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SUMMARY
A route to llc-labelled (R)-carnitine (1), based on the
methylation of the dimethyl derivative (2) is described.
Furthermore, a five-step synthesis for the enantiomerically

pure precursor (2) is outlined.

INTRODUCTION
(R)-Carnitine, (R)-3-hydroxy-4-(trimethylammonio)butanoate,
(1), first isolated from meat extract in 19051 and

2 in 1927 was shown

synthesized for the first time by Tomita
to be a facilitator for the transportation of long-chain
fatty acids through the mitochondrial membranes, thus
allowing their metabolic oxidation3~3. It is a requlator
of blood 1lipid levels and is used as a therapeutic agent to

increase cardiac output and improve myocardial function.
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SYNTHESIS

Syntheses of (R)-carnitine either involve a resolution step
of the initially formed racemic productss'16 or start
directly from chiral synthonsl7°31. To the best of our
knowledge there has been no synthesis for (R)-carnitine
starting from (R)-3-hydroxy-4-dimethylaminobutyric acid (2):
the compound itself has not yet been described in the
literature. Based on the elegant work of Seebach et al.?3 our
synthesis started with the electrochemical oxidative
decarboxylation of (2R,4S)-N-acetyl-4-hydroxyproline (3), a
readily available chemical, to give (4R)-N-acetyl-2-
methoxypyrrolidin-4-~ol (4). Oxidation of (4) with 3-
chloroperbenzoic acid (MCPBA) led to the pyrrolidone (5),
which, after hydrolysis, yielded (R)-4-amino-3-
hydroxybutanoic acid (6). Methylation of (6) with
formaldehyde/hydrogen by the method of Bowman and

Stroud32 produced the precursor (2) in about 60% overall

yield from the acetylproline (3). Methylation of (2) with

llCH3I under neutral conditions and subsequent treatment with
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agueous HCl gave[llc]-(R)—carnitine hydrochloride (7) in a

good radiochemical yield in a purity of 99%.
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MATERIALS AND METHODS
(2R, 45) -N-Acetyl-4-hydroxyproline, MCPBA and BF;-etherate
were purchased from Fluka (Buchs,Switzerland). A sample of
(R)-carnitine was obtained from Sigma (Deisenhofen, FRG.).
Melting points were determined in glass capillaries and are
uncorrected. IR spectra were recorded on a Perkin-Elmer 1700,
values are in cm™l. lH-NMR spectra were performed on a Varian
EM 390 and a Varian VXRD 300 spectrometer; values are in §
with TMS as internal standard. TLC plates (Silica, PolygramR
Sil G/UV254) were purchased from Macherey Nagel (Duren,FRG.).
The solvent systens used were a) diethylether/methanol, 80/20
(v/v) and b) methanol/acetone/HCl, 90/10/4 (Vv/V). 11CH3I was
produced at the CV 28 Compact Cyclotron in Jilich via the
14N(p,a)llc—reaction, using a nitrogen gas target. The
radiochemical purity exceeded 98% as measured by radio
gaschromatography. The carbon-11-labelled compound was

purified by HPLC on a silica column using water/ethanol,

70/30 (v/v) as eluent.

(4R) ~N-Acetyl-2-methoxypyrrolidin-4-o0l, (4)

The anodic oxidation of (3) was performed in a simple, un-
divided electrolysis cell (Pyrex glass vessel, 16 x 7cm,
fitted with an internal cooling ceoil and a magnetic stirring
bar. The electrodes consisted of one platinum plate, 4 x 2,5

x 0,2cm, as anode and a coil of platinum wire, 30cm long, as
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cathode). A mixture of (3), 17,3 g (100 mmol), triethylamine,
2.8 ml, (20 mmol) and methanol, 120 ml, was electrolysed with
a current density of 300 mA/cm? for 16 hours at 15°C in an
atmosphere of nitrogen. Evaporation of the methanol in a
rotary evaporator at room temperature yielded a slightly
brownish oil (14,4 g), which was chromatographed on silica
gel with diethylether/ethanol, 70/30 (v/v) as eluent.

Yield: 13,3 g (83%) of a colourless oil, mixture of
enantiomers. 1g-NMR (CDCl3): 2,09+2,14 (2s, 6H, 2 x CH3CO),
1,85-2,31 (m, 4H, 2 x C-3) 3,26+3,41 (2s, 6H, 2 x OCH;) 3,25-
3,93 (m, 6H, 2 x C-5, 2 x OH) 4,32-4,76 (m, 2H, 2 x C-4)
5,09-5,53 (m, 2H, 2 x C-2) IR (cap): 3354 (OH) 2925 (CH,,

CH,) 1628 (C=0) 1445 (C-0) C5H,;NO;, 159,17 g X mol~1

(R) ~N-Acetyl-4-hydroxy-2-pyrrolidone, (S)

At 0°C, to a solution of (4), 7,95 g, (50 mmol), in 150 ml
CH,Cl, were added MCPBA, 13,2 g, (65 mmol) and BF;-etherate,
0,3 ml, (2,4 mmol). After stirring overnight at room tempera-
ture, 150 ml of pentane were added, the white, cloudy pre-
cipitate was filtered by suction and washed with a 1:1 (v/v)
mixture of cooled CH,Cl,/pentane. Evaporation and chroma-
tography on silica gel yielded the product as an oil.

