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Abstract 

  Employing a scaffold hopping approach, a series of allosteric HIV-1 integrase (IN) 

inhibitors (ALLINIs) have been synthesized based on an indole scaffold. These compounds 

incorporate the key elements utilized in quinoline-based ALLINIs for binding to the IN dimer 

interface at the principal LEDGF/p75 binding pocket. The most potent of these compounds 

displayed good activity in the LEDGF/p75 dependent integration assay (IC50 = 4.5 µM) and, as 

predicted based on the geometry of the five- versus six-membered ring, retained activity 

against the A128T IN mutant that confers resistance to many quinoline-based ALLINIs. 

 

 

HIV-1 integrase (IN) plays a key role in viral replication by catalyzing the insertion of viral 

DNA into the host genome. The entire process is mediated by the well-ordered assembly of a 

stable synaptic complex (SSC) formed via ordered multimerization of HIV IN into a tetramer on 

the viral DNA.1 Based on the importance of HIV-1 IN for the viral infection, there has been 

significant interest in developing compounds which are capable of disrupting IN function. Much 

of the early work on IN inhibitors was focused on the discovery and optimization of active site 

inhibitors capable of coordination to divalent metal ions in the catalytic site.1,2 These 

compounds are best represented by the class of integrase strand transfer inhibitors (INSTIs) and 

include three FDA approved drugs, raltegravir, elvitegravir, and the second-generation INSTI 

dolutegravir.3-5 More recently, a number of allosteric HIV-1 IN inhibitors (ALLINIs), alternatively 

referred to as LEDGINs, non-catalytic site IN inhibitors (NCINIs), and IN-LEDGF allosteric 

inhibitors (INLAIs), have been reported.6-11 These compounds bind to the IN dimer at the 

principal LEDGF/p75 binding site and exhibit a multimodal mechanism of action.6,8,10,12-15 



  

ALLINIs induce aberrant IN multimerization as well as inhibit IN binding to LEDGF/p75. These 

compounds possess two conserved binding elements, an aromatic ring which projects into a 

hydrophobic channel formed by helices at the interface of the two integrase subunits and a 

substituted acetic acid side chain responsible for forming a network of hydrogen bonds and 

electrostatic interactions with the E170, H171, and T174 residues.6,13,16 To date, these 

functional groups have been effectively appended to six-membered heterocyclic rings, 

including the quinoline core scaffold of BI-1001 (Figure 1).15 Although these compounds and 

many others have shown promising inhibitory activity, various resistance mutations, including 

the A128T IN mutation, have been observed for many of the reported quinoline-based 

ALLINIs.6,13 

In an effort to more fully explore the structure-activity relationships of the ALLINIs and 

potentially attenuate resistance to known mutants, the central scaffold of these compounds 

was identified as a potential site for structural manipulation. Specifically, we wished to examine 

whether a scaffold hopping17 approach could be applied to this class through transfer of the key 

binding elements from a six-membered to a five-membered heterocyclic ring and whether this 

new ring system could effectively orient these groups in the LEDGF/p75 binding site. In analogy 

to the quinoline core found in many ALLINIs, the indole presents a similar bioisosteric 

benzannular nitrogen-containing framework, despite significant differences in electron density, 

relative geometry, and H-bonding capabilities. Synthetically, however, there are several 

potential benefits to employing an indole in the synthesis of ALLINI analogues, namely, the wide 

array of existing methods for the preparation of the core18 and the relative ease of 

functionalization around the periphery of this scaffold, both of which could be expected to 

further the development of new ALLINI analogues.  With this in mind, a computational docking 

model of an indole based analogue with HIV-1 IN was examined using AutoDock 4.0 (Figure 1).19 

This model predicted that indole-based analogues would maintain a binding mode similar to 

that of the prototypical quinoline-based ALLINI, BI-1001. Of note, as predicted in our 

preliminary structural analysis, the docking model indicates that the geometry of the smaller 

five-membered ring of the indole imparts a modest effect on the relative positioning of the core 

in the binding pocket. While the key acetic acid and aryl substituents are predicted to overlay 

well in both the quinoline and indole systems, a slight “tilt” of the indole aromatic ring away 



  

from the A128 residue relative to the quinoline ring system is observed, suggesting that the 

indole analogues may not interact with that site or be affected by the A128T mutation which 

confers marked resistance to quinoline-based ALLINI analogues.13 Encouraged by these results, 

we pursued the synthesis of a series of indole analogues to experimentally test these 

predictions.  

