26 (s, 24.7,24.1,19.3.
1H), 2.23-2.14 (m, 1H), 2.05-1.86 (m, 3H), 1.84-1.74 (m, 3H),
1.67-1.51 (m, 3H), 1.45-1.34 (m, 1H), 1.09-0.98 (m, 2H).

7e 48 59-61 (400 MHz, CDCL) 6 7.00 (d, J = 8.0 Hz, 2H), 6.56 (d,J=8.4 Hz, (101 MHz, CDCL) ¢ 168.1, 145.5, [M+H]:
2H), 5.68-5.59 (m, 1H), 4.83-4.72 (m, 2H), 4.00-3.91 (m, 1H), 135.5,129.8 (2), 128.4, 126.7, C24H34N30
3.87-3.78 (m, 1H), 3.77-3.67 (m, 1H), 3.46-3.39 (m, 1H), 3.08— 113.2 (2),59.4,59.2,54.4,46.9, 380.269 6,
2.99 (m, 1H), 2.77-2.70 (m, 2H), 2.62-2.55 (m, 1H), 2.44 (s, IH),  45.9,40.6, 35.1, 31.5, 28.0, 26.3, 380.268 5.
2.38-2.32 (m, 1H), 2.27-2.22 (m, 4H), 2.17-2.06 (m, 1H), 1.97 (s, 24.9,24.7,24.1,20.5, 19.2.
1H), 1.91-1.83 (m, 3H), 1.82-1.77 (m, 1H), 1.72-1.63 (m, 2H),
1.60 (s, 1H), 1.50-1.39 (m, 1H), 1.15-1.02 (m, 2H).

7d 46 55-57 (400 MHz, CDCl,) 6 7.08 (t, /= 7.6 Hz, 1H), 6.54 (d, J=7.2 Hz, (101 MHz, CDCl,) 0 167.91, [M+H]":
1H), 6.46 (s, 2H), 5.64 (d, J = 4.8 Hz, 1H), 4.89 (s, 1H), 4.75 (d, 147.68, 139.09, 135.47, 129.20, C,,H,N,O
J=4.8Hz, 1H), 4.01-3.92 (m, 1H), 3.88-3.79 (m, 1H), 3.78-3.67  128.40, 118.43, 113.79, 110.35, 380.269 6,
(m, 1H), 3.50-3.39 (m, 1H), 3.10-2.99 (m, 1H), 2.74 (d,J=8.0 Hz,  59.39, 59.19, 54.36, 46.84, 45.58, 380.268 6
2H), 2.64-2.55 (m, 1H), 2.44 (s, 1H), 2.38-2.32 (m, 1H), 2.29 (s, 40.55,35.10, 31.50, 28.02, 26.27,
3H), 2.27-2.22 (m, 1H), 2.17-2.06 (m, 1H), 1.97 (s, 1H), 1.92— 24.85,24.65, 24.04,21.74, 19.23.
1.83 (m, 3H), 1.83-1.74 (m, 2H), 1.73-1.65 (m, 2H), 1.50-1.39
(m, 1H), 1.15-1.02 (m, 2H).

7e 35 57-59 (600 MHz, CDCL) 6 7.04 (d, J = 8.4 Hz, 2H), 6.61-6.54 (m, 2H), (151 MHz, CDCL) § 167.5, 146.5, [M+H]:
5.65 (d,J =42 Hz, 1H), 5.03 (s, 1H), 4.75 (d, /= 4.2 Hz, 1H), 140.7,135.3,128.6, 122.5 (2), C,H, F.N.O,
4.00-3.91 (m, 1H), 3.85-3.79 (m, 1H), 3.78-3.66 (m, 1H), 3.45- 120.9, 113.3 (2), 59.5, 59.4, 54.5, 450.236 3,
3.33 (m, 1H), 3.13-3.00 (m, 1H), 2.74 (d, J = 7.8 Hz, 2H), 2.64~ 47.0,45.7,40.7,35.2,31.6, 28.1, 450.236 3.
2.56 (m, 1H), 2.44 (s, 1H), 2.38-2.31 (m, 1H), 2.31-2.22 (m, 1H), 26.3,24.9,24.7,24.1, 19.3.
2.18-2.08 (m, 1H), 2.00-1.95 (m, 1H), 1.95-1.81 (m, 4H), 1.81-
1.73 (m, 1H), 1.72-1.62 (m, 2H), 1.49-1.39 (m, 1H), 1.15-1.02
(m, 2H).

