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Abstract - The rate of the nucleophilic displacement of the fluoro atom of 7- 

fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate could he enhanced either by the 

introduction of further fluoro atom(s) into position(s) 6 andlor 8, or by the 

formation of a boron chelate (e.g. 3). The regioselectivity of the nucleophilic 

substitution of the chloro atom in 1-substituted 6-fluoro-7-chloro-4-0x0-1,4- 

dihydroquinoline-3-carboxylic acids could also be enhanced by the formation of a 

boron chelate (e.g. 7). 

The discovery' of the 3rd generation of quinoline-3-carhoxylic acids2 and the introduction of compounds 

of this type into human3 and veterinary4 therapy (e.g. 1, "oxacins") were milestones in the treatment of 

bacterial infections.' In the synthesis of these drugs, the regioselective nucleophilic substitution of a 

halogen atom in position 7 is a key step. When 6,7-difluoro intermediates (2, X = 6-F, 7-F) are applied, 

COOR' 
R = Et, R' = R2 = R3 = H, notfloxacin X 
R = Et, R' = Me. R2 = R3 = H, pefloxacin 

W" R = Et, R' = H, R2 = Me, R3 = F, lomefloxacin 
R = cycloPr, R' = R2 = R3 = H, ciprofloxacin 

1 R = NHMe, R' = Me, R2 = R3 = H, amifloxacin 2 

R = 4-F-Ph, R1 =Me, R2 = R3 = H, difloxacin 

the nucleophilic displacement of the fluoro atom in position 7 occurs with high regioselecti~ity.~ 

However, in the case of the application of the industrially more economic 6-fluoro-7-chloro intermediates 
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(2, X = 6-F, 7-CI), the regioselectivity is dramatically lower,'. 6, as the fluoro atom is a much better 

leaving group in aromatic nucleophilic substitution than the chloro atom. 8 

We report herein an investigation of the nucleophilic substitution of halogen derivatives of I-substituted 

4-0x0-1,4-dihydroquinoline-3-carboxylic acids and esters (2, R' = H, Et) with piperazine or its 1- and 2- 

methyl derivative. The nucleophilic substitution of a halogen atom on the 1,4-dihydroquinolin-4-one 

skeleton (2) with N-nucleophiles has not been investigated systematically. 5,6,7,8-~etrafluoro~uinoline~ 

underwent nucleophilic displacement solely at position 7 with N- and 0-nucleophiles, while of the 5, 6-, 

7- and 8-fluoroquinoline N-oxidesi0 only the 7-fluoro derivative reacted with piperazine. 

Table 1. Rates' of Reaction of Fluoro Derivatives of Ethyl I-Ethyl-4-0x0-I ,4-dihydroquinoline-3-carbo- 

xylates (2, R = R1 = Et) with piperazine in DMSO-d, at 40 "C 

X 5-F 6-F 7-F 8-F 5,6-F, 6,7-F, 7,s-F, 6,7,8-F, 

k"' 0.19 0.00 0.017 0.00 1.07 0.88 0.1 1 2.22 

a) x 10" l~rnol~ ' .sec~ '  Fluoro atom position given in italics denote reactive atoms. 

We first investigated1' the reactivity sequence of a fluoro atom in position 5, 6, 7 or 8 of quinoline-3- 

carboxylates (2, R = R I  = Et, X = F) on treatment with piperazine in DMSO-d, at 40 OC (Table 1). Of the 

monofluoroquinolones, the 7-fluor0 derivative was about 10 times less active than the 5-fluoro 

compound. No reaction occurred with 6- and 8-fluoro derivatives. When an additional fluoro atom was 

present in either position 6 or position 8, the reactivity of the 7-fluoro atom increased, and in the case of 

6,7-difluoro derivative it was almost as reactive as the 5-fluor0 atom in the 5,6-difluoro compound. The 

reactivity of the 7-fluoro atom was increased further in the 6,7,8-trifluoro derivative. Shibamori et al. 

investigatedI2 the reactions of 1-cyclopropyl-4-oxo-5,6,7,8-tetrafluoro-1,4-dihydroquinoline-3carboxylic 

acid and ester with piperidine (besides other amines) by HPLC. Mixture of 5- and 7-substituted 

derivatives was obtained, and the amount of the latter was slightly higher in the case of the 3-carboxylic 

acid. While the 5-substituted compound was the main product (over 87%) in toluene, approximately 1:l 

mixture of the 5- and 7-substituted derivatives was formed in acetonitrile and in ethanol. 

Table 2. ~ a t e s ' l  of Reaction of Ethyl 1-Ethyl-6,7,8-trifluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate 

(2, R = R' = Et) with Piperazine or Its 1- or 2-Methyl Derivative in DMSO-d, at 40 OC 

X = 6.7,8-F, Piperazine I-Methylpiperazine 2-Methylpiperazine 

k"' 2.22 0.20 0.98~' 

a) x ~ . m o l ~ ~ . s e c ~ ' ,  b) lomefloxacin ethyl ester 
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The 6,7,8-trifluoro ester derivative (2, R = R1 = Et, X = 6,7,8-F,) similarly reacted with 2-methyl- or 1- 

methylpiperazines (Table 2). 2-Methylpiperazine reacted in position 4 and was about half as reactive a s  

piperazine, while I-methylpiperazine was cu. ten times less reactive. The 
AcO, ,OAc 

reaction rate (k = 7.50 . l.mol.'sec-') was higher when 2-methyl- 
o..B\o 

piperazine reacted with 6,7,8-trifluoro-4-0x0-1,4-dihydroquinoline-3- 

Fqw carboxylic acid (2, R = Et, R' = H, X = 6,7,8-F,) in DMSO-d, at 25 OC. 

