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Abstract

Using BMS-1018 as the lead compound, two series of novel naphthalene-based PD-1/PD-L1 small
molecule inhibitors were designed and synthesized by replacing the biphenyl moiety with a
naphthalene ring and applying the principle of bioisosterism combined with molecular docking
technology. The structures of the target compounds were confirmed by tH-NMR and ESI-MS. The
inhibitory activity of the compounds against the PD-1/PD-L1 interaction was evaluated by homo-
geneous time-resolved fluorescence. The results showed that all the target compounds displayed
different degrees of inhibitory activity. Among them, six compounds A-8, A-9 and B-5, B-6, B-8, B-9
have outstanding activities, which are worthy of further study.
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1. 5|8

GG AT 557 A2 F I8 kP R R A5 5 R ) T 40 A G B 805 B 15 5 B [ 1] (EIEHAE
HRE T, A SRR B B 52 R e B e b R R EAER, (REMR R, R A
MIREAMRIERNE, SSERRERR[2]. B 2014 £LIK, EE FDA Ciit#E 6 Ff PD-1/PD-L1 #
S REPUA A THEVR YT (3], XL HGT B IRIF MG IRIT AL, 23 G 1 3B o0 Ll Jovva o7 (0 B 1 i gg i
FIITIG o AEJR R AR | ARSI 6 | G J M 55 1) AT SR BR 1) T % S SR I PR S FH [4] - R, PD-1/PD-L1
NG FAMR TR A 51 S T K B 22 SE AR MUK R 24 23 Rl R DGTEE[S]. 2015 4F,  H B SE it 5t 5 (BMS) A Hl
YR T — R EAT [)-(R A ) BE B 226 PD-1/PD-L1 /Ny T #0H17(E 1) [6] [7]. BJS, Holak i
R R IN, BMS-202 K H R PT5F PD-L1 & E RVE = SRR &, MIMFHLIE PD-L1 5 H % & PD-1
MG, FFmABHW M E 5% 28] [9] [10]. ZRNX—MEERNLHIKE &, —&5H 4 PD-1/PD-L1
NG FRHIFR S SRR R, A S B S R B UEAE (11,
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Figure 1. The representative small-molecule PD-1/PD-L1 inhibitors developed by BMS
1. BMS & By % PD-1/PD-L1 /> FHIHIFI A5
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2. B LSRRI S a/RK
2.1. BiRLEPIRIET

£ BMS A7 AJF PD-1/PD-L1 /Nyy il fIZ5# )5, Holak 5[8] [91#7 1 I BMS-202.
BMS-1001. BMS-1166 5HH FI45 & a4, RIMHIA A BURER 5 PD-L1 R s i /K i &
TERRRBEMIER . BARORYE, BRI a RAENE S A TEIERT Metl 15 TR n-be il ERUERT, BRIE
BSRIRAR S ) T R PT RE A A TR a0k, ARSCIEF Sl IR G M B iz 3h, A £
BIDEIRGE ) o R RIS, S SEAUAR AR L T S B, T L 5 K 22 1 Mt 15 1) m-fe 2R 1 o
W, R SBORE AN, AR S SRR . LA, FRATTIE X 7 X SR K
FrBER FEPBEATIAL, DAERIHEERE, Ait 7 A R508 B 251 Histb &9(E 2).

CN ”
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Figure 2. The design strategy of the target compounds A and B
2. A 7 B &Y BIR LSRRI R

A RV AL ER: L I-RFEEZON R, 5 2,4- R P2 Williamson RHE S WA i
Ak 1, 1 SIAFEES RS AE R A 2, 2 70005 & R e S sl a R IR 22 I SR AL S R 15 H ARk

m o | gj,cm Sj/oN
ol - %@ %@ e e

A-1~A-9
RFFZE: (a) CH;CN, NaHCO;3, 90°C, 6 h; (b) 3-(bromomethyl)benzonitrile, DMF, K,COs3, rt, 12 h; (¢) DMF, AcOH, NaBH;CN, rt, 24 h.

Figure 3. Synthetic route for the target compounds A-1~A-9
3. BFREEY A-1~A-9 A AR ERL:

B 25 HL A A . DL 2-IRHFRZENER, 5 24- " RRIIKH L Williamson Bk 5 8 A B
WA 3, 3 SIRFIE BN AR 4, 4 5505 8% Fh & ST ek 2 3 R4 0 SR AL [ B 1175 B ARk
A4 B-1~B-9 (& 4).

DOI: 10.12677/hjmce.2021.92012 96 i


https://doi.org/10.12677/hjmce.2021.92012

B &

OH

'
&

(e}
Br a O b O c O
3 4

J@ARZ
B-1~B-9
WA LE: (@) CH;CN, NaHCO3, 90°C, 6 h; (b) 3-(bromomethyl)benzonitrile, DMF, K,COs3, rt, 12 h; (¢) DMF, AcOH, NaBH;CN, rt, 24 h.