7f 40 191-193 (400 MHz, DMSO-d,) § 8.65 (s, 1H), 7.06 (d, J = 8.0 Hz, 2H), (101 MHz, CDCL,) 6 167.0, 145.2, [M+H]":
6.99-6.85 (m, 2H), 5.59-5.51 (m, 1H), 4.61-4.50 (m, 1H), 4.48— 137.5,129.5 (2), 128.9, 125.4, C,H,N,O
4.35 (m, 1H), 3.70-3.52 (m, 2H), 3.51-3.40 (m, 1H), 3.38-3.27 115.1 (2), 58.1,57.0, 54.8, 53.7, 394.285 3,
(m, 1H), 3.24-3.08 (m, 3H), 3.06-2.91 (m, 4H), 2.44 (s, 1H), 2.39- 44.4,41.8,33.0, 29.0, 27.0, 22.7, 394.284 7.
2.27 (m, 2H), 2.21 (s, 3H), 2.16-1.97 (m, 3H), 1.94-1.69 (m, 4H),  22.5,22.2,21.3,20.1, 20.1, 17.7.
1.68-1.52 (m, 3H), 1.50-1.34 (m, 1H).

7g 46 79-81 (600 MHz, CDCL,) 6 7.27 (d, J = 2.4 Hz, 1H), 7.09 (dd, J = 8.4, (151 MHz, CDCl,) 6 167.0, 142.3, [M+H]":
2.4 Hz, 1H), 6.46 (d, J = 8.4 Hz, 1H), 5.71-5.62 (m, 2H), 4.77 (d, 135.2,129.1, 128.6, 127.7, 121.4, C,,H, CLN,O
J=5.4Hz, 1H), 4.02-3.92 (m, 1H), 3.88-3.81 (m, 1H), 3.80-3.69 120.2, 111.8, 59.5 (2), 54.5, 47.0, 434,176 0,
(m, 1H), 3.44-3.34 (m, 1H), 3.11-3.00 (m, 1H), 2.78-2.70 (m, 45.3,40.7,35.2,31.6, 28.0, 26.3, 434,177 2.
2H), 2.62-2.56 (m, 1H), 2.47 (s, 1H), 2.39-2.32 (m, 1H), 2.31- 24.9,24.7,24.1,19.3.
2.20 (m, 1H), 2.19-2.08 (m, 1H), 1.97 (s, 1H), 1.92-1.75 (m, 5H),
1.72-1.62 (m, 2H), 1.49-1.38 (m, 1H), 1.15-1.02 (m, 2H).

7h 45 100-102 (600 MHz, CDCL,) 6 6.85 (s, 1H), 5.62 (d, J= 5.4 Hz, 1H), 4.68 (d, (151 MHz, CDCL) 6 178.0, 167.3, [M+H]+:
J=48 Hz, 1H), 4.12-4.04 (m, 1H), 4.02-3.93 (m, 1H), 3.73-3.62  135.2,128.5,59.4, 59.3, 54.4, 46.8, C,H,N,0,
(m, 1H), 3.40-3.34 (m, 1H), 3.03 (dd, J=12.0, 3.6 Hz, 1H), 2.75-  41.5,40.8, 40.6, 39.3 (3), 36.7(3), 452.327 2,
2.69 (m, 2H), 2.60-2.54 (m, 1H), 2.39 (s, 1H), 2.35-2.30 (m, 1H),  35.1,31.6, 28.3 (3), 28.0, 26.3, 452326 1.

2.27-2.20 (m, 1H), 2.11-2.00 (m, 4H), 1.95 (s, 1H), 1.91-1.88 (m,
6H), 1.88-1.78 (m, 4H), 1.75-1.66 (m, 8H), 1.66-1.62 (m, 1H),
1.46-1.38 (m, 1H), 1.12-1.02 (m, 2H).

