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Abstract: Regioselective syntheses of some thio analogues were achieved in this paper. Quinolone
carboxylic acid were treated with boric acid in acetic anhydride to produce boron complex, which is
then reacted with mercapto compounds to afford quinolone derivatives in high yields.
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Introduction

Quinolones have become a major class of antibacterial agents, which are under extensive
clinical development. They have an attraction because of their extremely potent activity,
rapid bacterial effects and low incidence of resistance development*. Most of the quinolone
antibacterial researches have been focused on the functionality at C-7 position since the
introduction of norfloxacine 1 and ciprofloxacine 2 (Schemel).

Moreover C-7 substituent is the most adaptable site for chemical change and is an area
that determines potency and target preference. A five or six membered ring is the most
commonly found substitution at position C-7, for example, ciprofloxcine and norfloxacine
that are widely used as antibiotics in wide range, have piperazine substitution at C-7 position
(Scheme 1). Fluoro quinolones with 7-piperazinyl moiety have been reported to possess
potent antibacterial activity®.

Enhancement of halogen activity by chelating of f-keto acid, part of quinolonic acid
with boron triacetate, has been patented’®**. By structure-activity relationships, it has been
shown that sulfur atom makes the activity of quinolones twice'®. In connection with our
earlier work™ in this communication we wish to report our result from the reaction of 1-
substituted 6-fluoro-7-chloro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (la-b) with
various heterocyclic systems under M.W conditions.
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1: Ciprofloxacine R= c-Pr, 2: Norfloxacine R = CH,CHj3
Scheme 1
Experimental

Melting points were measured using an Electrothermal 9100 apparatus and are uncorrected.
IR spectra were recorded on a Brucker Tensor 27 FT-IR Instrument. '"H NMR spectra were
measured with JEOL EX-90A Spectrometer. Elemental analysis was performed by Heroeus
CHN-O-rapid elemental analyzer.

General procedure for the synthesis of borate complexes of 1-substituted 7-chloro-
6-fluoro-4-oxo-1,2-dihydroquinoline-3-carboxylic acid (2a-b)

Acetic anhydride (27.05 g, 0.265 mol) and boric acid (4.65 g,0.075 mol) was stirred at a
temperature range of 80-90 °C for 1 h, and later cooled to 50 °C. An appropriate quinolonic
acid, 1a or 1b (0.05 mol) was added to this solution with constant stirring and the mixture
was refluxed for 2 h. After the completion of reaction, the temperature of solution reduced to
10 °C and 100 mL of water was added. The precipitate was filtered, washed with water and
dried at 45 °C.

General procedure for the synthesis of 1(ethyl / cyclopropyl)-substituted—6-fluoro-
7- thio substituted-1,4-dihydro-4-oxo quinoline-3-carboxylic acid (4a-d)

The corresponding boron complex (1 mmol) with an appropriate heterocyclic thiol (3a-3d)
(1.1 mmol) in the presence of 1,4-diazabycyclo[2.2.2]octane (DABCO, 0.03 g, 0.3 mmol)
was exposed under MW Irradiation, in DMSO for 8-10 min. The progress of the reaction
was monitored by TLC, using ethyl acetate/n-hexane 3/1 as eluent. Then the mixture was
refluxed (1 h) with 10 mL sodium hydroxide solution (2 M). After neutralization of the
mixture with acetic acid, the precipitate was filtered and washed with methanol-water (1:1)
to afford the corresponding derivatives (4a-d).

1-Ethyl-6-fluoro-4-oxo-7-(5-methyl-1H-1,2,4-triazol-3-ylthio)-1,4-dihydroquinoline-3-
carboxylic acid (4a)

Yield: 91%, m.p. 270 °C (decomposed). 'H NMR (90 MHz, DMSO-ds) (5 ppm): 1.4 (t, 3H, -
CH3), 1.9 (s, 3H, -CHs), 4.0 (br s, 1H, -NH-), 4.7 (q, 2H, -CH.-), 8.0 (d, 1H, Ph), 8.6 (d, 1H,
Ph), 9.4 (s, 1H, =CH-), 11.4 (s, 1H, -COOH). Anal. Calcd for CysH;5FN,O5S: C, 51.72; H,
3.76; N, 16.08. Found: C, 51.39; H, 3.53; N, 16.37%.

