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Figure 1 Initial design of HIV protease inhibitors

Table 1

H
N~ -
HoN s _A_s _NH,
_______ > H
P Ph
P1" !
N
~ HO OH
HoN s s _NH,
_______ >
P Ph
P1 2

Structures, activities, and solubility of compounds derived form 1 and 2. a: Test for the purified, recombinant HIV-1 protease upon

a fluorogenic substrate; b: Concentration of test compound which inhibited 50% of the cytopathic effect of HIV-lge in MT-4 lymphocytes

in vitro; c: Concentration of test compound at which 50% cytotoxicity in MT-4 lymphocytes was observed in vitro, in the absence of HIV

infection; d: Estimated solubility in pH 7.4 (phosphate) buffer; e: No effect, either up to 100 umol-L" or the cytotoxic concentration; f: Not

test
H
oG, CHa HoG CHs
X
@AOJ\NL’(H\/ \[N N)LOACHa
H H
Opn” Ph

Compd. X IC, /nmol-L™ EC, /umol-L" CC,,/umol-L™ Solubility/pg-mL™
3 CH(OH) 3 NE* > 100 <0.03
4 R,R-CH(OH)CH(OH) <1 0.08-0.11 >100 <0.03
5 R,S-CH(OH)CH(OH) <1 0.02-0.09 > 100 NT'
6 S5,S-CH(OH)CH(OH) <1 0.05-0.07 >100 NT

Table 2 Unsymmetrically substituted "mono-ol" inhibitors of HIV

protease
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H
Lo T LR
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/mmol-L" /umol-L" /umol-L" /ug-mL’
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Table 3 Symmetrical diol substituted inhibitors of HIV protease
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Compd. R Diol configuration IC,,/nmol-L" EC,,/umol-L" CC,/umol-L"  Solubility/pug-mL"
N o m,
15 N N R.R <1 0.27-0.45 > 100 54
o]
=z
< | 0. S,
16 N N RS <1 0.05-0.06 > 100 2.4
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< o. “'1,1“
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30 (S)VN% R.R 1.0 1.5-1.7 > 100 137
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31 B RS <1 0.24-0.39 > 100 101
o
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32 N s, S <1 0.21-0.30 > 100 57
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Table 4 Unsymmetrically substituted "di-ol" inhibitors of HIV protease

A

CH;
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CHs o i ¢y M o
©/ HsC~ "CHs
Compd. R, R IC, /nmol-L" EC,/pmol-L" CC,/umol-L" Solubility/pg-mL"'
%
33 = 91 <1 0.27-0.48 > 100 420
N7 N
34 4 N <1 0.17-0.20 > 100 1.0
SN (;}\f
35 ~ N <1 0.17-0.22 > 100 10.9
SN Cs»\f
36 ] et <1 0.56 > 100 386
SN R HN" g 3
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L, Wang XC, et al. Symmetry-based inhibitors of HIV
protease. Structure-activity studies of acylated 2,4-diami-
no-1,5-diphenyl-3-hydroxypentane and 2,5-diamino-1,6-
diphenylhexane-3,4-diol. J] Med Chem, 1993, 36: 320-
330).
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(Kempf DJ, Marsh KC, Fino LC, et al. Design of orally
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Bioorg Med Chem, 1994, 2: 847-858; Kempf DJ, Marsh
KC, Denissen JF, et al. ABT-538 is a potent inhibitor of
human immunodeficiency virus protease and has high
oral bioavailability in humans. Proc Natl Acad Sci U S A,
1995, 92: 2484-2488).
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J5 1) 8% £E 40 & (Kempf DJ, Sham HL, Marsh KC, et al.
Discovery of ritonavir, a potent inhibitor of HIV protease
with high oral bioavailability and clinical efficacy. J Med
Chem, 1998, 41: 602-617).
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Figure 2 X-ray crystal structure of 43/HIV-1 protease, showing a
hydrophobic cluster between Pro-81, Val-82, and the P3 isopropyl-
thiazolyl and P1 benzyl groups of 43



SRR T R A B S K50 HIV 2590 FFE T8 5 (¥ 5 il < 1571 -
Table 5a  Anti-HIV activity of HIV protease unsymmetrical inhibitors in MT4 cells
OHaC CHj Y / :O
R1/\X/LKNL]/H g H/ko/\R2
0] H
P3 P2 P1 P1' P2
Compd. Code number R, X Y 4 R EC./pmol'L" CC,/pmol-L"
%

39 A-80987 7 OH H 7 0.22 > 100

S S5

3

40 A-81525 ] 0 H OH N 0.54 > 100
4 A-82200 O, NCH, OH H o 0.73 83

S N

%

42 A-83962 ”SCJS_X; NCH, H oH 7] 0.028 47

HsC N

fo
HiC N7 N
43 ABT-538 H3C>—<s3\; NCH, H OH <;§ 0.025 57
Table 5b  The solubility and pharmacokinetic properties of *@) P AR AR 095 75 05 P E#R AR ﬁ}’ (B 7K 5 4 B2 A , S L

compounds 39-43

Solubility C

Compd. /ug-mL" . /um(l;‘i’?L'l t.h Fl% muxn
39 8.6 1.9 4.11 0.25 26 19
40 4.2 0.7 2.04 0.4 47 3.8
41 53 1.4 3.13 0.4 35 43
42 7.9 1.0 0.98 0.3 12 35
43 5.3 1.2 2.62 2.0 78 105