Figure 4. Synthetic route for the target compounds B-1~B-9

E 4. BiR1L &4 B-1~-B-9 FY& R ER &

2.2. BARLEPINER

WAEYIE BURFH RY-1 BUE SO E, RETHRZERIE; "H-NMR f#i ] ACF-300 MHz ¥ i3 HR (I
5E, TMS NN Fr; ESI-MS {# ] Agilent 1100 Series LC/MSD Trap (SL)FIEACHIE « BTG 7 A L85 ) 5
B 341 R T B A A B8 0 T 40

2.2.1. BRLEW A-1~A-9 BIER

73R 1-IR R 22(2.0 g, 9.1 mmol)\2,4- —FRFEIR (1.5 g, 10.8 mmol ) MIBRFZ S 4(1.2 g, 14.3 mmol)
BN ZHEB0 mL)H, 90°C [/ M 12 he AIAZK(100 mL), Z.FR ZEE#EE(50 mL x 3), A HUAHH K
FREETJ8, JhiE, JEMRAE, A2 ENT 2 B CH MR 1R 208, AR 15: )48 A fEE 1 (1.5 g, ICF 59.6%).
'H NMR (300 MHz, DMSO-dy) § 11.07 (s, 1H), 10.02 (s, 1H), 8.00-7.96 (m, 2H), 7.95 (s, 1H), 7.93 (d, J=3.2
Hz, 1H), 7.65 (d, J = 8.7 Hz, 1H), 7.58 (dd, J = 8.4, 1.8 Hz, 1H), 7.55-7.52 (m, 2H), 6.70 (dd, J = 8.7, 2.4 Hz,
1H), 6.62 (d, J=2.3 Hz, 1H), 5.35 (s, 2H).

A 1(1.5g, 5.4 mmol). BRERAH(1.1 g, 8.1 mmol)Al 3-FIEHEH (1.4 g, 7.1 mmol)iI A DMFE(30
mL)H, FEIRSAN 6 he MAJK(150 mL), MR BEFE(50 mL x 3), AAUHHICKRIREE 1, #hik,
PERRGE  AE Z T B (i b/ 28 T8, ARAREL 8:1)73 (I il 4k 2 (1.8 g, K 84.9%). 'H NMR (300 MHz,
Chloroform-d) & 10.38 (d, J = 5.1 Hz, 1H), 7.92 (d, J = 9.5 Hz, 2H), 7.90-7.82 (m, 3H), 7.68 (dd, J = 16.1, 5.9
Hz, 2H), 7.64-7.59 (m, 1H), 7.58-7.51 (m, 2H), 7.48 (dd, J = 14.3, 7.1 Hz, 2H), 6.83-6.68 (m, 1H), 6.59 (d, J =
4.7 Hz, 1H), 5.29 (s, 2H), 5.16 (s, 2H).

3-(((((1,3-F0dk-2- F L Py de-2-Jik ) B A ) Y ik )-5- (2% - 1- 28k P AU 2R U8 ) FH ) 2R TR (A-D A 5% s
2(0.2 g, 0.5 mmol)¥ T DMF(25 mL)H, BlJGHKIMA 2-52%-2-F1 5:-1,3-P4 —F£(0.1 g, 1.0 mmol). VKR
F£(0.06 g, 1.0 mmol)FIEFENI AL AH(0.1 g, 1.6 mmol), =N 24 ho JIAK(S0 mL), ZFRZBEXEHL(20
mL x 3), AU TCKEREREE T8, Hhik, JEMRYE, A EN S E P/ R, AL 20:1), 15 0.15
g A K A-1, IR 61.1%, mp 183°C~185C . ESI-MS m/z: 481.2 [M-H] . '"H NMR (300 MHz, DMSO-d;)
8 8.10-8.06 (m, 1H), 8.03 (d, J=2.0 Hz, 1H), 8.00 (dd, J=7.7, 1.9 Hz, 1H), 7.95 (d, J = 8.2 Hz, 1H), 7.91-7.87
(m, 1H), 7.83 (d, J = 7.7 Hz, 1H), 7.68 (dd, J = 7.0, 1.2 Hz, 1H), 7.62-7.57 (m, 3H), 7.52 (dd, J = 8.2, 7.0 Hz,
1H), 7.44 (d, J= 8.2 Hz, 1H), 6.88 (d, J = 2.3 Hz, 1H), 6.81 (dd, J = 8.4, 2.3 Hz, 1H), 5.60 (s, 2H), 5.40 (s, 2H),
5.22 (s, 2H), 4.12 (s, 2H), 3.55 (s, 2H), 3.54 (s, 2H), 1.12 (s, 3H). RS T7 %814 B bt &4 A-2~A-9.

3-((2-((PHR MR -2~ PP R ) G ) P 0K )-5- (35 -1- AU 0 ) R AU ) ) R T (A-2), VGl A, U
62.2%, mp 172°C~174°C . ESI-MS m/z: 473.2 [M-H]'. "H NMR (300 MHz, Chloroform-d) & 7.92 (td, J = 6.2,
3.0 Hz, 2H), 7.87 (d, J= 8.0 Hz, 1H), 7.72 (dd, J = 8.9, 1.7 Hz, 2H), 7.62 (dt, J= 7.7, 1.4 Hz, 1H), 7.54 (dd, J =
6.4, 3.3 Hz, 2H), 7.51 (d, J= 1.1 Hz, 1H), 7.50-7.48 (m, 2H), 7.47 (s, 1H), 7.33 (d, J = 1.8 Hz, 1H), 6.68 (dd, J
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=8.4,2.3 Hz, 1H), 6.59 (d, J= 3.4 Hz, 1H), 6.55 (d, ] = 2.3 Hz, 1H), 6.30 (dd, J= 3.3, 1.9 Hz, 1H), 5.34 (s, 2H),
5.10 (s, 2H), 3.97 (s, 2H), 3.94 (s, 2H).

