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Description

Technical Field

[0001] The present invention relates to a preparation method of an optically active thiazetoquinoline carboxylic acid
antimicrobial, specifically optically active S-(-)-prulifloxacin.

Background Technologies

[0002] Quinolone is a kind of anti-infective drugs synthesized in recent years and clinically used for treating respiratory,
gastrointestinal, urinary, dermatological, gynecological, surgical diseases and etc. extensively, with very good results.
Prulifloxacin, the chemical name of which is (6) 6-fluoro-1-methyl-7-[4-(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl-1-pip-
erazinyl]-4-o xo-4H-[1,3]thiazeto[3,2-α]quinoline-3-carboxylic acid, is a quinolone drug developed together by Nippon
Shinyaku Co. Ltd. and Meiji Seika Kaisha Ltd.. Prulifloxacin is the third generation broad spectrum antibacterial drug of
the fluoroquinolone class with broad spectrum antibacterial effects on both gram-positive bacteria and gram-negative
bacteria and thereby can be used for treating systemic infection. In particular, antibacterial effects of prulifloxacin on
Pseudomonas aeruginosa go beyond that of other commercially available antibacterial drugs of the fluoroquinolone
class significantly. Results of clinical trials show that prulifloxacin have better therapeutic effects on dermatological
infections, surgical infections, respiratory organ infections, urinary tract infections, biliary tract infections, infective en-
teritis, gynecological infections, ophthalmological infections, and otolaryngological infections.
[0003] Besides the common features of fluoroquinolone drugs, prulifloxacin have the following characteristics in com-
parison with other drugs of the same class: 1. its antibacterial effects on gram-positive bacteria are close to gatifloxacin
but its effects on gram-negative bacteria such as Pseudomonas aeruginosa and etc. exceed similar products, for example,
ciprofloxacin, ofloxacin, levofloxacin and gatifloxacin, and it also has effects on Pseudomonas aeruginosa of drug re-
sistance. 2. It can be absorbed well via oral administration without accumulation in the body or distribution in cerebrospinal
fluid and therefore has little side effect. 3. Its half-life is as long as 8-9 hours so that the times of taking medicines are
less. 4. It takes effects fast and its peak blood concentration is attained within 0.5-1 hours. It has strong antibacterial
activity. 5. It has hardly phototoxicity or neurotoxicity, so it is the safest product among fluoroquinolones at present.
[0004] Studies show that ulifloxacin has very strong antibacterial activity both in vivo and in vitro and has almost the
same antibacterial spectrum as prulifloxacin: broad spectrum antibacterial effects on both gram-positive bacteria and
gram-negative bacteria, strong antibacterial activity on Pseudomonas aeruginosa and other gram-negative bacteria
particularly. Ulifloxacin has one carbon atom chiral center (1-C) resulting in two enantiomers of ulifloxacin. As reported
in a publication (Chem. Pharm. Bull., 43(7), 1238-40 (English) 1995), the Japanese originator pharmaceutical company
conducted pharmacodynamics studies on small samples obtained through chiral preparation chromatographic column
and found that the antibacterial activity of levo-enantiomer is 2 to 8 times stronger than that of dextro-enantiomer.
[0005] After prulifloxacin is absorbed via oral administration, the side chain in 4’ site of piperazinyl is removed in the
presence of hepatic enzyme, which results in that prulifloxacin is converted to ulifloxacin with the antibacterial activity
and thereby taking action. The chiral center 1-C is not the metabolic site in this intracorporal process, so the metabolite
of levo-prulifloxacin in the presence of hepatic enzyme is levo-ulifloxacin which has antibacterial effects. Predictably,
the prospect for application of levo-prulifloxacin would be great. Although, there is one carbon atom chiral center (1-C)
in the prulifloxacin structure, only racemic form (optical rotation [α]20 D≈0°) can be obtained according to the prior arts.
Thus, it is necessary to develop optically active prulifloxacin.

Summary of the Invention

[0006] The objective of the present invention is to provide a preparation method of optically active S-(-)-prulifloxacin.
To achieve the above-mentioned objective, the inventor conducted studies on stereo configuration of current prulifloxacin
and prepared an optically active compound of prulifloxacin for anti-infection, which is a quinolone compound as shown
in the following general formula 1, and the physiologically acceptable pharmaceutical salts thereof, wherein the chemical
name of formula 1 is S-(-)-6-fluoro-1-methyl -7-[4-(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl-1-piperazinyl]-4-oxo-
4H-[1,3]thiazet o[3,2-α]quinoline-3-carboxylic acid (levo-prulifloxacin for short); its stereo configuration is S configuration;
it has optical property of levorotatory polarized light:
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[0007] The physiologically acceptable pharmaceutical salts of the compound described herein may be the salts formed
with any one organic acid selected from the group of acetic acid, glycine, methanesulfonic acid, lactic acid, glutamic
acid, mandelic acid, gluconic acid, aspartic acid, citric acid, succinic acid, fumaric acid, maleic acid, oxalic acid, lactobionic
acid and benzene sulfonic acid, may also be the salts formed with any one inorganic acid selected from the group of
hydrochloric acid, hydrobromic acid, sulfuric acid and phosphoric acid. For aspartic acid and glutamic acid, the DL, D
and L configurations may be selected respectively. The salts formed with any one organic acid selected from meth-
anesulfonic acid, lactic acid, glutamic acid, gluconic acid and aspartic acid are preferred.
[0008] The compound may be prepared according to the following method of the present invention:

