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A practical stereoselective 
synthesis of ( S ) - (  - )-ofloxacin 

YANG, Yu-She" (&3a) JI, Ru-Yun(@fk@) CHEN, &-Xian(%%%) 
S b h a i  Imttute of Materia Medica , Chime Academy of Sciences, Shanghai 200031, China 

Abstract A very effkient and practical procedure for preparation of ( S) - (  - )-ofloxacin has been developed 
( 10 steps, overall yield 9 4 5 %  ) . The key step of this approach is the regioselective nucleophhc substitution of 
2-position fluorine atom of 2,3,4tirfluoronitmbenne by (S)-glycerol acetonide. 
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( s ) - ( - ) -Onoxacin*,2 ( Levofloxacin) is one of the third generation quinolone antibacterial agents 
of high potency. Its antibacterial activity is about 8-128 times more active than that of ( R ) - (  + )- 
ofloxacin and twice as active as that of the racemate (ofloxacin) . A number of processes3-' for preparing 
this excellent agent have been reported. However, all these processes suffered from low yields, expensive 
starting materials, or difficulties in scaling up. In order to synthesize new ( S ) - (  - )-ofloxacin derivatives 
we have examined a more convenient route to levofloxacin from readily available starting materials. In this 
paper we describe a very efficient procedure for preparation of ( S ) -( - )-ofloxacin from 2,3,4-trifluo- 
roni trobenzene and ( S )-glycerol acetonide . 

Results and discussion 

The synthetic routes are outlined in Scheme 1.  2,3,4-Trifluoronitrobenzene (1) reacted with ( S)- 
glycerol acetonide in the presence of K&O3/KOH to produce 2 in almost quantitative yield. Potassium 
hydroxide or potassium carbonate alone was not equally effective for this regioselectively nucleophilic sub- 
stitution. Subsequent removal of the acetonide protecting p u p  in 2 with hydrochloric acid in ethanol gave 
dihydroxy compound 3 in 99% yield. Treatment of 3 with hydrogen bromide in acetic acid ( w / w ,  
46 % ) afforded a mixture of acetoxy-bromides 4 (major) and 5 (minor) in 98 % yield. The mixture was 
treated with aqueous sodium hydroxide to give epoxide 6 in 100% yield. 

Reductive ring-opening of epoxide 6 under an atmospheric pressure of hydrogen over Pd-C gave cor- 
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responding secondary alcohol 7 in 90% yield. ( S)-( - )-Ofloxacin could be prepared from compound 7 
by known routes. ’,’ Our modification features more convenient work-up procedures. Heating 7 and diethyl 
ethoxymethylenemalonate gave 8.  Treatment of 8 with Mitsunobu Reagent’ in THF yielded 9 ,  which was 

cyclized in PPE to give 10. Hydrolysis of 10 with acetic acid and conc . hydrochloric acid produced a key 
intermediate 11 in 95% yield. Finally 11 and N-methylpipemine were refluxed in pyridine to give the 
title compoud ( S)-(  - )-ofloxacin ( 7 5 % ) .  The spectral data, physical properties and antibacterial ac- 
tivity or ( s ) -( - ) -0floxacin were in agreement with those reported in the literature. 1,2*6 
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( a )  (S)-GlycerolacetoNde, PhCH,, KOWKCO,, 100%. (b) Ethanol, 3moVLHC1,  99%. ( c )  Hydmgenbm 

mideacid, OT, 98%. ( d )  3 mVL aqueous NaOH, 3OT. ( e )  H2, 10% P&C, 90%. ( f )  Diethyl 

ethoxymethylenernalonate, 145-1509:, 90%. ( g )  Mitsunobu reagent, THF, 95%. ( h )  PPE, 145-1509:, 

8 5 % .  ( I )  AcOH, conc. HCl, 12OT, 95%. (j)  N-Methylpiperazine, Py, 1309:, 75%. 

Experimental 

Melting points were uncorrected and were determined in capillary tubes in a Buchisio apparatus. ‘H 
NMR spectra were recorded on a Bruker AM-400 spectrometer (chemical shifts in ppm values, J in Hz) . 
Mass spectra were recorded on a MAT-95 spectrometer. Elemental analyses were carried out on a Periun- 
Elmer 240B micro analyzer. Column chmmatography was performed on silica gel ( Qingdao Haiyang 
Chemical Croup Co . of China, 20(+300 mesh) . Optical rotations were measured on a Perkin-Elmer 241 
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polarimeter . 