24.8,24.5,24.1,19.3.
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HR-ESI-MS (m/z)

Compd, Yeid  mp 'H NMR 5C NMR Formula
% FC Caled.
Found

102 40 4345 (400 MHz CDCL) 6 5.63 (d,./= 4.4 Hz, 1H), 545537 (m, 1H), (101 MHz, CDCL) 6 166.2, 134.9, [M+H]:
4.68 (d,J=5.6 Hz, 1H), 3.98-3.90 (m, 1H), 3.84-3.76 (m, 1H),  128.7,59.4,59.3, 54.4, 46.7, 44.6, C,H,N,0.8
3.75-3.64 (m, 1H), 3.30-3.21 (m, 1H), 3.13-3.01 (m, 1H), 2.85-  40.7,38.2 (2), 35.0,31.4, 278, 397.226 8,
2.78 (m, 6H), 2.77-2.70 (m, 2H), 2.62-2.54 (m, 1H), 2.42-2.21 26.2,24.8,24.5,24.0,19.2. 397.225 8
(m, 2H), 2.14-2.03 (m, 1H), 1.97 (s, 1H), 1.93-1.79 (m, 4H), 1.79~
171 (m, 1H), 1.71-1.62 (m, 2H), 1.60 (s, 1H), 1.49-1.40 (m, 1H),
1.15-1.01 (m, 2H).

10b 41 /oil) (400 MHz, CDCL) 3 5.68-5.58 (m, 1H), 5.41-5.28 (m, 1H), 468 (101 MHz, CDCL) d 166.2, 134.9, [M+H]':
(.= 4.4 Hz, 1H), 4.10-3.99 (m, 1H), 3.91-3.83 (m, 1H), 3.8~ 128.7,59.4, 59.2, 54.4, 53.1,46.7, C,H,N0S
3.65 (m, 1H), 3.39-3.21 (m, 1H), 3.13-2.96 (m, 3H), 2.73 (d, /=  44.4,40.8,34.9,31.9,31.4,29.2, 466.309 8,
7.2 Hz, 2H), 2.62-2.53 (m, 1H), 2.49-2.34 (m, 1H), 2.33-2.21 (m,  29.1,28.5,27.8,26.2, 24.8, 24.4, 466.309 3.
1H), 2.15-2.03 (m, 1H), 2.02-1.94 (m, 1H), 1.93-1.78 (m, SH),  24.0,23.6,22.7,19.2, 14.2.
1.77-1.70 (m, 1H), 1.70-1.58 (m, 2H), 1.50-1.35 (m, 3H), 1.34-
120 (m, 10H), 1.15-1.01 (m, 2H), 0.88 (t, /= 6.8 Hz, 3H).

10¢ 50  154-156 (400 MHz, CDCL) 6 7.76 (d, ./ = 8.0 Hz, 2H), 7.31 (d,/=8.0 Hz, ~ (101 MHz, CDCL,) 6 167.1, 143.7, [M+H]':
2H), 5.83-5.68 (m, 2H), 4.66 (s, 1H), 4.07-3.95 (m, 1H), 3.90~ 137.3, 136.2, 129.8(2), 127.4(2), C,H,N,0.8
3.82 (m, 1H), 3.74-3.65 (m, 1H), 3.56-3.44 (m, 1H), 3.42-3.31 126.0,58.12,58.1,54.7,45.5,44.1, 4442315,
(m, 1H), 3.30-3.17 (m, 1H), 3.07-2.90 (m, 2H), 2.76 (s, 1H), 2.69- 42.7,33.9,29.4,27.2, 24.0,22.7, 444.230 2.
2.57 (m, TH), 2.42 (s, 3H), 2.31 (s, 1H), 226-2.15 (m, 1H), 2.14-  22.5,22.2,21.6, 18.7.
1.98 (m, 2H), 1.97-1.87 (m, 2H), 1.85-1.76 (m, 2H), 1.76-1.49
(m, SH).

100 42 8385 (400 MHz CDCl)) 6 7.74 (d, /= 8.4 Hz, 2H), 7.64 (d, J=8.4 Hz, (101 MHz, CDCl,) 6 165.1,138.3, [M+H]":
2H), 5.90-5.78 (m, 1H), 5.60 (d, J = 4.0 Hz, 1H), 4.53 (d, J = 134.7,132.4(2), 129.1 (2), 1288, C,H, BrN,0,S
4.8 Hz, 1H), 3.86-3.76 (m, 1H), 3.74-3.65 (m, 1H), 3.64-3.54 (m,  127.9,59.5,59.2, 54.4, 46.6, 43.7, 508.126 4,
1H),3.18-3.09 (m, 1H), 2.98-2.91 (m, 1H), 2.75-2.61 (m, 2H),  40.7,35.0,313,27.8,26.2, 247, 508.125 0.
2.58-2.50 (m, 1H), 2.25-2.15 (m, 2H), 2.07-2.00 (m, 1H), 1.99-  24.5,23.9,19.2.
1.90 (m, 2H), 1.90-1.76 (m, 3H), 1.73-1.65 (m, 2H), 1.64-1.56
(m, 2H), 1.48-1.38 (m, 1H), 1.14-0.99 (m, 2H).

