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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to the process for the preparation of L-carnitine expressed by the following
formula 1, which is useful in industrial mass production due to the fact that each reaction in the aqueous solution phase
is continuously carried out in a reactor without separate purification process. More particularly, this invention relates
to such process, wherein (S)-3-activated hydroxybutyrolactone is utilized as a raw material so as to undergo the fol-
lowing chemical reactions under the specific conditions: a ring-opening reaction, epoxydation where the chiral center
is inversely converted, and nucleophilic substitution of trimethylamine.

Description of the Prior Art

[0002] Carnitine occurs as two enantiomers, L- and D-isomers, in terms of its stereostructural characteristics although
naturally-occurring carnitine in vivo is almost exclusively the L-isomer.
[0003] L-carnitine, also known as vitamin BT, is present in the body tissues of animals including human and serves
several vital roles. Thus, the researchers have systematically focused on the physiological roles of L-carnitine. In par-
ticular, L-carnitine in vivo reacts with fatty acids with long chains which cannot pass through the mitochondria mem-
brane. After such reaction, said fatty acids are converted into the membrane-permeable derivatives. In this pathway,
L-carnitine plays a vital role in degrading the fatty acids in mitochondria via oxidation for energy source.
[0004] Meanwhile, the D,L-carnitine racemate has been used as a pharmaceutical drug or food additive in the past,
but D-carnitine has been reported to have a competitive interference effect against the physiological roles of L-carnitine
in vivo [Fritz, I.B., Schultz, S.K, J. Biol. Chem. (1965) 240 2188; Roe, C.R., Bohan, T.P., Lancet (1982) 1411]. Recently,
there has been a trend of selectively using the optically pure L-carnitine instead of the D,L-carnitine racemate. There-
fore, many of the references or patents include active research on the topic of obtaining an optically pure L-carnitine.
[0005] The conventional methods relating to the preparation of the optically pure L-carntine are as follows:
[0006] First, according to the chemical optical resolution method, D,L-carnitine or the racemate of its derivatives is
reacted with an optically pure chiral optical resolution agent to yield diastereoisomers. Then, the target diastereoisomer
is obtained by resolution using the difference of solubility in an appropriate solvent. The above compound is again
hydrolyzed so as to yield the target L-carnitine. The commonly used optical resolution agent includes D-camphoric
acid [U.S. Patent 4,254,053 (1981)], L-tartaric acid [European Patent 157,315 (1985)], dibenzoyl-D-tartaric acid [U.S.
Patent 4,933,490 (1990)], dibenzoyl-L-tartaric acid [U.S. Patent 4,610,828 (1986)], D-mandelic acid [Japanese Unex-
amined Patent Publication Sho 59-231,048 (1984)], and N-acetyl-D-glutamic acid [Japanese Unexamined Patent Pub-
lication Hei 1-131,143 (1989)]. However, the aforementioned chemical optical resolution method has recognized dis-
advantages in that a) high-priced optical resolution agent would be inevitably used, b) the process of recovering such
agent would be essential, c) the optical resolution is extremely difficult during the recrystallization step for the formation
of the diastereoisomer.
[0007] Second, there is a biological method for preparing L-carnitine using microorganism or enzyme. L-carnitine is
produced from butyrobetaine as a raw material by means of stereo-selective hydroxylation with pertinent enzymes [U.
S. Patent 4,371,618 (1983), U.S. Patent 5,187,093 (1993)], or from crotonobetaine as a raw material by means of
stereoselective hydration with appropriate enzymes [U.S. Patent 4,650,759 (1987), U.S. Patent 5,248,601 (1993),
European Patent 457,735 (1991)]. However, these methods also have recognized disadvantages in that a) a longer
reaction time of 2,3 days is required, and b) unlike the chemical reaction, the reaction concentration is extremely low
as is the characteristic of the biological reactions.
[0008] Further, there is another biological method for preparing L-carnitine via the reaction between (R)-3,4-epoxy-
butyric acid and trimethylamine [Helvetica Chimica Acta, vol. 70, 142,152 (1987); European Patent 237,983 (1987)].
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(R)-3,4-epoxybutyric acid as a main raw material undergoes a chemical reaction to yield a racemic 3,4-epoxybutyric
acid ester. Based on the biological method, such ester undergoes optical resolution to yield (R)-3,4-epoxybutyric acid
ester selectively, which is again hydrolyzed to produce the target compound. This method has proven to have an
excellent stereoselectivity although a careful modulation of reaction is required as is typical of the biological reaction
with a prolonged reaction time of approximately 24 hours.
[0009] Third, there is the method of preparing L-carnitine by means of utilizing chiral material from the natural source.
According to such method, D-mannitol is employed as a raw material. Then, via various reaction steps, L-carnitine is
prepared [European Patent 60,595 (1982)]. However, this method also has recognized disadvantages in that a) the
reaction steps are very complicated, and b) heavy metals such as tetraacetyl lead must be employed. Further, the
process of preparing L-carnitine from D-(R)-tartaric acid has been reported in the literature [Tetrahedron Letters, vol.
31, 7323,7326 (1990)], but in such case, many complicated manufacturing steps are required.
[0010] Another method of preparing L-carnitine from (S)-3-activated hydroxybutyrolactone has been disclosed [U.
S. Patent 5,473,104 (1995)]. According to this method, (S)-3-methanesulfonyl hydroxybutyrolactone of 1.0 equivalent,
and 25% trimethylamine solution of 2.0 equivalent are mixed. Then, the mixture in a closed container is stirred at room
temperature for 1 hour. In addition, the mixture is reacted at 100°C for 16 hours to produce pure L-carnitine, but the
yield is not mentioned. The above method has disclosed that as the assumed reaction routes, the following successive
reactions may be implemented: A ring-opening reaction, epoxydation where the chiral center is inversely converted,
and nucleophilic substitution by trimethylamine.
[0011] However, the reproduction of the results therefrom could not be confirmed since L-carnitine was not obtainable
based on the examples herein. To examine in a more accurate manner, the reaction solution was analyzed by means
of the nuclear magnetic resonance method, and the results showed very little amount of L-carnitine.
[0012] The optically pure 3-hydroxybutyrolactone has seldom been utilized as a chiral raw material in the past due
to the difficulty in its preparation. But, recently, the very inexpensive and facile method of preparing (S)-3-hydroxybu-
tyrolactone through oxidation and successive cyclization from inexpensive natural D-carbohydrates and hydrogen per-
oxide has been developed (U.S. Patent 5,292,939, 5,319,110, 5,374,773). As a result, (S)-3-hydroxybutyrolactone is
being utilized as a pivotal raw material in the preparation of various chiral compounds, and the extent of its use will be
expanded.