( S ) - 3, C&.uoro -2- [ ( 2' ,3 I -  isopropylidenedimypropyl ) oxy 1 nitrobenzene ( 2 )  

A solution of ( S ) -glyceml acetoride (0.44 g , 3.33 mmol) in toluene (2 mL) was added slowly to 
a stirred suspension of powdered potassium hydmxides ( 0 . 5  6 g , 1 0 . 0 mmol ) , potassium d m t e  
(0.45 g, 3 -26 mmol) and 2,3,4-trifluoronitrobemne (0.53 g ,  2.99 mmol) in toluene (15 ml) at 0- 
5°C. The mixture was stirred at r. t .  for 1 h, then water (10 mL) was added. The organic layer was sep- 
arated and the aqueuos solution was extracted once with toluene. The combined organic phase was dried 
over anhydrous sodium sulfate, filtered and evaporated under reduced pressure to a€ford an oily product 2 
(0.86g, 100%). [a] := -7.36(c 1.0, CHCl3). &(cD(&): 1.35-1.40(s, s, 6H, ~ x C H ~ ) ,  
3 . 9 0 - 3 . 9 8 ( m , l H , O C H ~ ) , 4 . 0 5 - 4 . 1 9 ( m , l H , O C H ~ ) , 4 . 2 0 - 4 . 2 5 ( m , l H , ~ H ) ,  
4 . 3 0 - 4 . 4 7 ( m , 1 H , A r o C H ~ ) , 4 . 4 5 - 4 . 5 4 ( m , 1 H , ~ H ~ ) , 6 . 8 0 - 7 . 0 5 ( m , 1 H , ~ H ) , 7 . 6 0 -  
7.70(m, lH, ArH). r n / z ( % ) :  274(Mt - 15, 1001, 158(90), 130(10). Anal. C12H13FzN05 
(289.23). Calcd: C, 49.83; N,4.84; H, 4.53. Found: C,  50.18; N,  5 .07 ;  H, 4.61. 

( s ) -3,4- Lxyzwro -24 ( 1 I ,2'- dihydmqpropyl ) oy I nitrobenme (3)  

A solutian of 2 (2.60 g, 8.99 mmol) in ethanol (10 d) was added 3 moVL hydrochloric acid (7 
mL) . The mixtm was stirred at 60% for 1 h and then evaporated. The residue was extracted with chlo- 
roform (3 x 20 mL) . The combined o'ganic solution was dried over anhydmus sodium sulfate, filtered 
and evaporated to give3 (2.22 g, 99%. [ a ] ? =  13.34(c 1.4, CHC13). aH(CDCl3): 3.68-3.88 
(m, 2H, HOCHz), 4.05-4.15(m, lH,  HOCH), 4.28-4.47(m, 2H, AroCHZ), 6.80-7.08(m, 
l H ,  ArH), 7.69-7.78(m,lH,ArH). Anal. CgHgFzNO5 (249.17). Calcd: C,43.38; N ,  
5.62; H, 3.64. Found: C,  43.74; N, 5.65; H, 3.55. 

( S ) -3,4-D@mo -2- ( 1'- brom-2'-acetqpmpyhy) nitmb~ruene and ( R ) -3,4-dijhro-2- ( 1 I -  acetmy- 

2'-brompropyloxy) nitrobenzene (4 and 5) 

Hydrogen bromide-acetic acid (43%, w / w ,  4.68 g, 23.6 mmol) was added t o 3  (1.91 g, 7.67 
mmol) with ice-bath during about 5 min, after stimng at r. t . for 45 min, water ( 10 d) was added, 
and the mixture was neutralized with 5 moVL aqueous sadiumn hydroxide. The neutral solution was ex- 
tracted with ether (3 x 20 mL) . The combined ether solution was dried and evaporated to give 4 and 5 
(2.66 g, 98%) as an oily mixture. [a ]b6=  30.5(c 2.5, CHC13). 8H(cD&): 2.12(s, 3H, 
CH,CO), 3.55-3.75(m, 2H, BrCHz), 4.48-4.52(m, 2H, ArOCHz), 5.3-5.32 (m, lH,  
ACOCH), 7.00--7.08(m, lH, ArH), 7.65-7.72(m, lH, ArH). r n / z ( % ) :  354(M+, lo),  356 
( Mt + 2,10),313(10), 181(1OO), 179( 100) .Anal. CI1HloBrF2NO5 (354.10). Calcd: C,37.31; 
N ,  3.95; H, 2.84. Found: C, 37.38; N,  4.21; H, 2.84. 
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( R ) -3,4- h f l m r o  -2- [ ( 1 ,2'- epyethenylpropy! ) ozy ] nitrobenzene (6) 