3-((2-((1,3- ZFR FE N BE-2- 28 ) U 3k ) HH ) - 5-(25- 1 - AU R AU ) R ) X U IB (A-3), Tl A, ISR
42.0%, mp 175°C~177°C . ESI-MS m/z: 467.2 [M-H] . '"H NMR (300 MHz, Chloroform-d) & 7.99 (t, J = 8.0 Hz,
1H), 7.86 (dt, J=15.1, 7.4 Hz, 2H), 7.73 (d, J = 5.6 Hz, 1H), 7.60 (d, J = 6.5 Hz, 1H), 7.53 (dq, J=7.7, 4.1 Hz,
4H), 7.43 (d, J = 7.3 Hz, 2H), 7.33 (s, 1H), 6.68 (d, J = 7.6 Hz, 1H), 6.57 (d, J = 5.7 Hz, 1H), 5.41 (s, 2H), 5.08
(s, 2H), 4.07 (s, 2H), 3.74 (d, J = 7.1 Hz, 4H), 3.00-2.94 (m, 1H), 2.90 (d, J = 7.4 Hz, 2H).

N-Q2-((2-((B-FFEIR) AL )-4-(Z5-1-F L) WA E L) .38 4 BE e (A-4), E R, 1F 41.0%, mp
165°C~167°C . ESI-MS m/z: 478.2 [M-H]'. 'H NMR (300 MHz, Chloroform-d) & 8.06-7.96 (m, 1H), 7.92-7.87
(m, 1H), 7.85 (s, 1H), 7.73 (d, J = 6.7 Hz, 1H), 7.66 (d, J = 8.1 Hz, 1H), 7.56 (t, J = 5.6 Hz, 2H), 7.53 (s, 1H),
7.51-7.44 (m, 2H), 7.34 (d, J = 8.5 Hz, 1H), 7.10 (s, 1H), 6.71 (d, J = 8.2 Hz, 1H), 6.60 (d, J = 14.7 Hz, 1H),
5.44 (s, 2H), 5.15 (s, 2H), 4.11 (s, 2H), 3.44 (t, J = 10.4 Hz, 2H), 3.12 (t, J = 6.4 Hz, 2H), 1.93 (s, 3H).

N-(Q2-((3-FAFEH) AL )-4-(Z5-1 - AU B8 5 8- V- FR R H &R (A-5), Ak, R 56.2%, mp 171°C
~173°C. ESI-MS m/z: 465.2 [M-H]'. 'H NMR (300 MHz, DMSO-dy) 5 8.09-8.05 (m, 1H), 7.98-7.93 (m, 2H),
7.91 (d, J= 5.1 Hz, 2H), 7.79 (t, J = 8.4 Hz, 2H), 7.65 (d, J = 7.1 Hz, 1H), 7.57 (dd, J = 8.1, 4.3 Hz, 3H), 7.51
(d, J=17.6 Hz, 1H), 6.78 (d, J = 2.3 Hz, 1H), 6.70 (d, J = 7.9 Hz, 1H), 5.51 (s, 2H), 5.19 (s, 2H), 3.56 (s, 2H),
3.55 (s, 2H), 2.14 (s, 3H).

(8)-1-(2-((3-FUHE A FH B Ik ) S A )-4- (25 - 1 -2 W 48Uk ) R 0 IR WE -2-FR IR (A-6), Tl A4, Wi 46.6%.,
mp 172°C~174°C. ESI-MS m/z: 505.2 [M-H]= 'H NMR (300 MHz, DMSO-d) & 8.08 (d, J = 7.8 Hz, 1H),
8.01-7.92 (m, 3H), 7.82 (dd, J = 12.0, 7.7 Hz, 2H), 7.67 (d, J = 7.0 Hz, 1H), 7.59 (q, J = 7.5, 6.5 Hz, 3H), 7.52
(t, J=7.6 Hz, 1H), 7.36 (d, J = 8.4 Hz, 1H), 6.83 (s, 1H), 6.79 (d, J = 8.2 Hz, 1H), 5.54 (s, 2H), 5.22 (s, 2H),
4.04-3.97 (m, 2H), 3.86 (s, 1H), 3.19 (dd, J = 8.1, 4.1 Hz, 1H), 3.00 (dd, J = 11.5, 5.9 Hz, 1H), 1.86 (t, J=9.3
Hz, 1H), 1.73 (q, J=10.7, 9.3 Hz, 1H), 1.53 (m, 3H), 1.37 (q, J= 7.5, 7.1 Hz, 1H).

(2-((3-FAIE IR H I I ) B 2 ) -4 (25 -1 - JE FH AU B0 ) 5 30 )-L- 22 R (A-T), Al i 44.8%, mp 167°C
~169°C. ESI-MS m/z: 481.2 [M-H]'. 'H NMR (300 MHz, DMSO-d;) & 8.07 (d, J = 8.0 Hz, 1H), 8.00 (s, 2H),
7.94 (d, J= 8.4 Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.80 (d, J = 7.7 Hz, 1H), 7.66 (d, J = 7.0 Hz, 1H), 7.63-7.53
(m, 4H), 7.52 (d, J = 7.7 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 6.86 (s, 1H), 6.79 (d, J = 8.3 Hz, 1H), 5.55 (s, 2H),
5.24 (s, 2H), 4.17 (d, J = 11.7 Hz, 2H), 3.84 (s, 2H), 3.43 (s, 1H).