BEYMREE, TR 2- 53 74 S e FOR P 1AL ) 5
L5 1) Pro8 1 FH Val82 ¥ /K % & A2 i 7K — i 7K AH ELAE
H, #8750 454 fe TR an i v .

sz, B IR B R Ak A4 39~43 )2 M £ KL &
VIR Z SR AR B, N E S E SR E LAY 43
FIRBGHE AL IRE (% 6). 44 F145 (T o NE R F

Table 6 SAR of typical compounds related to 43

S FH T 5 i R (B B4 B 7 A ) 43 O TR
SHR. ¥ P2-P3 A (¥ G 5L 0 il N- F R IR, 5 P1-P2”
V1) ) 2, 5 P IR TG A0 B AN X R 45 440, 16 & 40 43 IRV i
BRTHE R . 46 52 43 [ 2 7] S A4k, B ) TE M T R
AR A= W0 R FH AR AN 4 43 (F 3 EE K T 43). ¥
43 11 S5 T 5 I e 46 ol S T TR I, 47 1) VS VR AR,
Ff PR i, ELTE I 2R P A7 B N R) 96, S R 4 R 00 211 1
IR IE o K 43 1) P2 Ak MR M 6 B IRE I (48), ¥ 1 AN AR,
TR VE S, B R, IR R B PR . P3OAN
P2/ #fS 4 FUVE ML IR, 49 (1995 P 5 ¥ R R A4 i (WE L 5
TR, (FF I HAAN O JIROR A BERRAR . MR ER L
S SRR 2 (50) IR (1) BA T (52) 4,
TEPE RS 43 A, (5 R €. P2 MEREER

X=Y
R1/<CN>)\/Qw]/H
o

Compd. R, X Y Q Z U R ECo = CCy o Sol o oy
/umol-L™ /umol-L™ /pg-mL /EC,,

43 i-Pr S CH  NCH, S CH H H OH 0.025 57 53 1.2 78 105
44 i-Pr S CH (0] S CH H H OH 0.005 51 1.9 - - 10
45 i-Pr S CH (0] S CH H OH H 0.010 100 0.01 = 0 0
46 i-Pr S CH  NCH, S CH H OH H 0.19 56 3.7 2.0 16 12

47 i-Pr O CH NCH; S CH H H OH 0.043 61 21 - - -
48 i-Pr S CH NCH, 0] CH H H OH 0.013 61 9.3 0.56 23 127
49 i-Pr O CH NCH, (0) CH H H OH <0.032 >100 32 0.26 35 >64
50 Et S CH  NCH, S CH H H OH 0.018 100 - 2.0 57 458
51 c-Pr S CH  NCH, (6] CH H H OH 0.047 48 - 1.1 58 148
52 c-Bu S CH NCH, 0] CH H H OH 0.039 26 - 0.40 60 64
53 i-Pr S CH NEt S CH H H OH 0.25 24 2.8 - - 14
54 i-Pr S CH NCH CH (0] H H OH 0.009 28 4.6 0.59 7.7 44
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R, BT 43 MR A, 2 2 FIHFEHTS (ritonavir),
22 11 PR AT ARG R WF 7238 B, RIFE IR 6 2 — A 0 kbt
HIV-1 Fl HIV-2 9% B¢ (1) & B 4051550, 1996 473 H 43¢
FDA #it#E E 1. 2020 4F FDA #EHEFIFE A F (50 mg)
% UL (lopinavir) (200 mg) & Fl (7 & 4 v Jy
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ECs,=0.22 pmol-L"'; solub = 8.6 pg-mL"; 1,,= 1.9 h; ECs,=0.54 pmol-L"'; solub = 4.2 ug-mL"; 1,,=0.7 h; ECso=0.73 pmol-L"'; solub = 53 pg-mL*; #,, = 1.4 h;
Cunx=4.11 pmol-L™'; F = 26%; Coua/ECso =19 Conax = 2.04 pmol - L'; F = 47%; Cpar/ECs0=3.8 Cunx =313 pmol-L'; F = 35%; Coua/ECso =4.3
39 41

ECs, =0.028 pmol-L; solub = 7.9 pg-mL"; £,, = 1.0 h;
Cuuax = 0.98 pmol-L'; F = 12%; Couar/ECso =35
42

Figure 3 Evolution of milestone molecules in structure optimization

ECs =0.025 pmol-L; solub = 5.3 pg'mL"; £,, = 1.2 h;
Caae =2.62 pmol-L™'; F = 78%; Coua/ECso = 105
43, Ritonavir



