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A CONCISE SYNTHESIS OF (R)-GABOB
FROM L-MALIC ACID

Domenico Misiti, Giovanni Zappia

Dip.di Studi di Chimica e Tecnologia delle Sostanze Biologicamente Attive,
Universita "La Sapienza”, P.le A. Moro 5, 00185 Roma (Italy)

Giuliano Delle Monache

Centro di Studio per la Chimica dei Recettori del C.N.R., Istituto di Chimica,
Universita Cattolica del S. Cuore, Largo F. Vito 1, 00168 Roma (Italy)

ABSTRACT: A concise synthesis of (R)-4-amino-3-hydroxybutanoic acid,
starting from L-malic acid, is reported. The approach is based on the conversion
of the oxazolidin-2-one 9 into a full protected form of (R)-GABOB by an
Arndt-Eistert reaction.

4-Amino-3-hydroxybutanoic acid (GABOB) is a compound of great
pharmacological importance, due to its biological function as a neuromodulator in
the mammalian central nervous system,l’2 The (R)(+)-isomer 1 showed an
hypotensive and antiepileptic activi‘cy3 and was found to have greater biological

activity4 than that of the (§)(-)-isomer.
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GABOB has also been used as a synthetic precursor for some heterocyclic
GABA-receptor agonists.5 Moreover, the related (R)-carnitine 2, readily available
by methylation of l,6 plays an important role in the transportation of fatty acids

through the membranes of mitochondria.”

OH OH
= + =
HzN\/'\/COOH (Me) 3N\/2\/c00‘
1 2

Whilst (S)-carnitine is a competitive inhibitor of camitine acyltransferase
(CAT),8 (R)-carnitine was proved to be beneficial to heart patients9 and its
effectiveness in systemic and myopathic deficiencies is now recognized.10

Enantiomerically pure GABOB and camitine have been prepared by several
syntheses which involve separation of diastereoisomeric salts,!'! homogeneous
hydrogenation,12 yeast reduction!® and enzymatically catalyzed hydrolysis.14 The
chiral center has been introduced either by means of enantioselective reactions!>
or employing selected starting materials from the chiral pool. 16

For instance, malic acid was used by two different research groups to
prepare (R)-GABOB17 and (R)-camitine;18 these approaches have shortcomings,
due to the use of expensive and unnatural D-malic acid. Surprisingly, no report
appeared in the literature concerning the use of the less expensive L-malic acid as
starting material. This prompted us to study synthetic approaches to the title
compound from L-malic acid; two plausible retrosynthetic analyses are shown in
Scheme 1.

Pathway "a" is based on the conversion of the oxazolidin-2-one A to a full
protected form of (R)-GABOB by an Arndt-Eistert reaction and utilizes a cyclic
carbamate as protecting group for the 1,2-amino alcohol function. The alternative

approach shown in pathway "b", that requires an inversion of configuration at the



Downloaded by [Virginia Tech Libraries] at 09:40 13 March 2015

(R)-GABOB 2287

0

)
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P = Protective group

Scheme I

chiral center, has been extensively studied but it needs a major number of steps.
Moreover, two of these steps were not completely regioselective,19 so it was not
competitive with the approach "a",

In details, the readily available 1-monobenzyl L-malic acid 4, prepared from
L-malic acid 3 according to the procedure of Miller,20 was smoothly converted
into the oxazolidin-2-one 52! by treatment with diphenylphosphoryl azide in
refluxing toluene. Removal of the benzyl group by catalytic hydrogenolysis gave
the acid 6, which was subjected to the Amdt-Eistert reaction.

All the attempts to convert in good yield 6 to 7 were unsuccessful, due to
the low solubility of the acid in the solvents commonly required by this reaction.
For instance, when the reaction was carried out in THF, the oxazolidin-2-one 7
was obtained in only 20% yield. Therefore, we chose to convert the benzyl ester 5
into the corresponding N-Boc-derivative 8, which by hydrogenolysis gave acid 9
(Scheme II).

