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a b s t r a c t

New structurally simple indolic non peptidic HIV Protease inhibitors were synthesized from (S)-glycidol
by regioselective methods. Following the concept of targeting the protein backbone, different substitu-
tion patterns were introduced onto the common stereodefined isopropanolamine core modifying the type
of functional group on the indole, the position of the functional group on the indole and the type of the
nitrogen containing group (sulfonamides or perhydroisoquinoline), alternatively. The systematic study
on in vitro inhibition activity of such compounds confirmed the general beneficial effect of the 5-indolyl
substituents in presence of arylsulfonamide moieties, which furnished activities in the micromolar range.
Preliminary docking analysis allowed to identify several key features of the binding mode of such com-
pounds to the protease.

� 2014 Published by Elsevier Ltd.

1. Introduction

The devastating effect of the AIDS epidemic is still a reality.
However, since the highly active antiretroviral therapy (HAART)
has been employed to combat the illness, HIV infection has defi-
nitely become more manageable.1 During the last 20 years an
unprecedented success has been achieved in discovering anti-HIV
drugs as reflected by the fact that there are now more drugs
approved for the treatment of HIV than for all other viral infections
taken together.

The currently FDA approved anti-HIV drugs can be divided into
seven groups: nucleoside reverse transcriptase inhibitors, nucleo-
tide reverse transcriptase inhibitors, non-nucleoside reverse trans-
criptase inhibitors, protease inhibitors (PIs), fusion inhibitors,
co-receptor inhibitors, and integrase inhibitors.2 Detailed
knowledge of the structure of HIV protease and its substrate has

led to the preparation of specific PIs, whose arrival was a pivotal
moment in the development of antiretroviral therapy and made
possible the dual class triple combination therapy.3 Despite the
already marketed PIs have an evident crucial role into HAART reg-
imen, their clinical utility can be limited by low bioavailability and
reduced long-term viral inhibition, with multiple protease resis-
tance mutations being observed. Thus, novel PIs with high potency
against the known HIV protease variants have been designed. We
recently demonstrated the beneficial effect of a heteroaromatic
group in a series of new thienyl ring containing analogues of nelfi-
navir and saquinavir, which showed to maintain or even increase
their activity against either wild type or mutant HIV protease.4

Recently the concept of targeting the protein backbone in struc-
ture-based drug design was introduced. Thus new non-peptidic
templates, which can maximize interactions in the HIV-protease
active site, particularly with the enzyme backbone atoms, were
developed.5 Both extensive hydrogen bonding and hydrophobic
interactions with enzyme subsites can limit the protease ability
to acquire drug resistance as the geometry of the catalytic site
must be conserved to maintain functionality.6 This new concept
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allowed to design different compounds of very simple structure
and to focus the interest more toward their easy synthetic avail-
ability and less to structural similarity. Our preliminary investiga-
tion showed the beneficial effect of indolyl ring on a simple
substituted stereodefined isopropanolamine core.7 In this respect,
with the aim of finding new easily accessible non-peptidic PIs,
we started a systematic study on the synthesis and inhibition
activity of new indolyl derivatives with general structure A
(Fig. 1), modifying the following parameters:

(1) Type of functional group on the indole.
(2) Position of the functional group on the indole.
(3) Type of the nitrogen containing group R1 and R2 (sulfona-

mides or PHIQ).

2. Results and discussion

Although the synthetic work can appear tedious at a first sight,
we took advantage of the commercially available bidentate

electrophile (S)-glycidol 1 for the generation of the core (Scheme 1).
The glycidol was first activated by the reaction with m-nosyl chlo-
ride to obtain compound 2. The subsequent nucleophilic displace-
ment of the nosyl group was performed by the commercially
available 4-, 5-, or 6-hydroxyindoles affording the corresponding
oxyindoles 3, 4 and 5 in good yields and mild reaction conditions,
without any competitive epoxide ring opening.8 Each oxyindole
represents the common precursor for the preparation of either per-
hydroisoquinyl- or sulfonamidyl derivatives. Indeed, perhydroiso-
quinoline (PHIQ) was introduced by direct regioselective oxiranyl
ring opening, obtaining the corresponding 6, 7 and 8 in good yield
and as single diastereoisomers (>57% overall yield in 3 steps).

For the preparation of arylsulfonamidyl compounds, the oxira-
nyl-oxyindoles 3, 4 and 5 were reacted with isobutylamine, afford-
ing the amino-derivatives 9, 10 and 11 in excellent yield. Starting
from this triad, arylsulfonyl fragments with different electronic
properties were introduced by employing suitable chlorides,
affording compounds 12a,b, 13a,b and 14a,b (>46% overall yield
in 4 steps). In particular, electron releasing 3,4-dimethoxyphenyl-
and electron withdrawing 4-nitrophenyl groups were introduced
to evaluate their potentially different effect on inhibitory activity.
Compound 13a was also transformed into 4-aminophenyl deriva-
tive 13c by Pd-catalyzed hydrogenation.

All these oxyindoles were tested in vitro for anti HIV-PR activity
and the results are reported in Table 1.

This systematic study confirms the trend observed in our preli-
minary results on oxyindoles.7b In general 5-oxyindoles show bet-
ter activity than the 4- and 6-substituted ones and this difference is
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