10 42 83-85 (400 MHz, CDCL,) 6 7.74 (d, /= 8.4 Hz, 2H), 7.64 (d, /= 8.4 Hz, (101 MHz, CDCL,) 8 165.1, 138.3, [M+H]':
2H), 5.90-5.78 (m, 1H), 5.60 (d, J = 4.0 Hz, 1H), 4.53 (d, J = 134.7,132.4 (2),129.1 (2), 1288, C,H, BrN,0,S
4.8 Hz, 1H), 3.86-3.76 (m, 1H), 3.74-3.65 (m, 1H), 3.64-3.54 (m,  127.9,59.5, 59.2, 54.4,46.6,43.7, 508.126 4,
1H), 3.18-3.09 (m, 1H), 2.98-2.91 (m, 1H), 2.75-2.61 (m, 2H),  40.7,35.0,31.3,27.8,26.2, 24.7, 508.125 0.
2.58-2.50 (m, 1H), 2.25-2.15 (m, 2H), 2.07-2.00 (m, 1H), 1.99-  24.5,23.9,19.2.
1.90 (m, 2H), 1.90-1.76 (m, 3H), 1.73-1.65 (m, 2H), 1.64-1.56
(m, 2H), 1.48-1.38 (m, 1H), 1.14-0.99 (m, 2H).

10f 48 7880 (400 MHz, CDCL) 3 7.13 (s, 1H), 5.92 (s, 1H), 5.62-5.54 (m, 1H), (101 MHz, CDCL) § 165.7, 137.3, [M+H]":
459-4.51 (m, 1H), 3.82-3.74 (m, 1H), 3.69-3.61 (m, 1H), 3.61-  136.0 (2), 135.8 (2), 1354, 134.9, C,H,N,0S
3.52 (m, 1H), 3.17-3.08 (m, 1H), 2.97-2.89 (m, 1H), 2.73-2.62 1287, 59.4,59.2, 54.3, 46.7, 43 4, 486.278 5,
(m, 2H), 2.59 (s, 6H), 2.57-2.50 (m, 1H), 2.30-2.24 (m, 7H), 2.23~  40.7,35.0,313,27.8,26.2, 248, 486.277 3.
2.13 (m, 1H), 2.09-2.03 (m, 1H), 2.00-1.90 (m, 2H), 1.89-1.76  24.4,23.9,21.1 (2), 19.2, 18.0 (2).
(m, 3H), 1.71-1.57 (m, 4H), 1.48-1.37 (m, 1H), 1.14-0.99 (m, 2H).

10g 50 89-91 (400 MHz CDCl,) 6 8.71 (d,/= 8.8 Hz, 1H), 8.25 (d, /=68 Hz, (101 MHz, CDC,) 6 165.2, 134.8, [M+H]':
1H), 8.07 (d, /= 8.4 Hz, 1H), 7.94 (d,J = 8.0 Hz, 1H), 7.74-7.67  134.5,134.4, 134.3,129.5, 129.0, C,H,NOS
(m, TH), 7.64-7.58 (m, 1H), 7.53 (t, /= 7.6 Hz, 1H), 6.06-5.98 (m, 128.6 (2), 128.5, 127.2, 124.9, 480.2315,
1H), 5.56 (d,J= 5.2 Hz, 1H), 447 (d, /= 5.2 Hz, IH), 3.89-3.77  124.1,59.4,59.2, 54.3, 46.6, 43.9, 480.230 5.
(m, 1H), 3.71-3.63 (m, 1H), 3.63-3.48 (m, 1H), 3.13-3.03 (m, 40.6,34.9,312,27.7,262,24.7,
1H), 2.95-2.80 (m, 1H), 2.71-2.55 (m, 2H), 2.55-2.47 (m, 1H),  24.4,23.9,19.1.
2.20-2.09 (m, 2H), 2.00-1.88 (m, 3H), 1.87-1.73 (m, 3H), 1.68~
1.61 (m, 2H), 1.57 (m, 2H), 1.46-1.34 (m, 1H), 1.13-0.96 (m, 2H).

