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An alternative synthesis of (?)-7-(3-methylpiperazin-1-yl)-6-fluoro- l-(2,4-ditluorophenyl)-l,4-dihydro-4-oxoquino- 

line-3-carboxylic acid hydrochloride 4,  a potent antibacterial agent, was developed. The method was characterized by 
regiospecific displacement of the 4-fluoro of the 2,4,5-trifluoroacetophenone by 2-methylpiperazine to produce the key 
intermediate, 2,5-difluoro-4-(3-methylpiperazin-l-yl)acetophenone 12, which was subsequently converted to 4 via an 
intramolecular nucleophilic displacement cyclization reaction. 

DANIEL T.  W. CHU, ISABELLA M. LICO, AKIYO K .  CLAIBORNE et HERMANN FAUBL. Can. J. Chem. 70, 1323 (1992). 
On a mis au point une nouvelle mCthode de synthkse du chlorhydrate de l'acide (?)-7-(3-mt5thylpipCrazin-l-yl)-6-flu- 

oro-l-(2,4-difluorophCnyl)-I,4-dihydro-4-oxoquinolCine-3-carboxylique (4), un agent antibacttrien trts puissant. La 
mtthode est caractCrisCe par une substitution regiospecifique du fluor en position 4 de la 2,4,5-trifluoroacCtophCnone 
par une 2-mCthylpipCrazine pour prCparer 1 'intermtdiaire clC, la 2,5-difluoro-4-(3-mCthylpipCrazin-l-yl)acetophCnone 
(12), que l'on peut transformer subsCquemment en 4 par le biais d'une reaction de cyclisation impliquant un substitu- 
tion nuclCophilique intramolCculaire. 

[Traduit par la rkdaction] 

Introduction 

Recently many potent clinically important antibacterial 
agents having the 1,4-dihydro-4-oxoquinoline-3-carboxylic 
acid moiety, collectively known as quinolones, have been 
discovered. Representative examples of these are norfloxa- 
cin 1 (I) ,  ciprofloxacin 2 (2), and enoxacin 3 (3). An ex- 
cellent and comprehensive review of the synthetic chemistry 
associated with these antibacterial agents has been pub- 
lished (4). The most common synthetic methodology used 
to prepare ethyl 1 -alkyl- l,4-dihydro-4-oxoquinoline-3-car- 
boxylate is the reaction of an arylamine with diethyl eth- 
oxymethylene malonate to yield an anilinomethylene 
malonate that may be cyclized by heating (the Gould-Jacobs 
reaction) or by the use of a Friedel-Crafts catalyst to yield 
the 4-hydroxyquinoline-3-carboxylate. Alkylation of this 
derivative with an alkyl halide followed by hydrolysis yields 
the desired quinolone. Another approach requires the reac- 
tion of an isatoic anhydride with sodio ethyl formylacetate, 
leading efficiently to the quinolone ester (5). 

Temafloxacin hydrochloride 4 ((+)-7-(3-methylpipera- 
zin- 1-yl) - 6-fluoro-1-(2,4 - difluoropheny1)- 1,4 - dihydro-4- 
oxoquinoline-3-carboxylic acid hydrochloride) is a potent 
quinolone antibacterial agent. It is currently under clinical 
development and an NDA has been filed in the United States. 
An approval for clinical use has been obtained in Italy and 

' ~ u t h o r  to whom correspondence may be addressed. 

it will be in market shortly. It possesses excellent activity 
against both Gram-positive and Gram-negative bacteria (6). 
The general synthetic methods for the introduction of an N-l 
substituent require the alkylation of 1,4-dihydro-4-oxoqui- 
noline-3-carboxylic ester with a reactive alkyl halide. This 
process, however, makes the introduction of a 2,4-difluo- 
rophenyl group at the N-1 position difficult. Temafloxacin 
was synthesized via an intramolecular nucleophilic dis- 
placement cyclization reaction as illustrated in Scheme 1 (7- 
9). 