SUMMARY OF THE INVENTION

[0013] As a result of the intensive studies to overcome the problems associated with the process of preparing L-
carnitine, the invention herein has been devised based on the fact that the following reactions can be carried out with
(S)-3-activated hydroxybutyrolactone as a raw material under the specific conditions: a ring-opening reaction, epoxy-
dation where the chiral center is inversely converted, and nucleophilic substitution of trimethylamine. Where reaction
conditions are duly designated under said invention, the purity and yield at each reaction step are relatively high to the
point that separate purification process is not required with the result of achieving the one-pot reaction herein.
[0014] Therefore, the objective of this invention is to provide a process for preparing highly pure L-carnitine with a
high yield using inexpensive compounds in the aqueous solution.

Detailed Description of the Invention

[0015] The present invention relates to the process for preparing of L-carnitine of the following formula 1 from (S)-
3-activated hydroxybutyrolactone, wherein

(S)-3-activated hydroxybutyrolactone of the following formula 2 is subjected to a ring-opening reaction in the
aqueous solvent in the presence of an acid catalyst, based on the above reaction, 4-hydroxy-3-activated hydroxybutyric
acid of the following formula 3 is prepared therefrom;

4-hydroxy-3-activated hydroxybutyric acid of said formula 3 is subjected to an inverse conversion reaction at the
chiral center in the presence of a base for the preparation of the salt of 3,4-epoxybutyric acid of the following formula
4; and

both the salt of 3,4-epoxybutyric acid of said formula 4 and trimethylamine undergo nucleophilic substitution.
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wherein R is an alkylsulfonyl, arylsulfonyl, acyl, or phosphoryl group.
[0016] The present invention is explained in more detail as set forth hereunder. Unlike the conventional method of
preparing L-carnitine, this invention is a highly economical process, wherein the chiral center is inversely converted
so that highly pure L-carnitine may be obtained with a high yield.
[0017] The following scheme 1 shows the process for the preparing L-carnitine according to this invention:
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wherein R is introduced for the purpose of activating the hydroxy group and includes an alkylsulfonyl, arylsulfonyl, acyl
group, or phosphoryl group. M+ is determined by the base used herein.
[0018] (S)-3-activated hydroxybutyrolactone of formula 2 as the starting material of this invention is a compound,
which is activated for the purposes of nucleophilic substitution of the hydroxy group in (S)-3-hydroxybutyrolactone,

[0019] Various chemical methods designed to activate the hydroxy group have been disclosed including sulfonylation,
acylation and phosphorylation. Among these methods, the sulfonylation is typically used. The sulfonylation agent in-
cludes an alkylsulfonic acid anhydride, alkylsulfonyl chloride or arylsulfonyl chloride. Hence, alkylsulfonyl refers to
alkylsulfonyl or haloalkylsulfonyl of C1,12, or more specifically includes methanesulfonyl, ethanesulfonyl, isopro-
panesulfonyl, chloromethanesulfonyl, trifluoromethanesulfonyl and chloroethanesulfonyl. Arylsulfonyl includes benze-
nesulfonyl, toluenesulfonyl, haloarylsulfonyl such as chlorobenzenesulfonyl or bromobenzenesulfonyl, naphthale-
nesulfonyl, alkoxyaryl, sulfonyl of C1,4 such as methoxybenzenesulfonyl and nitroarylsulfonyl. The compound ex-
pressed by formula 2, prepared via said activation reaction, includes (S)-3-alkylsulfonylhydroxybutyrolactone, (S)-3-ar-
ylsulfonyl hydroxybutyrolactone, and so on. For this purpose, (S)-3-methanesulfonyl hydroxybutyrolactone is generally
used.
[0020] The first reaction step is a ring-opening reaction of (S)-3-activated hydroxybutyrolactone expressed by formula
2. The ring-opening reaction of this invention is similar to the reaction in which the ester group is hydrolyzed. However,
in view of the reaction mechanism, the general hydrolysis method cannot work due to the presence of the 3-activated
hydroxy group which is easily detachable at the β-position of the carbonyl group of the compound of formula 2. In this
regard, several commonly known hydrolysis methods have been implemented, but the ring-opening reaction did not
occurred with respect to the compound of formula 2. Therefore, the target compound of formula 3 under this invention
could be not be obtained. For example, the hydrolysis of the esters using water as a solvent in the presence of sodium
hydroxide is known to be irreversible and quantitative. However, when the ring-opening reaction of 3-methanesulfo-
nylhydroxybutyrolactone was attempted among the compounds of formula 2, the compounds without the sulfonylhy-
droxy group(-OR) were mainly obtained. In addition to sodium hydroxide, various types of bases (e.g., inorganic bases
such as potassium hydroxide, or organic amines such as triethylamine and pyridine) have been used in order to carry
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out the ring-opening reaction. However, the compounds without the sulfonylhydroxy group(-OR) were obtained as main
products instead of the target compound of this invention. In particular, based on the U.S. Patent 5,473,104 (1995),
(S)-3-methanesulfonyl hydroxybutyrolactone of 1 equivalent and 25% trimethylamine solution of 1,2 equivalent as a
base were mixed. Then, the mixture was stirred and reacted at room temperature. However, the ring-opening reaction
was not implemented, and within 10 minutes, it was confirmed by nuclear magnetic resonance analysis that furanone
without the methanesulfonyl group was formed in 70,100% yield. Therefore, L-carnitine could not be formed under
the above reaction conditions.
[0021] In an effort to examine the effect of (S)-3-activated hydroxy group (-OR) in the above ring-opening reaction,
the reaction was carried out with 3-hydroxybutyrolactone with an inactivated hydroxy group under the same reaction
conditions. As a result, the target compound of 3,4-hydroxybutyric acid could be quantitatively obtained without dehy-
dration.

