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Abstract

A series of novel 6-sulfamoyl-4-oxoquinoline-3-carboxylic acids derivatives have been synthesized and screened for HIV

integrase inhibition activity. Their structures were confirmed by ESI-MS, 1H NMR and 13C NMR.
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As a kind of HIV-1 integrase inhibitors, quinolone derivatives were taken great interest in due to their extremely

versatile nature, easily synthesized at low cost on a large scale and well-known biochemical properties [1,2]. The first

quinolone-based structure GS-9137 [3] with very strong antiretroviral properties was proven to be a highly selective

integrase inhibitor.

The viral enzyme integrase (IN), along with HIV-1 reverse transcriptase and HIV-1 protease, is an essential enzyme

for retroviral replication and represents an important target for interrupting the viral replication cycle [4]. IN is an

attractive target because it has no counterpart in mammalian cells, therefore, IN inhibitors should have high selectivity

and low toxicity [5]. Quinolone-3-carboxylic acid was assumed a new pharmacophore for designing of new generation

HIV-1 IN inhibitors [6]. We envisage that pharmacophore perception is an ideal approach for discovering a new

generation IN inhibitors. In this study we synthesize 6-sulfamoyl-4- oxoquinoline-3-carboxylic acids 6a–l (Scheme 1).

The Gould–Jacob cyclization reaction [7] is one of the main methods to form the core structure of quinolone 3-

carboxylic acids. 6-sulfamoyl-4-oxoquinoline-3-carboxylic acid derivatives were prepared starting from the

commercially available 4-nitrobenzene sulfonyl chloride 1 in five steps [8,9]. We initially thought that the key

cyclization reaction would be preformed difficultly on the relatively electronic-deficient 4 along with the larger

sulfamoyl groups, while the quinolone 5 was facile to be synthesized.

Straightforward sulfonamide formation was obtained 4-nitrobenzene sulfonamide 2, then reduction of 2 was

carried out under standard conditions with SnCl2�2H2O and delivered 4-aminobenzene sulfonamide 3. Condensation

of 3 with ethoxymethylenemalonate diethyl ester yielded aminomethylenemalonate 4. The compound 4 was converted
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to quinolone 5 in Ph2O containing catalytic p-chlorobenzoic acid. Building upon the literatures, we found that the

typical reaction time for optimal yields for this series transformation should be within 30 min. The unimaginable

byproducts will come into being under too higher temperature beyond half hour. Also, we found the catalyst p-

chlorobenzoic acid did limited effects to shorten the reaction time and improve the yields. Finally, quinolone 5 was

hydrolyzed using sodium hydroxide in the mixed solution of EtOH/H2O, after acidification with 10% H2SO4, a small

collection of 6-sulfamoyl-4-oxoquinoline-3-carboxylic acids 6 was prepared. The structure of the compounds 6a–l

was confirmed by 1H NMR, 13C NMR and ESI-MS [10].

HIV-1 integrase strand transfer activity assay was carried out to test the inhibition effectiveness of our compounds

as described previously[11] with some minor modifications. Compounds diluted in DMSO were pre-incubated with

800 ng integrase at 37 8C in the reaction buffer in the absence of Mn2+ for 10 min. Subsequently, 1.5 pmol donor DNA

and 9 pmol target DNA were added and the reaction was initiated by the addition of 10 mmol/L Mn2+ into the final

reaction volume. The reactions were carried out at 37 8C for 1 h and subsequent detection procedure was applied to

detect the assay signals. Integrase inhibitor, L-708906, was used as the control compound (positive control), whereas

no compound but only DMSO in the reaction mixture was set as the drug-free control (negative control). The inhibition

percentages of 6-sulfamoyl-4- oxoquinoline-3-carboxylic acids 6a–l were calculated based on the positive and
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Scheme 1. Reagents and conditions: (A) substituted amines (or substituted piperdine and piperazine), EtN3/CH2Cl2, 81–96%; (B) SnCl2�2H2O,

EtOAc, reflux, 4 h, 62–86%; C) diethyl ethoxymethylenemalonate, 1,4-dioxane, reflux, 3.5 h, 62–91%; (D) cat. p-chlorobenzoic acid, Ph2O, 250 8C,

�0.5 h, 45–69%; (E) NaOH, H2O/EtOH, reflux, 1 h, 10% H2SO4, 63–90%.



negative controls (Table 1). The data revealed that all compounds showed to inhibit HIV integrase activities at the

concentration of 1 mmol/L. Especially the compounds 6a and 6c show almost completely inhibitory activity against

integrase.

In conclusion, we have synthesized a series of novel 6-sulfamoyl-4-oxoquinoline-3-carboxylic acids derivatives

and screened for anti-HIV-1 activities against integrase. The structures of compounds 6a–l were confirmed by 1H

NMR, 13C NMR and ESI-MS. 6a and 6c showed inhibitory activity against HIV integrase, further studies directed

towards the efficient quinolone 3-carboxylic acid pharmacophore are under investigation and will be reported in due

course.
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Table 1

HIV integrase inhibition activity of 6-sulfamoyl-4-oxoquinoline-3-carboxylic acids.

Compound no. Inhibitory rate % (1 mmol/L) Compound no. Inhibitory rate % (1 mmol/L)

6a 99.93 6h 78.80

6b 90.93 6i 76.59

6c 99.97 6j 89.58

6d 74.51 6k 73.90

6e 55.88 6l 66.79

6f 73.53 L-708906 (25 mmol/L) 100

6g 73.16 control 0
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