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(57) ABSTRACT 

Disclosed is a process for the production of optically pure 
(S)-beta-hydroXy-gamma-butyrolactone through the hydro 
genation of substituted carboxylic acid derivatives. A solu 
tion containing 1 to 50% by Weight of a substituted car 
boxylic acid derivative is fed at a WHSV of 0.1 to 10 h_1, 
to a ?xed bed reactor Which is ?lled With a catalyst and 
maintained at a reaction temperature of 50 to 550° C. under 
a halogen partial pressure of 15 to 5,500 psig. The catalyst 
is composed of a noble metal as a catalytically effective 
ingredient Which is impregnated in an inorganic oxide as a 
support. The molar ratio of the hydrogen to the substituted 
carboxylic acid derivative is maintained at a molar ratio of 
1:1 to 10:1. The process can produce optically pure (S) 
beta-hydroXy-gamma-butyrolactone With higher purities at 
higher yields than can conventional techniques. In addition 
to being relatively simple and environmentally friendly, the 
process is so economically favorable as to apply to industrial 
production. 
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CONTINUOUS PROCESS FOR THE PRODUCTION 
OF OPTICALLY PURE (S) 

BETA-HYDROXY-GAMMA-BUTYROLACTONE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a process for the 
production of optically pure (S)-beta-hydroxy-gamma-bu 
tyrolactone in a continuous manner. More particularly, the 
present invention relates to a continuous process for the 
production of optically pure (S)-beta-hydroxy-gamma-bu 
tyrolactone by hydrogenation of substituted carboxylic acid 
derivatives in a ?xed-bed reactor Which is ?lled With a 
catalyst comprising a noble metal and a support. 

[0003] 2. Description of the Prior Art 

[0004] Optically pure, substituted gamma-butyrolactone is 
used as an intermediate for the synthesis of a variety of 
compounds, including medicines such as L-carnitine and 
ECHB (ethyl (S)-4-cyano-3-hydroxybutyrate), agricultural 
chemicals, chemical seasonings, and ?avorings (US. Pat. 
No. 5,473,104). 

[0005] Synthesis processes of (S)-[3-hydroxy-y-butyrolac 
tone can be found in many patents. For example, US. Pat. 
Nos. 5,292,939, 5,319,110 and 5,374,773 disclose prepara 
tion method of substituted gamma-butyrolactone by the 
oxidation of Water-soluble hydrocarbons. This process, hoW 
ever, is disadvantageous in that the heat of reaction is too 
great to conduct the oxidation in high concentrations of the 
reactant. No separation processes, except chromatography, 
are described in the above patents. Also, noWhere are 
mentioned yields. Thus, the processes disclosed in the above 
patents are not suitable for use in the industrial production. 

[0006] There are reported multi-step processes for prepar 
ing gamma-butyrolactone using L-malic acid or L-aspartic 
acid as a starting material (J. Org. Chem. 1981, 46, 4319; 
Synth, Commun. 1986, 16, 183). They, hoWever, have a 
draWback in that optical activity of intermediates is not 
maintained during the reaction, in addition to being unsuit 
able for large-scale production. 

[0007] Starting from (S)-malic acid ester derivatives, a 
reducing process for preparing gamma-butyrolactone by use 
of borane-dimethylsul?de and sodium borohydride has been 
reported (Chem. Lett. 1984, 1389). HoWever, this process is 
of a batch type With high production costs and being dif?cult 
to apply for industrial production. In addition, the reducing 
process produces Wastes in large quantities, Which are 
detrimental to the environment. 