 

 

 

Figure 1. A docking model overlay of BI-1001 (purple) and an indole analogue (white) in the 

LEDGF/p75 binding pocket to HIV-1 IN dimer interface. Individual IN subunits are shown in 

green and blue. 

 

 

Key considerations in the development of these analogues were the efficiency of the 

route and the ability to easily introduce structural variation at the C3 substituent. Methods 

previously utilized to introduce functionality at this position in both the quinoline and pyridine 

systems have relied upon coupling reactions, typically a Suzuki coupling, to introduce the aryl 

substituents.9 A new strategy for the functionalization of the indole core could utilize 

alternative reactivity, ultimately facilitating the incorporation of other functional groups at that 



  

position. With this in mind, the inexpensive, commercially available reagent isatin was 

employed as a starting material for the synthesis (Scheme 1) and was quickly transformed using 

well-established methodology to the C3-substituted indole via nucleophilic addition of Grignard 

or aryllithium reagents and subsequent hydride reduction.20 Alkylation of the indole nitrogen 

was then carried out using either iodomethane (compounds 2a-d) or benzyl bromide 

(compound 2e). Installation of the critical acetic acid side chain was then accomplished through 

acylation of the electron rich indole ring system with oxalyl chloride followed by the addition of 

methanol to give ester 3.21 Selective reduction of the ketone with sodium borohydride cleanly 

provided alcohol 4. Alkylation using the resin bound acid, Amberlyst 15, successfully generated 

the desired t-butyl ether, although other conditions established for the introduction of the t-

butyl ether functionality including the use of either t-BuOAc/perchloric acid or t-

butylacetimidate have also been successfully applied to the indole system.13,22 Finally, 

saponification of the methyl ester furnished the sodium salt of the indole analogues 5a-e. 

Acidification of the salts to pH ≈ 4 provided the acids, but further lowering of the pH resulted in 

degradation of the compounds, presumably due to the potential reactivity of the indole ring in 

combination with the instability of the t-butyl group under these conditions. Due to the 

sensitivity of the indole system and the low yields obtained in the saponification and 

subsequent acidification, in several cases the acids were not protonated and the isolated 

carboxylates (sodium salts) were directly submitted for biological evaluation. The acidification 

was not considered critical in this case due to the use of neutral buffer conditions for the 

bioassay in which the molecule exists as the carboxylate anion. In total, five indoles (5a-e) were 

synthesized by employing this seven step sequence from isatin.  

 



  

 

Scheme 1. Method for preparation of indole analogues 5a-5e. 

 

In addition to indoles 5a-e, two additional structural variants were synthesized to 

explore the synthetic flexibility and structure-activity relationships of this system. The first of 

these was the homologation of the acetic acid side chain to prepare compound 10 (Scheme 2). 

The extension of the chain was expected to provide more flexibility in the binding of the two 

key functional groups to IN and to affect the hydrogen bonding of the compound. Compound 

10 was prepared through application of the chemistry of Larock.23 Upon coupling of alkyne 7 to 

iodoaniline 6, the indole was cyclized and the phenyl group appended to the C3 position under 

microwave conditions in the presence of palladium. The formation of the t-butyl ether and 

subsequent saponification were carried out in a manner analogous to the preparation of 

previous derivatives, generating a structural analogue of 5a. The second structural variant took 

advantage of functional group reversal (Scheme 3), a technique previously seen in indole 

containing compounds like indomethacin/clometacin and serotonin.24 For the preparation of 

compound 15 (Scheme 3), the anisole group was introduced directly onto 3-methylindole (11) 

via Ullmann coupling with iodoanisole (12). At that stage, the introduction of the acetic acid 

side chain once again could be accomplished as shown for the transformation of 2-5 to provide 



  

compound 15, which possesses the same functional groups as analogue 5b, in a total of five 

synthetic steps and with an overall yield of nearly 35% from inexpensive commercial reagents. 

 

 

Scheme 2. Synthesis of the homologated acid 10. 

 

 

Scheme 3. Functional inversion of indole leading to the preparation of 15. 

