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Abstract: A simple and efficient asymmetric synthesis of (S,S)-Ethambutol has been carried out using a chiral 
butanediol. The synthesis was completed within six steps with an overall yield 53% and the enantiomeric purity 
of final product was 98%. All the reactions were very clean and the yields are excellent.     
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1. Introduction 

 
Tuberculosis (TB) is an infectious disease caused by various strains of bacterium, particularly 

Mycobacterium tuberculosis and Mycobacterium bovis. Usually the bacteria spread through air and 
attack the lungs but can also affect other parts of the body.1-3 TB is known since ancient times, around 
460 BC, Hippocrates identified phthisis and it is the most widespread diseases of the times, which was 
almost always fatal and infecting millions of people worldwide today. Isoniazid, Pyrazinamide, 
Rifampicin and Ethambutol are the front-line agents that are recommended by World Health 
Organization for the treatment of tuberculosis (Figure 1).4 In 1961 Wilkinson and colleagues was 
reported,5-10 (S,S)-Ethambutol is the most effective agent against almost all the strains of 
Mycobacterium sps. The biological activity of ethambutol has been attributed to its inhibition of 
mycobacterial arabinosyl transferases involved in bacterial cell wall biosynthesis.11 The (S,S)-
enantiomer of ethambutol is 200-500 times more potent than the (R,R)-enantiomer and the meso-
isomer.12 Pharmaceutical importance of the Ethambutol, attracted many researchers and it leads to the 
synthesis of this molecule in different ways,  which involve in the resolution of racemic 2-amino-1-
butanol,13 palladium catalyzed regio and stereoselective epoxide opening as the key step,14 a chiral 
pool approach by using amino alcohols as the chiral material15,16 and proline catalysed α-
aminooxylation and α-amination.17  

In continuation of our research program, in design and the synthesis of biologically active 
compounds,18-23 herein we report a potentially significant antituberculosis agent, 1 (S,S)-ethambutol 
using a chiral diol.  
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Figure 1. Isoniazid, Pyrazinamide, Rifampicin and Ethambutol are the front-line agents for the 
treatment of tuberculosis 

 

2. Results and discussion  

As shown in the Figure 2, (R)-butane-1,2-diol (2)24,25 was treated with tertiarybutyldi 
methylsilylchloride and imidazole in CH2Cl2 to furnish, (R)-1-(tert-butyldimethyl silyloxy)-butan-2-ol 
326 in 91% yield; [α]21

D = -9.3 (c 1, CHCl3).  Mesylation was carried with methane sulfonyl chloride 
and triethylamine27 in CH2Cl2 to afford, (R)-1-(tert-butyldimethylsilyloxy)-butan-2-yl-
methanesulfonate 4 in 90% yield; [α]21

D = -6.5 (c 1, CHCl3).  Compound 4 on reaction with sodium 
azide in dimethylformamide at 60 0C to give the corresponding product, (S)-(2-azidobutoxy)(tert-
butyl) dimethylsilane 5 in 83% yield; [α]21

D = 19.3 (c 1, CHCl3) with inversion of configuration. The 
azide compound 5 on hydrogenation28 over Pd/C (10%) under hydrogen atmosphere furnished, (R)-1-
(tert-butyldimethylsilyloxy) butan-2-amine 6 in 93% yield; [α] 

21
D = 12.7 (c 1, CHCl3). 
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Figure 2. Synthesis of N1-[(R)-1-(tert-butyldimethylsilyloxy) butan-2-yl]-N2-[(S)-1-(tert-

butyldimethylsilyloxy) butan-2-yl] oxalamide 7 
 

Reaction conditions and reagents: (a) TBDMS-Cl, Imidazole, DCM, rt, 3h, 91%. (b) Methane sulfonyl chloride, DCM, TEA, rt, 4h, 90%. (c) 
NaN3, DMF, 60 0C, 24h, 83%. (d) Pd/C, CH3OH, H2-atmosphere, 5h, rt, 93%. (e). Oxalyl chloride, pyridine, DCM, rt, 8h, 91%. (f) LAH, 
THF, reflux, 24h, 92%.     

