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Simple Three-Step Synthesis of (R}- and (S)-4-Amino-3-
hydroxybutanoic Acid (GABOB) by Stercoselective Aldol
Addition

Mantred Braun,* Delia Waldmiiller

Institut fiir Organische Chemie und Makromolekulare Chemie der
Universitit Disseldorf, UniversititsstraBic 1, 1D-4000 Diusseldor!™ 1,
Federal Republic of Germany

A simple synthesis of both (R)- and (S}-GABOB (5) is reported. In the
key step. doubly deprotonated (R)- or (S)-2-Hydroxy-1,2,2-tripheny!-
ethy! acctate (HYTRA) (1) is added to Cbz-protected glycinal (2).

(R)-4-Amino-3-hydroxybutanoic acid (GABOB, 5) has been
found to have remarkable hypotersive and antiepileptic activ-
ity.! (R)-Carnitine (6), available by methylation of (R)-5,?
plays a key role in the transportation cf fatty acids through the
membranes of mitochondria.® The enantiomer (S)-carnitine,
however, has proven to be a competitive inhibitor of carnitine
acyltransferase.* On the other hand, (R)-carnitine (6) has
turned out to be an effective drug for the treatment of systemic
and myopathic deficiencies.’

Several syntheses of enantiomerically pure GABOB (5) and
carpitine (6) have been described. Besides by the resolution of
racemic mixtures,?*® the target compounds § and 6 are available
by the “chiron approach™,’ starting from carbohydrate precur-
sors®; or more recently, from malic acid® and 4-bydroxypro-
line," as well as by stereoselective conversions, including the
Sharpless oxidation,'' homogeneous hydrogenation,'? yeast
reductions.!® and enzymatically catalyzed hydrolyses.'*

In this communication, we report a simple three-step synthesis of
either (R)- or (S)-GABOB, depending on whether the (R)- or
the (S)-enantiomer of the chiral auxiliary reagent 2-hydroxy-
1,2,2-triphenylethyl acetate (HYTRA, 1)'7 is used in the key
step. Thus, (R)-1 is deprotonated with two equivalents of
lithium diisopropylamide in tetrahydrofuran, and the lithium
enolate thus generated is treated with N-Cbz-glycinal (2) at
— 84°C to give the ester 3 in 2% de (as shown by 'H-NMR
spectrometry). The crude product is purified by column chroma-
tography, whereby no enrichment of one of the diastereoisomers
(total yield: 61 %) occurs. Mild alkaline hydrolysis not only
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affords hydroxycarboxylic acid (R)-4'® (60% yield), but also
liberates (R)-1,1,2-triphenyl-1,2-ethanediol, which may be used
again in the preparation of (R)-HYTRA (1)."” Finally, catalytic
hydrogenation of the crude N-Cbz-protected acid 4 leads to (R)-
GABOB (5). The enantiomeric excess of crude (R)-5, which
amounts 80 -82 % e.e., can be enhanced to 98 % ¢.e. by a single
recrystallization [yield of (R)-5: 79%. based on (R)-4].

In an analogous way, (S)-GABOB [(S)-5] of the same optical
purity is available from (S)-HYTRA [(S)-1]. Since the conver-
sion of GABOB (5) into carnitine (6) is known,” both enantio-
mers of the two amino acids should be accessible by our method
in 25-27% overall yield.

Two reliable methods have been used for the preparation of N-
Cbz-aminoacetaldehyde (2). The first one, elaborated by us,
starts from N-(benzyloxycarbonyl)glycine (7), which is conver-
ted into the N-methoxy-N-methylamide'® 8. Subsequent reduc-
tion with lithium aluminum hydride affords aldehyde 2 in 74 %
overall yield. Alternatively, N-(benzyloxycarbonyl)allylamine
can be cleaved by ozonolysis to give 2 in 85% yield.'®
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Melting points (uncorrected) were determined with a Biichi/Tottoli
melting point apparatus. Specific rotations were determined with a
Perkin-Elmer 141 polarimeter. Mass spectra: Varian MAT CH-S. IR
spectra: Perkin-Elmer 710 B. "H-NMR spectra: Varian EM 360 A,
Varian VXR 300, and Bruker WP 80. TLC: Polygram-Sil-G/UV ,4,-
Fertigfolien (Macherey-Nagel). Preparative TLC: Kieselgel-Fertigplat-
ten Sil G-200/UV,5, (Merck). Column chromatography: Kieselgel 60,
mesh size 0.2-0.5 mm (Merck). Ozonolyses: Ozongenerator 502 (Fis-
cher). General remarks concerning the handling of lithium enolates are
given in Lit.!”