2-((2-((3-FHE 2K F 8 ) A 0 )-4- (25 -1 - R AU 5 0 U BE)-3- 72 i T TR (A-8), BBl 1, IR 41.5%,
mp 161°C~163°C. ESI-MS m/z: 495.2 [M-H]". "H NMR (300 MHz, DMSO-d) & 8.08-8.05 (m, 1H), 7.98 (d, J
=9.3 Hz, 2H), 7.94 (d, J = 8.3 Hz, 1H), 7.88 (d, J= 7.9 Hz, 1H), 7.80 (d, J = 7.7 Hz, 1H), 7.66 (d, J = 6.8 Hz,
1H), 7.61-7.56 (m, 3H), 7.53-7.49 (m, 1H), 7.32 (d, J = 8.3 Hz, 1H), 6.81 (d, J = 2.2 Hz, 1H), 6.74 (d, J = 8.3
Hz, 1H), 5.53 (s, 2H), 5.22 (s, 2H), 3.91 (d, J = 6.3 Hz, 2H), 3.84 (d, J = 4.5 Hz, 1H), 3.81 (d, J = 6.1 Hz, 1H),
1.11 (d, J = 6.2 Hz, 3H).

(2-((3-FUHE IR I 2 ) S 0 ) -4- (25 - 1 - AU ) R 80 )-L- T LR (A-9), il 4k, IS 43.9%, mp 174°C
~176°C. ESI-MS m/z: 491.2 [M-H]. 'H NMR (300 MHz, Chloroform-d) & 8.02-7.98 (m, 1H), 7.94-7.88 (m,
2H), 7.72 (d, J = 7.8 Hz, 1H), 7.68 (s, 1H), 7.60 (s, 1H), 7.55 (dd, J = 4.0, 2.4 Hz, 2H), 7.51-7.45 (m, 2H), 7.39
(d, J= 8.3 Hz, 1H), 7.28 (s, 1H), 6.70 (dd, J = 8.3, 2.3 Hz, 1H), 6.57 (d, J = 2.3 Hz, 1H), 5.43 (s, 2H), 5.14 (s,
2H), 4.28 (s, 2H), 3.91 (d, J = 4.1 Hz, 1H), 3.58 (q, J = 3.8, 3.3 Hz, 1H), 2.94 (d, J = 9.5 Hz, 1H), 2.38-2.27 (m,
2H), 1.97 (dd, J=10.1, 5.9 Hz, 2H).
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2.2.2. B¥RLEY B-1~B-9 BIE AL

53 K 2-IR 2 ZE(2.0 g, 9.1 mmol). 2,4- —FEIE K FHEE(1.5 g, 10.8 mmol ) FIARER E AN(1.2 g, 14.3 mmol)
I ZJEGO mL)H, 90°CE M 12 ho HIAZK(100 mL), Z.F& ZFEE#HL(50 mL x 3), N TC/KH
FRBETH, iR, JEWOIRAR, A JZHT 70 B CR T/ LR OB, FALL 15:1)45 B R 3 (1.4 g, U5 55.6%).
'"H NMR (300 MHz, DMSO-dy) & 10.97 (s, 1H), 9.92 (s, 1H), 7.95-7.92 (m, 2H), 7.90 (s, 1H), 7.87 (s, 1H), 7.62
(d, J=6.7 Hz, 1H), 7.55 (dd, J= 7.5, 1.7 Hz, 1H), 7.45 (d, J = 7.5 Hz, 2H), 6.65 (dd, J = 7.7, 2.1 Hz, 1H), 6.53
(d, J=1.3 Hz, 1H), 5.35 (s, 2H).

3% 3 (1.5 g, 5.4 mmol). BRERER(1.1 g, 8.1 mmol)fl 3-FIEEIEIR(1.4 g, 7.1 mmol)JiI\ DMF (30
mL)H, ZHEXMN 6 he JIAK(50 mL), ZRZBEFEU(S0 mL x 3), A HAHHICKBRBREET 1R, HhiE,
VETIRSR , FEEMT 0 B (B 2.1 218, AR EE 8:1)75 I afEl 14 4 (1.7 g, 1K 80.2%) . 'H NMR (300 MHz,
Chloroform-d) & 10.39 (s, 1H), 7.93 (s, 1H), 7.90 (d, J = 2.2 Hz, 2H), 7.88 (s, 2H), 7.71 (s, 1H), 7.65 (d, J= 5.7
Hz, 1H), 7.62 (s, 1H), 7.56 (d, J = 3.7 Hz, 1H), 7.53 (dd, J= 3.8, 2.1 Hz, 2H), 7.51 (d, J = 2.6 Hz, 1H), 6.76 (dd,
J=28.8,2.2 Hz, 1H), 6.59 (d, /= 2.2 Hz, 1H), 5.31 (s, 2H), 5.17 (s, 2H).