 

The synthesized analogues were tested in a homogenous time-resolved fluorescence 

(HTRF)-based LEDGF/p75-dependent integration assay.13,15 The advantage of this assay is its 

ability to capture IN inhibitors with different modes of action. For example, compounds that 

impair IN catalytic activity, induce aberrant IN multimerization, or inhibit IN-LEDGF/p75 binding 



  

all can be identified using this approach. 13,15 Comparative analysis of the IC50 values (Table 1) 

for the indole-based compounds synthesized above have revealed 5c (entry 3) as the most 

promising lead compound with an IC50 value of 4.5 µM. Additional trends in this series of 

compounds, however, can also be observed to provide structure-activity relationships within 

this class. For example, entries 1-3 demonstrate the important role that substitution of the C3 

aromatic ring plays on compound activity, with both the electron rich and slightly larger anisole 

and chromane rings resulting in increased activity over the unsubstituted phenyl ring. 

Surprisingly, the more flexible benzyl moiety was also reasonably well tolerated at the C3 

position (5d, entry 4), giving similar results to the anisole in entry 2. Introduction of a benzyl 

group at the N1 position (5e, entry 5), however, was not well tolerated, resulting in a two-fold 

reduction in activity as compared to entry 2. The compounds containing the homologated 

acetic acid side chain (10, entry 6) and the inversion of the indole ring system (15, entry 7) 

failed to show any activity in the assay at concentrations up to 100 µM. Although the relative 

lack of activity for compound 15 is not clear, the extension of the acid chain in compound 10 

likely affects the ability of the molecule to achieve efficient hydrogen bonding with the protein 

through the carboxylic acid moiety while simultaneously maintaining the proper orientation of 

the aryl ring in the binding site, a potential consequence of the increased length and 

conformational flexibility in this linker.   

 

Table 1. Respective IC50 values of indole-based compounds evaluated in LEDGF/p75-dependent 

integration assays. 

Entry Compound IC50 for LEDGF/p75-

dependent integration (M) 
1 5a 44.1 ± 3.7 

2 5b 32.0 ± 2.5 

3 5c 4.5 ± 0.5 

4 5d 31.3 ± 0.9 

5 5e 59.1 ± 3.4 

6 10 >100 

7 15 >100 

8   BI-100113 1.3 ± 0.34  
 

 

 



  

Based on the promising activity displayed by 5c in the LEDGF/p75 dependent integration 

assay, however, further mechanism of action studies were carried out using this compound. 

This work included additional HTRF-based assays that allow monitoring of LEDGF/p75-

independent IN 3’-processing activity, IN binding to LEDGF/p75, and aberrant IN 

multimerization.15 The results of these assays, summarized in Table 2, indicate that 5c exhibits a 

multimodal mechanism of action. In particular, this compound not only effectively inhibited 

LEDGF/p75-dependent integration, but also LEDGF/p75-independent 3’-processing activity of 

IN. Furthermore, 5c induced aberrant IN multimerization, which could explain its ability to 

inhibit LEDGF/p75-independent 3’-processing activity of IN. In addition, 5c was able to inhibit 

IN-LEDGF/p75 binding, albeit at a somewhat higher concentration. As one may expect, this 

multimodal mechanism of action is reminiscent of the mechanism of action of quinoline-based 

ALLINI compounds such as BI-1001.13,15 Due to the similarity in activity to the quinoline-based 

ALLINIs, 5c was also screened against the single amino-acid A128T substitution in HIV-1 IN that 

confers marked resistance to quinoline-based inhibitors, including BI-1001.13 In sharp contrast 

to BI-1001, 5c promoted aberrant multimerization of both wild type and the A128T mutant INs 

with similar IC50 values (Figure 2). Likewise, 5c also showed similar inhibition of 3’-processing 

activity in both the wild type and A128T mutant with IC50 values of 3.2 and 0.9 µM, respectively.  

 

Table 2: Mechanistic investigation of compound 5c against WT and A128T IN (IC50 and EC50 

values in M). 

 IC50 for LEDGF/p75 
dependent 
Integration 

IC50 for LEDGF/p75 
independent   

3’-proc.  activity 

EC50 for aberrant IN 
multimerization 

 

IC50 for IN-
LEDGF/p75 Binding  

WT 4.5 ± 0.5 3.2 ± 0.5 16.1 ± 2.0 28.7 ± 3.2 

A128T  0.9 ± 0.02 16.0 ± 1.4  
 

 

 



  

 

Figure 2. Dose response curves for 5c promoting aberrant multimerization of WT (black 

squares) and A128T (red circles) INs. Error bars indicate SD from three independent 

experiments. IC50 values for wild type and A128T INs were 16.1 ± 2.0 µM and 16.0 ± 1.4 µM, 

respectively. 

 

 

 To understand the structural basis for the mode of action of indole-based compounds 

the crystal structures of 5c bound to both the wild type and A128T IN CCDs have been solved. 