Although this reported synthesis of temafloxacin hydro- 
chloride is fairly efficient, it provides some problems dur- 
ing commercial production. Our manufacturing facility is not 
well equipped for the low-temperature reaction required in 
the preparation of the P-ketoester 8. The oxidation of 2,4,5- 
trifluoroacetophene 6 to the 2,4,5-trifluorobenzoic acid 7 by 
the use of commercial bleach offers a physical problem since 
the reaction conditions required high dilution with vigorous 
agitation. The reaction time may not be constant due to the 
variations in agitation. While the above problems may be 
solved by engineering and modification of reaction condi- 
tions, the low yield (between 42 and 49%) of the displace- 
ment of 11 with 2-methylpiperazine to afford the desired 
product prompted us to investigate an alternative synthesis. 
This paper deals with a new and efficient route for the syn- 
thesis of temafloxacin hydrochloride. 

Results and discussion 

Our previous reported synthetic pathway to temafloxacin 
was designed to generate a common intermediate having the 
basic ring skeleton with a leaving group at the 7-position, 
such as 11. Displacement at the 7-position with different 
amines would generate many derivatives for biological test- 
ing. A fluorine atom was chosen as the leaving group since 
aromatic fluorine groups are very susceptible to nucleo- 
philic displacement. Unfortunately, the displacements of the 
fluorine atom with 2-rnethylpiperazine did not give a high- 
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Fn a - 'n COCH 
b - F ~ c O O H  - C 

F F F F F F 
5 6 7 

(a) CH3COCl/A1C13; (b) NaOCI/NaOH; HCl; (c) SOCI,; CHz(COOC2H5)COOH/n-BuLi; HCI; (d) CH(OC,H,)3/Ac,0; o,p-difluoroan- 
iline; (e) NaH/THF; (f) H+ 

yield reaction. To avoid this low-yield reaction, as well as 
the other manufacturing problems mentioned above, we in- 
vestigated a synthetic route that required an intermediate 
which could allow for addition of the C-7 amino group prior 
to the formation of the bicyclic nucleus. The 2,4,5-trifluo- 
roacetophenone 6 was chosen as the appropriate intermedi- 
ate since it is readily available. 

Displacement of the C-4 fluoro moiety of 6 with 2-meth- 
ylpiperazine in pyridine in the presence of excess triethyl- 
amine followed by precipitation with hydrochloric acid 
yielded the 2,5-difluoro-4-(3-methylpiperazin-l-y1)acetophe- 
none hydrochloride (12) in 92% yield. The fluoro groups at 
C-2 or C-4 of 6 are both activated by the electron-with- 
drawing character of the carbonyl group and could be re- 
placed by an appropriate amine. However, the displacement 
reaction proceeded regioselectively to give the desired key 
intermediate 12 as a single product. The signal of the criti- 
cal acetyl proton in the 'H NMR of 12 in DMSO-d, was ob- 
scured by the solvent peak. Since 12 is not soluble in CDCl,, 
a small amount was converted to the free base by neutral- 
ization for detailed NMR analysis. The 'H NMR spectrum 
of 2,5-difluoro-4-(3-methy lpiperazin- 1 -yl)acetophenone in 
CDCl, shows a doublet at 6 2.57 (JH-, = 5 Hz) (corre- 

sponding to the acetyl group), due to the long-range coupling' 
with the ortho fluorine atom on the benzene ring. Hence, the 
site of the displacement was assigned as position 4. Addi- 
tional confirmation of this assignment was provided by the 
conversion of 12 to temafloxacin hydrochloride by the syn- 
thetic route outlined in Scheme 2. 

Protection of the secondary amino group as a tert-bu- 
toxycarbonyl group was achieved by reaction of 12 with 
di-tert-butyl dicarbonate in methylene dichloride in the 
presence of hiethylamine, yielding 13 (mp 100-102"C, 87%). 
Condensation of 2,5-difluoro-4-(3-methyl-4-tert-butoxy- 
carbonylpiperazin-I-y1)acetophenone (13) with two molar 
equivalents of sodium hydride in diethylcarbonate in the 
presence of a catalytic amount of ethanol yielded the ethyl 
2,5-difluoro- 4 -(3-methy l- 4 -tert-butoxycarbonylpiperazin- 1 - 
y1)benzoylacetate (14) (mp 105-108"C, 63%), which ex- 
isted in both keto and en01 forms in approximately 2: 1 ratio. 
Its 'H NMR spectrum showed the presence of a doublet at 
6 2.91 (JH-, = 4 Hz) corresponding to the two keto meth- 
ylene protons and a singlet at 6 5.81 corresponding to the en01 

