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Enzymatic Esterification of Glycerol I. Lipase-Catalyzed Synthesis 
of Regioisomerically Pure 1,3-sn-Diacylglycerols 
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Regioisomerically pure 1,3-sn~liacylglycerols are conve- 
niently prepared in high yields (>80%) and in large quan- 
tities by enzymatic esterification of glycerol in the presence 
of various 1,3-selective lipases (Chromobacterium visco. 
sum, Rhizopus delemar, Rhizomucor miehei) and a varie- 
ty of different acyl donors like free fatty acids, fatty acid 
alkyl esters and vinyl esters. All reactions are carried out 
in aprotic organic solvents of low water content, namely 
n-hexane, diethyl ether or tBuOMe. The creation of an ar- 
tificial interphase between the solvent-immiscible hydro- 
phiHc glycerol and the hydrophobic reaction media by the 
adsorption of glycerol onto a solid support prior to use was 
essential for the success of these transformations. The ef- 
fects of reaction conditions and the regioselectivities of the 
lipases on the product yields are described in detail. 

KEY WORDS: 1,3-sn-Diacylglycerols, direct esterification, irreversi- 
ble transesterification, lipase, regioselectivity, reversible transesterifica- 
tion, solid support, synthesis. 

Regioisomerically pure 1,3-sn-diacylglycerols are potential- 
ly attractive starting materials for numerous synthetic al> 
plications, such as the preparation of phospholipids, glyco- 
lipids and lipoproteins (1,2). They are useful as drug carriers 
and have been employed for the preparation of conjugates 
derived from various drugs, including anti-inflammatory 
compounds (3,4), raminobutyric acid (GABA) (5,6), chloram- 
bucil (7,8), levo-dihydroxy phenylalanine (I~DOPA) (9), bu- 
pranolol (10) and many others, to produce drugs with im- 
proved bioavailability and reduced side effects. They also 
have been reported to be potent activators of enzymes and 
may take part in a variety of biological processes (11,12). 
Their use as emulsifiers for the preparation of processed 
foods is well documented (13,14), although in these cases 
impure product mixtures are often employe(L 

The considerable pharmaceutical and synthetic potential 
of these molecules has not been exploited to any great ex- 
tent due to the inaccessibility of these molecules in syn- 
thetically useful quantities. Several chemical and biotech- 
nological methods for the synthesis of regioisomerically pure 
1,3-sn-diacylglycerols have been reported (15-21). Unfor~ 
tunately, however, all of these methods either involve multi- 
step reaction sequences and~r tedious isolation and purifica- 
tion steps to obtain the desired 1,3-sn-diacylglycerols in isc, 
merically pure form_ 

No facile and direct method for the preparation of the ti- 
tle compounds in synthetically useful quantities (>100 g) 
is presently available This also is reflected in the high prices 
of these compounck In the present paper we describe a sim- 
ple one-step procedure by which regioisomerically pure 1,3- 
sn-diacylglycerols can be obtained by direct esterification 
of glycerol with a variety of acyl donors in the presence of 
1,3-selective lipases. 

*To whom correspondence should be addressed at FB 9, Organische 
Chemie, Bergische Universitiit--GH--Wuppertal, Gau/3stra/3e 20, 
D-5600 Wuppertal 1, Germany. 

EXPERIMENTAL PROCEDURES 

All solvents were of technical grade and distilled before 
use Lipase from Rhizomucor miehei (Lipozyme) was a gift 
from Novo Industri S/A (Bagsvaard, Denmark); lipases 
from Rhizopus delemar and Pseudomonas sp. were gifts 
from Amano Pharmaceutical Co. (Nagoya, Japan); and 
lipase from Chromobacterium viscosum was purchased 
from Toyo Jozo Ca Ltd. (Shizuoka, Japan). Regioselectivi- 
ty of the lipases was determined as described previously 
(22). Other materials were purchased from Fluka Chemie 
AG (Buchs, Switzerland). 

Product composition and purity was checked by gas- 
liquid chromatography (GLC) of the corresponding tri- 
methylsilylethers (TMS-ethers) on a Carlo Erba (Milan, 
Italy) Fractovap 2150 series capillary gas chromatograph 
equipped with a 25 m × 15 mm SE-30-fs-column (Mach- 
erey-Nagel, Diiren~ Germany). Helium was used as the ca~ 
rier gas with a pressure of 0.6 bar; cold split injection (1:25) 
was used. The detector temperature was 350°C, and the 
following temperature program was used--200°C (1 min 
isothermal) to 350°C (3°C/min; 1 min isothermal). 

Adsorption of glycerol onto solid supports: typical pro- 
cedure. Equal amounts of water-free glycerol and the de- 
sired support were mechanically mixed until the glycerol 
liquid was completely adsorbed and a free-flowing "dry" 
powder was obtained. The preparations so obtained can 
be stored under anhydrous conditions for several months. 