[0022] From the above test results, hydrogen at the α-position of (S)-3-activated hydroxybutyrolactone expressed
by said formula 2 has higher acidity due to the influence of the carbonyl group. Consequently, the base initially attacks
the hydrogen at the α-position prior to its attack on the carbonyl group to give the result of eliminating the sulfonylhydroxy
group.

[0023] Based on the above results, the ring-opening reaction was attempted in the presence of acid catalyst under
the assumption that the hydrogen at the α-position of the carbonyl group may be stabilized without removal in the
acidic condition. The acid catalysts include inorganic acids such as sulfuric acid, hydrochloric acid and phosphoric
acid, or organic acids such as methanesulfonic acid, toluenesulfonic acid and camphorsulfonic acid. Water is employed
as a single solvent in the reaction, but in order to enhance the solubility of (S)-3-activated hydroxybutyrolactone as the
starting material, an organic co-solvent with water may be utilized, such as alcohol of C1,4, tetrahydrofuran, or ace-
tonitrile. It is preferable that the mixing ratio between water and the organic solvent be approximately 95:5(v/v) , 50:
50(v/v).
[0024] For example, among the compounds under formula 2, 3-methanesulfonyl hydroxybutyrolactone was used in
the presence of sulfuric acid catalyst of 0.1 equivalent in water as a solvent. Then, the reaction mixture was stirred at
50°C for 3 hours. The results of nuclear magnetic resonance analysis of the reaction solution confirmed that the target
compound of formula 3 was present.
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[0025] Meanwhile, when the reaction was carried out in the absence of acid catalyst, it was confirmed that a small
amount of 3-methanesulfonyl hydroxybutyrolactone was degraded at an early stage of the reaction. Then, methanesul-
fonic acid was generated therefrom together with furanone without the methanesulfonyl hydroxy group. Methanesul-
fonic acid, so formed, served as an acid catalyst, and the ring-opening reaction was implemented thereby. However,
if the acid catalyst was not separately added, the reaction rate slowed to half of that of the original reaction. Further,
the ensuing side reaction such as degradation resulted in lowering the yield of 4-hydroxyl-3-methanesulfonyl hydroxy-
butyric acid. More specifically, even though an acid catalyst is not separately added at the initial reaction, the ring-
opening reaction may occur due to the acid catalyst generated within the reaction. However, it is more preferable to
use the acid catalyst in the actual reaction in view of the reaction rate and yield.

[0026] Since the ring-opening reaction is reversible, both the starting material and target ring-opened compound are
simultaneously present in the reacting solution. If the solvent is removed for obtaining only the ring-opened compound
expressed by formula 3, and the separation of the ring-opened compound is attempted, there is the problem that the
ring is closed again to give the result of reverting to the starting material.
[0027] With this in mind, the inventors herein have attempted a method of separating and recovering the unreacted
starting material through extracting the layer of aqueous solution with an organic solvent. More specifically, the ring-
opening reaction of (S)-3-methanesulfonyl hydroxybutyrolactone of formula 2 has been attempted in D2O solution using
sulfuric acid as a catalyst. Then, the reaction solution was extracted with CH2Cl2 to recover the unreacted starting
material. The test results by the nuclear magnetic resonance analyzer showed that 37 mol% of the compound of formula
2 was contained in the CH2Cl2 solution while 63 mol% of the compound expressed of formula 3 was contained in D2O
solution. At the same time, (S)-3-methanesulfonyl hydroxybutyrolactone recovered from the actual reaction was highly
pure and could be utilized in the ring-opening reaction without any additional purification process.
[0028] The satisfactory results may be produced therefrom since the ring-opened compound expressed by formula
3 is only present in the water layer and not in the organic layer, and vice versa for the unreacted compound expressed
by the formula 2. Further, the compound expressed by formula 3, which is present in the water layer, is pure enough
to be employed for the next reaction without further purification. It was confirmed that the compound of formula 3 was
very stable in the aqueous solution phase, and even after 12 hours of storage at room temperature, recyclization hardly
occurred therein.
[0029] In addition to the aforementioned dichloromethane, various kinds of solvents, immiscible with water, designed
to recover unopened (S)-3-methanesulfonyl hydroxybutyrolactone include the following: haloalkanes such as chloro-
form, tetrachloromethane, or dichloroethane, aromatic solvents such as benzene, or toluene, and ethyl ether and propyl
ether, and so on.
[0030] As for the next reaction step, the ring-opened compound of formula 3 undergoes an epoxydation reaction in
which its chiral center is inversely converted stereoselectively in the presence of a base. Then, the optically pure salt
of 3,4-epoxybutyric acid of formula 4 is prepared therefrom. No such reaction has been disclosed in any of the refer-
ences, and the resulting salt of 3,4-epoxybutyric acid depends on the base used herein.
[0031] The inventors herein have attempted the inverse conversion reaction of 4-hydroxy-3-activated hydroxybutyric
acid of formula 3, so obtained via the ring-opening reaction, by epoxidation in the presence of a base. The aqueous
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solution of 4-hydroxy-3-methanesulfonyl hydroxybutyric acid, so obtained via the ring-opening reaction, was used.
Then, the reaction was carried out in the aqueous solution at room temperature using 2.3 equivalent of sodium hy-
droxide as a base.