'~ong-range coupling was observed with 2,4,6-trifluoroaceto- 
phenone (9). 
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(a) 2-Methylpiperazine/pyridine/TEA; (b) Di-tert-butyl dicarbonate/TEA/CH2C12; (c) NaH/CO(OC2H5)2/cat. C2H50H; (d) 1. CH(OC2H5),/ 
Ac,O; 2. o,p-difluoroaniline/CH2C12; (e) NaH/THF; (f) 6 N HC1 

olefinic proton. The ratio of intensities of these two signals 
was about 4 :  1. The long-range coupling with the ortho flu- 
orine atom on the benzene ring observed for the methylene 
protons of the ketoester moiety3 further confirmed our as- 
signment of the substitution at position 4.  Reaction of the 
ketoester (14) with triethylorthoformate in acetic anhydride 
gave the one-carbon homolog en01 ether intermediate, which, 
upon evaporation of solvent, was allowed to react with a 
slight excess of 2,4-difluoroaniline in methylene chloride at 
room temperature to give ethyl 3-(2,4-difluoroanilin0)-2-[2,5- 
difluoro- 4 -(3-methyl- 4 -tert - butoxycarbonylpiperazin- 
1-y1)lbenzoylacrylate (15). Without purification, 15 was 
converted to ethyl 7-(3-methyl-4-tert-butoxycarbonylpiper- 
azin-1-yl) - 6-fluoro- 1-(2,4-difluoropheny1)- 1,4 - dihydro -4- 
oxoquinoline-3-carboxylate (16) (mp 120-123"C, 72%) upon 
treatment with 1 molar equivalent of sodium hydride in re- 

fluxing tetrahydrofuran. Hydrolysis of 16  with 6 N hydro- 
chloric acid yielded temafloxacin hydrochloride (4) in 98% 
yield. The structure of 4 was confirmed by direct compari- 
son with authentic samples prepared by reported methods (9, 
11). 

In summary, we have developed an alternative synthesis 
of temafloxacin hydrochloride with an overall yield of 35.6% 
compared to 20.8% with the reported synthesis. The re- 
quirement for low-temperature reactions was also avoided. 
The key features for this synthesis are the use of easily ac- 
cessible 2,4,5-trifluoroacetophenone as starting material and 
the regiospecific displacement of the 4-fluoro of the above 
acetophenone with 2-methylpiperazine to produce key in- 
termediate 1 2  in high yield. 

Experimental 
Unless otherwise noted, materials were obtained from commer- 

3~imilar long-range couplings were reported for ethyl 2,3,4,5,6- cial suppliers and used without further purification. Melting points 
pentafluorobenzoylacetate (10a) and for ethyl 2,3,5-trifluoro-4-(4- were taken in a Thomas-Hoover capillary apparatus and was un- 
methyl- 1 -piperazinyl)benzoylacetate (lob). corrected. NMR spectra were determined on a General Electric 
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GN-300 spectrometer operating at 300.1 MHz. Chemical shifts are 
expressed in ppm downfield from internal tetramethylsilane. Sig- 
nificant 'H NMR data are tabulated in the order: multiplicity (s, 
singlet; d, doublet; t, triplet; q ,  quartet; m, multiplet; b, broad; dd, 
double doublet), coupling constants, number of protons, and des- 
ignation. The IR spectra were recorded on a Perkin-Elmer model 
710A infrared spectrometer. Mass spectra were obtained with a 
Hewlett-Packard 5985A mass spectrometer or a Kratos MS-50 
instrument with El source (70 eV). The IR, NMR, and mass spec- 
tral data of all compounds were consistent with the assigned struc- 
tures. Solutions were dried over magnesium sulfate. E. Merck silica 
(230-400 mesh) obtained from VWR Scientific was used for col- 
umn chromatography, and yields of the reactions were not opti- 
mized. Elemental analyses were performed by the Abbott analytical 
department and IR, NMR, and mass spectra were recorded by the 
Abbott structural chemistry department. 