 
Subsequent treatment of amine compound 6 with oxalylchloride and pyridine in CH2Cl2 

yielded a dimer product, N1-[(R)-1-(tert-butyldimethylsilyloxy) butan-2-yl]-N2-[(S)-1-(tert-
butyldimethylsilyloxy) butan-2-yl] oxalamide 7 in 91%; [α]  

21
D = 58.5 (c 1, CHCl3). Finally, the 

protected hydroxyl groups and keto functionalities were treated with four equivalents of lithium 
aluminum hydride in THF at reflux to afford the target molecule (S,S)-Ethambutol (1) in very good 
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yields and the optical rotation of compound observed is [α]  
21

D = 14.5 (c 1, CHCl3). All the products 
were confirmed by their 1H NMR, 13C NMR, IR and mass spectroscopy analysis.  
 
3. Conclusion 
 

In summary, we have described a concise asymmetric synthesis of tuberculostatic agent (S,S)-
ethambutol. The chiral starting material, (R)-butane1,2-diol 2 was turned in to (S,S)-ethambutol in six 
steps with an overall yield 53% and the enantiomeric purity of final product was 98%. The synthetic 
pathway is very simple, easy isolation of products and the yields of products were excellent. 
 
4. Experimental 
 

All the solvents and chemicals or reagents used were purchased from standard commercial 
suppliers and used as such. NMR spectra (1H and 13C at 300MHz) were recorded on Brucker-300 
spectrometer with chemical shifts (δ) reported in ppm relative to tetramethylsilane (TMS) for 1H and 
CDCl3 for 13C as internal standards. IR spectra were recorded on Perkin-Elmer Fourier transform (FT)-
IR 240C spectrophoto meter. Mass spectra were recorded on Finnigan MAT 1020 mass spectro meter 
operating at 70 eV. Melting points were recorded in a Buchi capillary melting-point (R-535) 
apparatus. Optical rotations were measured on a Rudolph AUTOPOL IV automatic polarimeter. 
 
General procedure and data of all compounds: 
 
4.1.(R)-1-(Tert-butyldimethylsilyloxy)-Butan-2-ol (3): To a stirred solution of (R)-butane-1,2-diol (1 g, 
11.1 mmol) in CH2Cl2 (30 mL) was added imidazole (1.13 g, 16.6 mmol) at 0 0C. After stirring for 10 
minutes was added TBDMSCl (1.66 g, 11.1 mmol) and continued stirring for 3 hours at room 
temperature. After completion of reaction as monitored by TLC, the reaction mixture was poured into 
water and extracted with CH2Cl2 (3x30 mL). The combined organic phases were washed with brine, 
dried over Na2SO4 and concentrated under reduced pressure. The crude product was purified by 
column chromatography using silica gel (60-120 mesh) by eluting with ethyl acetate-hexane mixture 
(2:98). Pure product was obtained as colorless liquid; yield: 2.06 g (91%); [α]  

21
D = -9.3 (c 1, CHCl3). 

IR (neat): υ 3446, 2956, 2929, 2858, 1637, 1465, 1388, 1254, 1095, 981, 837, 777 cm.-1;  1H NMR 
(300 MHz, CDCl3): δ 0.01 (s, 6H), 0.08-0.96 (m, 12H), 1.33-1.50 (m, 2H), 2.30 (brs, 1H, OH), 3.38-
3.41 (m, 1H), 3.50-3.65 (m, 2H).; l3C NMR (CDCl3): δ 73.1, 66.8, 25.7, 18.1, 9.8, -3.7, -5.5.; EIMS 
m/z (%): 204 (m+122), 188 (21), 187 (100), 145 (10), 133 (10), 115 (10), 108 (10), 93 (10), 73 (10). 
 
4.2.(R)-1-(Tert-butyldimethylsilyloxy)butan-2-ylmethanesulfonate (4): To a stirred solution of (R)-1-
(tert-butyldimethylsilyloxy)-butan-2-ol (2,03 g, 10.09 mmol) in dry CH2Cl2 (20 mL) was added 
triethylamine (4.2 mL, 29.85 mmol) at 0 oC and stirred for half an hour followed by the addition of 
methanesulfonyl chloride (1.2 mL, 15.14 mmol). The reaction mixture was allowed to stir at room 
temperature for 4 hours. After completion of the reaction as monitored by TLC, water (20 mL) was 
added to the reaction mixture and extracted with ethyl acetate (2x20 mL). The combined organic layer 
was dried over Na2SO4 and concentrated under reduced pressure. The crude product was purified by 
column chromatography using silica gel (60-120 mesh) by eluting with ethyl acetate-hexane mixture 
(3:97). Pure product obtained as thick yellow colour syrup; yield: 2.52 g (90%); [α]  