[0032] The above reaction showed a remarkable reactivity in view of the fact that the reaction was carried out at
room temperature for a short time of less than 30 minutes. When the reacting solution was analyzed by the nuclear
magnetic resonance spectrometer, more than 90% conversion rate was duly confirmed. After being acidified, the above
solution was extracted with ethyl ether to produce (R)-3,4-epoxybutyric acid with a yield of 55%.
[0033] For the epoxydation reaction according to this invention, an inorganic or organic base may be used. More
specifically, applicable bases according to this invention include the following:

Alkali metal hydroxide such as potassium hydroxide, sodium hydroxide, and lithium hydroxide,
Alkaline earth metal hydroxide such as magnesium hydroxide, calcium hydroxide and barium hydroxide,
Alkali metal alkoxide such as sodium methoxide, sodium ethoxide, sodium t-butoxide,
Quaternary ammonium hydroxide such as tetrabutyl ammonium hydroxide, benzyltrimethyl ammonium hydroxide,
and
Alkylamine such as NR1R2R3 (wherein, R1, R2 and R3 are alkyl groups of C1,7, respectively), NHR4R5 (wherein,
R4 and R5 are alkyl groups of C2,7, respectively) and NH2R6 (wherein, R6 is an alkyl group of C3,9), i.e., trimeth-
ylamine, triethylamine, tripropylamine, dipropylamine, dibutylamine and t-butylamine.

[0034] Meanwhile, the amount of a base may be dependent on the strength or kind of alkalinity, but it is preferable
to use the base in the equivalent of 1.0 to 4.0.
[0035] Based on the above results, the epoxidation of 4-hydroxy-3-methanesulfonyl hydroxybutyric acid methyl ester
having an ester group (not carboxyl group) has been attempted using sodium hydride as a base in tetrahydrofuran.
However, the inventors herein have failed to produce the target epoxidated compound while only obtaining compounds
without the methanesulfonyl group.

[0036] The above results have confirmed that the formation of an anion of the carboxyl group by the treatment of a
base is of great importance. In this regard, the hydrogen at the α-position of the carbonyl group may be easily attacked
by a base due to its high acidity.
[0037] When the carboxyl group of 4-hydroxy-3-methanesulfonyl hydroxybutyric acid is an anion form, the influence
of such anion reduces the acidity of the hydrogen at the α-position and consequently makes it difficult for a base to
attack. Therefore, the elimination reaction of such methanesulfonyl hydroxy group(-OMs) hardly occurs under said
reaction step.
[0038] The final reaction step process for the preparing L-carnitine via the reaction between said (R)-3,4-epoxybutyric
acid and trimethylamine is similar to some well-known methods [J. Org. Chem., vol. 49, 3707,3711(1984); Helvetica
Chimica Acta, vol. 70,142,152(1987); European Patent 237,983 (1987)].
[0039] The sodium 3,4-epoxybutyrate, so formed from the above reaction, is not separated while the aqueous solution
of 25% trimethylamine of 2 equivalent is immediately added to the reacting solution and stirred at 45°C for 2 hours to
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yield L-carnitine. The method of separating and purifying L-carnitine from the reacting solution uses a commonly known
method, preferably the cation exchange resin(Amberlite IR-120). According to the method of separating and purifying
L-carnitine via cation exchange resin (Amberlite IR-120), the optical purity of L-camitine, so obtained, is more than 95
% with the yield of about 55% or more. Further, similar results may be obtained if the sodium 3,4-epoxybutyrate, so
formed during the epoxydation, is neutralized with sulfuric acid and converted into 3,4-epoxybutyric acid, which is
reacted with trimethylamine.
[0040] Under the process for the preparing L-carnitine according to this invention, (S)-3-activated hydroxybutyrolac-
tone of formula 2 as a raw material is used for consecutively carrying out the ring-opening reaction, inverse conversion
reaction of the chiral center by epoxydation, and nucleophilic substitution. Further, low-priced compounds such as
sulfuric acid, sodium hydroxide and trimethylamine are used, and continuous reactions are carried out in an aqueous
solution in a reactor without separate purification process. Based on such facts, the above process for preparing L-
carnitine is expected to be highly useful in the industrial application.
[0041] The inverse conversion at the chiral center by epoxydation, one of the pivotal reactions under this invention,
is a typical nucleophilic substitution. Based on the characteristics of the chemical reaction, D-carnitine may be prepared
from (R)-3-activated hydroxybutyrolactone as a raw material instead of (S)-3-activated hydroxybutyrolactone.

EXAMPLE 1: Preparation of (S)-3-methane sulfonylhydroxybutyrolactone

[0042] (S)-3-hydroxy-γ-butyrolactone (10.2g, 0.10 mol), methanesulfonyl chloride (18.3g, 0.16 mol) and dichlo-
romethane (100 ml) were placed in a 250 ml reactor. Then, 50% triethylamine-dichloromethane solution (30.4g,
0.15mmol) was added dropwise to the mixture at 0°C for 1 hour. The reacting solution was stirred for 3 hours while
maintaining the temperature at 0°C. The solution was extracted with distilled water (100 ml) twice for the removal of
the salts therefrom. Dichloromethane solution was dried over magnesium sulfate and filtered. The solvent was slowly
concentrated under the reduced pressure to yield the solid thereof. The solid, so formed, was recrystalized with dichlo-
romethane and n-hexane. Then, the crystal was filtered and dried to yield the pure form of (S)-3-methanesulfonyl
hydroxybutyrolactone (14.4g, yield: 80%).