S-(-) ulifloxacin (as shown in formula 2 below) as raw material and the compound as shown in the following formula
3 are reacted in organic solvent in the presence of alkaline material. The reaction formula is shown below:

[0009] Wherein X in formula 3 is bromo and the chemical name of the compound is 4-bromomethyl-5-methyl-1,3-
dioxolen-2-one.
[0010] Reaction temperature is -20∼60 °C, preferably -10-30 °C. Reaction time varies depending on the type and the
amount of solvents and alkaline materials and reaction temperature, from 15 minutes to 24 hours. Raw material ratio:
the ratio of levo-ulifloxacin to the compound of formula 3 to alkaline material is 1: 0.8∼2 : 0.5∼5 by mole. The solvent is
organic solvent, preferably N,N-dimethylformamide or N,N-dimethylacetylamide or dimethyl sulfoxide or other inactive
solvents.
[0011] Said alkaline material is inorganic base or organic base, wherein inorganic base is potassium carbonate, or
potassium bicarbonate, and organic base is triethylamine, diisopropylamine, or N,N-diisopropylethylamine. S-(-)-uli-
floxacin and R-(+)-ulifloxacin are prepared according to the method disclosed in CN101550142A.
[0012] Japanese scholars Masato Matsuoka et al. have proved the absolute configuration of optically pure prulifloxacin.
The study (see the publication Chem. Pharm. Bull. 43(7) 1238-1240 (1995)) verifies that (-)-ulifloxacin is S configuration
while (+)-ulifloxacin is the enantiomer of R configuration by applying chemical methods together with single-crystal X-
ray diffraction.
[0013] In the chemical reaction process of preparing optically active prulifloxacin from the above-mentioned optically
active ulifloxacin, the chiral center 1-C is not involved in the chemical reaction and under mild reaction conditions the
configuration of the chiral center 1-C remains the same, which can be proved by the following experiment results: the
products retain the same property of polarized light as the raw material (that is levorotatory ulifloxacin produces levoro-
tatory prulifloxacin while dextrorotatory ulifloxacin produces dextrorotatory prulifloxacin); the chiral high performance
liquid chromatography suggests that the ratios of two optical isomers before or after reaction remain unchanged, which
proves configuration of the chiral center 1-C is maintained the same. Thus, the prulifloxacin prepared from the raw
material S-ulifloxacin still keeps the same S configuration and the final product is S-prulifloxacin.
[0014] Accordingly, R-prulifloxacin can be prepared from R-(+)-ulifloxacin and the compound of formula 3 by the
method described hereinbefore.
[0015] The reaction formula is depicted below:
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[0016] S-prulifloxacin prepared in accordance with the present invention is determined to be laevorotatory by optical
rotation measurement, so it is S-(-)-prulifloxacin. R-prulifloxacin is determined to be dextrorotatory by optical rotation
measurement, so it is R-(+)-prulifloxacin.
[0017] The absorption features of S-(-)-prulifloxacin and R-(+)-prulifloxacin were studied on circular polarized light by
circular dichroism spectroscopy. The two spectrograms are mirror images of each other, which proves that S-(-)-pruli-
floxacin and R-(+)-prulifloxacin are enantiomer of each other.
[0018] Comparing the circular dichroism spectrogram as depicted in figure 4 with the circular dichroism spectrogram
of analogue of the similar structure with known absolute configuration as disclosed in the publication Chem. Pharm. Bull.
47(12) 1765-1773 (1999), it is found that (-)-prulifloxacin has similar Cotton effect to the two analogues reported in the
publication, ethyl S-(-)-6,7-difluoro-1-methyl-4-oxo-4H-[1,3]thiazeto[3,2-α]quinoline-3-carboxylate and ethyl S-(-)-6,7-
difluoro-1-fluoromethyl-4-oxo-4H-[1,3]thiazeto[3,2-α]quinoline-3-carboxylate; so does (+)-prulifloxacin. The results also
verify on the other hand that the absolute configuration of levo-prulifloxacin is S type while the absolute configuration of
dextro-prulifloxacin is R type.
[0019] The compound and physiologically acceptable acid can be prepared to salts: dissolving or suspending S-(-)-pru-
lifloxacin in solvent such as chloroform, DMF and the like; adding into acid or acid solution (for example, hydrochloric
acid or hydrogen chloride-methanol solution and the like) while stirring; precipitating and filtering to obtain solid salt from
the solvent solution, or alternatively removing solvent from the salt solution directly by concentration, spray drying and
the like to obtain the salt of S-(-)-prulifloxacin. The obtained solid may be further recrystallized.
[0020] Common organic acid may be any one organic acid selected from the group of acetic acid, glycine, methanesul-
fonic acid, lactic acid, glutamic acid, mandelic acid, gluconic acid, aspartic acid, citric acid, succinic acid, fumaric acid,
maleic acid, oxalic acid, lactobionic acid and benzene sulfonic acid; inorganic acid may be any one inorganic acid selected
from the group of hydrochloric acid, hydrobromic acid, sulfuric acid and phosphoric acid. For aspartic acid and glutamic
acid, the DL, D and L configurations may be selected respectively. It is preferred to select methanesulfonic acid, lactic
acid, glutamic acid, gluconic acid or aspartic acid.
[0021] S-(-)-prulifloxacin or pharmaceutical salts thereof may be used as effective component, and prepared to oral
preparation by adding pharmaceutical adjuvants.
[0022] S-(-)-prulifloxacin or its salts may be administered orally and the appropriate dosage is 0.1∼100 mg/kg body
weight/day base on levo-prulifloxacin, most preferably 2∼3 mg/kg body weight/day. Therefore, said compound or phar-
maceutical salts thereof as effective components are mixed with pharmaceutical adjuvants, such as excipient, disinte-
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grant, binder, lubricant, antioxidant, coating agent, colorant, aromatic, surfactant and the like to prepare tablet, dispersible
tablet, capsule, syrup, solvent, granule, emulsion, suspension, dry suspension and other oral preparations, wherein
tablet may be either ordinary tablet or coated tablet. The content of said compound in said preparation is 0.1%∼100%
(weight ratio).
[0023] The compound levo-prulifloxacin and physiologically acceptable salts thereof have stronger anti-bacterial ac-
tivity but low toxicity and can thereby substitute for the existing anti-bacterial drug prulifloxacin and physiologically
acceptable salts.