21
D = -6.5 (c 1, 

CHCl3). IR (neat): υ 3455, 2933, 2887, 2858, 1631, 1466, 1352, 1255, 1175, 1102, 1044, 1009, 966, 
921, 836, 776 cm.-1; 1H NMR (300 MHz, CDCl3): δ 0.08 (s, 6H), 0.91 (s, 9H), 1.01 (t, 3H, J = 7.8 Hz), 
1.65-1.79 (m, 2H), 3.01 (s, 3H), 3.69-3.77 (m, 2H), 4.52-4.59 (m, 1H).; l3C NMR (CDCl3): δ 85.1, 
64.2, 38.2, 25.6, 24.2, 18.1, 9.2, -5.7.; EIMS m/z (%): 305 (m+23100), 283 (10), 263 (15), 235 (10), 234 
(10), 233 (55), 209 (22), 191 (25), 71 (10).  
 
4.3.(S)-(2-Azidobutoxy)(tert-butyl)dimethylsilane (5): To a stirred solution of (R)-1-(tert-butyl 
dimethylsilyloxy)butan-2-ylmethanesulfonate (2.52 g, 8.93 mmol) in DMF (10 mL) was added sodium 
azide (1.74 g, 26.8 mmol)  and a catalytic amount of DMAP. The resulting reaction mixture was 
stirred at 60 oC for 24 h. After completion of the reaction (monitored by TLC), the reaction mixture 
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was poured into 20ml water and extracted with diethyl ether (3x20 mL) to obtain the crude product. 
The combined organic layer was dried over Na2SO4 and concentrated under reduced pressure. The 
crude product was purified by column chromatography using silica gel (60-120 mesh) by eluting with 
only hexane. The pure product was obtained as thick colorless syrup; yield: 1.69 g (83%); [α]  

21
D = 

19.3 (c 1, CHCl3). IR (neat): υ 3384, 2966, 2933, 2882, 2098, 1719, 1463, 1342, 1259, 1053, 915, 776 
cm.-1; 1H NMR (300 MHz, CDCl3): δ 0.08 (s, 6H), 0.91 (s, 9H), 1.00 (t, 3H, J = 7.5 Hz), 1.40-1.60 (m, 
2H), 3.18-3.28 (m, 1H), 3.56-3.64 (m, 1H), 3.66-3.74 (m, 1H).; l3C NMR (CDCl3): δ 66.0, 65.2, 26.0, 
23.4, 18.1, 10.5, -5.6.; EIMS m/z (%): 247 (m+1850), 241 (18), 239 (20), 229 (10), 225 (100), 205 (18), 
204 (60), 187 (40), 163 (18), 149 (10), 71 (10).  
 
4.4.[(S)-2-Aminobutoxy](tert-butly) dimethylsilane (6): To a solution of (S)-(2-azido butoxy) (tert-
butyl) dimethylsilane (1.69 g, 7.3 mmol) in methanol (10 mL) was carefully added Pd/C (10%) and 
followed by the addition of 5-6 drops of Et3N. The reaction mixture was then stirred under hydrogen 
atmosphere (25 psi) for 5 hours. After completion of the reaction (monitored by TLC), the reaction 
mixture was filtered on celite-bed, the filtrate was dried over Na2SO4 and concentrated under reduced 
pressure. The crude product was purified by column chromatography using neutral Al2O3 by eluting 
with ethyl acetate-hexane mixture (3:7). The pure product was obtained as pale yellow syrup; yield: 
1.4 g (93%); [α]  

21
D = 12.7 (c 1, CHCl3). IR (neat): υ 3379, 2927, 2861, 1610, 1510, 1453, 1379, 1298, 

1245, 1175, 1112, 1042, 1013, 915, 811, 739 cm.-1; 1H NMR (300 MHz, CDCl3): δ 0.04 (s, 6H), 0.82-
0.98 (m, 12H), 1.16-1.48 (m, 2H), 1.73 (brs, 2H, NH), 2.60-2.78 (m, 1H), 3.22-3.27 (m, 1H), 3.45-
3.63 (m, 1H).; l3C NMR (CDCl3): δ 68.0, 54.4, 26.5, 25.8, 18.3, 10.5, -5.4.; EIMS m/z (%): 204 
(m+1100), 114 (10). 
 