1H-NMR(acetone-d6, ppm) : δ2.7,3.2(m, 2H, -CH2CO-), 3.2(s, 3H, CH3SO3-), 4.5,4.8(m, 2H, O-CH2CH(OMs)-),
5.5,5.6(m. 1H, O-CH2CH(OMs)-)

13C-NMR(acetone-d6, ppm): δ 35.31(-CH2CO-), 37.97(CH3SO3-), 73.41(-CH2CH(OMs)-), 77.39(O-CH2CH
(OMs)-), 174.45(-CH2CO-)

EXAMPLE 2 : Preparation of L-carnitine

[0043] (S)-3-methanesulfonyl hydroxybutyrolactone (10.0g, 55.6 mmol), water (100 ml), and the concentrated sul-
furic acid (0.549g, 5.60 mmol) were placed in a 250 ml reactor and stirred at 50°C for 3 hours. The reacting solution
was cooled to room temperature and extracted with dichloromethane (100 ml) twice to recover the unreacted (S)-
3-methanesulfonylhydroxybutyrolactone (recovery amount: 3.7g). The target (S)-4-hydroxy-3-methanesulfonyl hy-
droxybutyric acid was present in an aqueous layer.
[0044] The aqueous solution of 3N sodium hydroxide (27.1 ml, 81.3 mmol) was added to the reacting solution con-
taining said (S)-4-hydroxy-3-methanesulfonyl hydroxybutyric acid (35.0 mmol) and stirred at room temperature for 10
minutes. The target sodium (R)-3,4-epoxybutyrate was present in the layer of aqueous solution. An aqueous solution
of 25 w% trimethylamine (16.5g, 69.8 mmol) was added to the reacting solution and stirred at 45°C for 2 hours. The
reacting solution was distilled under the reduced pressure for removing the solvents. The distilled material was dis-
solved in a small amount of water and placed in a column filled with a cation exchange resin (Amberite IR-120). Then,
pure water was fluxed to the column for removal of impurities. When the pH became 7, the aqueous solution of 2%
ammonia was fluxed for obtaining the aqueous solution containing L-carnitine. After removing the solvent under the
reduced pressure, the reacting mixture was dissolved in isopropanol at 70°C, and a small amount of undissolved
impurities was filtered and removed. Thereafter, the resultant material was again concentrated under the reduced
pressure and recrystallized in the presence of a co-solvent containing isopropanol and acetone to obtain the pure form
of L-carnitine(3.1g, yield: 55%).
[α]D25 = -30(c 2, H2O) [Value in reference: [α]D25 = -31]

1H-NMR(D2O, ppm): δ 2.3(m, 2H, -CH2CO2-H), 3.1(s, 9H, (CH3)3N+-), 3(m, 2H, (CH3)3N+-CH2-), 4.4 (m, 1H, -CH
(OH)-)

13C-NMR(D2O, ppm): δ 43.35(-CH2CO2-H), 54.41(t, J=4Hz, (CH3)3N+-), 41(-CH(OH)-), 70.44((CH3)3N+-CH2-),
178.25(-CH2CO2-H)
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EXAMPLE 3 : Preparation of (S)-4-hydroxy-3-methanesulfonyl hydroxybutyric acid

[0045] (S)-3-methanesulfonyl hydroxybutyrolactone (1.0g, 5.6 mmol), D2O (10 ml), and the concentrated sulfuric
acid (0.0549g, 0.56 mmol) were placed in a 25 ml reactor and stirred at 50°C for 3 hours. The reacting solution was
cooled to room temperature and extracted with dichloromethane (10 ml) twice to recover the unreacted (S)-3-meth-
anesulfonyl hydroxybutyrolactone. The presence of the target (S)-4-hydroxy-3-methanesulfonyl hydroxybutyric acid in
a pure form in the D2O layer was confirmed by nuclear magnetic resonance.

1H-NMR(D2O, ppm): δ 2.6,2.8(m, 2H, -CH2CO2H), 3.1(s, OSO2CH3), 3.6,3.9(m, 2H, HOCH2-), 4.9,5.1(m, 1H,
-CH(OMs)-)

13C-NMR(D2O, ppm): δ 36.27(-CH2CO2H), 38.15(OSO2CH3), 62.94(-CH(OMs)-), 80.81(HOCH2-), 174.04
(-CH2CO2H)

EXAMPLE 4 : Preparation of sodium (R)-3,4-epoxybutyrate

[0046] The aqueous solution of 3N sodium hydroxide (2.7 ml, 8.1 mmol) was added to the reaction solution containing
(S)-4-hydroxy-3-methanesulfonyl hydroxybutyric acid, so prepared from Example 3 and stirred at room temperature
for 10 minutes. The presence of the target sodium (R)-3,4-epoxybutyrate in a pure form in the layer of the reacting
solution was confirmed by nuclear magnetic resonance.

1H-NMR(D2O, ppm): δ 2.3,2.5(m, 2H, CH2-CO2Na), 2.6,2.9(m, 2H), 3.2,3.3(m, 1H)
13C-NMR(D2O,ppm): δ 40.87(-CH2-CO2Na), 48.24(4-CH2), 51.08(3-CH), 179.41(-CO2Na)

EXAMPLE 5: Preparation of sodium (R)-3,4-epoxybutyrate

[0047] Sodium methoxide (438mg, 8.11 mmol) was added to the reacting solution of D2O containing (S)-4-hydroxy-
3-methanesulfonyl hydroxybutyric acid, so prepared from Example 3 and stirred at room temperature for 20 minutes.
The presence of the target sodium (R)-3,4-epoxybutyrate in the layer of the reacting solution was confirmed by nuclear
magnetic resonance.