The methyl ester 10 was then prepared by conversion of the above acid into
the corresponding diazoketone followed by rearrangement in MeOH in the
presence of silver benzoate. Finally, acid hydrolysis of 10 gave the (R)-GABOB

in 30% overall yield from the monobenzyl L-malic acid 4.
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In conclusion, a synthesis of (R)-GABOB has been achieved, starting from
the readily available L-malic acid. The use of an unexpensive starting material,
the short number of steps and the mild reactions involved make this approach

quite attractive.

EXPERIMENTAL
Melting points were determined in open capillaries using a Biichi apparatus
and are uncorrected. IR spectra were recorded on a Nicolet 5SDX FT-IR
spectrophotometer. H and Bc NMR spectra were run on a Varian GEMINI
spectrometer at 300 and 75 MHz, respectively, in CDCI3, unless otherwise
reported. Optical rotations were determined on a Perkin-Elmer 243 polarimeter at
25°C. All solvents were dried? prior to use. Thin layer chromatography were

performed on Merck silica gel 60 F234 glass plates.
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Benzyl-(S)-2-oxo-oxazolidine Carboxylate (5)

To a well stirred solution of (§)-malic acid 1-monobenzyl ester’’ 4 B3g
14.7 mmol) in dry toluene (30 ml) and E3N (2.36 ml, 16.9 mmol) at room
temperature under argon, diphenylphosphoryl azide (3.64 ml, 16.9 mmol) was
added. After stirring for 15 min, a reflux condenser was attached and the solution
was heated in a bath oil up to 80°C, when a vigorous gas evolution ensued. The
mixture was stirred for additional 3 h, then was evaporated to dryness, taken up
in EtOAc (150 ml), washed with saturated aqueous NaHCO3 (2 x 100 ml), brine,
dried (Na2SO4) and evaporated under reduced pressure. Purification by silica gel
flash chromatography with CHCI3/MeOH (98:2) as eluent gave 5 (2.28 g, 75%).
Mp: 129-30°C (EtOAc/i-Pr20). [a]p = +3.81 (¢ = 1.7, DMF) [Lit21: [ajp=+3.6°
(¢ = 1, DMF)]. IR vmax/em™! (nujol): 3353, 1790, 1760, 1458, 1376, 1154, 1081
'H NMR &: 7.36 (5H, s, -CgHs), 6.46 (1H, brs, -NH), 5.25, 5.23 (1H each, d, J =
12.0 Hz, -OCH3,Ph), 5.03 (1H, dd, J=9.5 and 5.5 Hz, -CHO), 3.85 (1H, t,J =2 x
9.5 Hz, -CHAHBN), 3.64 (1H, dd, J = 9.5 and 5.5 Hz, -CHAHBN). °C NMR §:
168.62 (s, -CO0), 158.89 (s, -CONH), 134.58 (s, C-1°), 128.71 (d, C-4°), 128.67,
12843 (2 x d each, C-2°, C-3°, C-5°, C-6’), 72.58 (d, -CHO), 67.73 (t, -OCHy),
43.49 (t, -CHaN).

(8)-2-Ox0-5-oxazolidine Carboxylic Acid (6)

Compound 5 (2 g, 9.05 mmol) was dissolved in absolute ethanol (30 ml)
and hydrogenated over 10% Pd/C at 1 atm for 6 h. The mixture was filtered over
celite and concentrated under reduced pressure to give 6 (1.127 g, 95%).

Mp: 59-60°C. {a]lp = - 6.1 (¢ = 0.6, MeOH). Anal. Calcd. for C4H5NO4: C,
36.65,H, 3.84; N, 10.69. Found: C, 36.80, H, 3.91; N, 10.78. IR vmax/cm'lz 3246,

1745, 1690, 1450, 1376, 1244, 1203, 1097. 1HNMR(CD}OD) 6:5.06 (IH,dd, J
=95 and 5.5 Hz, -CHO), 481 (.° brs, NH), 388 (IH, t, J =2 x 95 Hz,
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_CHAHBN), 3.61 (1H, dd, J = 9.5 and 5.5 Hz, -CHAHBN). >C NMR &: 172.55
(s, -COOH), 16131 (s, -CONH), 73.99 (d, -CHO), 44.83 (t, -CH2N).