3-((2-((1,3- - F -2 H B TR e -2- 56 ) B35 ) R 35 ) - 5-( 25 -2- 35 H AR 3 ) 2R B8 368 ) P 368 ) 2 RS (B- 1) P A1) 45 -
¥ 4 (02 g, 0.5 mmol)iAT DMF(25 mL)H, Bl f5 KM 2-25E-2-FF £E-1,3-T9 —E£(0.1 g, 1.0 mmol).
VKEEBZ(0.06 g, 1.0 mmol)RIFIEMIEALA8(0.1 g, 1.6 mmol), IR 24 h, IIAIK(G0 mL), 2B 2B
FH(30 mL x 3), AU TC/KEREREE T, ik, MRS, H2E0 0B (& B bt/ HEE, AL 20:1),
2 0.15 g BFEE B-1, 1% 40.7%, mp 182°C~184°C. ESI-MS m/z: 481.2 [M-H]. '"H NMR (300 MHz,
DMSO-dy) & 8.24 (s, 1H), 8.02 (s, 1H), 7.98 (s, 1H), 7.97-7.93 (m, 2H), 7.92 (d, J = 4.9 Hz, 1H), 7.88 (d, J=7.9
Hz, 1H), 7.82 (d, J = 7.7 Hz, 1H), 7.63-7.57 (m, 2H), 7.56 (q, J = 1.8 Hz, 1H), 7.54-7.53 (m, 1H), 7.38 (d, J =
8.4 Hz, 1H), 6.86 (d, J= 2.3 Hz, 1H), 6.74 (dd, J = 8.4, 2.4 Hz, 1H), 5.37 (s, 2H), 5.34 (s, 2H), 5.22 (s, 2H), 4.10
(s, 2H), 3.52 (s, 4H), 1.10 (s, 3H). FRRATI 7 %014 H s LAY B-2~B-9.

3-((2-((1,3- = FR FE T e -2- 258 ) U 8 ) PV R ) - 5- (28 -2- 25 HR AU ) 2R AU 28 ) FR ) R I (B-2), (1 (il Ak, i
56.0%, mp 163°C~165°C . ESI-MS m/z: 467.2 [M-H] . 'H NMR (300 MHz, Chloroform-d) & 7.86 (d, J = 2.5 Hz,
1H), 7.84 (s, 1H), 7.82 (t, J = 2.8 Hz, 2H), 7.75 (s, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.56-7.53 (m, 1H), 7.49 (dd, J
= 6.4,2.9 Hz, 3H), 7.47-7.40 (m, 2H), 7.28 (s, 1H), 6.62 (dd, J = 8.3, 2.2 Hz, 1H), 6.56 (d, J=2.3 Hz, 1H), 5.14
(s, 2H), 5.11 (s, 2H), 4.08 (s, 2H), 3.74 (d, J = 7.0 Hz, 2H), 3.69-3.58 (m, 2H), 2.96-2.90 (m, 1H).

N-(2-((2-((3- B2 75 FA g 35k ) B Ok )-4- (25 -2- 2 FE AU ) R 3 UL 0 38 4 e (B-3), Bl 4, ik
61.5%, mp 170°C~172°C . ESI-MS m/z: 478.2 [M-H] . '"H NMR (300 MHz, Chloroform-d) & 7.87 (d, J = 3.5 Hz,
1H), 7.85 (d, J = 4.3 Hz, 2H), 7.83 (d, J = 2.8 Hz, 1H), 7.75 (d, J = 1.7 Hz, 1H), 7.68-7.64 (m, 1H), 7.60-7.56
(m, 1H), 7.53-7.50 (m, 2H), 7.50 (d, J = 2.2 Hz, 1H), 7.48-7.46 (m, 1H), 7.33 (d, J = 8.4 Hz, 1H), 7.28 (s, 1H),
6.63 (dd, J = 8.4, 2.3 Hz, 1H), 6.57 (d, J = 2.3 Hz, 1H), 5.16 (s, 4H), 4.07 (s, 2H), 3.49 (s, 1H), 3.45 (d, J=4.9
Hz, 2H), 3.06 (t, J = 5.0 Hz, 2H), 1.93 (s, 3H).

3-((2-((2-F2 £ H ) Z Hk ) F Ok )-5-(F8 -2 AU R R AU L R F G (B-4), BB i, IR 49.3%,
mp 167°C~169°C. ESI-MS m/z: 437.2 [M-H]. 'H NMR (300 MHz, Chloroform-d) & 7.86 (d, J = 2.8 Hz, 1H),
7.84 (d, J=3.3 Hz, 1H), 7.82 (d, J=2.3 Hz, 1H), 7.73 (d, J = 1.7 Hz, 1H), 7.67-7.64 (m, 1H), 7.54 (s, 1H), 7.51
(s, 1H), 7.50 (d, J = 3.0 Hz, 1H), 7.48 (d, J = 2.5 Hz, 1H), 7.46 (d, J = 1.8 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H),
7.28 (s, 1H), 6.62 (dd, J = 8.4, 2.3 Hz, 1H), 6.57 (d, J = 2.3 Hz, 1H), 5.16 (s, 2H), 5.15 (s, 2H), 4.10 (s, 2H),
3.71 (t, J=4.8 Hz, 2H), 2.96 (t, J = 4.9 Hz, 2H).

N-(2-((3-THE IR S I )-4-(F5 -2 F AU ) 0k ) - V- R R H 2 R (B-5), B, W% 50.6%, mp 182°C
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~184°C. ESI-MS m/z: 465.2 [M-H] = "H NMR (300 MHz, DMSO-d;) & 7.96 (d, J = 4.4 Hz, 2H), 7.93-7.90 (m,
3H), 7.79 (dd, J = 12.1, 7.5 Hz, 2H), 7.58 (d, J = 2.9 Hz, 1H), 7.55 (s, 1H), 7.53-7.50 (m, 2H), 7.26 (d, J = 8.1
Hz, 1H), 6.77 (d, J = 6.4 Hz, 1H), 6.65 (d, J = 7.8 Hz, 1H), 5.25 (s, 2H), 5.21 (s, 2H), 3.57 (s, 2H), 3.40 (s, 2H),
2.17 (s, 3H).