Brief Description of Drawings

[0024]

Figure 1 depicts chiral HPLC chromatogram of racemic prulifloxacin.
Figure 2 depicts chiral HPLC chromatogram of dextro-prulifloxacin.
Figure 3 depicts chiral HPLC chromatogram of levo-prulifloxacin.
Figure 4 depicts circular dichroism spectrograms of levo-prulifloxacin and dextro-prulifloxacin (solvent: acetonitrile,
C= 20 mg/ml), where the dashed curve indicates levo-prulifloxacin and the solid curve indicates dextro-prulifloxacin.

Examples

Example 1 Preparation of S-(-)-ulifloxacin

[0025] 105 g of racemic ulifloxacin was dissolved in 1,500 mL of dimethyl sulfoxide. 27 g of D-tartaric acid was dissolved
in 405 mL of dimethyl sulfoxide dropwise while stirring. After stirring at room temperature for 20 hours, the precipitate
was filtrated. The collected solid was dried under vacuum to obtain 86 g solid, which was recrystallized in dimethyl
sulfoxide to obtain 37 g of levoulifloxacin-D-tartrate, with C49.08%, H5.06%, N9.50%, S7.44% shown by elemental
analysis (molecular formula: C16H16FN3O3S·1/2C4H6O6·H2O, calculated values: C48.86%, H4.78, N9.50%, S7.25%).
Said salt was added into water to obtain a suspension, and the pH value was adjusted to 7-8 with 2% NaOH aqueous
solution while stirring. After precipitation, filtration, and drying, 24.5 g of (S)-uliflourxacin was obtained, having a chemical
name (S)-(-)-6-fluoro-1-methyl-4-oxo-(1-piperazinyl)-1H,4H-[1,3]thiazeto [3,2-α]quinoline-3-carboxylic acid.
[0026] Specific rotation [α]20

D= -133° (c=0.5, 0.1 mol/L methanesulfonic acid); 1H-NMR (DMSO-d6) δ2.11 (3H, d, j=6.2
Hz), 2.87 (4H, m), 3.19 (4H, m), 6.40 (1H, q, j=6.2 Hz), 6.89 (1H, d, j=7.4Hz), 7.79 (1H, d, j=13.9Hz), optical purity e.e. 96%.

Example 2 Preparation of R-(+)-ulifloxacin

[0027] 105 g of racemic ulifloxacin was dissolved in 1,500 mL of DMSO. 27 g of L-tartaric acid was dissolved in 405
mL dimethyl sulfoxide dropwise while stirring to allow that the solution became turbid and the precipitation occurred.
The solution was stirred at room temperature for 20 hours and then filtered. The collected solid was dried under vacuum
to obtain 82 g solid which was recrystallized in dimethyl sulfoxide to obtain 34 g of dextrouliflourxacin-L-tartarte. Said
salt was added into water to obtain a suspension, and the pH value was adjusted to 7-8 with 2% NaOH aqueous solution
while stirring. After filtration and drying, 22 g of (R)-uliflourxacin was obtained, having a chemical name (R)-(+)-6-fluoro-
1-methyl-4-oxo-(1-piperazinyl)-1H,4H-[1,3]thiazeto[3,2-a]quinoline -3-carboxylic acid.
[0028] Specific rotation [α]20

D= +132.4° (c=0.5, 0.1 mol/L methanesulfonic acid), optical purity e.e. 96%.

Example 3 Preparation of S-(-)-prulifloxacin

[0029] 3.49 g (0.01 mol) of S-(-)-ulifloxacin prepared in Example 1, 2.02 g (0.02 mol) of triethylamine and 20 ml of
dimethylformamide (hereinafter referred to as DMF) were mixed and stirred. After the solution was cooled to -5∼5 °C,
0.012 mol of 4-bromomethyl-5-methyl-1,3-dioxolen-2-one (hereinafter referred to as DMDO-Br) in DMF (5 ml) solution
was added thereinto, followed by stirring at -5∼5 °C for 3 hours. The reaction solution was poured into 100 ml of ice
water, stirred for 30 minutes, and then filtered. The filter residue was washed with water. The solid was collected and
dried under vacuum. After recrystallization from acetonitrile, 2.9 g of S-(-)-prulifloxacin was obtained, having a chemical
name: S-(-)-6-fluoro-1-methyl-7-[4-(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl-1-piperazinyl ]-4-oxo-4H-[1,3]thiazeto[3,2-
a]quinoline-3-carboxylic acid, with a purity of 98% and a yield rate of 63%. Specific rotation [α]20

D= -108° (c=0.5, 0.1
mol/L methanesulfonic acid)
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Example 4 Preparation of R-(+)-prulifloxacin

[0030] R-(+)-ulifloxacin prepared in Example 2 was used as raw material to prepare 2.7 g of target product R-(+)-pru-
lifloxacin in accordance with the method as described in Example 3, with a yield rate of 60.7% and a purity of 98%.
Specific rotation [α]20

D= +108° (c=0.5, 0.1 mol/L methanesulfonic acid).

