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Design, synthesis and biological evaluation of novel HIV-1 protease

inhibitors with pentacyclic triterpenoids as P2-ligands
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Yu-Cheng Wang *~

# Institute of Medicinal Biotechnology, Chinese Academy of Medical Science and
Peking Union Medical College, Beijing 100050, China
® School of Pharmacy, Jinzhou Medical University, Jinzhou, Liaoning 121001, China

Abstract: The design, synthesis and SAR study of a new series of HIV-1 protease
inhibitors with pentacyclic triterpenoids as P2 ligands and phenylsulfonamide as P2'
ligands were discussed. These compounds exhibited micromolar inhibitory potency,
among which compound T1c displayed HIV-1 protease inhibition with ICs, values of
0.12 uM, which was 67 times the inhibitory activity of its raw material Ursolic acid
(8.0 uM).
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AIDS has been one of the most challenging problems in medicine since the first
case was reported in 1981 in USA. * There were approximately 36.7 million people
living with AIDS worldwide by the end of 2017. Miserably, the morbidity and
mortality increased year by year. More than thirty kinds of drugs have been thus far
approved for the treatment of HIV/AIDS targeting different steps of HIV viral life
cycle. 2 However, there still exists severe problems, such as the emergence of
extensively drug resistant and adverse effects. *> Thus, there is an urgent need for
new anti-HIV drug candidates with increased potency, improved pharmacokinetic
properties, and reduced side effects.

Furthermore, as there exist lots of problems of traditional chemical drugs,
compounds of plant origin are brought into focus. ® Over 40% of antiviral drugs in
clinic were natural products or designed using natural products as prototypes from
1981 to 2014. ” Pentacyclic triterpenoids are a large family of natural compounds with
varieties of biological activities such as antitumor, antiviral, antimicrobial,
anti-inflammatory and so on. ®° Lots of pentacyclic triterpenoids and their saponin or
modifying agents have been reported for their anti-HIV activity.

HIV-1 protease is one of the most important enzymes in the life cycle of HIV-1
virus, which would influence maturation of HIV-1 if it is inhibited. In this work, the
HIV-1 protease inhibitor Darunavir (DRV) was chosen as the lead compound and
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pentacyclic triterpenoids were introduced into P2 ligands by scaffold-hopping strategy.
Meanwhile, phenylsulfonamide P2' ligands were investigated to maximize the
ligand-binding site interactions in the protease active site (Fig. 1). A series of novel
HIV-1 protease inhibitors were synthesized and biological evaluated.
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Fig. 1. Chemical structure of target molecules

Compounds 9-13 were prepared from commercial available material (2S, 3S)-1,
2-epoxy-3-(boc-amino)-4-phenylbutane (8) as reported in the literatures in Scheme 1.
1418 Treatment of epoxide 8 with isobutylamine followed by coupling with sulfonyl
chloride affording sulfonamides 10 and 11. Removal of the Boc protection of 10 and
11 was treated by trifluoroacetic acid to afford intermediate compounds 12 and 13.
Catalytic hydrogenation of 13 over 10% Pd/C in methanol afforded the carresponding
aminosulfonamide derivative 14.
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Scheme 1. Syntheses of amines 12-14. Reagents and conditions: (a) i-BuNH,, CHs;CN, 80 °C, 6 h;
(b) Aryl sulfonyl chloride, DIEA, DMAP(Cat.), THF, 0 °C ~ r.t, 3- 5 h; (c) CH,Cl,-CF;COOH
(1:1), 0 °C ~r.t, 3 h; (d) H, (gas), 50 psi, 10% Pd/C, CH;OH, r.t, 2 h.

The syntheses of inhibitors T1-T7 shown in Scheme 2 were carried out by
coupling acids 1-7 with amines 12-14 under an EDCI/HOBt/DMAP-mediated
coupling method. **® The structures of these compounds are shown in Scheme 2.

1:R'"=H;R?=p -OH, a -H; R®=H; R*=CH;; R>=CH;; RS =H 12: R® = OCHj;
2:R'=H; R?=p -OH, a -H; R = H; R* =H; R® = CHy; R® = CH; 13: R°=NO,;
4:R'=q -OH;R?=p -OH, o -H; R*=OH; R*=CH;; R°*=CH;;R°=H  14: R°=NH,
5:R'=H; R?= O; R® =H; R* = CH;; R* = CH;; R = H

T1a-T5a: R® = OCH;;
T1b-T5b: R® = NO,;
T1c-T5c: R® = NH,
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13: R°=NO,; T6b-T7b: R® =NO,;
14: R =NH, Té6e-T7c: R = NH,

Scheme 2. Syntheses of inhibitors T1=T7. Reagents and conditions: (¢) EDCI, HOBt, DMAP,
anhydrous DMF, Ar, 0 °C ~r.t, 12'h.