(8)-1-(2~((B-TAIE IR A Ih)-4-(Z5-2- A 2 ) R 2 IR e -2- R IR (B-6), [ o[l 44, UK 46.6%, mp 161°C
~163°C. ESI-MS m/z: 505.2 [M-H]". 'H NMR (300 MHz, DMSO-d;) & 7.98 (s, 1H), 7.94 (q, J = 6.8, 5.9 Hz,
4H), 7.81 (dd, J = 12.9, 7.8 Hz, 2H), 7.59 (s, 1H), 7.56 (s, 1H), 7.56-7.52 (m, 2H), 7.33 (d, J = 8.3 Hz, 1H), 6.79
(d, J=2.4 Hz, 1H), 6.70 (dd, J = 8.5, 2.3 Hz, 1H), 5.26 (s, 2H), 5.22 (s, 2H), 3.90 (s, 2H), 3.75 (s, 1H), 3.11 (dd,
J=18.3,4.2 Hz, 1H), 2.99-2.93 (m, 1H), 2.39-2.31 (m, 1H), 1.80 (s, 1H), 1.73 (t, J = 8.1 Hz, 1H), 1.34 (s, 1H),
1.24 (d,J=6.1 Hz, 1H), 1.16 (dt, J= 13.9, 6.9 Hz, 1H).

(2-((3-FFE 2K HH Ik 3 ) S 3 ) -4 (25 - 1 - 38 F AR ) 8- L- 22 | R (B-7), A (A, Wi 53.0%, mp 163°C
~165°C. ESI-MS m/z: 481.2 [M-H]. '"H NMR (300 MHz, DMSO-d;) & 8.01-7.95 (m, 3H), 7.91 (d, J = 8.4 Hz,
3H), 7.79 (d, J=7.5 Hz, 1H), 7.58 (s, 1H), 7.57-7.50 (m, 3H), 7.36 (d, J = 8.3 Hz, 1H), 6.83 (d, J=2.2 Hz, 1H),
6.75-6.68 (m, 1H), 5.29 (s, 2H), 5.24 (s, 2H), 4.09 (s, 2H), 3.77 (d, J = 3.9 Hz, 2H), 3.70 (t, J = 6.1 Hz, 1H).

(28)-2-((2~((3- 0 Hk 2K FH gt I ) B i ) -4 (2% -2- 05k PR AU ) R R 3 0k )-3- 2 SR T R (B-8), il ik, e e
58.1%, mp 173°C~175°C . ESI-MS m/z: 495.2 [M-H] . 'H NMR (300 MHz, DMSO-dy)  8.00 (s, 1H), 7.97 (s,
1H), 7.95 (d, J = 4.5 Hz, 1H), 7.93 (s, 2H), 7.88 (d, J = 8.2 Hz, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.61-7.57 (m, 2H),
7.54 (q, J = 3.5, 3.0 Hz, 3H), 7.35 (d, J = 8.4 Hz, 1H), 6.82 (d, J = 2.3 Hz, 1H), 6.71 (dd, J = 8.3, 2.3 Hz, 1H),
5.28 (s, 2H), 5.24 (s, 2H), 5.20 (s, 1H), 4.03 (d, J = 14.7 Hz, 2H), 3.91 (d, J = 6.2 Hz, 1H), 3.01 (d, J = 5.7 Hz,
1H), 1.15 (d, J = 6.2 Hz, 3H).

(2-((3-F I F 3 ) SR ) -4- (25~ 1 -3k F AR ) o 8 )-L- R (B-9), I B, YK 47.9%, mp 165°C
~167°C . ESI-MS m/z: 491.2 [M-H] . "H NMR (300 MHz, Chloroform-d) & 7.87 (d, J=3.1 Hz, 1H), 7.84 (q, J =
3.5,2.9 Hz, 2H), 7.82 (d, J = 2.4 Hz, 1H), 7.72-7.67 (m, 2H), 7.60-7.56 (m, 1H), 7.50 (dt, J = 6.1, 3.0 Hz, 3H),
7.48-7.46 (m, 1H), 7.32 (d, J = 8.4 Hz, 1H), 6.62 (dd, J = 8.3, 2.3 Hz, 1H), 6.57 (d, J = 2.3 Hz, 1H), 5.16 (s,
4H), 4.26 (d, J = 5.9 Hz, 2H), 3.92 (dd, J = 8.7, 5.3 Hz, 1H), 3.57 (dt, J= 11.2, 5.5 Hz, 1H), 2.97-2.92 (m, 1H),
2.35-2.26 (m, 2H), 1.98-1.90 (m, 2H).

3. EEMEN

K ST AR 8] 23 ¢ Y6 1218F40 H bR & 905 PD-1/PD-L1 B4 )E 1 . PD-1/PD-L1 45 & 73 ik 741
£ (641CPO1PEG)IW H Cisbio. 4 1k&¥FH DMSO At & BT 5 B KR E, AR MR, IREBESEI
2 uL % 384 FL A BRI T . 4 PD-1 F1 PD-L1 FHZZH R, 20 AIEL 4 ul inE) ik 384 FLEk+, %
#H 15 min. #4 10 pL Anti-tagl-Eu Fl Anti-tag2-XL665 A BIMAR M rpiEwR, RABEEIA ik
384 FLIRH, ARFERIRAM TIEE 2 ho M Infinite® M1000 £ ZhAEEEFR UG 665 nm A1 620 nm 4b 7%
B9, RBFOCWETTEAEGY EOSEMEIZE. St R 1 frs.