4.5.(S,S)-N1,N2-Bis(1-tert-butyldimethylsilyloxybutan-2-yl)-oxamide (7): To a stirred solution of [(S)-
2-aminobutoxy] (tert-butly) dimethyl silane (1.4 g, 6.89 mmol) in dry CH2Cl2 (20 mL) was added 
pyridine (1.8 mL, 34.4 mmol). The reaction mixture was cooled to 0 oC and added oxalyl chloride (0.3 
mL, 3.5 mmol) slowly which was dissolved in CH2Cl2 (2 mL) with constant stirring, after 15 minutes, 
cooling was removed and continued stirring at room temperature for 10 hours. After completion of the 
reaction (monitored by TLC), the reaction was quenched by adding water (ml) and the reaction was 
extracted with ethyl acetate (2x20 mL). The combined organic layer was dried over Na2SO4 and 
concentrated under reduced pressure. The crude product was purified by column chromatography 
using silica gel (60-120 mesh) while eluting with ethyl acetate- hexane mixture (2:8). Pure product 
obtained as a white solid; yield: 2.8 g (91%). Mp. 85 oC; [α] 

21
D = 58.5 (c 1, CHCl3). IR (KBr): υ 3450, 

3281, 2956, 2930, 2857, 1653, 1518, 1465, 1385, 1253, 1217, 1110, 1005, 837, 774 cm.-1; 1H NMR 
(300 MHz, CDCl3): δ 0.05 (s, 12H), 0.90 (s, 18H), 0.95 (t, 6H, J = 7.8 Hz), 1.54-1.72 (m, 4H), 3.59-
3.72 (m, 4H), 3.74-3.83 (m, 2H), 7.45-7.50 (d, 2H, J = 7.8 Hz).; l3C NMR (CDCl3): δ 159.4, 64.0, 
53.0, 29.6, 25.8, 24.2, 10.5, -5.5.; EIMS m/z (%): 483 (m+23100), 461 (75), 416 (10), 353 (10), 329 
(18), 228 (30), 227 (95), 202 (28), 201 (60), 179 (37), 137(100), 121 (25), 119(65), 79 (25). 
 
4.6.(S,S)-Ethambutol (1): To a stirred solution of lithium aluminium hydride (1.42 g, 37.5 mmol) in 
dry THF (10 mL) at 0 oC was carefully added (S,S)-N1,N2-bis(1-tert-butyl dimethylsilyloxybutan-2-yl) 
oxamide (2.8 g, 6.26 mmol) which was dissolved in dry THF (20 mL) after 15 minutes stirring, 
cooling was removed and continued stirring for 24 hours at reflux condition. After completion of the 
reaction (monitored by TLC), the reaction was quenched by adding 10% NaOH solution (1.4 ml) and 
water (1.4 mL). The precipitate formed was filtered off and washed with ethyl acetate (2x20 mL). The 
combined organic layer was dried over Na2SO4 and concentrated under reduced pressure. The crude 
product, which obtained was recrystallized with ethyl acetate to furnish (S,S)-Ethambutol as white 
solid; yield: 1.14 g (92%). Mp. 87-88 oC (lit. mp 87.5-88.5 oC); [α]  

21
D = 14.5 (c 1, CHCl3) (98% ee). 

{lit.[ α]  
21

D = 13.6 (c 2, H2O)}.; IR (KBr): υ 3414, 2928, 1644, 1552, 1463, 1258, 1051, 781 cm.-1;1H 
NMR (300 MHz, CDCl3): δ 0.98 (t, 6H, J = 7.0 Hz), 1.40-1.60 (m, 4H), 2.58-2.68 (m, 2H), 2.70-2.88 
(m, 4H), 3.51-3.60 (m, 2H), 3.65-372 (m, 2H).; l3C NMR (CDCl3): δ 61.3, 57.7, 40.6, 20.3, 8.9.; EIMS 
m/z (%): 205 (m+165), 116 (100), 90 (10). 
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