Aqueous sodium h y h x i d e  (3 moVL, 10 mL) was added to a mi.rture of 4 and 5 (1.60 g, 4.51 
mmol ) . The mixture was stirred at 30°C for half an hour and then extracted with ether (3  x 20 mL) , the 
combined ether solutions were washed with water (10 mL) , dried, filtered and evapomted to give oily 6 
(1.04g, loo%.).  [ a ] ? =  -11.93(c 2.4,  CDC13). GH(CDC13): 2.65-2.90(m, 2H, OCHZ), 
3.38-3.42(m, lH, OCH), 4.15-4.48(m, 2H, AxOCH,), 7.69-7.05 (m, lH, ArH), 7.75- 
7.80(m, IH, ArH). r n / z ( % ) :  231(M+), 188(18), 175(68), 145(100), 130(50), lOO(99). 

H, 3.17. 
Anal. CgH7F2N04 (231.15). Calcd: C, 46.76; N, 6.06; H, 3.05. Found: C, 46.79; N,  6.10; 

( R ) -3,4-DijZ~ro -2- [ (2'- hydroxypropyl) oxy ] aniline (7) 

To a solution of 6 ( 1 . 00 g, 4.33 mmol) in absolute ethanol (30 mL) was added 10% PdK (0.2 
g) and the mi.rture was hydrogenated under 1 atm H2 at r. t .  with stirring. After the required amount of 
H2 had been absorbed, the reaction mixture was filtered and the filtrate was concentrated to give 7 (0.79 
g. 90%). ThepDoductof7wasuseddirectlyinnextstep. mp50-51T (Lit.7mp51.50C). GH(CD- 
(33): 1.20(d, J = 7  Hz, 3H, CH3), 3.15(br, s ,  lH, HO), 3.80-3.85(m, lH, MeCH), 3.88- 
4.15(m . 2H, M C H Z ) ,  6.38--6.42 ( m ,  lH, ArH), 6.67--6.75(m, lH, ArH). 

( S ) -2,3- DjZmro-6-( 2' ,2'-diethmycarbonyle~nyl) amino-1 -[ (2'- hydfoxypmpyl ) -0xy 1 benzene (8) 

7 (0.76 g, 3.74 mmol) and diethyl ethoxymethylenemalomte (0.82 g, 3.79 mmol) were heated at 
145--150% for 1.5 h and then the mixture was further heated at the same temperature under reduced 
pressure for 30 min. The mixture was cooled and the solid was recrystallized from petroleum ether-ethyl 
acetate (4: 1, v / c )  to give 8 (1.25 g,  90%) as a white solid. mp 88-89°C (Lit.' mp 88--90"C). 
&(CDClI): 1.22-1.38(m, 9H, 3xCH3) ,  3.50(br, lH, NH), 4.15-4.32(m, 7H, 2~ 
OCH2Me, MeCH, ArOCH2) ,6.84-6.94( m,2H, ArH*), 8.48( d ,  J = 14 Hz, l H ,  CH = C, ) . r n / z  

( % ) :  373(M'), 328(10), 286(40), 227(44), 184(80), 171(100), 115(75). 