[0008] Aprocess disclosed in US. Pat. No. 5,808,107 is to 
prepare optically active (S)-beta-hydroxy-gamma-butyro 
lactone by reducing L-malic acid dimethyl ester With lithium 
chloride and sodium borohydride to give (S)-3,4-dihydroxy 
butyric acid, and treating the intermediate With HCl in a 
methanol solution. HoWever, this process suffers from the 
disadvantage of being performed in a complicated batch 
type manner and brings about pollution of the environment. 
In addition, the use of sodium borohydride, an expensive 
and explosive reducing agent, increases the production cost 
and thus is not suitable for large-scale production. When 
being used in large quantities, ether employed as a reaction 
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solvent may create a noxious effect on the body oWing to its 
narcotic nature and has the danger of exploding. 

[0009] In US. Pat. No. 5,998,633 is described a process 
for the preparation of substituted gamma-butyrolactone, in 
Which a hydrocarbon is oxidiZed to give acetonide, folloWed 
by the treatment of the intermediate With an inorganic acid 
(aqueous HCl solution). This process is also industrially 
disadvantageous in that it is complicated and produces Waste 
in large quantities. 

[0010] As described above, the conventional processes are 
of batch types employing liquid or solid oxidiZing or reduc 
ing reagents, so that they have the disadvantage of loW 
productivity as Well as the production of Waste in large 
quantities. Furthermore, the conventional processes are lim 
ited in industrial applications since the loW production yield 
is obtained oWing to the complexity thereof. 

SUMMARY OF THE INVENTION 

[0011] Leading to the present invention, the intensive and 
thorough research on the production of optically active 
(S)-beta-hydroxy-gamma-butyrolactone, conducted by the 
present inventors, resulted in the ?nding that a catalyst, 
having as a catalytic ingredient a noble metal impregnated in 
an inorganic oxide support, for hydrogenating optically 
active, substituted carboxylic acid derivatives is very useful 
in synthesiZing optically pure (S)-beta-hydroxy-gamma-bu 
tyrolactone and a ?xed bed of the catalyst makes it possible 
to produce the compound of interest in a continuous manner. 

[0012] Therefore, it is an object of the present invention to 
provide a process for the production of optically pure 
(S)-beta-hydroxy-gamma-butyrolactone from substituted 
carboxylic acid derivatives, Which is improved in the pro 
duction yield, friendly to the environment, and simple. 

[0013] Based on the present invention, the above object 
could be accomplished by a provision of a method for 
producing optically pure (S)-beta-hydroxy-gamma-butyro 
lactone from a substituted carboxylic acid derivative by 
hydrogenation, in Which a solution containing 1 to 50% by 
Weight of the substituted carboxylic acid derivative is fed at 
a WHSV of 0.1 to 10 h_1, to a ?xed bed reactor Which is 
?lled With a catalyst and maintained at a reaction tempera 
ture of 50 to 550° C. under a hydrogen partial pressure of 15 
to 5,500 psig, said catalyst having a noble metal as a 
catalytically effective ingredient and an inorganic oxide as a 
support, said hydrogen being maintained at a molar ratio of 
1:1 to 10:1 relative to the substituted carboxylic acid deriva 
tive. 

BRIEF DESCRIPTION OF THE DRAWING 

[0014] FIG. 1 is a histogram shoWing the conversion and 
selectivity under various reaction conditions When substi 
tuted carboxylic acid derivatives are converted to optically 
pure (S)-beta-hydroxy-gamma-butyrolactone by hydrogena 
tion in the presence of a catalyst in accordance With the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] The present invention pertains to continuous 
hydrogenation of esters of substituted carboxylic acids into 
optically pure (S)-beta-hydroxy-gamma-butyrolactone in 
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the presence of a catalyst in a ?xed bed reactor. By virtue of 
its superior production yield and productivity, this continu 
ous process is far more economical than conventional pro 
cesses. The process of the present invention also has an 
economical bene?t in that the catalyst can be recovered and 
used repeatedly. Additionally, the above process requires no 
complicated post-processes, such as ?ltering off of the 
catalyst. 