1H-NMR(D2O, ppm): δ 2.3,2.5(m, 2H, CH2,CO2Na), 2.6,2.9(m, 2H), 3.2,3.3(m, 1H, 3-H)
13C-NMR(D2O, ppm): δ 40.89(-CH2-CO2Na), 48.25(4-CH2), 51.10(3-CH), 179.37(-CO2Na)

EXAMPLE 6 : Preparation of calcium (R)-3,4-epoxybutyrate

[0048] Calcium hydroxide (340mg, 4.59 mmol) was added to the reacting solution of D2O containing (S)-4-hydroxy-
3-methanesulfonyl hydroxybutyric acid, so prepared from the Example 3 and stirred at room temperature for 30 minutes.
The presence of the target calcium (R)-3,4-epoxybutyrate in the layer of the reacting solution was confirmed by nuclear
magnetic resonance.

1H-NMR(D2O, ppm): δ 2.3,2.4(m, 2H, CH2-CO2Ca), 2.5,2.8(m, 2H), 3.2,3.3(m, 1H, 3-H)
13C-NMR(D2O, ppm): δ 40.78(-CH2-CO2Ca), 48.23(4-CH2), 51.05(3-CH), 179.52(-CO2Ca)

EXAMPLE 7 : Preparation of tetrabutyl ammonium (R)-3,4-epoxybutyrate

[0049] 1.0M methanol solution of tetrabutyl ammonium hydroxide (8.12ml, 8.12mmol) was added to the reacting
solution of D2O containing (S)-4-hydroxy-3-methanesulfonyl hydroxybutyric acid, so prepared from Example 3 and
stirred at room temperature for 30 minutes. The presence of the target tetrabutyl ammonium (R)-3,4-epoxybutyrate in
the layer of the reacting solution was confirmed by nuclear magnetic resonance.

1H-NMR(D2O, ppm): δ 2.2,2.3(m, 2H, CH2-CO2NBu4), 2.5,2.8(m, 2H), 3.2,3.3(m, 1H, 3-H)
13C-NMR(D2O, ppm): δ 41.09(-CH2-CO2NBu4), 48.23(4-CH2), 51.14(3-CH), 178.54(-CO2NBu4)

EXAMPLE 8 : Preparation of triethyl ammonium (R)-3,4-epoxybutyrate

[0050] Triethylamine (790mg, 7.81mmol) was added to the reacting solution of D2O containing (S)-4-hydroxy-3-meth-
anesulfonyl hydroxybutyric acid, so prepared from Example 3 and stirred at room temperature for 30 minutes. The
presence of the target triethyl ammonium (R)-3,4-epoxybutyrate in the layer of the reacting solution was confirmed by
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nuclear magnetic resonance.

1H-NMR(D2O, ppm): δ 2.2,2.4(m, 2H, CH2-CO2HNEt3), 2.5,2.8(m, 2H), 3.1,3.2(m, 1H, 3-H)
13C-NMR(D2O, ppm): δ 40.94(-CH2-CO2HNEt3), 48.15(4-CH2), 51.04(3-CH), 178.97(-CO2HNEt3)

EXAMPLE 9: Preparation of diisopropyl ammonium (R)-3,4-epoxybutyrate

[0051] Diisopropyl amine (790mg, 7.81mmol) was added to the reacting solution of D2O containing (S)-4-hydroxy-
3-methanesulfonyl hydroxybutyric acid, so prepared from Example 3 and stirred at room temperature for 2 hours. The
presence of the target diisopropyl ammonium (R)-3,4-epoxybutyrate in the layer of the reacting solution was confirmed
by nuclear magnetic resonance.

1H-NMR(D2O, ppm): δ2.2,2.4(m, 2H, CH2-CO2HN(H)Pri
2), 2.5,2.8(m, 2H), 3.1,3.2(m, 1H, 3-H)

13C-NMR(D2O, ppm): δ 40.92(-CH2-CO2HN(H)Pri
2), 48.12(4-CH2), 51.02(3-CH), 178.95(-CO2HN(H)Pri

2)

EXAMPLE 10: Preparation of t-butyl ammonium (R)-3,4-epoxybutyrate

[0052] t-butyl amine (571mg, 7.81mmol) was added to the reacting solution of D2O containing (S)-4-hydroxy-3-meth-
anesulfonyl hydroxybutyric acid, so prepared from Example 3 and stirred at room temperature for 4 hours. The presence
of the target t-butyl ammonium (R)-3,4-epoxybutyrate in a layer of the reacting solution was confirmed by nuclear
magnetic resonance.

1H-NMR(D2O, ppm): δ2.1,2.4(m, 2H, CH2-CO2HNH2But), 2.5,2.8(m, 2H), 3.1,3.2(m, 1H, 3-H)
13C-NMR(D2O, ppm): δ 40.88(-CH2-CO2HNH2But), 48.13(4-CH2), 51.01(3-CH), 179.10(-CO2HNH2But)

[0053] The process for preparing L-carnitine according to this invention may be very useful in an industrial scale in
that a) less organic solvent is used and low-priced compounds are utilized in aqueous solution, and b) the high yield
and purity of the final product make it possible to continuously carry out the reaction in a reactor without separate
purification process.

Claims

1. A process for preparing L-carnitine of the following formula 1 from (S)-3-activated hydroxybutyrolactone, compris-
ing the steps of

a) subjecting (S)-3-activated hydroxybutyrolactone of the following formula 2 to a ring-opening reaction in an
aqueous solvent in the presence of an acid catalyst,

b) preparing 4-hydroxy-3-activated hydroxybutyric acid of the following formula 3 therefrom,

c) subjecting 4-hydroxy-3-activated hydroxybutyric acid of said formula 3 to an inverse conversion reaction at
the chiral center in the presence of a base in order to prepare the salt of 3,4-epoxybutyric acid of the following
formula 4, and

d) reacting the salt of 3,4-epoxybutyric acid of said formula 4 with trimethylamine,
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where R is an alkylsulfonyl group, arylsulfonyl group, acyl group or phosphoryl group, and M is determined by
the salt used herein.