10h 47 121-123 (400 MHz, CDCL) 3 8.45-8.41 (m, 1H), 7.96 (d,J = 8.4 Hz, 2H), (101 MHz, CDCL) 3 1653, 135.8, [M+H]'"
7.91(d,J= 8.0 Hz, 1H), 7.88-7.83 (m, 1H), 7.68-7.58 (m, 2H),  135.0, 134.7, 132.1 129.6 129.3, C,H,N,0.8
5.96-5.86 (m, 1H), 5.56-5.49 (m, 1H), 445 (d, /=48 Hz, IH),  129.0, 128.9, 128.6, 128.1, 127.7, 480.2315,
3.89-3.79 (m, 1H), 3.78-3.69 (m, 1H), 3.66-3.44 (m, 1H),3.17-  122.9,59.4, 59.1, 54.2, 46.4, 43.8, 480.230 1.

3.05 (m, 1H), 2.68-2.54 (m, 2H), 2.51-2.40 (m, 2H), 2.15-2.04
(m, 2H), 1.94-1.84 (m, 1H), 1.84-1.76 (m, 2H), 1.76-1.67 (m,
2H), 1.66-1.44 (m, SH), 1.44-1.41 (m, 1H), 1.04-0.94 (m, 2H).

40.6,34.9,31.2,27.6,26.2, 24.7,
24.4,23.9,19.2.
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HR-ESI-MS (m/z)
Compd. Yield mp 'H NMR 35C NMR Formula
1% /°C Calcd.
Found
10i 39 108-110 (400 MHz, CDCl,) 6 8.55 (d, /= 8.4 Hz, 1H), 8.36 (d, /= 8.4 Hz, (101 MHz, CDCl,) 6 165.3, 151.9, [M+H]":
1H), 8.24 (d, J= 7.2 Hz, 1H), 7.64-7.56 (m, 1H), 7.55-7.48 (m, 134.9, 134.4, 130.7, 130.1, 129.9, C,,H,,N,O,S
1H), 7.20 (d, J= 7.2 Hz, 1H), 5.99 (m, 1H), 5.56 (m, 1H), 4.50 (d,  129.4, 128.6, 128.6, 123.1, 119.3, 523.273 6,
J=5.2Hz, 1H), 3.82 (m, 1H), 3.68 (m, 1H), 3.61-3.47 (m, 1H), 115.5,59.3, 59.2, 54.3, 46.6, 45.6 523272 6.
3.10 (m, 1H), 2.88 (m, 7H), 2.64 (m, 2H), 2.51 (m, 1H), 2.22-2.09  (2), 44.0, 40.6, 35.0, 31.2, 27.8,
(m, 2H), 2.04 (m, 1H), 1.92 (m, 2H), 1.80 (m, 3H), 1.68-1.54 (m,  26.2,24.7, 24.4, 24.0, 19.1.
4H), 1.42 (s, 1H), 1.04 (m, 2H).
10§ 46 74-76 (400 MHz, CDCL,) 6 7.37 (d, J = 4.0 Hz, 1H), 7.09-7.03 (m, 1H), (101 MHz, CDCL,) 6 165.1, 141.0, [M+H]":
5.95-5.83 (m, 1H), 5.62 (d, J = 4.8 Hz, 1H), 4.57 (d, J= 5.2 Hz, 134.7, 132.6, 130.8, 130.6, 128.8, C,H,,BrN,0,S,
1H), 3.97-3.88 (m, 1H), 3.85-3.76 (m, 1H), 3.73-3.61 (m, 1H), 128.6, 120.0, 59.5, 59.2, 54.4, 46.7, 514.082 8,
3.24-3.16 (m, 1H), 3.05-2.96 (m, 1H), 2.78-2.65 (m, 2H), 2.61— 44.1,40.7,35.0,31.3,27.8, 26.2, 514.081 8.

2.51 (m, 1H), 2.36-2.20 (m, 2H), 2.19-2.12 (m, 1H), 2.07-1.93 24.8,24.5,24.0, 19.2.
(m, 2H), 1.90-1.71 (m, 5H), 1.68-1.63 (m, 1H), 1.63-1.57 (m,
1H), 1.50-1.36 (m, 1H), 1.15-0.99 (m, 2H).