1-Ethyl-6-fluoro-4-oxo-7-(5-phenyl-1H-1,2,4-triazol-3-ylthio)-1,4-dihydroquinoline-3-
carboxylic acid (4b)

Yield: 90%, m.p. 275 °C (decomposed). *H NMR (90 MHz, DMSO-dg) (& ppm): 1.2 (t, 3H,
-CH3), 4.3 (q, 2H, -CH,-), 5.4 (br s, 1H, -NH-), 7.4 (m, 5H, Ph), 8.1 (dd, 2H, Ph), 8.9 (s, 1H,
=CH-), 10.8 (s, 1H, -COOH). Anal.Calcd for CyH3sFN4OsS: C, 58.53; H, 3.68; N, 13.65.
Found: C, 58.35; H, 3.88; N, 13.76%.
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1-Cyclopropyl-6-fluoro-4-oxo-7-(1H-1,2,4-triazol-3-ylthio)-1,4-dihydroquinoline-3-
carboxylic acid (4c)

Yield: 93% m.p. 265 °C (decomposed). 'H NMR (90 MHz, DMSO-dg) (5 ppm): 0.3 (m, 2H,
-CHy-), 0.7 (m, 2H, -CH,-), 2.1 (m, 1H, -CH.), 4.7 (br s, 1H, -NH-), 8.1 (d, 1H, Ph), 8.6 (d,
1H, Ph), 9.1 (s, 1H, =CH-), 11.8 (s, 1H, -COOH). Anal.Calcd for CysH;;FN,05S: C, 52.02;
H, 3.20; N, 16.18. Found: C, 52.25; H, 3.22; N, 15.93%.

3-Methyl-7-0x0-10-ethyl-7,10-dihydro-1,2,4-triazolo[3',4":2,3]-1,3,4-thiadiazino[ 5,6-
g]quinoline-8-carboxylic acid (4d)

Yield: 80% m.p. 278°C (decomposed)."H NMR (90 MHz, DMSO-ds) (8 ppm): 1.3 (t, 3H, -
CHjy), 2.1 (s, 3H, -CHj3), 4.4 (q, 2H, -CHy-), 7.2 (br s, 1H, Ph), 7.8 (br s, 1H, Ph), 8.1 (s, 1H,
=CH-), 10-11 (br s, 2H, -NH- and -COOH). FT-IR (KBr, cm™): 3426 (acidic OH), 3180, (-
NH Secondary amine) 3060, 2934, 1610, 1578, 1721, 1450, 1370. Anal. Calcd for
C1sH13N505S: C, 52.47; H, 3.82; N, 20.40. Found: C, 52.28; H, 4.01; N, 20.66%.

Results and Discussion

The use of boron complex as fluoroborate complex of quinolone carboxylic acid, in order to
achieve a pure thio derivative from the reaction of the obtained complexes 2a-b with various
nucleophiles 3a-d has been reported. By synthesis of the intermediates 2a-b, a more positive
charge at C-7 position of fluoroguinolone ring is generated. On the other hand by applying
DABCO as an efficient catalyst and MW irradiation, the introduction of heterocyclic thiols,
classified as poor nucleophiles, became possible.

Compounds la-b reacted with boric acid triacetate in acetic anhydride media to obtain
complexes of the formula 2a and 2b in almost quantitative yields. The 2a-b complexes reacted
with thiols 3a-c in the presence of DABCO as catalyst and in DMSO as solvent under MW
irradiation, to obtain the related 7- thio substituted complexes. A further treatment with NaOH
solution was performed to generate the corresponding fluoroquinolone-3-carboxylic acid sodium
salt. Neutralization of the aforesaid salt with acetic acid led to the formation of the final products
(Scheme 2). These products were identified by spectroscopic data to be the result of a substitution
of thiolat in a heterocyclic system with chlorine in complexes 2a-b to afford compounds 4a-c.
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Scheme 2. Synthetic route to compounds 4a-d. Reagents and conditions: a) H;BOs,
(CH3CO),0; b) DABCO, M.W; ¢) NaOH, reflux; d) CH;COOH
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When 4-amino-5-methyl-1,2,4-triazol-3-thiol 3d reacted with 2a under the mentioned
conditions, a single compound was obtained 4d. The spectroscopic and analytical data
proved that in this reaction, the bidentate nucleophile has substituted both fluorine and
chlorine of 2a to afford a novel heterocyclic system: 3-Methyl-7-ox0-10-ethyl-7,10-dihydro-
1,2,4-triazolo[3',4":2,3]-1,3,4-thiadiazino[5,6-g]quinoline-8-carboxylic acid (4d).

Conclusion

A high efficient methodology for the synthesis of 7-thio substituted quinolone carboxylic
acid was demonstrated. Various heterocyclic thiols were applied to evaluate the method and
considerable substitution yields on C-7 were achieved in relatively low reaction times.
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