Experimental Example 1 Determination of structure of prulifloxacin

[0031] The following routine structure identification assays were conducted on the sample prepared in Example 3.

Results of element analysis (C21H20FN3O6S:

[0032]

Results of infrared spectroscopy (KBr pellet method):

[0033]

Results of mass spectrometry:

[0034] Ms(FAB):m/z462(M+1),461,444,360.
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Results of1HNMR spectrum:

[0035] 1HNMR spectrum data and attribution analysis were shown in the following table (solvent DMSO-d6):

Results of 13CNMR spectrum:

[0036] 13CNMR spectra data and attribution analysis of product were shown in the following table (solvent DMSO-d6):

Table 3 Hydrogen spectrum analysis

Spectral Peak Serial 
Number

Chemical Shift δ  
(ppm)

Multiplicity
Proton 
Number

Coupling Constant 
J (Hz)

Remark

a 2.12 d 3 6 H27

b 2.13 s 3 H26

c 2.64 m 4 H16, H18

d 3.31 m 4 H15, H19

e 3.46 s 2 H20

f 6.37 q 1 6 H9

g 6.88 d 1 7.5 (4JHF) H10

h 7.75 d 1 14 (3JHF) H13

i 14.55 brs 1 OH

Table 4 Carbon spectrum analysis

Spectral Peak Serial Number Chemical Shift Δ  (ppm) Multiplicity Carbon Atom Number Remark

A 8.57 q 1 C26

B 20.17 q 1 C27

C 49.04 t 1 C20

D 49.19 t 2 C15, C19

E 51.32 t 2 C16, C18

F 72.15 d 1 C9

G 101.53 s 1 C2

H 102.32 d 1 C10

I 112.01 d (2JCF) 1 C13

J 117.18 d (3JCF) 1 C4

K 134.34 s 1 C25

L 135.68 s 1 C5

M 138.30 s 1 C21

N 144.87 d (2JCF) 1 C11

O 151.70 d (1JCF) 1 C12

P 152.26 s 1 C23

Q 163.22 s 1 C7

R 165.61 s 1 C1

S 175.49 d (4JCF) 1 C3
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[0037] Conclusion: Based on the assays hereinbefore, it can be determined that molecular structure of the sample is
prulifloxacin, as shown below:

Experimental Example 2 Confirmation of configuration of samples

[0038] The following assays were conducted on the samples prepared in Examples 1-4.

1. Determination of specific rotation

[0039] The result of the assay was shown in Table 5.

2. Determination contents and calculation of e.e. values

[0040] Contents of levo-enantiomer and dextro-enantiomer in the sample were determined by chiral high performance
liquid chromatography as described below and e.e. values were calculated.
[0041] Method of chiral high performance liquid chromatography used for optical isomers of uliflourxacin: octadecyl-
silane chemically bonded silica was used as filler; chiral solution of L-isoleucine (prepared by dissolving 1.04 g of L-
isoleucine and 0.50 g of copper sulfate in 1,000 mL of water)-methanol (83:17) was used as mobile phase; flow rate
was 1.0 mL per minute; detection wavelength was 330 nm. Appropriate amount of said sample was dissolved in the
mobile phase and diluted with the mobile phase to prepare a solution, every 1 mL of which contains 1 mg of said sample.
10 ml of the solution was charged into liquid chromatograph. The theoretical plate number, calculated based on peak of
levo-uliflourxacin, was no less than 4,000. Resolution between levo-uliflourxacin and dextro-uliflourxacin should comply
with requirements. Contents were determined by normalization.
[0042] Method of chiral high performance liquid chromatography used for optical isomers of prulifloxacin: octadecyl-
silane chemically bonded silica was used as filler; chiral solution of L-isoleucine (prepared by dissolving 1.04 g of L-
isoleucine and 0.50 g of copper sulfate in 1,000 mL of water)-methanol (85:15) was used as mobile phase; flow rate
was 1.0 mL per minute; detection wavelength was 330 nm. Appropriate amount of said sample was dissolved in the
mobile phase and diluted with the mobile phase to prepare a solution, every 1 mL of which contains 1 mg of said sample.
After heating reflux at 80 °C for 1 hour followed by cooling, 10 ml of the solution was charged into liquid chromatograph.
The theoretical plate number, calculated based on peak of levo-prulifloxacin, was no less than 4,000. Resolution between
levo-prulifloxacin and dextro-prulifloxacin should comply with requirements. Contents were determined by normalization.
[0043] Results of the assay were shown in Table 5.
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3. Determination of circular dichroism of the samples prepared in Examples 3-4

