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Abstract: In the present study, a new series of p-carboline derivatives were synthesized and
evaluated for inhibition activity against both HIV-1 and HIV-2 strains. Among these reported
analogues, surprisingly (1-phenyl-9H-pyrido[3,4-b]indol-3-yl)(4-p-tolylpiperazin-1-
yl)methanone (7b), (4-(2-methoxyphenyl)piperazin-1-yl)(1-phenyl-9H-pyrido[3,4-b]indol-3-
yl)methanone  (7f), (4-(4-fluorophenyl)piperazin-1-yl)(1-phenyl-9H-pyrido[3,4-b]indol-3-
yl)methanone  (7k),  (4-(2-fluorophenyl)piperazin-1-yl)(1-phenyl-9H-pyrido[3,4-b]indol-3-
yl)methanone (71) displayed selective inhibition of HIV-2 strain with ECs values of 3.3, 3.2, 2.6
and 5.4 uM respectively, which are comparable with nucleoside reverse transcriptase inhibitors
lamivudine and dideoxyinosine. As these analogues have not shown in-vitro HIV-2 reverse
transcriptase inhibition, it could ‘be excluded as potential target for their specific anti-HIV-2
activity.
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Human Immunodeficiency Virus (HIV), a pathogenic lentivirus which belongs to the family of
Retroviridae, is responsible for one of the most dreadful disease Acquired Immune Deficiency
Syndrome (AIDS). HIV species are majorly classified as two types such as HIV-1 and HIV-2.
HIV-1 . is more pathogenic, widely distributed throughout the world and further classified into
different groups and sub-groups [1], whereas HIV-2 is endemic in West Africa with little spread
over other parts like Africa, Europe, India and United States. HIV-2 has low transmission
efficiency and requires more time to produce immune suppression when compared to HIV-1 [2,
3].

FDA approved anti HIV drugs are classified into seven different classes, Nucleoside Reverse
Transcriptase Inhibitors (NRTIs), Nucleotide Reverse Transcriptase Inhibitors (NtRIs), Non-
Nucleoside Reverse Transcriptase Inhibitors (NNRTIs), Protease Inhibitors (Pls), Integrase
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Inhibitors (INIs), Fusion Inhibitors (FIs) and Entry Inhibitors or CCR5 co-receptor inhibitors
(CRIs) [4]. All these drugs are highly effective against HIV-1, but unfortunately till now no such
efforts are made to develop inhibitors active against HIV-2. Unlike HIV-1, susceptibility of HIV-
2 to these anti HIV-1 drugs is variable [5]. Therapeutic efficacy of NRTIs is comparable against
HIV-2 and HIV-1 with low resistance barrier to HIVV-2 [6, 7], while inhibition potency of Pls
against HIV-2 is uneven with only a few drugs like lopinavir, saquinavir and darunavir are active
against HIV-2 [8, 9]. Integrase inhibitors [10] and CCR5 antagonist, maraviroc (MVC) exhibited
activity against some HIV-2 isolates even though role of CCRS5 receptors in HIV-2 lifecycle has
yet to be understood [11]. Moreover anti-HIV drugs such as, NNRTIs and fusion inhibitors are
therapeutically inactive against HIV-2 infection [11-13]. Despite of uneven therapeutic efficacy
of anti-HIV drugs against HIV-2 infection, considerable efforts have not made to develop
selective anti-HIV-2 inhibitors.

B-carboline represents a tricyclic pyrido[3,4-b]indole ring system present in a large number of
natural products isolated from different sources like territorial plants [14], marine sponges [15],
food [16] and mammals [17]. The B-carboline ring has a privileged position in medicinal
chemistry, as compounds containing B-carboline skeleton displayed various biological activities
like anti-cancer, anti-thrombotic, anti-microbial, anti-malarial, anti-leishmanial, anti-tubercular
and anti-viral activity [18]. Natural as well as synthetic B-carboline derivatives displayed
significant anti-HIV activity (Figure 1) through multiple mechanisms such as, interfering with
the early stages of the HIV life cycle by inhibiting cell to cell transmission [19, 20] or by
blocking the Tat-TAR interaction [21, 22]. Initially natural p-carboline alkaloid, 1-
methoxycanthinone reported for its anti-HIV activity (ECso 1.02 uM) in 2000 [23], followed by
alkaloids harman (10.7 puM) [14], drymaritin (2.8 uM) [24], and flazin (2.36 uM) [25] exhibited
moderate anti-HIV activity. Manzamines are a unique group of B-carboline alkaloids, among
these manzamine alkaloids, 8-hydroxymanzamine A displayed significant anti-HIV activity with
ECs value 0.56 UM and manzamine A, X, F, E, neo-kaulamine etc., exhibited moderate anti-
HIV activity [18, 26]. Besides these natural B-carboline alkaloids, synthetic B-carboline
derivatives were also evaluated for anti-HIV activity, among the synthetic B-carboline
derivatives, semi-synthetic analogues of flazin displayed moderate to significant activity.