Yield: 5,3 g (73%), colourless oil. 1g-NMR (CDC1l5}: 2,46

(s, 3H, CH5CO) 2,58-2,83 (m, 2H, C-3) 3,05 (Sy,.q,q, 1H, OH)
3,90 (d, 2H, C-5) 4,36-4,71 (m, 1H, C-4) IR (cap): 3442 (OH)
2936 (CHZ) 1745, 1690 (C=0) 1389, 1312 (C-0) 06H9N03,

143,14 g x mol~®

(R) -4-Amino-3-hydroxybutanoic acid, (e)

One g (7 mmol) of (5) in 15 ml of 4N HCl was refluxed for 6,5
hours. After cooling the water was evaporated and the residue
dried under high vacuum. The crude hydrochloride of (6) was

treated with an acidic ion exchange resin (Dowex 1x8) and the
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free acid recrystallized from water/ethanol.

Yield: 0,82 g (98%) of a white solid. Mp: 212°C (Lit23: 213~
214°c). lH-NMR (DMSO-dg): 2,31 (4, 2H, C-2) 2,57-3,19 (m, 2H,
C-4) 3,91-4,28 (m, 1H, C-3) 4,41 (s, 2H, NHz) 11,12 (sbroad'

1H, COOH) C4HgNO;, 119,12 g x mol~™1

(R) ~3-Hydroxy-4-dimethylaninobutyric acid, (2)

To 1 g (8,3 mmol) of (6) in 50 ml water is added 0,5 g (16,6
mmol) of an aqueous formaldehyde solution (37%) and 1 g

of 10% palladised charcoal. With vigorous stirring hydrogen
gas is bubbled through the mixture for 12 hours at 20°C and
for an additional hour at 40°C. After purging the reaction
vessel with nitrogen, the mixture was heated to reflux and
filtered while hot. Any methylated product remaining adsorbed
on the catalyst was extracted with hot water. Evaporation of
the water leaves a residue which is taken up in boiling
ethanol, filtered to remove insoluble material and the
ethanolic selution evaporated to dryness. Treatment

of the crude product with water followed by evaporation to
remove paraformaldehyde leaves pure (2).

Yield: 1,1 g = 90%, slightly yellow oil. H-NMR (DMSO-d):
2,37 (4, 2H, C-2) 2,44 (d, 2H, C-4) 3,18 (s, 6H, N(CH;),)
3,97 (m, 1H, C-3) 5,24 (Sp,oaqr 1H, OH) CgH,3NO,, 147,17 g X
mol~l, calc.: c 48.96% H 8,90% O 32,61% Found: C 49,02%

H 8,96% O 32,64%.

(11c)-(R)-carnitine hydrochloride, (7)

In a 5 ml reaction vessel are placed 1 mg (6,8 umol) (2)

and 1 ml dry ethancl. Under dry-~ice cooling gaseous 11CH3I
is bubbled into the solution and after completion of the
addition (1 min.), the reaction flask is heated to 100°C for
ten minutes. The temperature is then lowered to 50°C and the

reaction mixture is evaporated to dryness (2 min.). One ml
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of dry 1,36N ethanolic HCl (13,6 umol) is added and the
resulting mixture again evaporated (3 min.). The residue

is taken up in water/ethanol, 70/30 (v/v) and subjected to
HPLC (5 min., 10 ml/min., detection at 206+254 nm.). The
fraction containing the product (7) is collected, evaporated
and taken up in isotonic NaCl. After filtration through a
sterile filter unit (MILLEX GV, 0,22 um, Millipore), the
solution is ready for injection. Overall synthesis time is 21
minutes.

Radiochemical yield: 39% Specific activity: 2,66x105 Ci/mol
On analysis (Mp., NMR, IR) the product proved in all respects
identical with an authentic specimen of (R)-carnitine
hydrochloride. Mp.: 136-138°c. lH-NMR (DMSO-d¢): 1,16-1,76
(m, 2H, C-2) 3,19-3,46 (m, 2H, C-4) 3,42 (s, 9H, N(CH3)3)
4,24 (m, 1H, C-3) IR (KBr): 3430 (OH, NR4+) 3020,2980 (CH,,

CH,) 2870 (NR,%) 1682 (c=0).

RESULTS AND DISCUSSION
(R)-Carnitine plays an important role in human metabolism
and transport of long-chain fatty acids. Because (S)-
carnitine is a competitive inhibitor of (R)-carnitine
transferases and can deplete the (R)-carnitine level of
cardiac tissue, (R)-carnitine has been recommended for
replacement therapy. Carnitine deficiency primarily results
from two different reasons: first, an insufficient synthesis
of carnitin in the liver and, second, a defect in the
transport mechanisms of carnitine from the blood to the heart
and skeletal muscle.
Thus, for kinetic studies with Positron Emission Tomography
(PET), a procedure for the synthesis of carbon-l11-labelled
(R)~carnitine was developed. In an overall synthesis time
of 21 minutes enantiomerically pure (99%) (R)-carnitine was

prepared in a radiochemical yield of 39%.
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