2,5-D1jlicor0-4-(3-meth~~lpipernzin-l -yl)acetophenot~e 
hydrochloride (12) 

To a stirring solution of 2,4,5-trifluoroacetophsnone (6) (8.7 g, 
50 mmol) in pyridine (25 mL) and triethylamine (21 mL) was added 
2-methylpiperazine (5.5 g, 55 mmol). After 2 days, the mixture was 
concentrated to an orange solid, which was dissolved in water 
(150 mL). Concentrated hydrochloric acid was added until the 

. . mixture became acidic, yielding a precipitate. The solid was col- 
lected by filtration and washed with small amounts of water, 
ethanol, and ether. The filtrate was basified with dilute sodium 
hydroxide solution and extracted with ethyl acetate, and dried and 
concentrated to give a red oil. 1 N Hydrochloric acid was added and 
the solid was collected as above. The combined solid was dried to 
yield 12 (mp >250°C, 13.4 g ,  92%). IR (KBr): 1660 cm-' (CO). 

I 'H NMR (DMSO-d6)6: 1.39 (d, J = 6.5 Hz, 3H, CH,), 2.53 (d, 
JH-, = 4.8 Hz, 3H, COCH,: this signal is partly covered by sol- 
vent peak), 3.14 (m, 4H, NCHJ 3.40 (m, 1 H, NCH), 3.68 (m, 2H, 
NCH,), 7.08 (dd, IH, aromatic H), 7.54 (dd, lH,  aromatic H), 9.45 
(bs, lH, NH). Anal. calcd. for C,,H1,CIF2N20: C 53.71, H 5.89, 
N 9.64; found: C 53.48, H 5.77, N 9.50. 

i A small amount of 12 was shaken with dilute sodium hydroxide 
I 
I solution and extracted with methylene chloride to yield the free 

1 amine of 12. mp 8 6 4 9 ° C .  'H NMR (CDCI,) 6: 1.12 (d, J = 

I 6.5 Hz, 3H, CH,), 1.74 (bs, 1 H, NH), 2.47 (m, lH,  NCH,), 2.57 
I (d, JH-F = 5 HZ, 3H, COCH,), 2.83 (m, lH,  NCH,), 3.04 (m, 3H, 

1 NCH, and NCH), 6.56 (dd, 1 H, aromatic H), 7.55 (dd, lH,  aro- 
matic H). Anal. calcd. for C,,HI6F2N20 . 1 /5 H20: C 60.56, H 6.29, 
N 10.87; found: C 60.76, H 6.29, N 10.76. 

. . 
2,5-D1jluoro-4-(3-methyl-4-tert-buto~~carb0ny1pipernzi71-1- 

y1)ncetophenone (13) 
To a suspension of 12  (12.45 g, 42.9 mmol) in methylene chlo- 

ride (100 mL) in an ice bath was added triethylamine (18 mL, 
129 mmol). After the addition of di-tert-butyl dicarbonate, the ice 
bath was removed and the reaction was allowed to warm up slowly 
to room temperature. After 3 h, the mixture was washed with 1 M 
H3P04, saturated NaHCO,, and brine solution in sequence. The 
organic solvent was dried and concentrated. The residue was crys- 
tallized from hexane, yielding 13 (13.18 g, 87%), mp 100-102°C. 
IR (CDCI,): 1620, 1680 cm-' (CO). 'H NMR (CDCI,) 6: 1.3 1 (d, 
J = 6.5 HZ, 3H, CH,), 1.50 (s, 9H, C(CH3),), 2.58 (d, JH_, = 
4.8 Hz, 3H, COCH,), 2.55 (m, lH,  NCH,), 2.99 (m, lH,  NCH,), 
3.27 (m, 1 H ,  NCH,), 3.45 (m, 2H, NCH,), 3.96 (m, 2H, NCH,), 
4.34 (m, IH, NCH), 6.53 (dd, IH, aromatic H), 7.57 (dd, l H ,  
aromatic H). Anal. calcd. for C18H24F2N203: C 61.00, H 6.83, N 
7.90; found: C 60.97, H 6.82, N 7.87. 