Synthesis of solid 1,3-sn-diacylglycerols via irreversible 
acyl transfer: typical procedure. Glycerol (46 g, 0.5 mol) 
adsorbed onto 46 g of silica gel (70-230 mesh) was sus- 
pended in 1 L of tBuOMe. To the suspension was added 
226 g (1 mol) of vinyl laurate and 2.0 g of lipase from 
Rhizomucor miehei (Lipozyme). The mixture was stirred 
at room temperature for 24 h, and the reaction progress 
was monitored by thin-layer chromatography (TLC). After 
removal of the solid components (immobilized biocatalyst 
and silica gel) by filtration and evaporation of the solvent, 
a crude reaction mixture was obtained containing about 
85% of 1,3-sn-dilaurin (GLC). The solid mixture was 
recrystallized from dry methanol to yield 190 g (84%) 
regioisomerically pure (>99.5%) 1,3-sn-dilaurin as a white 
powder (m.lx 56.5 °C). The purity of the product was dete~ 
mined by 1H-nuclear magnetic resonance {NMR) spec- 
troscopy, TLC and GLC. 

Synthesis of liquid 1,3-sn-diacylglycerols via irreversi- 
ble acyl transfer: typical procedure. Glycerol (0.92 g, 10 
mmol) adsorbed onto 1 g of silica gel (70-230 mesh) was 
suspended in 20 mL of tBuOMe. Vinyl caprylate (3.4 g, 
20 mmol) and 50 mg of lipase fromRhizopus delemar were 
added to the suspension. The mixture was stirred at room 
temperature for 96 h, and the reaction progress was 
monitored by means of TLC. After removal of the solid 
components (immobilized biocatalyst and silica gel) by 
filtration and evaporation of the solvent, a crude reaction 
mixture was obtained which contained about 91% of 
1,3-sn-dicaprylin (GLC). The colorless liquid was dis- 
solved in a 1:1 mixture of hexane and diethyl ether and 
filtered over a short silica gel column (5 cm) to yield 3.2 
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g (83%) 1,3-sn-dicaprylin, a colorless liquid that contain- 
ed about 3% of the 1,2-isomer. This was further purified 
by column chromatography on silica gel with the same 
solvent mixture to yield 3.0 g (80%) of regioisomerically 
pure (>98%) 1,3-sn-dicaprylin, the purity of which was 
determined by 1H-NMR spectroscopy and GLC analysis. 

Synthesis of solid 1,3-sn-diacylglycerols via reversible 
acyl transfer or direct esterification: typical procedure. 
Glycerol (4.6 g, 0.05 mol) adsorbed onto 4.6 g silica gel 
(70-230 mesh) was suspended in 100 mL of tBuOM~ To 
the suspension was added 20 g (0.1 mol) or lauric acid 
[alternatively 22 g (0.1 mol) of methyl laurate], 2.0 g of 
lipase from Rhizomucor miehei (Lil~ozyme) and 5 g of 
molecular sieves (3A, alternatively 4A). The mixture was 
stirred at room temperature for 48 h, and the reaction pro- 
gress was monitored by TLC. After removal of the solid 
components (immobilized biocatalyst and silica gel) by 
filtration and evaporation of the solvent, a crude reaction 
mixture was obtained containing about 88% of 1,3-sn- 
dilaurin (GLC). The solid mixture was recrystaUized from 
dry methanol to yield 18.2 g (80%) regioisomerically pure 
(>99.5%) 1,3-sn-dilaurin as a white powder (m.p. 56°C). The 
purity of the product was determined by 1H-NMR spec- 
troscopy, TLC and GLC. 

Preparation of trimethylsilyl derivatives for GLC anal- 
ysis: typical procedure. The corresponding anhydrous 
glyceride (1 mg) and 0.2 mL of a mixture consisting of 
bis(trimethylsilyl)trifluoroacetamide (BSTFA) and 
trimethylchlorosilan (TMCS) in a ratio of 10:1 were 
mixed and heated at 70°C for three hours. This mixture 
(0.2 ~L) was analyzed by GLC. When samples from liquid 
reaction mixtures were analyzed, the solvent was evap- 
orated under a stream of dry nitrogen prior to their 
conversion. 

RESULTS AND DISCUSSION 

In view of the high regioselectivities displayed by many 
lipases for the 1,3-positions of glycerides, and based on 
our own previous experience (23), the enzyme-catalyzed 
esterification of glycerol itself seemed to provide a highly 
attractive route to regioisomerically pure 1,3-sn-diacyl- 
glycerols. 

Unfortunately, glycerol is immiscible with hydrophobic 
organic solvents, and all attempts for its enzymatic 
esterification in these media have proven to be unsuc- 
cessful (24). We have found that this problem can be over- 

come easily by adsorbing glycerol onto a solid support. 
Presumably this process creates an artificial liquid-llquid 
interphase generally assumed to be involved in lipase- 
catalyzed transformations of glycerides, ag., natural fats 
and oils. The reaction scheme is outlined in Figure 1. 

