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A SIMPLE AND EFFICIENT NEW APPROACH 
TO THE TOTAL SYNTHESIS OF (+)-4-AMINO-3- 

(4-CHLOROPHENYL)-BUTYRIC ACID 
(BACLOFEN) 

Fernando Coelho* , Mariangela B. M. de Azevedo, Roberta Boschiero and 
Patricia Resende 

UNICAMF' - Instituto de Quimicakpto. de Quimica Org5nica 
P.O. Box 6154 - 13083-970 - Campinas, SP - BRAZIL 

ABSTRACT Based on the utilization of a [2+2] cycloaddition reaction between dichloroketene 
and an appropriated olefin as a key step, we describe a new and simple four step approach to the 
total synthesis of (f)-4-amino-3-(4chlorophenyl)-butyric acid (BACLOFEN), a selective GABAB 
agonist used as antispastic agent 

The inhibitory neurotransmitter y-aminobutyric acid (GABA) has two 

major receptor subtypes (GABAA and GABAB)'-2, which apparently play an 

important part in the central and peripheral nervous system through ion-channel 

regulation3. The overall physiological effects are transmission inhibitions mediated 

pre- and post-synaptically by the GABAA sites and presynaptically by the GABAB 

sites4. For instance, the GABAB receptor in the peripheral and central nervous 
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2456 COELHO ET AL. 

system is implicated in analgesia muscle relaxation, hypertension, increased gastric 

motility, and inhibition of the release of corticotropin releasing hormone5. 

During the last decade a number of specific agonists or antagonists at 

the GABAA receptor site have been In contrast there are only a 

few examples of those acting at GAB& receptor site. Among the latter, 4- 

amino-3-(4-chlorophenyl)-butyric acid (1, figure 1) (Baclofen) is the only 

selective and therapeutically usehl GABAB agonist known7"*. Baclofen is a 

GABA analog, but, unlike GABA, it can cross the bloodhrain barrier. Racemic 

Baclofen (LioresalB) is used in the treatment of spasticity caused by disease of 

the spinal cord, particularly traumatic lesions. 

FIG. 1 : Baclofen 

I Baclofen (1) 

Due to its biological and pharmacological importance, there are several 

reports in the literature concerning the total synthesis of BaclofenEndd. We 

report herein a new approach to the total synthesis of 1, using as key step a 

[2+2] cycloaddition 'OJ' reaction between dichloroketene and an adequately 

substituted olefin. 
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BACLOFEN 2457 

Cycloadduct 2 was obtained as the only detectable regiosomer, by the 

reaction between in situ generated dichloroketene and commercial 4- 

chlorostyrene in 82% yield (Scheme 1). Reductive dechlorination of 2 in acetic 

acid/Zn dust hrnished the cyclobutanone derivative 3 in 92% yield. The 

preparation of the Baclofen lactam 4 was easily accomplished, in 43% yield, by 

the expansion of the cyclobutanone ring via a Beckmann rearrangement, using 

as nitrogen source the N-hydroxylamine-0-sulphonic acid". The acid hydrolysis 

of lactam 4 furnished Baclofen (1) as a white solid in 70% yield. 

In conclusion, this reaction sequence provides a facile access to (f)-1 in 

4 steps from an easily available and cheap commercial starting material in 22% 

overall yield. As several substituted styrenes are commercially available or 

could be easily prepared14, this approach should provide a convenient access 

not only to baclofen but also to various analogs. Generalizations and 

modifications aiming at an asymmetric version of this methodology is ongoing. 

EXPERIMENTAL 

General: The 'H NMR and I3C NMR spectra were recorded on a Varian 

GEMINI BB-300 at 300MHz and 75.1 M H z  respectively. The mass spectra 

were recorded on CG/MS HP model 5988A. The melting points were measured 
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2458 COELHO ET AL. 

SCHEME 1 

4chlorostyrene 
2 R= CI 
3 R= H 

CI 

%lOzH ''\Or>- !A 0 

BACLOFEN (1) 4 

Reagents and conditions: a: CbCCOCl, Zn-Cu, PoCl3, ether, reflux, 20 h, 

82%; b: Zn/CH3C02H, 70°C, 14 h, 93%; c: H2NOS03H, HCO2H 98%, reflux, 

10 h, 43%; d. HCl, reflux, 12 h, 70%.. 

in open capilary tubes using an Electrothermal apparatus model 9100, and are 

uncorrected. Purification and separations by column chromatography were 

performed on silica gel, using flash chromatography. Ether and THF were 

distilled from benzophenone ketyl under nitrogen. Trichloroacetyl chloride and 

phosphorus oxychloride (both Aldrich) were distilled before use. Tlc 

visualization was achieved by spraying with 5% ethanolic phosphomolybdic acid 
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BACLOFEN 2459 

and heating. 4-Chlorostyrene was purchased from Aldrich and used without 

purification. 

(Rs)-2,2-dichloro-3-(4 '-chlorophenyl)-cyclobutanone 2 

To a stirred suspension of Zn-Cu" (3.10 g, 45.48 mmol) and 4-chlorostyrene 

(3.00 g, 21.66 mmol) in dry ether (44 mL) was added dropwise, during 1 hr at 

room temperature, a solution of phosphorus oxychloride (4.98 g, 3,03 mL, 

32,49 mmol) and trichloroacetyl chloride (5,90 g, 3,63 mL, 32.49 mmol) in dry 

ether (22 mL). The suspension was stirred for 20 h at room temperature. The 

mixture was filtered through a pad of celite and washings were performed with 

hexane (100 mL). The filtrate was concentrated to one third of the original 

volume under reduced pressure. The residue was diluted with hexane (1 00 mL) 

and again concentrated to one third. This operation was repeated twice more. 