[0016] A catalyst suitable for use in the hydrogenation 
according to the present invention comprises a noble metal 
as a catalytically active ingredient. A useful noble metal is 
selected from the group consisting of nickel (Ni), palladium 
(Pd), platinum (Pt), rhodium (Rh), iridium (Ir), ruthenium 
(Ru), osmium (Os) and mixtures thereof. Such catalytically 
effective ingredient is impregnated on a support, Which is 
preferably selected from the group consisting of alumina, 
silica, silica-alumina, Zirconia, titania, Zeolite and a molecu 
lar sieve. 

[0017] The hydrogenation according to the present inven 
tion can be illustrated by the folloWing reaction formula 1: 

OH 

OH R310,” 
R311,” H2 . 

catalyst 
ROZC COZR O O 

[0018] Wherein R is a linear alkyl containing 1 to 10 
carbon atoms, a cycloalkyl, or an aryl; and R‘ is a hydrogen 
atom or a methyl. 

[0019] According to the present invention, to synthesiZe 
an ester compound of a substituted carboxylic acid from 
Which optically pure (S)-beta-hydroxy-gamma-butyrolac 
tone is produced, there is employed an alcohol selected from 
a linear alcohol containing 1 to 10 carbon atoms such as 
methanol, ethanol and n-propanol, a cycloalcohol or an 
aromatic alcohol. The alcohol is used at an amount of 2.0 to 
40 equivalents of the carboxylic acid used. As for the 
carboxylic acid, for example, optically pure malic acid or 
citramalic acid may be used. The esteri?cation reaction is 
carried out at 50 to 150° C. under a pressure of 1 to 300 psig 
With a Weight hourly space velocity (WHSV) ranging from 
0.1 to 10 h'1 in the absence of or in the presence of a catalyst. 
Suitable as a catalyst is a solid acid With a preference to a 
sulfonate-substituted strong acid resin. If the reaction con 
ditions are outside the above ranges, the production yield of 
the esters of carboxylic acid is loWered and the deactivation 
rate of the catalyst increases. Accordingly, the advantages 
that the continuous process of the present invention enjoys 
are lost. 

[0020] In accordance With the present invention, the 
hydrogenation of esters of substituted carboxylic acid into 
optically active (S)-beta-hydroxy-gamma-butyrolactone is 
carried out at 50 to 550° C. under a hydrogen partial pressure 
of 15 to 5,500 psig With a WHSV ranging from 0.2 to 10 h_1. 
This conversion through hydrogenation is preferably con 
ducted at 100 to 250° C. under a hydrogen partial pressure 
of 1,000 to 4,000 psig With a WHSV ranging from 0.2 to 10 
h_1, and more preferably at 110 to 200° C. under a hydrogen 
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partial pressure of 1,200 to 3,000 psig With a WHSV ranging 
from 0.3 to 5 h_1. A reaction condition outside any of the 
ranges causes a decrease in the production yield and an 
increase in the deactivation rate of the catalyst, resulting in 
loss of the advantages that the continuous process of the 
present invention enjoys. 

[0021] To completely convert an ester derivative of sub 
stituted carboxylic acid into a desired compound, the mole 
ratio of hydrogen to the ester derivative of substituted 
carboxylic acid is required to be at least 1.0. No limits are 
given to the amount of hydrogen if the mole ratio exceeds 
about 1. HoWever, When an economical aspect is taken into 
consideration, the ratio of hydrogen to an ester of carboxylic 
acid is preferably maintained in the range from 2.0 to 10. 
The hydrogen Which passes through the reactor While 
remaining unreacted is re-compressed and recycled into the 
reactor. Depending on reaction conditions, the reaction may 
be directly separated into desirable products or may be 
recycled to further convert the unreacted reactant, folloWed 
by separation. 
[0022] To convert esters of substituted carboxylic acid into 
(S)-beta-hydroxy-gamma-butyrolactone by hydrogenation, 
there is required a solvent suitable for dissolving highly 
viscous carboxylic derivatives so effectively as to smoothly 
feed them to the reactor. Further, the solvent requires to 
remove the heat of reaction Which occurs during the esteri 
?cation and the hydrogenation and not to react With any of 
the reactants, e.g., neither carboxylic acid derivatives nor 
hydrogen. For example, one selected from the group con 
sisting of methyl alcohol, ethyl alcohol, n-propyl alcohol, 
isopropyl alcohol, dioxane, gamma-butyrolactone, tetrahy 
drofuran, Water and mixtures thereof may be used as a 
solvent. Of these, isopropyl alcohol and Water are preferred 
With greater preference for the latter. In the solvent, the ester 
of carboxylic acid is maintained at a concentration of 1 to 
50% by Weight and preferably at a concentration of 10 to 
40% by Weight. 