The x-ray crystallography studies have revealed that 5c binds at the IN dimer interface in the 

principal LEDGF/p75 binding pocket (Figure 3). Similar to its quinoline-based counterparts, 5c is 

anchored to the protein through the hydrogen bonding interactions between the carboxylic 

acid moiety and the backbone amides of Glu170 and His171 of subunit 2 with the t-butyl ether 

oxygen atom providing additional hydrogen bonding to Thr174 (Figure 3A).13,16 At the same 

time, comparison of the binding sites of indole-based 5c and quinoline-based BI-1001 (Figure 

3B) reveals important differences between these compounds. The quinoline ring system of BI-

1001 extends toward the Ala128 residue in subunit 1 of IN. Accordingly, the replacement of Ala 

128 with bulkier and polar Thr creates steric and electrostatic repulsions to BI-1001, and results 

in repositioning of BI-1001 away from subunit 1 as demonstrated in previous x-ray 

crystallographic studies.13 In contrast, very similar binding orientations of 5c have been 



  

observed in both the wild type and A128T CCD-CCD (Figure 3C) crystal structures. As predicted 

by the computational docking model, the five-membered indole ring structure of 5c mitigates 

the repulsion induced by the A128T mutation by tilting the aromatic ring away from the 128 

residue of subunit 1, thus maintaining similar activities against both the WT and A128T 

proteins.  

 

 

 



  

 

Figure 3. The structural orientation of compound 5c bound to the HIV1 Integrase CCD dimer in 

the presence and absence of the resistance A128T mutation. (A) The crystal structure of 5c in 

complex with CCD (PDB ID: 5KGW). The two CCD subunits are colored cyan and green with the 

electrostatic interaction and hydrogen bonds represented as black dashes. (B) Comparison of 

BI-1001 (PDB ID: 4DMN) and 5c binding to the CCD. (C) The binding of 5c is unchanged when 

comparing the overlay of 5KGW with the crystal structure of 5c bound to CCD containing the 

A128T substitution (PDB ID: 5KGX). The subunits of 5KGX are colored yellow and grey with 5c 

also colored in yellow. 

 

 

In conclusion, we have developed indole-based allosteric inhibitors of HIV-1 integrase. 

Similar to previously reported quinoline-based compounds, the indole-based compounds bind 

to the IN dimer interface at the LEDGF/p75 binding pocket and exhibit a multimodal mechanism 

of action. The five-membered indole ring, however, allows this class of compounds to avoid 

steric and electrostatic repulsions by the A128T substitution that leads to marked resistance to 

many quinoline-based ALLINIs. In addition, the synthetic versatility provided by the indole core 

provides numerous opportunities for functionalization and structural manipulation in the 

development of analogues. Therefore, despite the relatively lower potencies of this initial series 

of indole-based compounds as compared to the previously reported quinoline-based 

compounds, these indoles represent promising leads for the development of second generation 

of ALLINIs. 
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Figure 1. A docking model overlay of BI-1001 (purple) and an indole analogue (white) in the 

LEDGF/p75 binding pocket to HIV-1 IN dimer interface. Individual IN subunits are shown in 

green and blue. 

 

Scheme 1. Method for preparation of indole analogues 5a-5e. 

 

Scheme 2. Synthesis of the homologated acid 10. 

 

Scheme 3. Functional inversion of indole leading to the preparation of 15.  

 

Figure 2. Dose response curves for 5c promoting aberrant multimerization of WT (black 

squares) and A128T (red circles) INs. Error bars indicate SD from three independent 

experiments. IC50 values for wild type and A128T INs were 16.1 ± 2.0 µM and 16.0 ± 1.4 µM, 

respectively. 

 

Figure 3. The structural orientation of compound 5c bound to the HIV1 Integrase CCD dimer in 

the presence and absence of the resistance A128T mutation. (A) The crystal structure of 5c in 

complex with CCD (PDB ID: 5KGW). The two CCD subunits are colored cyan and green with the 

electrostatic interaction and hydrogen bonds represented as black dashes. (B) Comparison of 

BI-1001 (PDB ID: 4DMN) and 5c binding to the CCD. (C) The binding of 5c is unchanged when 

comparing the overlay of 5KGW with the crystal structure of 5c bound to CCD containing the 

A128T substitution (PDB ID: 5KGX). The subunits of 5KGX are colored yellow and grey with 5c 

also colored in yellow. 

  