The final concentrate (- 150 mL) was washed with cold water (200 d), 

saturated NaHC03 (100 mL), brine (100 mL) and was dried over anhydrous 

sodium sulfate. Concentration under reduced pressure followed by flash 

chromatography on silica gel with hexane-ethyl acetate (8 : 2) gave a solid 

residue. Recrystallization from dichloromethane gave dichlorocyclobutanone 2 

as a white solid (4.42 g, 82%). 

m.p. 73-75OC. 

IR (KBr, A,,,=): 2928, 1812, 1493, 1403, 1094, 1014,827 cm-'.. 
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2460 COELHO ET AL. 

MS (70eV, d e ) :  250 (M’ + 2), 248 (M+), 208,206, 138. 

H NMR (300MHz, CDCI3) 6 3.51-3.73 (m, 2H), 4.21 (t, J= 10.2&, lH), 1 

7.17-7.43 (dd, J= 8.4 and 8.8Hz, 4H). 

13C NMR (75.1MHz, CDCl3) 6 29.8,46.0, 50.2, 129.4, 129.9, 192.2 

Anal. calcd. for CIOH~CI~O: C, 48.39; H, 2.84. Found C, 48.37; H, 2.83. 

(RT)-3-(4’-chlorophenyl)-cyclobutanone 3 

To a stirred solution of 2 (0.472 g, 1.89 mmol) in acetic acid ( 5  mL,) was added 

Zn dust (0.756 g, 1 1.63 mmol). The suspension was stirred at room temperature 

for 14 h. The mixture was diluted with ether (60 mL) and filtered. The solid was 

washed with ether (50 mL). The combined organic extracts were washed with a 

saturated solution of NaHC03 (100 mL), brine (100 mL) and dried over 

anhydrous sodium sulfate. Concentration under reduced pressure followed by 

flash chromatography on silica gel with hexane-ethyl acetate (9 : 1) gave 

compound 3 (0.32 g, 93%) as a yellow tinged oil. 

IR (neat, L): 2924, 1787, 1493, 1378, 1013,821 cm-’ 

H NMR (300MHz, CDCL) 6 3.16-3.26 (m, 2H), 3.44-3.55 (m, 2H), 3.60-3.69 

(m, IH), 7.21-7.34 (m, 4H). 

1 

13CNMR(75.1MHz,CDC13)627.9, 54.6, 127.9, 128.7, 142.0,206.0. 

MS (70eV, d e ) :  180 (w), 110, 138, 103,89,77. 
Anal. calcd. for CloH9CIO: C, 66.65; H, 5.04. Found C, 66.63 ; H, 5.03. 
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BACLOFEN 246 1 

(asl-4-(4-chlorophenyl)-pyrrolidin-2-one 4 

To a stirred solution of 3 (0.219g, 1.21 mmol) in formic acid 98% ( 5  mL ) was 

added 0.32g Hydroxylamine-O-sulphonic acid (2.42 mmol). The solution was 

stirred at reflux for 10 h, cooled to room temperature and dropped into a 

mixture of saturated NH4Cl (9 mL) and water (9 mL). The aqueous solution 

was then extracted with CHCb (3 x 30 mL). The combined organic extracts 

were washed with a saturated solution of NaHCO3 (3 x 30 mL) , brine, and 

dried over anhydrous sodium sulfate. Concentration under reduced pressure 

followed by flash chromatography on silica gel with hexane-ethyl acetate (6 : 4) 

gave compound 4 (0.102 g, 42%) as a white solid. 

m.p: 115-1 16 (literature8b"4 117-1 18°C) 

IR (KBr, h -): 3420,3200, 1698, 1493, 1090,830 cm-'; 

'H NMR (300MHz, CDCl3) 6 2.42-2.50 (dd, J= 16.9 and 8.4 Hz, lH), 2.70- 

2.79 (dd, J= 16.9 and 8.7Hz, lH), 3.36-3.41 (dd, J= 9.1 and 6.9 Hz, lH), 3.62- 

3.73 (4, J= 8.3 Hz, lH), 3.73-3.82 (dd, J= 17,5 and 8.5 Hz, lH), 6.28 (br S, 1H 

NH), 7.19-7.33 (111,4H) 

'3CNMR(75.1MHz,CDC13)638.2,40.6,49.3, 128.1, 129.0, 139.1, 181.0. 

MS (70 eV, d e ) :  197 (M'+2), 195 (I@), 140, 138 

(2)-Baclofen, hydrochloride 1 

A mixture of 4 (0,150 g, 0.769 mmol) in aqueous HCI (6N, 1,5 mL) was 
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2462 COELHO ET AL. 

heated at 100°C during 12h. The solvent was removed in vacuo and the 

residue was triturated in isopropanol yielding crystalline baclofen (0,134 g, 

70%). 

M.p. 195°C (literature" m.p. 195°C) 

IR (KBr, h ma): 3000-2500, 1620, 1550, 1490, 1090 cm-'. 

H NMR (3OOMHz, DMSO-d6): 6 2.65-2.91 (AB part from ABX, J.w = 16.6 

Hz, JAS = 6.9Hz, JRS = 7.7Hz, 2H), 3.10-3.39 (AB part from ABX, J.u3 = 12.8 

Hz,JAY=~.OHZ, J ~ ~ = 8 . 9 H z , 2 H ) , 3 . 6 4 - 3 . 7 2 ( r n ,  IH), 7.41-7.43(m,4H); 

I 
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