2,5-D1~uoro-4-(3-methyl-4-tert-butoxy~arb0ny1piperazi11-1- 
y1)benzoylncetate (14) 

To a solution of 13 (3.6 g,  10.17 mmol) in diethyl carbonate 
(50 mL) was added sodium hydride (60% in oil suspension) 
(0.853 g, 21.3 mmol) at room temperature under nitrogen atmo- 
sphere. The temperature was raised to 80°C and 1 drop of ethanol 
was added. After 1 h, the mixture was cooled and acetic acid 

(2 mL) was added. It was concentrated to a red oily residue, which 
was partitioned between ether and water. The organic layer was 
separated and dried and concentrated. Flash chromatography of the 
residue (200 g silica, 1 : 7  ethyl acetate/hexane as eluent) yielded 
14 (2.72 g, 63%). This oil solidified after standing a few days, mp 
105-108°C. IR (thin film): 1620, 1695, 1740 cm-' (CO). 'H NMR 
(CDCI,) 6: 1.27 and 1.33 (each t, J = 7 Hz, 3H, ethyl CH,), 1.30 
(d, J = 6.5 Hz, CH,), 1.48 (s, 9H, C(CH,),), 2.91 (m, 2H, NCH,), 
3.26 (m, 1 H, NCH2), 3.42 (m, 2H, NCH,), 3.9 1 (d, JH-, = 4 HZ, 
2H x 2/3, COCH,COO), 3.96 (m, lH,  NCH,), 4.21 (q, J = 
7 Hz, 2H x 2/3, ethyl CH,), 4.21 (q, J = 7 HZ, 2H x 1/3, ethyl 
CHI), 4.33 (m, IH, NCH), 5.81 (s, 1H x 1/3, vinyl H), 6.51 (dd, 
1H x 2/3, aromatic H), 6.57 (dd, 1H x 1/3, aromatic H), 7.54 
(dd, 1H x 1/3, aromatic H), 7.61 (dd, 1H X 2/3, aromatic H), 
12.72 (s, 1H X 1 /3, en01 OH). Anal. calcd. for C21H28F2N205: C 
59.14, H 6.62, N 6.57; found: C 59.43, H 6.69, N 6.55. 

Ethyl 7-(3-t~~ethyl-4-tert-butox~~carbonylpipernzin-l-yl)-6-fluoro- 
1 -(2,4-rlifluoropheny1)-I ,4-dihydro-4-oxoquinolitze-3- 
cnrboxylate (16) 