[0044] The result of the assay was depicted in Figure 4
[0045] The result of the assay above may prove that: The products retained the same property of polarized light as
the raw material (that is levorotatory ulifloxacin produced levorotatory prulifloxacin while dextrorotatory ulifloxacin pro-
duced dextrorotatory prulifloxacin). The chiral high performance liquid chromatography suggests that the ratios of two
optical isomers before or after reaction remain unchanged, which proves configuration of the chiral center 1-C was
maintained the same. Thus, the prulifloxacin prepared from the raw material S-ulifloxacin still keeps the same S config-
uration and the final product is S-prulifloxacin.
[0046] The absorption features of S-(-)-prulifloxacin and R-(+)-prulifloxacin were studied on the circular polarized light
by circular dichroism spectroscopy.
[0047] The two spectrograms are mirror images of each other, which proves that S-(-)-prulifloxacin and R-(+)-pruli-
floxacin are enantiomer of each other.
[0048] Comparing the circular dichroism spectrogram as depicted in Figure 4 with the circular dichroism spectrogram
of analogue of the similar structure with known absolute configuration as disclosed in the publication Chem. Pharm. Bull.
47(12) 1765-1773 (1999), it was found that (-)-prulifloxacin has similar Cotton effect with the two analogues reported in
the publication, ethyl S-(-)-6,7-difluoro-1-methyl-4-oxo-4H-[1,3]thiazeto[3,2-α]quinoline-3-carboxylate and ethyl S-(-)-
6,7-difluoro-1-fluoromethyl-4-oxo-4H-[1,3]thiazeto[3,2-α]quinoline-3-carboxylate; so does (+)-prulifloxacin. The results
also verify on the other hand that the absolute configuration of levo-prulifloxacin is S type while the absolute configuration
of dextro-prulifloxacin is R type.
[0049] Conclusion: The absolute configuration of the sample prepared in Example 3 is S configuration, as shown in
the formula below:

Example 5 Preparation of S-(-)-prulifloxacin

[0050] 3.49 g (0.01 mol) of S-(-)-ulifloxacin, 1.2 g (0.012 mol) of anhydrous potassium bicarbonate and 20 ml of
dimethylsulfoxide were mixed and stirred. 0.012 mol of DMDO-Br in DMSO (5 mL) solution was added dropwise at -20
°C. Stirring proceeded at -20 °C for 3 hours. The reaction solution was poured into 100 ml of ice water, and the pH value
was adjusted to 7 with 20% acetic acid. The solution was filtered after stirring for 30 minutes. The filter residue was
washed with water. The solid was collected and dried under vacuum. After recrystallization from acetonitrile, 2.5 g of
the target product levo-prulifloxacin was obtained with a purity of 98% and a yield rate of 54%.

Specific rotation [α]20
D= -108° (c=0.5, 0.1 mol/L methanesulfonic acid)

Example 6 Preparation of S-(-)-prulifloxacin

[0051] 3.49 g (0.01 mol) of S-(-)-ulifloxacin, 1.04 g (0.008 mol) of N,N-diisopropylethylamine and 20 mL of N,N-
dimethylformamide (DMF) was mixed and stirred, 0.008 mol of DMDO-Br in DMF (5 mL) solution was added thereinto.
The solution was heating to 60 °C and reacted for 15 minutes. The reaction solution was poured into 100 ml of ice water,
and the pH value was adjusted to 7 with 20% acetic acid. The solution was filtered after stirring for 30 minutes. The filter
residue was washed with water. The solid was collected and dried under vacuum. After recrystallization from acetonitrile,
2.0 g of the target product levo-prulifloxacin was obtained with a purity of 98% and a yield rate of 43%.
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Specific rotation [α]20
D= -108° (c=0.5, 0.1 mol/L methanesulfonic acid)

Example 7 Preparation of S-(-)-prulifloxacin

[0052] 10 g (0.029 mol) of S-(-)-ulifloxacin, 30 ml of N,N-dimethylacetylamide and 14.7 g (0.145mol) of triethylamine
was mixed and cooled to 5∼10 °C. 8.5 g (0.03 mol) 4-(p-toluenesulfonic acid-1-methyl ester)-5-methyl-1,3-dioxolen-2-
one in 25 ml of N,N-dimethylacetylamide solution was added dropwise while stirring. After addition, the solution was
reacted at room temperature for 10 hours. The reaction solution was poured into 200 ml of ice water, and the pH value
was adjusted to 7 with 20% acetic acid. The solution was filtered after stirring for 30 minutes. The filter residue was
washed with water. The solid was collected and dried under vacuum. After recrystallization from acetonitrile, 7.46 g of
the target product levo-prulifloxacin was obtained with a purity of 98% and a yield rate of 57%. Specific rotation [α]20

D=
-108° (c=0.5, 0.1 mol/L methanesulfonic acid).

Example 8 Preparation of S-(-)-prulifloxacin

[0053] 3.49 g (0.01 mol) of S-(-)-ulifloxacin, 0.79 g (0.05 mol) of potassium carbonate and 20 ml of dimethylformamide
(DMF) was mixed and stirred. 0.012 mol of DMDO-Br in DMF (5ml) solution was added at -10 °C. At the same temperature,
the solution was reacted for 2 hours. The reaction solution was poured into 100 ml of ice water, and the pH value was
adjusted to 7 with 20% acetic acid. The solution was filtered after stirring for 30 minutes. The filter residue was washed
with water. The solid was collected and dried under vacuum. After recrystallization from acetonitrile, 2.2 g of the target
product levo-prulifloxacin was obtained with a purity of 98% and a yield rate of 48%. Specific rotation [α]20

D= -108°
(c=0.5, 0.1 mol/L methanesulfonic acid).