Especially 3-formido derivative, flazinamide showed increased anti-HIV activity against both



HIV-1 and HIV-2 strains with ECs values 0.38 and 0.57 uM respectively [25, 27]. Synthetic -
carboline derivatives with different substitution on position 1,3 and 9 were explored in the
literature as anti-HIV agents, among these reported synthetic derivatives, p-carboline derivatives
having alkaline (amine and guanidine) side chain substitutions on position-3 of B-carboline
skeleton displayed anti-HIV activity by inhibiting Tat-TAR interactions [21, 22]. From the
literature reports on anti-HIV activity of B-carboline derivatives and with our interest on
biological evaluation of B-carboline derivatives, we have reported design, synthesis of 3-
piperazinoyl-B-carbolines based on ligand based drug design approach and their in-vitro activity
against both HIV-1 and HIV-2 strains.

Figure 1: Structures of reported anti-HIV p-carboline derivatives

The synthetic protocol of the designed bisheteroarylpiperazine derivatives is illustrated in
scheme 1. The compounds were synthesized from the starting material, DL-Tryptophan (1) in a
sequence of reactions. Initial esterification of DL-Tryptophan (1) using thionylchloride in
ethanol to obtain ethyl ester of tryptophan (2), was followed by cyclization in the presence of
trifluoroacetic acid to afford tricyclic ethyl 2,3,4,9-tetrahydro-1-phenyl-1H-pyrido[3,4-b]indole-
3-carboxylate (3). Upon oxidation with potassium permanganate, ethyl 1-phenyl-9H-pyrido[3,4-
b]indole-3-carboxylate (4) was obtained, continued by 9-N methylation with methyl iodide in the
presence of potassium hydroxide to obtain ethyl 9-methyl-1-phenyl-9H-pyrido[3,4-b]indole-3-
carboxylate (5), followed by alkaline ester hydrolysis to afford 9-methyl-1-phenyl-9H-
pyrido[3,4-blindole-3-carboxylic acid (6) as key intermediate. Then 6 was treated with
appropriate . amines (aryl-substituted piperazines) in the presence of 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDCI) and hydroxybenzotriazole (HOBt) to
obtain desired products (7a-p) in good to excellent yields [28, 29].

Scheme 1: Reagents and conditions: i) thionyl chloride, ethanol, reflux, 30 min, 76 % ii) benzaldehyde,
trifluoroacetic acid, DCM, rt, 3h, 82 % iii) KMnO,, THF, rt, 24 h, 68 % iv) methyl iodide, KOH, DMSO, rt, 30 min,
72 % v) 50 % aqg. NaOH, reflux, 30 min, 78 % vi) EDCI, HOBt, THF, piperazines, 0 °C-rt 6h, 62-82 %

In-vitro Anti-HIV Activity



All the synthesized B-carboline derivatives were first evaluated for their cytotoxicity using MTT
based cell viability assay against HeLa cell line. All compounds were evaluated for in-vitro anti-
HIV activity against both HIV-1 (lllg) and HIV-2 (ROD) at below their cytotoxic concentration.
Nevirapine (NVP), lamivudine (3TC), zidovudine (AZT) and dideoxyinosine (DDI) were used as
reference drugs to compare the inhibition potency of reported analogues.

Among these synthesized analogues, 7b (1-phenyl-9H-pyrido[3,4-b]indol-3-yl)(4-p-
tolylpiperazin-1-yl)methanone, 7f (4-(2-methoxyphenyl)piperazin-1-yl)(1-phenyl-9H-pyrido[3,4-
b]indol-3-yl)methanone, 7k (4-(4-fluorophenyl)piperazin-1-yl)(1-phenyl-9H-pyrido[3,4-b]indol-
3-yl)methanone and 71 (4-(2-fluorophenyl)piperazin-1-yl)(1-phenyl-9H-pyrido[3,4-b]indol-3-
yl)methanone were exhibited significant activity with ECsy values of 3.3, 3.2, 2.6 and 5.4 uM,
respectively and selectivity indices of 9, 8, >72 and 9, respectively. Compound 7a (1-phenyl-9H-
pyrido[3,4-b]indol-3-yl)(4-phenylpiperazin-1-yl)methanone displayed moderate activity with
ECso 29.4 uM against HIV-2 strain. Surprisingly, these.compounds showed specific inhibitory
activity against HIV-2 (ROD) and in particular compound 7k proved quite selective in its anti-
HIV-2 action (ratio CCso/ECso: >72).

Table 1: In vitro anti-HIV activity of the synthesized compounds

L ECs: concentration of compound required to achieve 50 % protection of MT-4 cell cultures against HIV induced
cytotoxicity, as determined by MTT method.

2 CCs: concentration required to reduce the viability of mock-infected cells by 50 %, as determined by MTT
method.

¥ SI: selectivity index (CCso/ECs against HIV-2).

In the present study, we explored the substitution pattern at phenyl ring attached to the piperazine
moiety with various electron donating and electron withdrawing groups. Among the synthesized
compounds, the unsubstituted phenyl derivative 7a exhibited moderate anti-HIV activity against
HIV-2 with selectivity index (SI > 8). Further substitutions were made with the intention to
increase the anti-viral potency with a better selectivity index. Electron donating groups on the
phenyl ring increased anti-HIV activity significantly. Derivatives with electron donating

substitutions such as 7b (4-methyl) and 7f (2-methoxy) were much more potent than 7a.