[0023] As mentioned above, the hydrogenation according 
to the present invention is conducted With the aid of a 
catalyst. This has a noble metal as a catalytically effective 
ingredient. Examples of suitable noble metals include Ni, 
Pd, Pt, Rh, Ir, Ru, Os and mixtures thereof With preference 
to Ru. The catalytically active ingredient may be used in a 
bare form or in a combination With a support. In the latter 
case, the noble metal is impregnated on the support. Suitable 
as a support is an inorganic oxide selected from the group 
consisting of alumina, silica, silica-alumina, Zirconia, tita 
nia, Zeolite and molecular sieves. Of them, silica is most 
preferred. 
[0024] The support may be in any form, such as a spheri 
cal form, a cylindrical form, a granular form, etc. For 
mechanical properties, the support preferably has a spherical 
or a cylindrical form. 

[0025] In the catalyst, the noble metal is preferably con 
tained at an amount of 0.1 to 15% by Weight based on the 
catalyst, and more preferably at an amount of 0.5 to 10% by 
Weight. For instance, a catalyst containing less than 0.1% by 
Weight of the noble metal is poor in hydrogenation activity 
and selectivity. On the other hand, more than 15 % by Weight 
of the noble metal is economically unfavorable. 

[0026] For impregnating the noble metal into the support, 
there may be used various techniques, including incipient 
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wetness impregnation, excess Water impregnation, spraying, 
and physically mixing. After completion of the impregna 
tion, the composite is sintered for 2 hours or more in the air 
or an inert gas atmosphere. The sintering temperature is 
preferably maintained at 300 to 700° C. and more preferably 
at 300 to 550° C. For instance, When the sintering is carried 
out at less than 300° C. precursors of the metal impregnated 
are insuf?ciently decomposed. On the other hand, a sintering 
temperature higher than 700° C. loWers the dispersion 
degree of the metal impregnated, resulting in a catalyst With 
poor performance. 

[0027] In a ?xed bed reactor is ?lled the sintered catalyst. 
Before feeding the reactant to the reactor, the catalyst should 
be in a reduced state. To this end, the catalyst is maintained 
for at least 2 hours in a hydrogen atmosphere at 50 to 500° 
C. depending on the kind of the metal impregnated. 

[0028] In the presence of the catalyst system Which has a 
noble metal impregnated in a support, substituted carboxylic 
acid derivatives are hydrogenated to give optically pure 
(S)-beta-hydroxy-gamma-butyrolactone at a high yield. In 
accordance With the present invention, the employment of a 
?xed bed reactor in this hydrogenation alloWs the process to 
be conducted in a continuous manner, bringing about a great 
improvement in the production yield. In addition, the pro 
cess is economically favorable in that the used catalyst may 
be recovered easily. Furthermore, the product recovery 
folloWing the conversion is simple because there is no need 
to ?lter off the catalyst. 

[0029] By adopting a ?xed bed reaction system, the 
present invention shoWs a higher production yield per reac 
tive space time than do conventional processes, has an 
economical bene?t oWing to the repeated use of the catalyst, 
and is simple Without the need of ?ltering off the catalyst 
upon recovering the product. In the ?xed bed reaction 
system, no limitations are imposed as to the form of the 
reactor or the reactant feeding and ?oWing direction. In 
order for reactants to come in smooth contact With each 
other, a trickle-bed type reactor is preferably used in Which 
the reactants hydrocarbon and hydrogen are ?oWed doWn 
Ward together and dispersed uniformly throughout. 