Example 9 Preparation of S-(-)-prulifloxacin

[0054] 3.49 g (0.01 mol) of S-(-)-ulifloxacin, 0.79 g (0.02 mol) of diisopropylamine and 20 ml of dimethylformamide
(DMF) was mixed and stirred. 0.02 mol of DMDO-Br in DMF (5ml) solution was added at 0 °C. At the same temperature,
the solution was reacted for 2 hours. The reaction solution was poured into 100 ml of ice water, and the pH value was
adjusted to 7 with 20% acetic acid. The solution was filtered after stirring for 30 minutes. The filter residue was washed
with water. The solid was collected and dried under vacuum. After recrystallization from acetonitrile, 2.5 g of the target
product levo-prulifloxacin was obtained with a purity of 98% and a yield rate of 54%. Specific rotation [α]20

D= -108°
(c=0.5, 0.1 mol/L methanesulfonic acid).

Example 10 Preparation of R-(+)-prulifloxacin

[0055] In accordance with the method as described in Example 5, the raw material R-(+)-ulifloxacin was prepared to
2.5 g of the target product R-(+)-prulifloxacin with a purity of 98% and a yield rate of 54%. Specific rotation [α]20

D= +108°
(c=0.5, 0.1 mol/L methanesulfonic acid).

Example 11 Preparation of levo-prulifloxacin hydrochloride

S-(-)-6-fluoro-1-methyl-7-[4-(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl-1-piperazinyl] -4-oxo-4H-[1,3]thiazeto[3,2-α]qui-
noline-3-carboxylic acid hydrochloride

[0056] 0.5 g of S-(-)-prulifloxacin was dissolved in 15 mL of chloroform and then 0.5 mL of 33% (v/v) hydrochloric acid-
methanol solution was added while stirring. The solution was filtered and the filtration residue was washed with methanol.
The collected solid was dried to obtain 450 mg said compound with a yield rate of 83%. The melting point of the product
is higher than 220 °C (the sample became darker during the test).

Example 12 Preparation of levo-prulifloxacin mesylate

S-(-)-6-fluoro-1-methyl-7-[4-(5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl-1-piperazinyl] -4-oxo-4H-[1,3]thiazeto[3,2-α]qui-
noline-3-carboxylic acid mesylate

[0057] 0.5 g of S-(-)-prulifloxacin was dissolved in 15 mL of chloroform and then 0.5 mL of 50% methanesulfonic acid-
methanol solution was added while stirring. The solution was filtered and the filtration residue was washed with methanol.
The collected yellow solid was dried with calcium chloride under vacuum for 24 hours and further dried with calcium
chloride at 80 °C under vacuum for 5 hours to obtain 470 mg said compound with a yield rate of 78%. The melting point
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of the product is higher than 220 °C (the sample became darker during the test).

Example 13 Preparation of levo-prulifloxacin hydrochloride

[0058] 0.5 g of S-(-)-prulifloxacin was dissolved in 15 mL of chloroform and then 0.5 mL of 33% (v/v) hydrochloric acid-
methanol solution was added while stirring. The solution was dried by evaporation. Methanol was added to the residue
and stirred for 10 minutes. The solution was filtered and the filtration residue was washed with methanol. The collected
solid was dried to obtain 460 mg said compound with a yield rate of 85%.

Example 14 Preparation of film-coated tablet of levo-prulifloxacin

[0059]

[0060] 1,000 tablets were prepared in total. Each tablet weighing around 200 mg contains 132.1 mg of levo-prulifloxacin.

Prescription composition of coating solution

[0061]

[0062] Preparation of core tablet: Raw and adjuvant materials were sieved through 80-mesh sieves and prescription
amount of each kind of material was weighted and mixed evenly. Appropriate amount of 3% hydroxypropyl methylcellulose
in 75% ethanol solution was then added to prepare soft material which was granulated with 16-mesh sieve and dried at
55 °C 6 5 °C and finished granule with 16-mesh sieve. Hydroxypropyl cellulose, croscarmellose sodium, gas phase
silicon and magnesium stearate were added and mixed evenly. After determining the content, granules were pressed
by shallowly arc-shaped punches of Φ8.5 mm to prepare tablets, weight of which is 200 mg/tablet and hardness of which
is 8∼11 kg.
[0063] Preparation of coating solution (for 1kg of core tablets): 402.5 g of 95% ethanol was added into a container
placing on a stirrer. After turning on the stirrer, 35 g of white powder of Opadry (OY-C-7000A) was added while stirring
and then mixed evenly. Coating was conducted while stirring as well.
[0064] Core tablets were charged into coating pot, which was then preheated at 60 °C 6 5 °C. Coating machine was
switched on, followed by adjusting rotation speed. When pot temperature reached around 45 °C, peristaltic pump was
started to spray the coating solution onto the surface of core tablets while conducting appearance inspection until the
coating solution ran out.

Example 15 Preparation of film-coated tablet of levo-prulifloxacin hydrochloride

[0065]

Prescription composition of core tablet
Raw and adjuvant materials Amount

Levo-prulifloxacin 132.1 g
Lactose 25 g
Microcrystalline cellulose 10 g
Starch 5 g
Hydroxypropyl cellulose 6 g
Croscarmellose sodium 4 g

Gas phase silicon 0.4 g
Magnesium stearate 1 g
3% Hydroxypropyl methylcellulose in 75% ethanol 85∼90 g

Amount needed for 1 kg of core tablet:
Opadry (OY-C-7000A), white 35 g
95% ethanol 402.5 g
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[0066] 1,000 tablets were prepared in total. Each tablet weighing around 200 mg contains 132.1 mg of the effective
component levo-prulifloxacin.
[0067] Film-coated tablets of levo-prulifloxacin hydrochloride were prepared by the method as described in Example 14.
[0068] Therapeutic effects of levo-prulifloxacin were proved by the following experimental examples.