(1’R,3R)-4-[(Benzyloxycarbonyl)amino]-3-hydroxybutanoic Acid 2'-Hy-
droxy-1',2',2-triphenylethyl Ester {(R,R)-3]:

A 250-mL two-neck flask, connected with a combined nitrogen-vacuum
line, is equipped with a magnetic stirrer and closed with a septum.
During the following manipulations, an N, atmosphere (about 70 Torr
excess pressure) is maintained in all flasks. Dry THF (80 mL) and i-
Pr,NH (9.0 mL, 63.5 mmol) are injected through the septum by syringe.
The mixture is cooled to — 78°C and stirred, and a 1.6 M solution in
hexane of BuLi (40.0 mL, 64.0 mmol) is added dropwise. Stirring is
continued for 30 min at 0°C. In a 500 mL flask, a magnetically stirred
suspension of ester (R)-1 (10.0 g, 30.1 mmol) in dry THF (200 mL) is
cooled to — 78°C under N,. The solution of LDA (0° C), prepared as
described above, is added by cannula, whereby the 500 mL flask is
slightly evacvated. The mixture is stirred at 0°C for 30 min to complete
the double deprotonation, and the solution is then cooled to — 80" to
— 84"C. A solution of aldehyde 2 (4.6 g, 23.9 mmol) in THF (30 mL) is
added within £ min by means of a cannula and stirring at — 80" to
~ 84“Cis continued for 2 h. Then, sat. aq. NH,C1 (50 mL) is added, the
mixture is allowed to reach r.t., H,0 (100 mL) is added, and the
organic layer is separated. The aqueous phase is extracted with CH,Cl,
(4x300mL). The combined organic layers are dried (MgSQ,) and
evaporated under reduced pressure. The solid residue is purified by
column chromatography on silica gel (300g). Elution with
CHCI,/EtOAc (9: 1) affords recovered (R)-1 (Rg = 0.80) and a mixture
of 3 and the (1'R,3S) isomer as a colorless solid material (Ry = 0.16);
yield: 7.61 g (61 %); mp 123°C [x]3* + 124.2° (¢ = 1, EtOH). The ratio
(R.R)-3: (1'R,35)-3 is 91:9 according to 'H-NMR analysis.
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Cy,Hy NOg cale. C 7312 H 595 N2.67

(525.6) found 73.11 5.95 2.56

MS (70 eV): mjz = 343 (M* — [C4Hs],COH, 12%): 273 (10), 183 (46),
165 (31); 145 (62); 107 (30); 105 (70); 91 (100); 77 (22).

IR (KBr): v = 3340, 1710, 1680 cm !

'H-NMR (300 MHz, CDCl,;/TMS) of (R,R)-3: 6 = 2.37 (m,, 2H, 2-H):
2.92 (m,, 1 H. 4-H); 2.95 [d, 1 H, J = 3.3 Hz, CH,CH(OH)CH,: 3.17
(m,, 1H, 4-H); 3.47 (s. 1 H, Ph,COH); 3.87 (m,. 1 H. 3-H): 5.08 (s. 2H,
PhCH,OCONH); 5.16 (t, 1H. J = 5.7Hz, NH): 6.70 (s, 1H, 1.’-H);
7.00-7.60 (m, 20H,,,,,). The "H-NMR spectrum of (1'R.35)-3 differs
significantly from that of (R,R)-3in: & = 3.02(d, J = 3.3 Hz): 3.52 (s).

(R)-4-[(Benzyloxycarbonyl)amino]-3-hydroxybutanoic Acid [(R)-4]:

A 0.4 M aq. solution of LiOH (100 mL. 40 mmol) is added dropwise to
a stirred solution of 3 (7.60 g, 14.6 mmol) in MeOH (175mL) +
dioxane (175 mL) at 0°C. Stirring is continued for 30 min at 0°C and
thereafter the pH of the mixture is adjusted to 6 by addition of 10 % aq.
KHSO, solution. The solvent is removed in a rotary evaporator, the
bath temperature not being aliowed to exceed 30°C. Water (100 mL) is
added to the residue, and the pH is adjusted to 11 by addition of 1 M
aq. NaOH solution. The mixture is extracted with CH,Cl, (2x 100 mL)
to remove triphenylglycol and the aqueous layer is acidified (pH = 3}
with KHSO, solution and extracted several times with E{OAc (total
amount 500 mL). The organic extract is dried (MgSOy,) and the solvent
is removed under reduced pressure to give (R)-4 as an oil which
crystallizes overnight; yield: 2.1 g (60 %). For further transformations.
the product (which can be recrystallized from CH,Cl,/hexane) is used
without further purification; mp 62°C; [«]3’ — 8> (¢ = 1. CHCI,).
C;,H,sNO; cale. C35691 HS597 N35.53

(253.3) found 56.48 5.87 5.74

MS (70 eV): mjz = 253 (M*, 3); 146 (6); 108 (99): 107 (31): 91 (100).
IR (KBr): v = 3600. 3350, 1700 (broad)cm™".