The nucleophilic displacement of the 7-fluoro atom was further enhanced 
F 

when a boron chelate of quinoline-3-carboxylic acid (3) was applied. In 
F Et 

DMSO-d, the reaction rate (k = > 70 . l.mol-' sec-I) was at  least ten 

times higher, in the less polar CDClj it was lower (k = 2.83 . 10.' 1~mol~"sec~'). 

Table 3 .  ~ e a c t i o n s ' ~  of I-Substituted 6-Fluoro-7-chloro-4-oxo-l,4-dihydroquinoline-3-carboxylic Acids 

I 
Koga et ul. reported1 that, besides norfloxacin (5, R = Et, R = H) (66%), the biologically inactive 

isomeric 7-chloro-6-piperazino derivative (6, R = Et, R1 = H) was isolated in 25% yield from the mixture 

of reaction products formed from 7-chloro-6-fluoro-4-oxo-1,4-dihydroqui~-3-carboxylic acid (2, 

R = Et, R' = H, X = 6-F, 7-CI) and excess piperazine at 130-l4O0C. 

The reaction of 7-chloro-6-tluoro-4-oxo-l,4-dihydroquinoline-3-carboxylate (2, R = R' = Et, X = 6-F, 
7 7 7-C1) with piperazine in DMSO-d6 at 40 'C was sluggish (k7,1 - -7 . 10- l.mol~"sec~', k,,: = -3 . 10- 

1.molf sec-I), but that of 7-chloro-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (2, R = Et, 

(4) with Piperazine or with I-Methylpiperazine in DMSO-d, at 120-130 'C 

R 

Et 

Et 

NHMe 

NHMe 

cycloPr 

a) norfloxacin; b) pefloxacin; c) amifloxacin; d) ciprofloxacin; e) difloxacin 

6 

7 

8 

9 

10 

R1 

H 

Me 

H 

Me 

H 

R 

cycloPr 

pF-Ph 

pF-Ph 

2-F-Et 

2-F-Et 

Ratio of 5 and 6 formed 

80" 20 

~ 2 ~ :  I8 

84:  16 

86': 14 

~ 7 ~ :  13 

R I  

Me 

H 

Me 

H 

Me 

Ratio of 5 and 6 formed 

8 7 :  13 

8 3 :  17 

84': 16 

8 9 :  11 

8 9 :  11 
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R' = H, X = 6-F, 7-Cl) with piperazine in DMSO-d6 at 100 OC was faster (k7.CI = 0.75 10-3 lmol-l'secl, 

k,., = 0.20 . 1mol~'sec~').  The reaction was not regioselective in either case. 

The reactions13 of 1-substituted 6-fluoro-7-chloro-4-oxo-l,4-dihydro- 
AcO, ,OAc 

quinoline-3-carboxylic acids (4) with piperazine or with l-methyl- 

F& 

piperazine in DMSO-d6 at 120-130 O C  led to mixtures of 7- and 6- 

0 piperazino derivatives') ( 5 )  and (6) in ratios varying between 80:20 and 

89:ll (Table 3). Side-product formation could be decreased (to less than 
CI 

1 7  5%) when boron chelates (7) were applied instead of the 3-carboxylic 
R 

acids (4). 

R Et H F OCOMe OCOEt 

C-6 154.4 154.6 A6 = - 1.5 ppm 156.0 156.2 156.0 
C-7 125.6 126.6 A6 = - 3.7-4.7 ppm 130.3 130.4 130.2 

Scheme 1. Some selected 13c N M R  data in DMSO-dB 

Boron chelate formation (e.g. 7 or 10-12) decreases the electron density on C-7 more than on C-6 (see I3c 
NMR data in Scheme 1). Accordingly, besides an enhancement of the reaction rate, the regioselectivity of 

the nucleophilic displacement of the 7-chloro atom is increased. Industrially, the application of acetyl 

 derivative^'^ (e.g. 7) is more favorable than that of fluoro derivatives (e.g. lo), whose formation involves 

use of the corrosive boron trifluoride etherate or 42% tetrafluoroboric acid. 

When an electron-donating atom or group was present at position 8 of the quinolone moiety, the 

regioselectivity could not be influenced by boron complex formation. Only the 9-piperazino derivative 
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(13) was formed from 9-fluoro-l0-chloro-7-oxo-2,3-dihydro-7H-pdo[l,2,3-de]-1,4-benzoxazine-6- 

carboxylic acidt5 (14) and from its boron derivativet6 (IS), whereas both the 9,10-difluoro derivative" 

(16) and its difluoro boron derivative1' (17) reacted with 1-methylpiperazine to give ofloxacin (18). 

For some further examples of the applications of boron complexes to enhance the reactivity of the fluoro 

atom at position 7 of the quinolone moiety, see under Ref. 18. 
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