Experimental Example 3 Experiment on systemic infection in mouse

Testing method

[0069]

1. Origin of testing samples:

Levo-ofloxacin was commercially available.

Prulifloxacin was self-made product, prepared according to the method disclosed in the publication J. Med.
Chem. 1992, 35, 4727-4738.

Levo-prulifloxacin, dextro-prulifloxacin, levo-prulifloxacin hydrochloride, levo-prulifloxacin mesylate were self-
made, prepared according to the method described in examples (see respective ordinal number in parenthesis
following name of testing drug in Table 6);

2. Experimental strains: Bacteria for infecting animals were pathogenic strains isolated from clinic;

3. Preparation of liquid bacteria culture: 2-3 colonies were picked and inoculated into M-H broth, followed by incubation
for 18 hours at 37 °C. The culture was diluted appropriately with 5% dried yeast liquid for use.

4. Experimental animals: Healthy SPF Kunming mice were selected, with 18-22 g in body weight, half male and half
female.

5. Determination of minimal lethal dose of bacteria: Mice were divided randomly, resulting in 10 mice in each group,
half male and half female. The above-mentioned bacterial cultures in different dilutions were injected intraperitoneally
into mice, in the amount of 0.5 mL per mouse, followed by continuous observation for 7 days after infection and
recording the number of death mice. The minimal amount of bacteria which caused 100% death of mice was deemed
as minimal lethal dose of bacteria and thereby was adopted for infection tests in vivo.

6. Preparation of testing drugs: The testing drugs were prepared with 1% CMC, respectively.

7. Method for infection and treatment: Experimental animals were divided randomly but evenly based on gender
and body weight, resulting in 10 mice in each group, half male and half female. Minimal lethal dose of bacteria were
injected intraperitoneally into mice in amount of 0.5 mL/mice, respectively. After infected for 1 hour, the testing drugs
in different doses were administered to mice by gavage in the amount of 0.2 ml/10g, respectively. Seven dose
groups of 0.05, 0.10, 0.20, 0.40, 0.80, 1.60, 3.20 mg/kg were set up for Escherichia coli while seven dose groups
of 0.50, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0 mg/kg were set up for Pseudomonas aeruginosa. Observation was conducted

Prescription composition of core tablet:
Raw and adjuvant materials Amount
Levo-prulifloxacin hydrochloride 142.5g
Lactose 25 g
Microcrystalline cellulose 10 g

Starch 5 g
Hydroxypropyl cellulose 6 g
Croscarmellose sodium 4 g
Gas phase silicon 0.4 g
Magnesium stearate 1 g
3% Hydroxypropyl methylcellulose in75% ethanol 85∼90 g
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after administration and death statuses of the mice were recorded. A control group was set up and the number of
mice which died within 7 days after infection was recorded at the same time. The obtained data were processed by
Bliss method to calculate ED50.

8. The results were listed in Table 6.

[0070] Conclusion: Said levo-prulifloxacin has very strong therapeutic effects on infection in mice. In comparison with
racemate, therapeutic effects of levo-prulifloxacin are increased remarkably. Salts of levo-prulifloxacin have similar
effects with levo-prulifloxacin.

Experimental Example 4 Acute toxicity test on levo-prulifloxacin

[0071] Method: Acute toxicity test was conducted in NIH mice by administrating limited-dosages of drugs.
[0072] Testing group: Levo-prulifloxacin; control groups: racemic prulifloxacin group and blank control group
20 NIH mice in each group, half male and half female, 18∼22 g in body weight, were fasted overnight. Levo-prulifloxacin
and racemic prulifloxacin were prepared to a 250 mg/ml suspension with 0.3% CMC, respectively, and then administered
to the mice by gavage at once in the amount of 0.2 mL/10g. After administration, observation was firstly conducted for
4 hours continuously, and then once a day for 2 weeks continuously. Animals’ responses to toxicity, appearing time and
recovering time thereof were recorded. On Day 2, 4, 8, 11 and 15, body weight of the animals were measured and
amounts of feed intake were determined. Observation indexes included diet, appearance, behavior, secretion, excrement
and the like. Animals’ death was recorded, starting time, severity, duration of toxic symptoms and toxic reactions, whether
the symptoms or reactions are reversible and the like were also recorded. Animals dying from poisoning and dying
animals were dissected roughly in time while all other animals were dissected roughly after completing observation.
When changes in such as volume, color, texture and etc. were observed in any organs, histopathological examination
was conducted on the changed organs. The obtained data were processed by Bliss method to calculate LD50.
[0073] Results: No abnormalities were observed in animals in each group after administration. No animal death oc-
curred. Body weight of all the animals was increased normally and no significant differences were observed among the
groups. Pathological anatomy results showed no abnormalities in organs or tissues, which suggested that levo-pruli-
floxacin has very low toxicity and LD50 of oral administration of levo-prulifloxacin and racemic prulifloxacin in mice are
all higher than 5,000 mg/kg.
[0074] Accordingly, levo-prulifloxacin may be used for treating systemic infection and local infections including respi-
ratory tract infection, urinary tract infection and biliary tract infection, and can be safe for use in mammals including
humans.