[0030] Ef?uents from the reactor are passed to a solvent 
recovering unit in Which the solvent is at least partially 
separated from the product. For this purpose, any recovering 
unit, such as a distillation column or a ?ash vaporiZer, may 
be provided to the reactor system. Products or concentrates 
drained from the loWer portion of the recovering unit are 
transferred to a vacuum distillation unit. 

[0031] A better understanding of the present invention 
may be obtained in light of the folloWing examples Which 
are set forth to illustrate, but are not to be construed to limit 
the present invention. 

EXAMPLE 1 

Preparation of Catalyst 

[0032] In a 100 cc ?ask containing secondary distilled 
Water Was added 17.9 g of ruthenium chloride (RuCl3) to 
give a aqueous ruthenium solution. In a vessel for impreg 
nating metal, equipped With a speed-controllable motor, 100 
g of silica (cylindrical) Was added, after which the ruthe 
nium solution was poured While rotating the vessel. As a 
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result, the ruthenium solution Was uniformly dispersed 
over the silica. For 30 min, after completion of the pouring 
of the ruthenium solution, the vessel Was further rotated at 
the same speed. Subsequently, the resulting ruthenium 
supported catalyst Was sintered at 550° C. for 6 hours under 
the air atmosphere in a muffle furnace. The catalyst Was 
found to have a ruthenium content of 3.0% by Weight as 
measured by ?uorescent X-ray analysis. 

EXAMPLE 2 

Continuous Preparation of Dimethyl (S)-Malate 

[0033] In an automatic high-pressure reactor made of 
stainless steel 316 Was ?lled 25 g of a solid acid catalyst. 
After being purged With nitrogen, the inside of the reactor 
Was heated from room temperature to 84° C. and maintained 
at a pressure of 100 psig. L-malic acid Was dissolved in 8 
equivalents of methanol and the resulting solution Was fed at 
a WHSV of 4.0 h-1 into the reactor to produce the title 
compound at a yield of 90%: Conversion 99%. Selectivity 
99%. 

[0034] The effluent from the reactor Was distilled in 
vacuum to separate at a separation yield of 90% dimethyl 
(S)-malate Which Was 99.8% in purity and 99.9% in optical 
purity. The preparation could be effected in a batch type. In 
this case, the reaction period of time Was set to be 2 to 4 
hours. 

EXAMPLES 3 THROUGH 8 

Continuous Preparation of 
(S)-Beta-Hydroxy-Gamma-Butyrolactone 

[0035] In an automatic, stainless-steel 316, high pressure 
reactor (inner diameter 2.52 cm><length 60 cm) Was ?lled 50 
g of the catalyst prepared in Example 1. The catalyst Was 
converted to a reduced state by raising the temperature at a 
rate of 1° C. per min to 350° C. and maintained at this 
temperature for 6 hours in a hydrogen atmosphere. After 
being cooled, the inside of the reactor Was purged With 
nitrogen gas. While the inside of the reactor Was heated at a 
rate of 1° C. per min to 145° C. from room temperature, 
hydrogen Was fed at a rate of 100 sccm. The hydrogen Was 
added at an amount tWice as much as necessary for the 
reaction. The dimethyl (S)-malate prepared in Example 2 
Was dissolved in Water to give a 30 Wt % solution. This 
dimethyl (S)-malate solution Was fed under the conditions 
shoWn in Table 1, beloW. Reaction products Were taken 
every 9 hours and analyZed by gas chromatography using a 
?ame ioniZation detector (FID) (beta-DEX column 60 
cm><0.25 mm><0.25 pm). The results are given in Table 1, 
beloW. 