A mixture of 14 (1 g, 2.3 mmol), acetic anhydride (0.96 g, 
9.4 mmol), and triethylorthoformate (0.7 g, 4 .7 mmol) was heated 
at 110°C for 2 h with the removal of the ethyl acetate formed dur- 
ing the reaction. The mixture was evaporated under reduced pres- 
sure to an oil, which was then dissolved in methylene chloride 
(25 mL). 2,4-Difluoroaniline (0.33 g, 2.6 mmol) in methylene 
chloride (5 mL) was then added to the solution. After 1.5 h, the 
solution was evaporated to dryness. The residue was dissolved in 
ether and washed with 1 N acetic acid to remove excess difluo- 
roaniline and then water. The organic layer was dried and concen- 
trated. A small amount of this residue was purified by flash 
chromatography on silica (using 5% ethyl acetate in methylene 
chloride as eluent) to yield pure 15. The remaining residue was 
dissolved in tetrahydrofuran. To this cold solution was slowly added 
a 60% sodium hydride-in-oil suspension (0.105 g, 2.6 rnmol). The 
mixture was heated at reflux for 2 h under nitrogen atmosphere and 
was cooled. A few drops of acetic acid were added. The mixture 
was concentrated. The residue was dissolved in methylene chlo- 
ride and washed with water and dried. Upon evaporation of the 
solvent to dryness, the residue was purified by column chroma- 
tography on silica using 3% methanol in methylene chloride as 
eluent, yielding 16 (0.92 g, 72% from 14), mp 120-123°C. IR 
(KBr): 1625, 1725 cm-' (CO). 'H NMR (CDCI,) 6: 1.29 (d, J = 
6.5 Hz, 3H, CH,), 1.39 (t, J = 7 Hz, 3H, ethyl CH,), 1.45 (s, 9H, 
C(CH,),), 2.63 (m, 1 H, NCH,), 2.8 1 (m, 1 H, NCH,), 3.24 (m, 3H, 
NCH2), 3.91 (m, lH,  NCH,), 4.30 (m, IH, NCH), 4.38 (q, J = 
7 Hz, 2H, ethyl CH,), 4.30 (m, lH, NCH), 4.38 (q, J = 7 Hz, 2H, 
ethyl CH,), 6.11 (d, JH_, = 7 Hz, IH, C8-H), 7.17 (m, 2H, aro- 
matic H), 7.5 1 (m, lH,  aromatic H), 8.08 (d, JH-F  = 13 HZ, IH, 
C5-H), 8.3 1 (s, 1 H, olefinic H). Anal. calcd. for C28H30F3N305: C 
61.64, H 5.54, N 7.70; found: C 61.48, H 5.52, N 7.62. 

Difluoroanilitzobenzoylacrylate (15): IR (CDCl,): 1625, 1675, 
1685 cm-' (CO). 'H NMR (CDCl,), 2 sets of signals, 6: 1 .04, 1.15 
(each t, J = 7 Hz, 3H, ethyl CH,), 1.33, 1.34 (each d ,  J = 
6.5 Hz, 3H, CH,), 1.49 (s, 9H, C(CH,),), 2.80 (m, lH,  NCH,), 
2.92 (m, IH,  NCH,), 3.25 (m, IH, NCH,), 3.38 (m, 2H, NCH,), 
3.96 (m, IH, NCH,), 4.14,4.15 (each q, J = 7 Hz, 2H, ethyl CH,), 
4.84 (m, 1 H,  NCH), 6.49 (m, 1 H, aromatic H), 6.96 (m, 2H, ar- 
omatic H), 7.34 (m, IH, aromatic H), 8.25, 8.43 (each d ,  JH-, = 
13 Hz, IH, aromatic H), 10.90, 12.30 (each bd, J = 13 Hz, IH, 
NH). Anal. calcd. for C,,H3,F4N305: C 59.46, H 5.52, N 7.43; 
found: C 59.28, H 5.79, N 7.24. 

Temafloxacin hydrochloride (4) 
To a solution of 16 (0.26 g, 0.47 mmol) in acetic acid (I  mL) 

at 100°C under nitrogen atmosphere added 6 N HCI (10 mL). The 
mixture was heated at 100°C for 2.5 h. It was concentrated. The 
residue was crystallized from ethanol-water to yield temafloxacin 
hydrochloride (4) (0.212 g, 98%), mp > 300°C. IR (KBr): 1625, 
1725 cm-' (CO). 'H NMR (DMSO-d,) 6: 1.26 (d, J = 7 Hz, 3H, 
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CH,), 2.95 (m, lH ,  NCH), 3.11 (m, 2H, NCHJ, 3.48 (m, 2H, 
2 NCH2), 6.41 (d, JH-F = 7 HZ, 1 H, C8-H), 7.46 (m, IH,  aro- 
matic H), 7.75 (m, lH ,  aromatic H), 7.95 (m, lH,  aromatic H), 
8.04 (d, JH-F = 12 HZ, IH, CS-H), 9.52 (bs, lH ,  NH), 14.87 (bs, 
IH, OH). Anal. calcd. for C2,H,,C1F3N3O3 . 1 /2 H1O: C 54.49, H 
4.36, N, 9.08; found: C 54.64, H 4.25, N 9.03. 4 is identical in 
TLC and HPLC to the authentic samples prepared by the reported 
method. 
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