Claims

1. A preparation method of an optically active compound of prulifloxacin shown in the general formula 1 below or
physiologically acceptable pharmaceutical salts thereof, wherein their stereo configuration are S configuration and
they have optical activity of levorotatory polarized light:

Table 6 Therapeutic effects of levo-prulifloxacin on systemic infection in mouse infection models

Testing Drugs
ED50 mg/kg

E. coli P. aeruginosa

Ofloxacin (commercially available) 0.82 16.08

(+/-) Prulifloxacin (Self-made) 0.53 4.04

(-) Prulifloxacin (Sample prepared in Example 3) 0.11 1.02

(+) Prulifloxacin (Sample prepared in Example 4) 1.58 8.20

(-) Prulifloxacin hydrochloride (Sample prepared in Example 
11)

0.12 1.25

(-) Prulifloxacin mesylate (Sample prepared in Example 12) 0.11 1.22
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characterized in that levo-ulifloxacin shown in formula 2 below and the compound shown in formula 3 below are
utilized as raw materials and reacted in organic solvent in the presence of alkaline materials, the reaction formula
is shown below:

wherein the compound shown in formula 3 is 4-bromomethyl-5-methyl-1,3-dioxolen-2-one (X is bromo); reaction
temperature is -20∼60 °C and reaction time is 15 minutes to 24 hours;
raw material ratio: the ratio of levo-ulifloxacin to the compound shown in formula 3 to alkaline material is 1:
0.8∼2 : 0.5∼5 by mole; and
said alkaline material is inorganic base or organic base; and wherein said inorganic base is potassium carbonate,
or potassium bicarbonate, and said organic base is triethylamine, N,N-diisopropylethylamine, or diisopro-
pylamine.

2. The preparation method of optically active compound of prulifloxacin according to Claim 1, characterized in that
the reaction temperature is -10∼30 °C.

3. The preparation method of optically active compound of prulifloxacin according to Claim 1, characterized in that
the organic solvent is N,N-dimethylformamide, N,N-dimethylacetylamide or dimethyl sulfoxide.

Patentansprüche

1. Herstellungsverfahren einer optisch aktiven Verbindung von Prulifloxacin, dargestellt in der nachstehenden allge-
meinen Formel 1, oder von physiologisch verträglichen pharmazeutischen Salzen davon, wobei deren Stereokon-
figuration die S-Konfiguration ist und sie eine optische Aktivität von linksdrehend polarisiertem Licht aufweisen:

dadurch gekennzeichnet, dass Levo-Ulifloxacin, dargestellt in nachstehender Formel 2, und die in nachstehender
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Formel 3 dargestellte Verbindung als Rohstoffe eingesetzt werden und in organischem Lösungsmittel bei Vorhan-
densein alkalischer Stoffe eine Reaktion eingehen, wobei die Reaktionsformel nachstehend dargestellt ist:

wobei die in Formel 3 dargestellte Verbindung wie folgt lautet: 4-brommethyl-5-methyl-1,3-dioxolen- 2-on (X ist
Brom);
die Reaktionstemperatur beträgt -20∼60 °C und die Reaktionsdauer beträgt 15 Minuten bis 24 Stunden;
Rohstoffverhältnis: das Verhältnis von Levo-Ulifloxacin zur in Formel 3 dargestellten Verbindung zum alkalischen
Stoff beträgt nach Molverhältnis 1: 0,8-2 : 0,5∼5; und besagter alkalischer Stoff ist eine anorganische Base oder
eine organische Base; und wobei besagte anorganische Base Kaliumcarbonat oder Kaliumbicarbonat ist, und
besagte organische Base Triethylamin, N,N-Diisopropylethylamin oder Diisopropylamin ist.

2. Herstellungsverfahren der optisch aktiven Verbindung von Prulifloxacin nach Anspruch 1, dadurch gekennzeich-
net, dass die Reaktionstemperatur -10∼30 °C beträgt.

3. Herstellungsverfahren der optisch aktiven Verbindung von Prulifloxacin nach Anspruch 1, dadurch gekennzeich-
net, dass das organische Lösungsmittel N,N-Dimethylformamid, N,N-Dimethylacetylamid oder Dimethylsulfoxid ist.

Revendications

1. Un procédé de préparation d’un composé optiquement actif de prulifloxacine représenté dans la formule générale
1 ci-dessous ou de sels pharmaceutiques physiologiquement acceptables de celui-ci, dans lequel leur configuration
stéréo est une configuration S et ils ont une activité optique de lumière polarisée lévogyre :

caractérisé en ce que la lévo-ulifloxacine représentée dans la formule 2 ci-dessous et le composé représenté dans
la formule 3 ci-dessous sont utilisés en tant que matières premières et mis à réagir dans un solvant organique en
présence de matières alcalines, la formule de réaction est représentée ci-dessous :
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dans lequel le composé représenté dans la formule 3 est le 4-bromométhyl-5-méthyl-1,3-dioxolène-2-one (X
représente le brome) ;
la température de réaction est de -20 à 60 °C et le temps de réaction est de 15 minutes à 24 heures ;
le rapport de matière première : le rapport de la lévo-ulifloxacine au composé représenté dans la formule 3 à
la matière alcaline est de 1:0,8 à 2: 0,5 à 5 par mole ; et ladite matière alcaline est une base inorganique ou
une base organique ; et ladite base inorganique est du carbonate de potassium ou du bicarbonate de potassium,
et ladite base organique est la triéthylamine, la N,N-diisopropyléthylamine ou la diisopropylamine.

2. Le procédé de préparation d’un composé optiquement actif de prulifloxacine selon la revendication 1, caractérisé
en ce que la température de réaction est de -10 à 30 °C.

3. Le procédé de préparation d’un composé optiquement actif de prulifloxacine selon la revendication 1, caractérisé
en ce que le solvant organique est le N,N-diméthylformamide, le N,N-diméthylacétylamide ou le diméthyl sulfoxide.
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