TABLE 1 

Exam. Temp. Press. WHSV Conversion Selectivity 
No (° C.) (psig) (hi1) (%) for S)—HGB* (%) 

3 125 2,483 0.5 90.5 75.5 
4 165 2,483 0.5 95.0 57.9 
5 145 2,190 0.5 88.5 82.7 
6 145 2,778 0.5 92.0 87.5 
7 125 2,483 0.2 90.2 86.3 
8 125 2,483 0.8 85.2 65.3 

*(S)-beta—hydroxy-y-butyrolactone 
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EXAMPLES 9 THROUGH 12 

Continuous Preparation of 
(S)-Beta-Hydroxy-Gamma-Butyrolactone 

[0036] While the solvent Was being changed as shoWn in 
Table 2, beloW, the hydrogenation of dimethyl (S)-malate 
Was conducted at 145° C. under a hydrogen partial pressure 
of 2,628 psig With the reactant being fed at a WHSV of 0.5 
h-1 in the same manner as in Example 3. Ameasurement Was 
made of the conversion and selectivity and the results are 
given in Table 2, beloW. 

TABLE 2 

Example Conversion. Selectivity 
No. Solvent (%) for (S)—HGB* (%) 

9 30% H2O 92.0 85.5 
10 20% H2O 94.0 72.0 
11 10% H2O 95.0 78.0 
12 10% i-PrOH 72.5 54.2 

* (S)—beta—hydroxy-y-butyrolactone 

EXAMPLE 13 

LoW-Pressure Hydrogenation and Product 
Recycling 

[0037] In the presence of the catalyst prepared in Example 
1, the hydrogenation process Was carried out in the same 
manner as in Example 6, except using a hydrogen partial 
pressure of as loW as 1,460 psig. Product effluents from the 
reactor Were recycled tWice more. During the recycling, no 
deactivation of the catalyst Was observed While an improve 
ment Was brought about in the conversion and selectivity. 
The results are given in Table 3, beloW. 

TABLE 3 

Rxn Cycle No. Conversion (%) Selectivity (%) 

1 75 65 
2 90 75 
3 95 85 

EXAMPLE 14 

Long-Term Continuous Reaction for 
(S)-Beta-Hydroxy-Gamma-Butyrolactone 

[0038] Using the catalyst prepared in Example 1, a long 
term continuous conversion reaction Was performed in a 
reactor similar to that described in Example 2. Even after 
500 hours of the reaction, no deactivation Was observed in 
the catalyst. The results are given in Table 4, beloW. 

TABLE 4 

Rxn Time h 

100 250 500 

Conversion (%) 92.5 92.4 91.4 
Selectivity (%) 74.3 78.8 77.7 
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EXAMPLE 15 

Separation of 
(S)-Beta-Hydroxy-Gamma-Butyrolactone 

[0039] Using 50 g of the catalysts prepared in Example 1, 
a hydrogen reaction Was conducted in a reactor similar to 
that described in Example 2. During hydrogenation, the 
hydrogen partial pressure Was maintained at 2,438 psig 
While there Were various changes to the reaction temperature 
and the WHSV. After 200 hours of the hydrogenation, 30 
liters of a solution containing (S)-beta-hydroxy-gamma 
butyrolactone With a selectivity of 75.2 Wt % Was obtained. 
This solution Was neutraliZed With an aqueous 10% NaHCO 
solution and deprived of the solvent, after Which the residue 
Was extracted three times With ethyl acetate to recover 
(S)-beta-hydroxy-gamma-butyrolactone. In 10 L glass reac 
tor equipped With a vacuum distillater, the extract Was 
distilled at 60° C. under 100 mbar to evaporate the solvent. 
In a thin ?lm evaporator, the concentrate Was further dis 
tilled at 100 to 120° C. under 0.6 to 1.7 torr to give 
(S)-beta-hydroxy-gamma-butyrolactone 99.0% in purity at a 
separation yield of 65%. 