TH-NMR (300 MHz, CDC1,/TMS): § = 2.47 (m,, 2 H. 2-H); 3.17 (m,,
{H. 4-H); 3.31 (m,, 1H. 4-H); 411 (m., 1H, 3-H) 506 (s, 2H.
PhCH,OCONH); 5.66 (1, 1 H., J = 5.7 Hz, NH); 7.30 (5, 5 Hyrory).

(R)-4-Amino-3-hydroxybutanoic Acid [(R)-5, (R)-GABOB]:

A mixture of Pd-C (10 %, 75 mg), MeOH (80 mL), and H,0 (20 mL) is
stirred in a two-neck flask equipped with a septum and a magnetic
stirrer and connected with an ambient-pressure hydrogenation appara-
tus. When the solution has been saturated with H,. a mixture of acid
(R»-4 (1.26 g, 5.0 mmol) and MeOH (20 mL) is injected through the
septum by syringe. Hydrogenation is continued for 30 min at r.t. The
mixture is filtered, the solvent is removed in a rotary evaporator, and
the residue is dissolved in H,O (20 mL). This solution is filtered and the
filtrate is concentrated under reduced pressure. On addition of E{OH to
the remaining aqueous solution (2-3mL), product (R)-5 is pre-
cipitated; yield: 0.565 g (95%); [«]2° — 16.7° (¢ = 1, H,0), correspond-
ing to 81 % ee {Lit.!® [a]3" — 20.5° (¢ = 1.75, H,0)!. Recrystallization
from aq. EtOH affords sufficiently pure (R-5): yield: 0.468 g (79 %). mp
210°C (dec) (Lit.'® mp 213-214°C); [a)2® —20.1" (¢ = 1.97, H,0)
98 % ce.

'H-NMR (60 MHz; D,O/TMS,,): 6 = 2.3 (d, 2H, J=6Hz, 2-H).
2.6-3.3 (m, 2H, 4-H); 4.1 (m,, 1H, 3-H). (Lit.’° § = 2.33; 2.60--3.2%;
3.91-4.30).

N*-(Benzyloxycarbonylglycine N-Methoxy-N-methylamide (8):

A mixture of N O-dimethylhydroxylamine hydrochloride (3.21 g,
33.0 mmol), N-(benzyloxycarbonyl)glycine (7; 6.63 g. 31.8 mmol) and
CHC1, (480 m!) is stirred under N, at r.t., a solution of DCC (7.44 g.
36.0 mmol) in CHCl, (15 ml) is added, followed by the addition of Et;N
(3.63 g, 5.1 mL, 36.0 mmol). Stirring is continued for 18 h, excess DCC
is destroyed by the dropwise addition of AcOH and the solvent is
removed in a rotary evaporator. The residue vigorously shaken with
EtOAc (400 mL) and the mixture then kept in a refrigerator for 5 h. The
precipitated dicyclohexylurea is filtered off, and washed with EtOAc
(2x 100 ml). The combined filtrates are concentrated to a volume of
about 300 mL, washed with 2N aqueous HCI (3 x 100 mL) and with
brine (3x100ml), and dried (MgSQ,). Evaporation of the solvent
affords a yellowish residue, which is dissolved in the minimum amount
of hot CHCIlj;. The fourfold volume of hexane is added, the solution is
concentrated in a rotary evaporator, and kept in a refrigerator over-
night to give colorless needles of 8; yield: 7.41 g (93%); mp 77-78°C.
C,H,gN,0, cale. C57.13 H6.39

(252.3) found 57.09 6.35
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MS (70eV): mfz = 251 (M* ~1, 12); 191 (52); 107 (9); 91 (100); 65 (30).
IR (KBr): v = 3275, 1680 cm ™ *.

"H-NMR (80 MHz CDCI,/TMS): 6 = 3.17 (s, 3H, NCH,); 3.70 (s,
3H, NOCH,); 4.15 (d, 2H, J = $Hz, NHCH,CON); 5.16 (s, 2H,
PhCH,OCONH); 5.51 (m,, 1 H, NH); 7.31 (m,, SH

arn.‘m) ‘

N-(Benzyloxycarbonyl)aminoacetaldehyde (2), prepared from §:

A mixture of compound 8 (7.41 g, 29.6 mmol), THF (250mL), and
LiAlH, (1.15g, 30.4 mmol) is stirred under N, for 40 min in an ice
bath. A solution of KHSO, (5.66 g, 41.8 mmol) in H,0 (130mL) is
added, and THF is removed under reduced pressurc. The residue is
extracted with CHCIly (4 x 100mL). The combined organic layers are
washed with aqueous HC] (3 x 100mL), sat. aq. NaHCO; (100mL),
and brine (100 ml) and are dried (MgSO,). Evaporation of the solvent
in a rotary evaporator gives 2 as a colorless oil; yield: 4.6 g (80%). The
product is used in further reactions without purification. It is strongly
recommended, to use only freshly prepared aldehyde 2. The analytical
and spectrometric data are in accord with those of a saniple of 2
prepared according to Lit.'®.
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