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Abstract: New racemic N•(••azifidin•).6.flu•r••7.(4•methy•piperazin•••y•).4(•H).quin•••ne•3.•arboxy•ic 
acids (9a-i) were ~ynthesized and their antibacterial activities were tested against Gram-positive and Gram- 
negative micro-organisms. According to the MIC, all compounds studied are less active than Ciprofloxacin; two 
of them (ga,b) have similar activity as Nalidixic acid (1). Copyright © 1996 Elsevier Science Ltd 

Introduction. The appearence of the third generation of antibacterial Fluoroquinolines (based on Nalidixic 

acid) in the early 1980's gave a new impulse for the intense international competition to synthesize more 

effective agents with broader spectrum activity 1-3. Since then, as a result of these efforts, near to a dozen rep- 

resantatives of this class have been introduced into human and veterinary therapy for a broad variety of  clinical 

indications and others are under extensive investigation 4. During various structure-activity studies 5 the ethyl 

group at position 1 of  Nalidixic acid (1) has been replaced by methylamino and cydopropyl groups (and N-8 by 

CH) to give Amifloxacin 6 (3a) and Ciprofloxacin 7 (2a), one of the most clinically successful Agents. 

Here we report the synthesis of several fluoroquinolines containing different 1-aziridinyl moieties at 

position 1 and the evaluation of their in vitro antibacterial activities. 

o 0 o 

Me LMe H N : " ~  /Ilk R M e ~ N ~  ~-  
1 2 L.__k." 3 M e  

Nalklixic acid a, Cipmtloxacin (R = H) a, Amilloxacin (X = Nil) 
b, 2-Ph-Ciprofloxaein (R = Ph) b, Pefloxaein (X = CH2) 

Chemistry. The aza analogues of 2b, the new raeemie N-(l-aziridino)-6-fluoro-7-(4-methylpipetazin-l- 

yl)-4(IH)-quinolone-3-carboxylic acids (9a-i) were synthesized as follows: the quinolone-3-carboxyiic acid 

esters (4a,b) s were N-aminated under basic conditions by the known N-aminating reagent O-(4-toluenesulfonyl)- 

hydroxylamine (TSH) 9. The fluorine substituent at position C-7 of N-amino derivatives 5a,b was replaced by 
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N-methyl-piperazinyl group to afford 6a,b. The nitrenes generated l~om N-aminoquinolones (6a,b) by treatment 

with Pb(OAc)4 underwent insertion 10 into the double C-C bond of  olefins 7a-f to give the N-(1-aziridino) 

derivatives ($a-i). The hydrolysis of  the ester group was performed in ethanol by means of  aqueous sodium 

hydroxide. Upon acidification with acetic acid, the N-(1-aziridino)-6-fluoro-7-(4-methylpiperazin-l-yl)-4(1/])- 

quinolone-3-carboxylic acids (9a-i) were isolated. Much effort has been made to synthesize the parent 

compound (9, R 1, R 2 ffi H) by this method (using ethylene as reagent) or by other possible routes. All attempts 

however failed to provide the desired compound. 

o o o 
F , ~ ~ C O O E t  a, b F ~ C O O E t  c F ~ C O O E t  

F , J , ~ N )  75-82 %- .,~-7.~[~ J 61-77 %= J ~ ( , ~  ~ + (R, 
F y y y R= 

I~ H R NH 2 N R NH z 
4 5a, b 6a,b 7 

l ,  R=I-I; b, R= F O O a, R2 = H, RI = Cells 
d _ F ~ C O O E t  e,f F ~ C O O H  b, R2 = H, R1 = 4.F'.CeH4 

34-65 % w ~J~.)~l~ ~ 53-87 %'~ ~,,~J~l~ ~1 ¢, R 2 = H, R 1 = 3-CF3-CoH 4 

&i-i 9a-i 

,,, K1CO3 (2 =iv.), DMF, IT ,  2 h; b, T$tt (1.1 eqv.), CH1CI,), ¢, N-Metbylpiporazine (excess), pyridine, refl., 
5 h; d, 7,,-e (5 ~iv.), Vb(OAc),l (1.1 =iv.), O-I2Cli, RT, 2 h; ¢, NaOtt (aq., 2 N), EtO~ RT, 48 h; f, AcOtt 

@I-i = 7) 

9a 9b 9e 9d 9e 9f 9g 9h 9i 
R H H H H F F F F H 
R 1 H H H H H H H H RIR i f  

Biological assays. The series of  N-(1-aziridino)fluoroquinolone-carboxylic acids (ga-i) together with selected 

reference agents - Ciprofloxacin (2a) and Nalidixic acid (1) - were tested against 23 representative Gram- 

positive and Gram-negative organisms using a standard procedure described below. 

Stock-solutions in phosphate buffer or dimethyl sulfoxide at a concentration of  1 mg/ml (or 10 ~tg/ml) 

were prepared and filtered by bacterological filter to obtain sterile solutions. These stock-solutions were then 

diluted by the suitable culture medium to five fold volume (200 ~tg/rnl or 2 ~tg/ml). The dilution of  the latter 

(each time to double the volume) resulted in 2 series of solutions (9 members in each). 

The MIC's were determined using standard macrodilution tochniques ll (using Wassermann tubes with 

diameter of  16 ram, length: 90 nun) and compared in rfiultiple experiments and recorded in Table 1. Cipro- 

floxacin and Nalidixic acid were used as controls and are also included in Table 1. 
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Results and Discussion. The results of  measurements ofMIC's  summarised in Table 1 show that only 

two derivatives (ga,b) of  the whole series showed similar or somewhat better activity as Nalidixic acid. These 

compounds - phenyl (9a) and 4-fluorophenyl (9b) substituents in the aziridine ring - are significantly more 

potent against Gram-positive microorganisms than Nalidixi¢ acid and have similar potency against Gram- 

negative ones. Introduction of a fluorine substituent in position C-8 (derivatives 9e-h) resulted in the loss of 

activity. A substituent in the aziridine ring with enhanced electronwithclrawing property (9c,d) or a fused ring 

(9i) also led to a decrease in the activity. 

While the substitution of the methylene group of the 1-ethyl moiety of  Pefloxacin (3b) with NH group 

(Amifloxacin 3a) resulted in a slight decrease of antibacterial activity 12, the introduction of a nitrogen into 

position I of  trons-2-Ph-Ciprofloxacin (2b) 13 seems to afford similar or less potent compounds (9a-i). Analysing 

the given data 13 shows that 2b is 10 to "15 times less active against Gram positive and at least 2 orders of 

magnitude less potent against Gram negative microorganisms than Ciprofloxacin. A similar tendency can be seen 

when we compare the results of 9a (and 9b) and that of  Ciprofloxa¢in 14 in Table 1 of this work. 

In conclusion, the results of in vitro antibacterial activities of 9 against a range of Gram-positive and 

GTamonegative microorganisms suggest that substitution of the 1-methylene group within the Nl-cyclopropyl 

moiety of 2b by NH did not considerably influence the antibacterial potency. 
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