Table 1. Inhibitory activity of the target compounds A-1~A-9 and B-1~B-9 against the PD-1/PD-L1 interaction
# 1. BirAY A-1~A-9 0 B-1~B-9 %} PD-1/PD-L1 tHE 1A RHNHIE M

Inhibition (%) Inhibition (%)

Compd. R (at 10 pmol/L) Compd. R (at 10 pmol/L)
OH OH
A1 ;‘NJ% 3351 B-1 ;NJ% 39.32
H OH H OH
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B &

Continued
‘sf\N w  —OH
A2 H/ﬂ 25.22 B-2 HN{ 37.23
o OH
A-3 HN—C 34.27 B-3 \”/\/ e 24.25
OH o)
H N
A-4 Ay N 27.86 B-4 Fp S OH 39.74
H o H
3 OH ; OH
A 5\(}( 28.13 B-5 Jé\ffﬁ( 4075
o} o]
Oy, OH Oy OH
A-6 35‘\@ 38.52 B-6 E\,O 46.65
OH OH
A-7 ;f\N/;rOH 37.32 B-7 ‘;é\N/Q(OH 34.41
H o5 H o
OH OH
A-8 ;e’\NI(OH 41.52 B-8 ES\NIFOH 47.53
H o H o
Oy, OH Oy, OH
A9 N 4232 B-9 < 46.36
BMS-1018 99.51

BMS-1018: Positive control compound.

4. HRE5ITR

AT 18 ANARMSCHRIGE 2L B LAY, 453524 "TH-NMR 1 ESI-MS &#iiE. ME
1 FRETEREE AT AR B, Bl B B AR S YI4E 10 pmol/L ¥ R %F PD-1/PD-L1 A EAE 4 om AR [F 78
FERIENETE, H 6 MEAYI(A-8. A-9 il B-5. B-6. B-8. B-9)[{iG AR H .

AT B T DARAS LR RO R 1) WK S, B RIVELE W RIS T A R51(A-1
vs B-1. A-5 vs B-5 fll A-6 vs B-6); 2) 1E A RAIWEYIH, AN X AR i BUCHE N 2 FE IR I (A-6
A-T. A-8 Fl A-9)TEMEAR T2 IEBERAL S WI(A-1 A1 A-3); 3) AR BUACIE S 5 22 Witk Ik B in 2 3L (A-3) I
TR T 5 AR S AR R (A-2); 4) AR, B RALEA i BUR I AR IERR T (B-5. B-6+
B-8 1 B-9)iE P th il T E 2R S I(B-1. B-2 Fl B-4); 5) fEHDN RV HbrL &Y, 2tz
AT S T Y BT (A-4 I B-3), (EWLEBRATAYIN R A-S 55110 B-5 5k, BEAh, SRR E R
BT AE I o R R RS M (A-8 A-9 1 B-8. B-9).

N TR BRGSO R, AE#F @ Discovery Studio 4.0 H1f) CDOCKER #54k,
MEHL T EVE R SR ) A-8 Fll B-8 FEAT 73 T 0HHESESS, 2 7 /N5 PD-L1 SREAMIZ G, IS 5 mTLL
Fifh, &Y A-8 H1 B-8 M40 T PD-L1 B —BARM e eggrh . AWK 5(A)RT %N, A-8 Hil B-8 5#EEH
s 0E BMS-1018 AHL. B4Rk, P& MZEIAS BMS-1018 B B —2, 1ff B O2K
K 3 AL IR AL A — 5 BhAh, BIE ) a RERRE S PMetl 15 TR o-n AHEAEF, T O
WM PTyrse K n-n HEFER . 2E—DH, A-8 MIFIEER 71T LLE *Argl25 FERREBIER, HoRu
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AT LIS *Alal18.*Asp122.ALys124 FE R — 2V i B-8 AUty 70 2 R 7R L M 7] LA AAla18. *Phel9.
AAsp122 1 BGIn66 M IUANEBEAH AR, IXTTRER B RIMLEIRITEH BT T A RAERE . Lk
WO R MG RN ST R ACIRAE T HR IR 5.

BPD-L1 APD-L1% "

BMS-1018

AArgl25

Qﬂnno /
> N

Y QrAlals)
\
>

BTyr56

) \ ‘ ) : G
Z‘“““ i BMet11S BGIn66
. f BTyrs6

Figure 5. Proposed binding mode of BMS-1018, A-8 and B-8 (PDB ID: 5J89)
5.BMS-1018. A-8. B-8 S¥IERMLAERERN

E&UH

R B R RH AR e T H (21977117).