The inhibition potency of the synthetic compounds against HIV-1 protease was
evaluated using a ‘fluorescence resonance energy transfer (FRET) method. "2
Inhibitors were further evaluated in cytotoxicity assay using a cell counting kit-8
assay. = The results were presented in Tables 1, 2 and 3, respectively.

Table 1 Enzymatic inhibitory activities and cytotoxicity of inhibitors with pentacyclic
triterpenoids amine-acetamide P2 ligands (1)

Compd. R! R? R® R* R® RS R® ICs0® (UM) CCs S|®
(uM)

Tla H p-OH, H CH;3 CH3 H OCH; 0.46+0.12 >100 >217
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0.40+0.15

0.12+0.04

0.24+0.09

0.15+0.08

0.17+0.09

0.15+0.09

0.17+0.11

0.30+0.19

0.37+0.29

0.22+0.19

2.37£0.79
0.57+0.17nM

>100 >250
>100 >833
>100 >417
>100 >667
86.85 511
>100 >667
>100 >588
>100 >333
>100 >270
>100 >455
>100 >422
>100 >
175000

& Values were means of three independent experiments.
b S| = CCqy/ICs

Table 2 Enzymatic inhibitory activities and cytotoxicity of inhibitors with pentacyclic
triterpenoids amine-acetamide P2 ligands (2)

Oy ,/O
N,S
AN
Compd. R® ICso® (M) CCso (M) S|P

T3a OCH, 0.21+0.02 >100 >476
T3b NO, 1.05+0.45 >100 >095
T3c NH, 0.61+0.28 >100 >164
DRV - 0.46+0.12 nM >100 >217000

# Values were means of three independent experiments.
b Sl= CC50/|050



Table 3 Enzymatic inhibitory activities and cytotoxicity of inhibitors with pentacyclic
triterpenoids amine-acetamide P2 ligands (3)

N //O
LT
OH S\ o
Compd. R’ R® ICso® (UM) CCx (M) S|P
T6a o-H OCH, 1.85+1.76 >100 >54.1
Téb o-H NO, 1.08+0.51 74.90 69.4
Tée o-H NH, 0.49+0.51 >100 >204
T7a SH OCH, 0.48+0.32 >100 >208
T7b SH NO, 0.50+0.34 >100 >200
T7c BH NH, 0.58+0.42 >100 >172
DRV - - 0.4620.12 nM >100 >217000

& Values were means of three independent experiments.
b S| = CCqy/ICx

As shown above, the series of pentacyclic triterpenoids derivatives exhibited
unsatisfactory micromolar inhibitory potency. The reason might be that fragments of
pentacyclic triterpenoids were massive which were not matched with the residues of
the protease 'S2 subsite. % Furthermore, these fragments contained only a few
hydroxyl groups which could not promote extensive H-bonding interactions involved
directly or water-mediated with the backbone amino groups of residues Asp29 and
Asp30 of PR in the corresponding S2 subsite. ?* However, there still existed some
regularity. For example, inhibitors with asiatic acid amine-acetamide P2 ligands with
more hydroxyl groups exhibited better inhibitory potency compared with ursonic acid
series, which might make more additional hydrogen bond interactions with the
backbone atoms and amino acid residues in the protease S2 subsite through oxygen
atoms. In addition, inhibitors with 18 f- glycyrrhetinic acid amine-acetamide P2
ligands along with 4-methoxylphenylsulfonamide and 4- nitrophenylsulfonamide as
P2' ligands exhibited better inhibitory potency compared with that of 18 a-
glycyrrhetinic acid, which indicated that the steric configuration of these compounds
might affect the combination between the inhibitors and the residues of the protease
S2 subsite, i. e. T7avs T6a, T7b vs T6b.

In summary, a new series of HIV-1 protease inhibitors with pentacyclic
triterpenoids were designed and synthesized. Although compound T1c displayed 67
times the inhibitory activity of its raw material Ursolic acid (8.0 uM), these



compounds showed unsatisfactory micromolar inhibitory potency. But the results
gave a conclusion that massive structures in P2 ligands might be not matched with the
residues of the protease S2 subsite well, which was available for us to avoid
introducing massive structures in the following designing of HIV-1 protease inhibitors.
Furthermore, fragments of pentacyclic triterpenoids might be effective to other targets
of HIV, rather than HIV protease, which should be studied further.
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