Table 2 The structures and inhibition rates of PD-L1 level for target compounds. NA: Not active

N N
H WU N o

'yv
4a—4j R 7a-Th 10a-10j
Compd. R R, Inhibition rate/% Compd. R R, Inhibition rate/%
4a Isopropyl / NA 7f p-CH,Ph CH, 3843
4b —) / NA 7g 2/ 4"-CLPh H 50+ 4
0,
4c p-CIPh / NA 7h }Q H 45+3
i,
4d m-CH,OPh / NA 10a N / NA
4e 2,6-(C,H,),Ph / NA 10b FTTTS / 18+38
af § / NA 10c p-BrPh / 10+9
4g 3',4'-CL,Ph / 35+£9 10d p-CH,Ph / NA
4h 3',5-CL,Ph / 47+8 10e p-CF Ph / 11+38

4 3'-CF,-4-CIPh / NA 10f %g\;§ / 20+ 10

4 2,4,6-(CH,),Ph / 34+7 10g % / NA
7a p-CIPh H 27+1 10h % / 26+2

b p-BrPh H 1747 10 §N/ / 64

7e p-CH,Ph H 11+7 10 = . / 35+ 10
7d m-CH,Ph H 1748 1 — — 1549
7e p-CF,OPh H 1+2 ¢FT508 — — 31+5

B 12N JE T L5 N R IERES 2] 104> XU B = AR, BS54 4g.4h F14j T PD-L1
12N-% L2 SRR da~4dj. TGRS R EIR, 7E1% T VR R B 2 w5, 3 2893 931 8 35%47% 1 34%, B
HEFE R A G 5] N BEdE BRI BOR B ORI, Frf3 BAR T BHPEXS I 25 1 fleFT508. g — &R T &
WEY) da~4f N PD-L1MIEPERE R, MAERM EgIN  #Oh =5 AL, AT L& 4i 1076 M 2 3 FRAIK
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AR B G N RCEHUAR B 2R84 Tg X PD-L1 (1) 411 1] 26
9 49%, B IR IR IR R AU Ta~Te 13 1t BH 2 42
o TEEFEHE AR Uity 1 N K ARFR [ 4 WU R A R T35 1,
AL AW Th B0 Rk 45%. 5 46, 18 K im i & 5
SN GREN AT AR, BT AR AU SRA ) 7 S
WA KNG L &, RN 38%.  [RI, AW Tk 7 %
eI IR R i 5 NI IS, & BT 11 AN 12N-sf Pt 2
LR G HAT A 10a~105. 45 B EoR, BT R
Wy Tl 5 S5 AL 10§ b, A SR AL 1 3 14 350 AS [ 2
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FEF ke, AT A% B4 ] ZR AN BRI T S
Y) 4g. 4h. 4j. 7f. 7g. 7Th F1 10j N & Stk &9, FI
Western blot J5 VA 7E [Fl— 4l i &2 _EI6AE T HF i PD-L1
BEYE (B12). B KR53 BT B8 S 7, FE 2 eFT508
(R 28 33%, 4g . 7E.Tg Th AT 10§ F 4081 2840 o) %
5, 20 R 30%35%47%45% A1 41%, 5 _Fik ELISA
SRR —,

3 ‘HAAEMR

KHFFIERT IR 7TAE S SV T 40
P, 3% MDA-MB-231 41 Vero 41 il f1 293 T 41 A,
KHMTT M E T & EY 5 20 H L5595 24 h 192
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10j 7 HH 8 1 2 A 1k, HEAE Vero A MDA-MB-231
4 g 1) CCy, [E 3K T 200 pmol- L7

1AW 78 Th R 10§ 3 2w s My L 20 i 2

Table 3 Cell viability assays of active compounds

CC./umol-L"
Compd.
Vero E6 293T MDA-MB-231
4g 24.1+£29 15.6+1.2 198+ 13
4h 18.3+£2.0 11.2+0.18 58.5+4
4j 107 +£20 38.8+3.5 >200
7f > 200 85.4+13 > 200
7g 66.6 +9 144+£2.6 150 +£24
7Th > 200 108 +2.0 > 200
10j > 200 117+ 12 > 200
A