Substitution with electron withdrawing groups like chloro and nitro on the phenyl ring decreases
the potency drastically. However, when substitutions were made with fluorine (strong electron
withdrawing and less steric), an enhanced potency was observed with 7k and 71. Especially
compound 7k (4-(4-fluorophenyl)piperazin-1-yl)(1-phenyl-9H-pyrido[3,4-b]indol-3-yl)methano-
ne exhibited a significant increase in potency with a much better selectivity index (>72).
Replacement of the phenyl ring by benzyl and heteroaryl rings (i.e. pyridine), resulted in a
significant increase in cytotoxicity with no significant effect on anti-HIV activity. These results
indicated that, substitutions on position 2 and 4 of the phenyl attached to piperazine are favorable
for anti-HIV activity especially with electron-donating groups and electron-withdrawing groups
at respective positions. Substitution on position 4 with less stericcand electron-withdrawing
groups favors the anti-HIV potency with increased selectivity. Substitutions on position 3 of the
phenyl ring either with electron donating or electron withdrawing groups are not favorable for
anti-HIV activity. Further lead optimization yet to be done with evaluation of di-substituted
derivatives having favorable substitutents on their respective positions. In the present series of
compounds, interestingly none of these compounds showed activity against HIV-1 below their
cytotoxic concentration in contrast to their anti-HIV-2 activity. This is a rather unusual anti-HIV
activity spectrum for heterocyclic compounds.

HIV-Reverse Transcriptase inhibition Activity

Compounds (7a, 7b, 7f, 7k, 71) were evaluated further to find out their exact mechanism of
action. When investigated for their potential inhibitory activity against HIV-2 reverse
transcriptase (RT), none of these compounds (7a, 7b, 7f, 7k, 71) were displayed inhibitory
activity against HIV-2 RT at 200 pg/ml, regardless the nature of the used template-primer (poly
rA.dT or poly rC.dG). Therefore, specific anti-HIV-2 activity of these p-carboline derivatives
was not due to inhibition of HIV-2 reverse transcriptase and further extensive studies are
required to understand the exact mechanism of action.

In summary, a series of new 3-piperazinoyl-B-carboline derivatives were designed and evaluated
for inhibitory activity against HIV-1 and HIV-2 strains. Among the designed analogues,
compounds 7a, 7b, 7f, 7k and 7l showed selective inhibition against HIV-2 (ROD). Especially
7k (4-(4-fluorophenyl)piperazin-1-yl)(1-phenyl-9H-pyrido[3,4-b]indol-3-yl)methanone exhibited
significant inhibition (ECsp 2.6 uM) of HIV-2 which is comparable to standard NRTIs such as



Lamivudine and dideoxyinosine with good selectivity index (>72). The mechanism of this
unusual selectivity is currently unclear.
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Table 1: In vitro anti-HIV activity of the synthesized compounds

S. No Comp. Code R ECso(uM)* CCso(uM)? [HIV-2SP?
HIV-1(lllg) | HIV-2 (ROD)
1. Ta Phenyl >224 29459 >224 >8
2. 7b 4-Methylphenyl >29.6 3.3+£0.02 29.6 +£0.88 9
3. 7c 2-Methylphenyl >16.9 >16.9 16.9 £ 1.55 <1
4. 7d 4-Methoxyphenyl >210.0 >210.0 >210.0 -
5. Te 3-Methoxyphenyl >133.9 >133.9 133.9 £ 12.46 <1
6. 7f 2-Methoxyphenyl >25.3 3.2+0.22 25.3+0.54 8
7. 79 4-Chlorophenyl >208.3 >208.3 >208.3 -
8. 7h 3-Chlorophenyl >110.6 >110.6 110.6 £ 8.36 <1
9. 7i 2-Chlorophenyl >23.6 >23.6 23.6 +0.44 <1
10. 7j 4-Nitropheny! >203.6 >203.6 >203.6 -
11. 7k 4-Fluorophenyl >189 2.6 £0.02 >189.0 >72
12. 71 2-Fluorophenyl >50.6 54+0.23 50.6 £4.00 9
13. m 2,3- >63.9 >63.9 63.9+4.13 <1
Dichlorophenyl
14. mn Benzyl >21.7 >21.7 21.7+1.33 <1
15. 70 4-Pyridyl >4.02 >4.02 4.02 £ 0.05 <1
16. 7p 2-Pyridyl >19.2 >19.2 19.2 + 2.46 <1
17. | Nevirapine 0.027 £ 0.002 >4 >4 -
18. | Lamivudine 0.89 £ 0.66 3.56 £ 2.56 >20 >5.6
19. | Dideoxyinosine 2.56 £ 0.79 2.27+£0.49 >50 >21.7
20. 1| Zidovudine 0.0019 = 0.0016 = >25 >12500
0.0001 0.0002
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