2. A process for preparing L-camitine according to claim 1, wherein said R is selected from the following groups:
alkylsulfonyl or haloalkylsulfonyl group with C1-12, benzenesulfonyl group, toluenesulfonyl group, halobenzenesul-
fonyl group, naphthalene sulfonyl group, alkoxy benzenesulfonyl group, and nitrobenzenesulfonyl group.

3. A process for preparing L-camitine according to claim 2, wherein said R is a methanesulfonyl group.

4. A process for preparing L-camitine according to any of claims 1 to 3, wherein said ring opening reaction is carried
out in the presence of water as a single solvent or co-solvent containing water and organic solvent.

5. A process for preparing L-carnitine according to claim 4, wherein said organic solvent is selected from alcohol of
C1-4, tetrahydrofuran, and acetonitrile.

6. A process for preparing L-camitine according to any of claims 1 to 5, wherein said acid catalyst is selected from
sulfuric acid, hydrochloric acid, phosphoric acid, methanesulfonic acid, toluenesulfonic acid, and camphorsulfonic
acid.

7. A process for preparing L-camitine according to any of claims 1 to 6, wherein said inverse conversion reaction is
carried out in the presence of a base, which is selected from alkali metal hydroxide, alkaline earth metal hydroxide,
alkali metal alkoxide, and quaternary ammonium hydroxide.

8. A process for preparing L-camitine according to claim 7, wherein
said alkali metal hydroxide is selected from sodium hydroxide, potassium hydroxide and lithium hydroxide,
said alkaline earth metal hydroxide is selected from magnesium hydroxide, calcium hydroxide and barium hydrox-
ide,
said alkali metal alkoxide is selected from sodium methoxide, sodium ethoxide and sodium t-butoxide, and
said quaternary ammonium hydroxide is selected from tetrabutyl ammonium hydroxide and benzyltrimethyl am-
monium hydroxide.

9. A process for preparing L-carnitine according to any of claims 1 to 8, wherein said inverse conversion reaction is
carried out in the presence of an alkylamine base.
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10. A process for preparing L-carnitine according to claim 9, wherein
said alkylamine is NR1R2R3, where R1, R2 and R3 are alkyl groups of. C1-7, respectively, or
said alkylamine is NHR4R5, where R4 and R5 are alkyl groups of C2-7, respectively, or
said alkylamine is NH2R6, where R6 is an alkyl group of C3-9.

11. A process for preparing L-carnitine according to any of claims 7 to 13, wherein said base is employed in the
equivalent ratio of 1.0 - 4.0.

Patentansprüche

1. Verfahren zur Herstellung von L-Carnitin der nachfolgenden Formel 1 aus (S)-3-aktiviertem Hydroxybutyrolacton,
mit den Stufen, in denen man

a) (S)-3-aktiviertes Hydroxybutyrolacton der nachfolgenden Formel 2 in einem wäßrigen Lösungsmittel in der
Gegenwart eines sauren Katalysators einer Ringöffnungsreaktion unterzieht,

b) daraus 4-hydroxy-3-aktivierte Hydroxybuttersäure der nachfolgenden Formel 3 herstellt,

c) 4-hydroxy-3-aktivierte Hydroxybuttersäure der Formel 3 einer Invertierungsreaktion an dem chiralen Zen-
trum in der Gegenwart einer Base unter Herstellung des Salzes von 3, 4-Epoxybuttersäure der nachfolgenden
Formel 4 unterzieht und

d) das Salz von 3, 4-Epoxybuttersäure der Formel 4 mit Trimethylamin umsetzt,

wobei R eine Alkylsulfonylgruppe, eine Arylsufonylgruppe, eine Acylgruppe oder eine Phosphorylgruppe und M
durch das hierin verwendete Salz bestimmt ist.

2. Verfahren zur Herstellung von L-Camitin nach Anspruch 1, wobei R unter den folgenden Gruppen ausgewählt ist:
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Alkylsulfonyl- oder Haloalkylsulfonylgruppe mit C1-12, Benzensulfonylgruppe, Toluolsulfonylgruppe, Halobenzen-
sulfonylgruppe, Naphthalensulfonylgruppe, Alkoxybenzensulfonylgruppe und Nitrobenzensulfonylgruppe.

3. Verfahren zur Herstellung von L-Camitin nach Anspruch 2, wobei R eine Methansulfonylgruppe ist.

4. Vefahren zur Herstellung von L-Camitin nach einem der Ansprüche 1 bis 3, wobei die Ring-öffnungsreaktion in
der Gegenwart von Wasser als ein einzelnes Lösungsmittel oder ein Co-Lösungsmittel, welches Wasser und or-
ganisches Lösungsmittel enthält, durchgeführt wird.

5. Verfahren zur Herstellung von L-Camitin nach Anspruch 4, wobei das organische Lösungsmittel unter C1-4-Alkohol,
Tetrahydrofuran und Acetonitril ausgewählt ist.

6. Verfahren zur Herstellung von L-Camitin nach einem der Ansprüche 1 bis 5, wobei der saure Katalysator unter
Schwefelsäure, Salzsäure, Phosphorsäure, Methansulfonsäure, Toluolsulfonsäure und Kampfersulfonsäure aus-
gewählt ist.

7. Verfahren zur Herstellung von L-Camitin nach einem der Ansprüche 1 bis 6, wobei die Invertierungsreaktion in
der Gegenwart einer Base ausgeführt wird, welche unter Alkalimetallhydroxid, Erdalkalimetallhydroxid, Alkalime-
tallalkoxid und quatemärem Ammoniumhydroxid ausgewählt ist.