&E 3k

(1]

(2]

(3]

(4]

(3]

(9]

[10]

Chen, L. and Flies, D.B. (2013) Molecular Mechanisms of T Cell Co-Stimulation and Co-Inhibition. Nature Reviews
Immunology, 13, 227-242. https://doi.org/10.1038/nri3405

Mohme, M., Riethdorf, S. and Pantel, K. (2017) Circulating and Disseminated Tumour Cells-Mechanisms of Immune
Surveillance and Escape. Nature Reviews Clinical Oncology, 14, 155-167. https://doi.org/10.1038/nrclinonc.2016.144

Lin, X., Lu, X., Luo, G. and Xiang, H. (2020) Progress in PD-1/PD-L1 Pathway Inhibitors: From Biomacromolecules
to Small Molecules. European Journal of Medicinal Chemistry, 186, 111876-111905.
https://doi.org/10.1016/j.ejmech.2019.111876

Li, X., Shao, C., Shi, Y. and Han, W. (2018) Lessons Learned from the Blockade of Immune Checkpoints in Cancer
Immunotherapy. Journal of Hematology & Oncology, 11, 31-56. https://doi.org/10.1186/s13045-018-0578-4

van der Zanden, S.Y., Luimstra, J.J., Neefjes, J., Borst, J. and Ovaa, H. (2020) Opportunities for Small Molecules in
Cancer Immunotherapy. Trends in Immunology, 41, 493-511. https://doi.org/10.1016/}.it.2020.04.004

Chupak, L.S. and Zheng, X. (2015) Compounds Useful as Immunomodulators. W02015034820 Al.

Chupak, L.S., Ding, M., Martin, S.W., Zheng, X., Hewawasam, P., Connolly, T.P., Xu, N., Yeung, K., Zhu, J. and
Langley, D.R. (2015) Compounds Useful as Immunomodulators. WO2015160641 A1l.

Skalniak, L., Zak, K.M., Guzik, K., Magiera, K., Musielak, B., Pachota, M., Szelazek, B., Kocik, J., Grudnik, P., To-
mala, M., Krzanik, S., Pyrc, K., Démling, A., Dubin, G. and Holak, T.A. (2017) Small-Molecule Inhibitors of
PD-1/PD-L1 Immune Checkpoint Alleviate the PD-L1-Induced Exhaustion of T-Cells. Oncotarget, 8, 72167-72181.
https://doi.org/10.18632/oncotarget.20050

Zak, K.M., Grudnik, P., Guzik, K., Zieba, B.J., Musielak, B., Démling, A., Dubin, G. and Holak, T.A. (2016) Structur-
al Basis for Small Molecule Targeting of the Programmed Death Ligand 1 (PD-L1). Oncotarget, 7, 30323-30335.
https://doi.org/10.18632/oncotarget.8730

Guzik, K., Zak, K.M., Grudnik, P., Magiera, K., Musielak, B., Torner, R., Skalniak, L., Domling, A., Dubin, G. and

DOI: 10.12677/hjmce.2021.92012

102 i


https://doi.org/10.12677/hjmce.2021.92012
https://doi.org/10.1038/nri3405
https://doi.org/10.1038/nrclinonc.2016.144
https://doi.org/10.1016/j.ejmech.2019.111876
https://doi.org/10.1186/s13045-018-0578-4
https://doi.org/10.1016/j.it.2020.04.004
https://doi.org/10.18632/oncotarget.20050
https://doi.org/10.18632/oncotarget.8730

B &

Holak, T.A. (2017) Small-Molecule Inhibitors of the Programmed Cell Death-1/Programmed Death-Ligand 1
(PD-1/PD-L1) Interaction via Transiently Induced Protein States and Dimerization of PD-L1. Journal of Medicinal
Chemistry, 60, 5857-5867. https://doi.org/10.1021/acs.jmedchem.7b00293

[11] Qin, M., Cao, Q., Wu, X., Liu, C., Zheng, S., Xie, H., Tian, Y., Xie, J., Zhao, Y., Hou, Y., Zhang, X., Xu, B., Zhang, H.
and Wang, X. (2020) Discovery of the Programmed Cell Death-1/Programmed Cell Death-Ligand 1 Interaction Inhi-
bitors Bearing an Indoline Scaffold. European Journal of Medicinal Chemistry, 186, 111856-111868.
https://doi.org/10.1016/j.ejmech.2019.111856

[12] Cheng, B., Ren, Y., Niu, X., Wang, W., Wang, S., Tu, Y., Liu, S., Wang, J., Yang, D., Liao, G. and Chen, J. (2020) Dis-
covery of Novel Resorcinol Dibenzyl Ethers Targeting the Programmed Cell Death-1/Programmed Cell Death-Ligand 1
Interaction as Potential Anticancer Agents. Journal of Medicinal Chemistry, 63, 8338-8358.
https://doi.org/10.1021/acs.jmedchem.0c00574

DOI: 10.12677/hjmce.2021.92012 103 i


https://doi.org/10.12677/hjmce.2021.92012
https://doi.org/10.1021/acs.jmedchem.7b00293
https://doi.org/10.1016/j.ejmech.2019.111856
https://doi.org/10.1021/acs.jmedchem.0c00574

	萘环类PD-1/PD-L1抑制剂的设计、合成及生物活性评价
	摘  要
	关键词
	Design, Synthesis and Biological Evaluation of Naphthalene Ring PD-1/PD-L1 Inhibitors
	Abstract
	Keywords
	1. 引言
	2. 目标化合物的设计与合成
	2.1. 目标化合物的设计
	2.2. 目标化合物的合成
	2.2.1. 目标化合物A-1~A-9的合成
	2.2.2. 目标化合物B-1~B-9的合成


	3. 生物活性评价
	4. 结果与讨论
	基金项目
	参考文献