Methyl-(R)-2-0xo0-5-oxazolidine Acetate (7)

To a well stirred and cooled (0°C) solution of 6 (205 mg, 1.57 mmol) in
THF (10 ml), dry Et3N (0.218 ml, 1.57 mmol) was added, followed by ethyl
chloroformate (0.150, 1.57 mmol). The reaction mixture was stirred at 0°C for
40 min, filtered through a pad of celite and an excess of an ethereal solution of
diazomethane was added and stirring was continued for 2h. The solution was then
concentrated under reduced pressure, dissolved in methanol (8 ml) and treated

with silver benzoate (80 mg), Et3N (0.8 ml) under a positive pressure of

nitrogen. After 3 h of stirring at room temperature, the mixture was concentrated
under reduced pressure, dissolved in EtOAc (100 ml), washed with a satd.
solution of NaHCO3 (2 x 50 ml), water (100 ml), IN aq. KHSO4 (2 x 50 ml),
brine and dried with Na2SO4. The solution was filtered, concentrated and purified
by flash chromatography (EtOAc/hexane 4:6) to give 7 (50 mg, 20%).

Mp: 54-5°C (Et2O/hexane). [a]p = +26.1 (c = 1.0, CHCI3). Anal. Calcd. for
CeH9NO4: C, 45.28; H, 5.70; N, 8.80. Found: C, 4530, H, 5.79; N, 8.72. IR
Vmax/em™ ! (nujol): 3279, 1728, 1432, 1256, 1176, 1096. 'H NMR 3: 6.62 (1H,
brs, -NH), 4.94 (1H, dq, J = 9.0 and 3 x 6.5 Hz, -CHO), 3.75 (IH, t, J = 2x 9.0
Hz, -CHAHBN), 3.66 (3H, s, -OCH3), 3.29 (1H, dd, J = 9.0 and 6.5 Hz,
-CHAHBN), 2.83 (1H, dd, J = 16.5 and 6.5 Hz, -CHcHpDCO), 2.67 (1H, dd, J =
16.5 and 7.0 Hz, -CHCHDCO). !’C NMR &: 169.66 (s, -COO), 159.60 (s,
-CONH), 72.46 (d, -CHO), 51.90 (q, -OCH3), 45.59 (t, -CH2N), 38.92 (t, -CH2).

Benzyl-(S)-N-fert-butoxycarbonyl-2-o0xo0-5-oxazolidine Carboxylate (8)

To a well stirred solution of 5 (915 mg, 4.14 mmol) and Et3N (0.693 ml,
4.97 mmol) in THF (50 ml) was added Boc20 (1.174 g, 5.38 mmol) followed by



Downloaded by [Virginia Tech Libraries] at 09:40 13 March 2015

(R)-GABOB 2291

DMAP (54 mg). The mixture was stirred overnight at room temperature, then
concentrated under reduced pressure. The oily residue was dissolved in CH2Cl2
(50 ml), washed with IN HCl (20 ml), 5% NaHCO3 (20 ml) and brine. The
organic layer was dried with Na2SO4 and concentrated under reduced pressure to
give crude 8. Recrystallization from EtOAc/hexane (1:3) afforded pure 8 (1.196 g,
90%).

Mp: 135-6°C. [a]p = +21.7 (c = 0.02, CHCl3). Anal. Calcd. for C16H19NOe: C,
59.81; H, 5.96; N, 4.36. Found: C, 59.70, H, 6.19; N, 4.50. IR vma\v/cm'lz 1810,
1769, 1712, 1458, 1368, 1302, 1081. 'H NMR 5: 7.38 (5H, s, -CeHs), 5.26 (2H, s,
J=12.0 Hz, -OCH2Ph), 4.93 (1H, dd, J = 9.5 and 5.5 Hz, -CHO), 4.16 (1H, t, I =
2x 9.5 Hz, -CHAHEN), 4.00 (1H, dd, J =9.5 and 5.5 Hz, -CHaHBN). BeNMR
§:167.77 (s, -COO), 150.42, 148.80 (s each, 2 x -CON), 134.29 (s, C-1"), 128.84
(d, C-4’),128.72 (2 x d, C-3°, C-5°), 128.49 (2 x d, C-2°, C-6’), 84.46 (s, >C),
68.90 (d, -CHO), 68.07 (t, -OCH2), 45.96 (t, -CH2N), 27.86 (q, -CH3).

