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Abstract: From the process of human immunodeficiency virus-1 (HIV-1) invading cells, the combination of
gpl120 and CD4 is the first step for HIV-1 to invade cells. Interfering with this process can prevent HIV from
recognizing target cells and inhibit virus replication. Therefore, HIV-1 gp120 is an important part of the HIV-1 life
cycle. Fostesavir, a phosphatate prodrug derived from the gp120 inhibitor BMS-626529 modified by the prodrug
strategy, was approved for the treatment of adult patients with multidrug resistant HIV-1 infection by the US FDA
and the European Medicines Agency in 2020 and 2021, respectively. In this review, we focus on the research
progress of small molecule inhibitors targeting the interaction of gp120-CD4 from the perspective of medicinal
chemistry, in order to provide reference for the subsequent research of gp120 inhibitors.
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(A) Virus intrusion process. (B) The structure of HIV-1 envelope glycoprotein gp120. (C) The structure of "Phe43 pocket"
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Figure 2  Structures of compounds 1-12 derived from modification of the indole ring

Env = RARIRES, (A R EHZHH, LT 5 CD4 145
£ 1k BELIT R EE AR R DA N e T, B
FEN GO AT T AT g s, RIMT 24 BH
B RSN FAGE DD

2.1 XfWIREAEYIZIE MRS 15 HIV-1 gpl20
HIIE AR 1 (B 3A): JL A8 v 2t i e 22 AP 80 24k s ik
RN JE T 55 Trpd27 Al Asp113 T8 1 T 5% 8 1) S
MEAER, S RFHME S REE R E S, K, ik
— B EAN D T EVIREYE, Meanwell 552 7E R £F
AU AE F I AT HR R, X gl R i SRR S5 A 3R AT T
KB GERE, 73 55 o 3 L Jo 2 A e S B IR AR 5
N T R & AL, PRI IR AN [F) 57 B A ROG &R
Hor BT A 8O RE AL R R, A&
Y11 C-4 B C-7 AL 51 NI L /N A FREAR 256 B 7T 42 vy
PO EEIE I, Witk &9 2 (EC,, = 2.59 nmol-L™") F{L &
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“W)5 (EC,, = 21.1 nmol-L"). £ BUARATAE 9 1 #4 2%L
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WX, G 1 HAB &R ENIERESR (CL =
57 mL-min"-kg") FEAK K O R ED R HE (F =

29%), MR A 2 J5 A6 G 4 6 T8 K B A 3R I H A % 1)
25BN SRR, T B 2 2 BRI, AR R R KR
P2 (CL =52 mL-min"kg", F=107%). Bl A\ FFHL
FLAAR (human liver microsomes, HLM) 1t #f iff 57 3% 9,
AW 6 1) FR A3 T 7E A4 N AR AR e ke 2R R 45 4
T i AR S 2 e B P 2 F R, BT b B o R A
2 T 15 2 PR mIAE AR S S &0, TRt 2
BT XA 6 it — BT R .

R — 0 B R A D I 2 PE T, Wang 260
) FH A= 4y B - S5 SR FH L P A 5 HE 451 P 1) R B
ghk, BT S B DY SR B mIEAT AR . o, 4-Z k|
WRAT A T S 7- 825 W5 W AT A2 P 10 4T HIV-1 35 74
FHE S, BC, (B AN 1.6 A1 1.7 nmol- L™ SR, 4%
Ji A e ) A -V R X C-5 R C-6 1 B, A
VIR B A7) 3 PR AR, a0 6- AR T A 9 (EC,, =
21.6 nmol'L") 55 5-E A 144 8 (EC,,= 575.9 nmol'L ™).
IX DY AT AR W AE N I ARORL A R i 2 0N 38.5~
100 min 2 [A], 58| WA E W1 (T,,= 30 min) FHLL,
R R e A FritE . BL7-2 2 MIWEAT A0 10 Ry
Je T, TEMERE FR_E 5] N 34 0 H A 2 45 40 43 30 1 A adk
N PR #F 78 1 HIV-1 gp120 141 7] 11 (BMS-378806,
EC,,= 1.47 nmol-L™"). &1 &, 7NN 11 K B8
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Figure 3 (A) Predicted binding modes of compound 1 with HIV-1 gp120 crystal structure. (B) Compound 1 observed looking inwards
along the protein-solvent interface (PDB: 5U70). (C) The crystal structure of BMS-818251 (27) in complex with HIV-1 gp120 (PDB:
6MU?7). The figures were shown in Pymol

1K BRI SR 25 ) B R TR B, D260 E T X&)
ME— B IT . HE T RTA BRI RO R SR 6-Z 2% bk
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Figure 4 Structures of compounds 13-28 derived from modification of C-7 position of azaindole ring
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SEPNER XTI DRI C-7 AL AT T 2 EANE it . H
HRZHEYERIH BRI R Pum siE e, TH 2
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Figure 5 Structures of compounds 29-35 derived from modification of the piperazine ring

The antiviral effect is best
when the six membered
ring is piperazine ring
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modification space. The

or N chain

Figure 6 SARs of azaindole acylpiperazine invasion inhibitors
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Only small molecules are allowed to
replace the benzene ring of benzamide.
The dominant substituents are: 2-
thiophene, 3-thiophene

The modifiable space is small, the activity is improved

——— when R is methyl, and the substitution activity of

other small molecules is maintained or decreased

The antiviral activity of glyoxamide remains or decreases when
the bioelectronic emission of glyoxamide is SO, and CH,CO

Modification of C-7 can enhance
antiviral activity and has large

substituent can be either C chain

Figure 7 Three regions of NBD compounds
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P, W% NBD-556 #4712 45 /B 10

NBD-556 5 gp120 3L & 2544 (K1 8A) B, Bk

ZNHHZO
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Jl 3L 7] L5 Asn 425.Gly473 2 S BEAH HAE I, 1 Y
FH L MR I AR5 25 i v 1) ke i 15 R T ol B S5 (R AR ELAE D,
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P B B e 1) IR E R P BA AT AR . SR, X
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Figure 8 (A) The crystal structure of NBD-556 in complex with HIV-1 gp120 (PDB: 3TGS). (B) The crystal structure of NBD-11021 in
complex with HIV-1 gp120 (PDB: 4RZ8). The figures were shown in Pymol
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Figure 10 (A) The crystal structure of NBD-14189 in complex with HIV-1 RT (PDB ID: 7LPW). (B) The crystal structure of NBD-14270
in complex with HIV-1 RT (PDB ID: 7LPX). (C) Structure of compound YIR-821 docked in gp120 (PDB ID: 3TGS). The figures were

shown in Pymol
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