o &
S Q'
Qv‘ é{\" 4g 4h 4 M Tg Th  10j

I RS 25, {E 225 R Ak A9 Th IR B JE 45 14 1T g 5 30
FIAREE AR e, 3% TERT 10§ HF JE 3t — B 7 .
4 LEMIF10j FEPD-L1 REBKFE
AW 5T K F Western blot J5 %% %2 7 7€ F110j LIAS
[ 94 F5 Ab B MDA-MB-231 41 fe i, R 1 41 it i, PD-L1
HEKPREMKER. WE3AFE 3B R, 7H110§
Y3 LV B AR #5119 5 3% R R PD-L1 2 (1 (%%, HAk
G TERADE R T 10§, [FE, 7€ R PD-L1 & H
F 1R i IE LA I TR A ol bk, LR 12 h B SR B 5 4
FH 24 h 58 B AH 24 1) B PD-L1 3G PE (B13C),
5 WA TSRS T A E M R 5551
PD-1/PD-L1 15 ‘5 38 ¥& (1305 W] #0] T 48 %k Jif g
(1) A5 1, 5 8 44t i 9% 106 3% % D) AH 5%, PD-L1 7K
ST B ARG PT I0TE T 4 B K e 4 A ) 7% 0 v 1
b, AT FEVEAL T 762 75 AT 3G SR ILRE IR 0 T 40 Bt i
SN R E R . Wi 4A iR, 7 MDA-MB-231
Y A1 Jurkat T 4080 (1:2) JEEE IR 24 F, 76 0] LA
OB T G 9 T 4B R EH . 7E 20 pmol-L™
(3 BE R AT R IR BT B O VR 1 (8 4B), 5 R A
PD-L1 RIX RSB0 B — 5.
6 EYTETFEEIREZENT S PD-L1 BFERE
HUEATE 78 B, o AT AEY) 2 713 T8 PD-L1 /K
S FRATL 1) 35 AN T e S K, TR 3 Sl e R
Bl 1A RN R e 12 2 B 1 A 0 58 oo G B >0 AR
FUHE TE 53 ) 5 5 e A 1) 57 S (CQ) N R 1 Tl A 417
Hil7MG132 $L b ¥, DL %2 7 8 PD-L1 7K1 1F H
L. 455 2or (B 5A), MG132 5 7f 3 5] kb B 41 i
AN SZ IR 7€ 5% PD-L1 # R P4, 1 CQ 5 7f (I 3L 1A
A FE U AT 0] 7€ %5 PD-L1 AR (N RAE A, 3Rtk &
Y 7f 3 BB I B AR 12 1 9% PD-L1 FIBR A, 52 1)
YE R B —3.
AHF 58K H Discovery Studio 4.5 #AF X440 2.
3MTEIFRE 7oy TR G, 7 TR A R (B
5B) ‘Lo, WG AR AL A S 2 A 7E IR HL Aok
(SO,/CO) 1) AL — A NG+, T & 1 B4R HL I 7Y

*********

PD-L1/GAPDH

0.0

V@0&"&: 4g 4h 4j 7f 7g Th 10j
os

Figure 2 Aloperine derivatives lower PD-L1 protein level. A: MDA-MB-231 cells were treated with the indicated compounds (20 umol-L™)

for 24 h, the protein level of PD-L1 were measured by Western blot. GAPDH served as the loading control; B: Gray scan results of A. The

data presented is the mean + standard deviation. “P < 0.01, P < 0.001 compared with DMSO treatment
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Figure 3 Compounds down-regulated the expression of total PD-L1 in MB-MDA-231 cells. A: MDA-MB-231 cells were treated with
different concentrations of 7f for 24 h; B: MDA-MB-231 cells were treated with different concentrations of 10j for 24 h; C: MDA-MB-231
cells were treated with 7f (20 pmol-L™) for the different durations. The data presented were the mean + standard deviation. "P < 0.1, P <
0.01, P <0.001 and ""P < 0.000 1 compared with DMSO treatment
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Figure 4 Compound 7f enhanced the cytotoxicity of T cells. A: MDA-MB-231 cells co-cultured with activated T cells for 24 h with or
without different concentrations of 7f pretreatment were subjected to crystal violet staining. The ratio of MDA-MB-231 to T cells is 1:2;
B: The absorbances at 562 nm of the violet dyed crystals in methanol solution were measured. The data presented is the mean + standard
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deviation. ""P < 0.001 and """P < 0.000 1 compared with DMSO treatment

Figure 5 Lysosome pathway contributes to 7f-mediated PD-L1 degradation. A: Western blot measuring the PD-L1 expression in MDA-
MB-231 cells pre-treated with CQ (50 umol-L™") or MG132 (1 umol-L™"), followed by 7f treatment for 24 h; B: Molecular simulation model
of compounds 2, 3 and 7f by Discovery Studio 4.5
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