Methyl-(R)-N-fert-butexycarbonyl-2-oxo-5-oxazolidine Acetate (10)

A solution of 8 (1 g, 3.12 mmol) in absolute EtOH (15 ml) was hydrogenated
over 10% Pd/C (100 mg) at 1 atm for 6 h. The mixture was then filtered over
celite and concentrated under reduced pressure to give the crude acid 9. To a cold
solution of 9 in THF (20 ml), dry NMM (0.312 mi, 3.12 mmol) was added
followed by ethyl chloroformate (0.297 ml, 3.12 mmol). The reaction mixture was
stirred at 0°C for 30 min, then filtered off through a pad of celite and an excess of
an ethereal solution of diazomethane was added with stirring at 0°C for 20 min.
The mixture was stirred for 4 h at the same temperature and concentrated under
reduced pressure; the residue was dissolved in methanol (16 ml) and treated with
silver benzoate (156 mg) and Et3N (1.56 ml) under a positive pressure of nitrogen.

After 2 h stirring at room temperature, the mixture was concentrated under



Downloaded by [Virginia Tech Libraries] at 09:40 13 March 2015

2292 MISITI, ZAPPIA, AND DELLE MONACHE

reduced pressure, dissolved in EtOAc (100 ml), washed with a satd. solution of
NaHCOs3 ( 2 x 50 ml), water (100 ml), IN aq. KHSO4 (2 x 50 ml), brine and dried
with Na2S04. The solution was filtered and concentrated under reduced pressure
to give an amber oil. Flash chromatography (EtOAc/hexane 3:2) afforded pure 10
(383 mg, 53%).

Mp: 79-80°C (Et20/hexane). [alp = +28.0 (c = 16, CHCI3). Anal. Calcd. for
C11H17NOs¢: C, 50.96; H, 6.61; N, 5.40. Found: C, 50.82, H, 6.80; N, 5.52.
IR vmax/em” \(nujol): 1797, 1751, 1702, 1450, 1379, 1302. 'H NMR &: 4.89 (1H,
ddt, J = 8.5, 2 x 7.0 and 6.0 Hz, -CHO), 4.16 (1H, dd, J = 10.5 and 8.5 Hz,
-CHAHBN), 3.74 (3H, s, -OCH3), 3.68 (1H, dd, J = 10.5 and 7.0 Hz, -CHAHBN),
2.92 (1H, dd, J = 17 and 6.0 Hz, -CHcHDN), 2.74 (1H, dd, J = 17.0 and 7.0 Hz,
-CHCHDN). '3C NMR &: 169.28 (s, -COO), 151.29, 149.20 (s each, 2 x -CON),
83.99 (s, >C<), 68.80 (d, -CHO), 52.16 (q, -OCH3), 49.45 (1, -CH2N), 38.74 (¢,
-CH3CO), 27.88 (g, -CH3).

(R)-4-Amino-3-hydroxybutanoic Acid (1)

To a solution of 10 (260 mg, 1 mmol), 6N HCl (10 ml) was added and
refluxed under stirring for 6 h. The reaction mixture was concentrated under
reduced pressure and the residue was purified by ion-exchange chromatography
on Dowex 50W-X8 (200-400 mesh, H form), eluting first with water and then
with 2N NH4OH to yield 1 (98 mg, 85%).

Mp: 210-3°C (H20/EtOH). [a]p = -20.1 (¢ = 1.6, H20) [Lit"*: [a]p = -20.9
(c =16, H20)]. IR vmax/cm™ (KBr): 3450, 3069, 2530, 2148, 1663. 'H NMR
(D20/dioxane) &: 4.25 (1H, m, 2.J =255, -CHO), 3.16 (1H, dd, J= 13.0and 2.0
Hz, -CHAHBN), 2.95 (1H, dd, J = 13.0 and 10.0 Hz, -CHAHBN), 2.65 (1H, dd,

= 16.0 and 5.0 Hz, -CHCHDCO), 2.53 (1H, dd, J = 16.0 and 8.5 Hz,
-CHCHDPCO). 3C NMR (D20/dioxane) §: 177.34 (s, -CO), 67.19 (d, -CHO),
46.67 (t, -CHaN), 41.98 (t, -CH2CO).
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