8. Verfahren zur Herstellung von L-Camitin nach Anspruch 7, wobei das Alkalimetallhydroxid unter Natriumhydroxid,
Kaliumhydroxid und Lithiumhydroxid ausgewählt ist,
das Erdalkalimetallhydroxid unter Magnesiumhydroxid, Kalziumhydroxid und Bariumhydroxid ausgewählt ist,
das Alkalimetallalkoxid unter Natriummethoxid, Natriumethoxid und Natrium-t-butoxid ausgewählt ist und
das quatemäre Ammoniumhydroxid unter Tetrabutylammoniumhydroxid und Benzyltrimethylammoniumhydroxid
ausgewählt ist.

9. Verfahren zur Herstellung von L-Camitin nach einem der Ansprüche 1 bis 8, wobei die Invertierungsreaktion in
der Gegenwart einer Alkylaminbase ausgeführt wird.

10. Verfahren zur Herstellung von L-Carnitin nach Anspruch 9, wobei
das Alkylamin NR1R2R3 ist, worin R1, R2 und R3 jeweils C1-7-Alkylgruppen sind, oder
das Alkylamin NHR4R5 ist, worin R4 und R5 jewells C2-7-Alkylgruppen sind, oder
das Alkylamin NH2R6 ist, worin R6 eine C3-9-Alkylgruppe ist.

11. Verfahren zur Herstellung von L-Camitin nach einem der Ansprüche 7 bis 13, wobei die Base in dem äquivalenten
Verhältnis von 1,0 bis 4,0 verwendet wird.

Revendications

1. Procédé de préparation de L-carnitine de la formule 1 suivante à partir d'hydroxybutyrolactone (S)-3-activé, com-
prenant les étapes consistant à :

a) soumettre l'hydroxybutyrolactone (S)-3-activé de la formule 2 suivante à une réaction d'ouverture de noyau
dans un solvant aqueux en présence d'un catalyseur acide,
b) préparer à partir du produit résultant précédent l'acide hydroxybutyrique 4-hydroxy-3-activé de la formule
3 suivante,
c) soumettre l'acide hydroxybutyrique 4-hydroxy-3-activé de ladite formule 3 à une réaction de conversion
inverse au niveau du centre chirale en présence d'une base en vue de préparer le sel de l'acide 3,4-époxy-
butyrique de la formule 4 suivante, et
d) faire réagir le sel de l'acide 3,4-époxybutyrique de ladite formule 4 avec de la triméthylamine,
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où R est un groupe alkylsulfonyle, un groupe arylsulfonyle, un groupe acyle ou un groupe phosphoryle et M
est déterminé par le sel utilisé ici.

2. Procédé de préparation de L-carnitine selon la revendication 1, dans lequel ledit R est sélectionné dans les groupes
suivants : le groupe alkylsulfonyle ou haloalkylsulfonyle en C1-12, le groupe benzènesulfonyle, le groupe toluène-
sulfonyle, le groupe halobenzènesulfonyle, le groupe naphtalène-sulfonyle, le groupe alcoxybenzènesulfonyle, et
le groupe nitrobenzènesulfonyle.

3. Procédé de préparation de L-camitine selon la revendication 2, dans lequel R est un groupe méthanesulfonyle.

4. Procédé de préparation de L-camitine selon l'une quelconque des revendications 1 à 3, dans lequel ladite réaction
d'ouverture de noyau est réalisée en présence d'eau tel qu'un solvant simple ou un co-solvant contenant de l'eau
et un solvant organique.

5. Procédé de préparation de L-camitine selon la revendication 4, dans lequel ledit solvant organique est sélectionné
parmi l'alcool en C1-4, le tétrahydrofurane, et l'acétonitrile.

6. Procédé de préparation de L-carnitine selon l'une quelconque des revendications 1 à 5, dans lequel ledit catalyseur
acide est sélectionné parmi l'acide sulfurique, l'acide chlorhydrique, l'acide phosphorique, l'acide méthane-sulfo-
nique, l'acide toluène-sulfonique, et l'acide camphresulfonique.

7. Procédé de préparation de L-camitine selon l'une quelconque des revendications 1 à 6, dans lequel ladite réaction
de conversion inverse est réalisée en présence d'une base, qui est sélectionnée parmi un hydroxyde de métal
alcalin, un hydroxyde de métal alcalinoterreux, un l'alkoxyde de métal alcalin, et l'hydroxyde d'ammonium quater-
naire.
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8. Procédé de préparation de L-carnitine selon la revendication 7, dans lequel :

ledit hydroxyde de métal alcalin est sélectionné parmi l'hydroxyde de sodium, l'hydroxyde de potassium et
l'hydroxyde de lithium,
ledit hydroxyde de métal alcalin est sélectionné parmi l'hydroxyde de magnésium, l'hydroxyde de calcium et
l'hydroxyde de baryum,
ledit alkoxyde de métal alcalin est sélectionné parmi le méthoxyde de sodium, l'éthoxyde de sodium et le t-
butoxyde de sodium, et
ledit hydroxyde d'ammonium quaternaire est sélectionné parmi l'hydroxyde d'ammonium tétrabutyle et l'hy-
droxyde d'ammonium benzyltriméthyle.

9. Procédé de préparation de L-carnitine selon l'une quelconque des revendications 1 à 8, dans lequel ladite réaction
de conversion inverse est réalisée en présence d'une base alkylamine.

10. Procédé de préparation de L-carnitine selon la revendication 9, dans lequel :

ladite alkylamine est NR1R2R3, où R1, R2 et R3 sont des groupes alkyle en C1-7, respectivement, ou
ladite alkylamine est NHR4R5, où R4 et R5 sont des groupes alkyle en C2-7, respectivement, ou
ladite alkylamine est NH2R6, où R6 est un groupe alkyle en C3-9.

11. Procédé de préparation de L-carnitine selon l'une quelconque des revendications 7 à 10, dans lequel ladite base
est employée dans le rapport équivalent de 1,0 à 4,0.
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