[0040] As described hereinbefore, the present invention 
can produce optically pure (S)-beta-hydroxy-gamma-buty 
rolactone With higher purities at higher yields than can 
conventional techniques. In addition to being relatively 
simple and environmentally friendly, the present invention is 
so economically favorable as to apply to industrial produc 
tion. 

[0041] The present invention has been described in an 
illustrative manner, and it is to be understood that the 
terminology used is intended to be in the nature of descrip 
tion rather than of limitation. Many modi?cations and varia 
tions of the present invention are possible in light of the 
above teachings. Therefore, it is to be understood that Within 
the scope of the appended claims, the invention may be 
practiced otherWise than as speci?cally described. 

What is claimed is: 
1. A method for producing optically pure (S)-beta-hy 

droxy-gamma-butyrolactone from a substituted carboxylic 
acid derivative by hydrogenation, in Which a solution con 
taining 1 to 50% by Weight of the substituted carboxylic acid 
derivative is fed at a WHSV of 0.1 to 10 h_1, to a ?xed bed 
reactor Which is ?lled With a catalyst and maintained at a 
reaction temperature of 50 to 550° C. under a hydrogen 
partial pressure of 15 to 5,500 psig, said catalyst having a 
noble metal as a catalytically effective ingredient and an 
inorganic oxide as a support, said hydrogen being main 
tained at a molar ratio of 1:1 to 10:1 relative to the 
substituted carboxylic acid derivative. 

2. The method as set forth in claim 1, Wherein said noble 
metal is selected from the group consisting of palladium 
(Pd), platinum (Pt), rhodium (Rh), iridium (Ir), ruthenium 
(Ru), osmium (Os), and mixtures thereof. 

3. The method as set forth in claim 1, Wherein the noble 
metal is impregnated on the inorganic acid support at an 
amount of 0.1 to 15% by Weight based on the catalyst. 

4. The method as set forth in claim 1, Wherein said 
reaction temperature is maintained at 100 to 250° C. 

5. The method as set forth in claim 1, Wherein said 
hydrogen partial pressure is maintained at 1,200 to 3,000 
psig. 
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6. The method as set forth in claim 1, wherein the 
reactants are fed at a WHSV of 0.2 to 5.0 h_1. 

7. The method as set forth in claim 1, Wherein said 
solution contains the carboXylic acid derivative at an amount 
of 10 to 40% by Weight. 

8. The method as set forth in claim 1, Wherein said solvent 
is selected from the group consisting of methyl alcohol, 
ethyl alcohol, n-propyl alcohol, isopropyl alcohol, dioXane, 
gamma butyrolactone, tetrahydrofuran, Water and miXtures 
thereof. 

9. The method as set forth in claim 1, Wherein said 
inorganic oXide support is selected from the group consist 
ing of alumina, silica, silica-alumina, Zirconia, titania, Zeo 
lite and molecular sieves. 

10. The method as set forth in claim 1, Wherein said ?xed 
bed reactor is a trickle-bed reactor. 
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11. The method as set forth in claim 1, Wherein said 
substituted carboXylic acid derivative is prepared by reacting 
a carboXylic acid With an alcohol in the presence of a solid 
acid in a reactor Which is maintained at a reaction tempera 
ture of 50 to 150° C. under a reaction pressure of 1.0 to 300 
psig With a WHSV being controlled Within the range of 0.5 
to 10 h_1, said alcohol being selected from the group 
consisting of linear alcohols containing 1 to 10 carbon 
atoms, cyclic alcohols and aromatic alcohols and being used 
at an amount of 2.0 to 40 equivalents of said carboXylic acid. 

12. The method as set forth in claim 11, Wherein said solid 
acid is a sulfonate-substituted strong acidic resin. 

13. The method as set forth in claim 11, Wherein said 
carboXylic acid is optically pure malic acid or citramalic 
acid. 