( S)-lhethyl (7,8-djflmro-3-mthyl-3,4-dihydro-2H-[ 1 . 4 ] - b e n u m a Z i n e - 4 - y l ) m t h y l e n e d ~  (9) 

Diethyl azodicarboxylate (0.67 g, 3.87 mmol) and triphenylphosphine ( 1 . 01 g, 3.87 mmol) were 
dissolved in anhydrous THF (20 mL) and stirred at 0°C for 20 min. A solution of 8 (0.79 g, 2.12 
mmol) in anhydrous THF (2 mL) was slowly added to the mixture. The mixture w8s stirred at r. t . over 
night. The solvent was removed under reduced pressure and the residue was purified through silica gel 
column chromatography using petroleum ether/ethyl acetate (3 : 1, v / v )  as the eluting solvent to yield an 
ohy9 (0.71g, 95%).  aH(CDC13): 1.20-1.24(m, 9H, ~ x C H ~ ) ,  3.+4.40(m, 7H, 2~ 
OCH2Me. MeCH, AIOCH~), 6.71--6.78(m, 2H, ArH2). 7.76(s, lH, CH=C). 
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( S ) - E t h y l - 9 , 1 0 - d ~ ~ ~ - 2 , 3 - ~ ~ ~ 0 i h y d r o - 3 - m e t h y l - 7 H - ~ [ 1 . 2 . 3 - d l ]  [ 1.41 benumazine-6-~~- 
boxylate (10) 

Themixtmof9(1.33g, 3.75mmol)andPPE(5g) washeatedat140-145"cfor1.5h. After 
being cooled the reaction mixture was p o d  into ice-water and extracted with chloroform (3 x 30 mL) . 
The combined organic layers were washed with 5 % sodium carbonate solution and water. The organic so- 
lution was dried over anhydmus sodium sulfate and filtered, evaporated to dryness. The solid was washed 
to pale white with ethanol and gave 10 (0.98 g, 85 % ) . The product of 10 was used directly in next 
step. mp 254-455 "c ( Lit. , 254-255 T ) . 

(S)-9,10-~fuoro-2,3-dihydro-3-methyl-7-oxo-7H-~[1.2.3-dl][1.4] bedne-6-ca.rboxylic 
acid (11) 

A mixture of 10 (0.73 g, 2.36 mmol) in acetic acid (8.7 mL) and conc . hydrochloric acid (2.3 
d) was heated at reflux temperam for 3 h. After cooling to room temperature the white needle crystals 
were collected by filtration and washed successively with water, ethanol and diethyl ether to give 11 
(0.63 g, 95%). mp>300T (Lit.*'2mp>300"c). [a];'= -64.7(c 1.0, DMSO). Lit."2[a]f= 
-64.9(c 1.0, DMSO). GH(CF3CqD): 1.85 (d,  J = 7  Hz, 3H, CH3,), 4.68-4.80(m, 2H, 
OCH&), 5.18-5.25(m, lH, CHMe), 8.10-8.35(dd, J = 8 ,  8 H z ,  lH, ArH),9.4O(s, IH, 
C H = C ) .  m / z ( % ) :  281(M'), 237(100), 222(90), 1%(18), 149(15). 

(S)-9-FZ~ro-2,3-dihydro-3-methyl-lO-(4-methy-l-piperaz)-7-oxo-7H-Wrido-[ 1.2.3-dlI [ 1.41 
bem&ne-6-carboxylic acid (12). ( S ) - (  - )-Ojbmcin 

N-Methylpipemine (0.25 g, 2.5 mmol) and 11 (0.28 g, 0.99 mmol) were dissolved in pyridine 
( 10 mL) , the mixture was reflmed with stirring over night. After coohg the pyridine was evaperated un- 
der reduced pressure and the residue was recrystallized from ethanol to a€ford 12 (0.27 g, 75 % ) . mp 
238-24OT. [Lit.6rnp24(+245"c]. [a]$= -76.9(c 0.2, 0.05 moVLNaOH) [Lit.6[a]F= 
-77.8(c 0.2, 0.05 moVLNaOH)]. GH(CF3CqD): 2.10(d, J = 6  Hz, 3H, CH3), 3.45(s, 3H, 
NCH,), 3.70-4.15(m, 8H, ~ x N C H ~ C H ~ N ) ,  4.58-5.00(m, 2H, OCHzAr), 5.31-5.39(m, 
lH, CHMe), 8.28(d, J = 1 1  Hz, lH, ArH,), 9.50(s, l H ,  CH=C).  r n / z ( % ) :  361(M+). 
Anal. C18HmFN304 (361.55). Calcd: F, 5.25. Found: F, 5.14. 
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