In typical experiments, glycerol and the corresponding 
solid support (ag., silica gel) were first mixed mechanically 
until free flowing "dry" powders were obtained, which 
could be used for the following enzymatic esterifications. 
These were carried out in nearly anhydrous organic sol- 
vents (preferably tBuOMe) with a variety of acyl donors 
(free fatty acids, fatty acid methyl esters and fatty acid 
vinyl esters} in the presence of different lipases. For this, 
the glycerol preparations were suspended in tBuOM~ and 
the acyl donor and the biocatalyst were added. The mix- 
tures were then stirred at room temperature while the 
esterification reactions were monitored by TLC. After 
completion of the esterification, both the enzyme and the 
solid support were removed simultaneously by simple 
filtration, and the esterification products remained in solu- 
tion. After evaporation of the solvent, crude reaction pro- 
ducts were obtained that already contained high propor- 
tions of the desired 1,3-isomers (85-90%}, together with 
small quantities of monoacylglycerols (3-8%) and the 1,2- 
isomer (2-7%) (Table D. 

The purity of all 1,3-sn-diacylglycerols was determined 
by means of 1H- and 13C-NMR spectroscopy (25), and 
alternatively by TLC (26) and GLC (27). Because solid 
1,3-sn-diacylglycerols can be recrystalllzed without detec- 
table acyl group migrations, these materials easily can be 
obtained as isomericaUy pure (>99%) compounds and in 
practically unlimited quantities (Table 1). Liquid 1,3-sn- 
diacylglycerols are more difficult to purify. Distillation 
under reduced pressure leads to a 60:40 mixture of 1,2(2,3)- 
and 1,3-sn-diacylglycerols (28}. Although purification of 
these compounds can be achieved by conventional column 
chromatography, synthetically useful quantities of pro- 
ducts are difficult to prepare this way. For a rapid and con- 
venient purification of multigram quantities, the crude 
reaction products are simply dissolved in a 1:1 mixture 
of n-hexane and diethyl ether, followed by "filtration" of 
the solution through a short column of silica gel. By this 
method, all monoacylglycerols are substantially removed, 
and the desired 1,3-sn-diacylglycerols are obtained with 
only traces of 1,2-diacylglycerols (Table 1). 

Both  the yield and isomeric puri t ies  of the 
diacyIglycerols depend on several factors, such as nature 
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FIG. 1. Suitable pathway for the esterification of glycerol in organic nonpolar solvents. 
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TABLE 1 

Synthesis of Regioisomeriealiy Pure 1,3-sn-Diacylglycerols 
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Composition of crude 
Time Conv. b reaction mixture (%)C Yieldd Purity e 

Product Enzyme a Acyl donor {h) (%) 1,3-DAG 1,2-DAG MG {%) I%) 

1,3-sn-Divalerin A Valeric acid 96 95 85 2 8 74 98.~/ 
1,3-sn-Dicaprylin A Vinyl caprylate 96 >98 91 2 6 80 9 8 /  
1,3-sn-Dicaprin B Vinyl caprinate 24 >98 90 5 4 84 >99.5g 
1,3-sn-Dilaurin B Vinyl laurate 24 >98 93 4 3 85 >99.5. g. 
1,3-sn-Dimyristin B Vinyl myristate 24 >98 91 5 4 82 >99.5 b 
1,3-sn-Dipentadecanoin B Pentadecanoic acid 48 95 88 4 3 79 >99.5g 
1,3-sn-Dipalmitin B Vinyl palmitate 24 >98 93 4 3 80 >99.5 g 
1,3-sn-Distearin B Vinyl stearate 24 >98 88 4 7 81 >99~5g 
1,3-sn-Diolein C Oleic acid {>99%) 120 95 82 4 9 70 98/ 

aEnzyme A, lipase from Rhizopus de/emar; B, lipase from Rhizomucor miehei; and C, lipase from Chromobacterium viscosum. 
bBased on acyl donor {thin-layer chromatography). 

by gas-liquid chromatography (GLC). 
olated yield, after purification. 

Determined by GLC. 
Liquid, after column chromatography over boric acid-impregnated silica gel, eluent diethyl ether/n-hexane il:l). 
gSolid, after recrystallization from dry methanol. 

, , . . + 2  + 2 R-  CO2CH--CH 2 
No oN t - BuOMc scaz o~n oH 

+ 2 R- CO2CH=CH 2 = + 
Ho OH t - B u O M e  ~ o2cR R 

1,3-sn-isomer 1,2(2,3)-rac-isomer 

li} 

[2] 

ol the solid support, ratio of glycerol and solid support, 
regioselectivity of the lipases, nature of the acyl donor, 
and reusability of support and biocatalyst. These factors 
had to be studied in detail to develop an optimized syn- 
thetic procedur~ 
Nature of the solid support. As outlined above the suc- 

cessful enzymatic esterification of glycerol depends on its 
adsorption onto a solid support prior to the enzymatic 
transformatiorL After the initial discovery of this basic 
principle numerous substances were tested for their suit~ 
ability as carriers for glycerol The synthesis of 1,3-sn- 
dilaurin from glycerol and vinyl laurate by irreversible acyl 
transfer was chosen as a model reaction (Eq. [1]). The dif- 
ferent supports {Table 2) were combined with equal 
amounts of glycerol and mixed mechanically until free 
flowing powders were obtained. The solids thus obtained 
were suspended in tBuOMe after which vinyl laurate and 
the biocatalyst were added. The reaction mixtures were 
stirred at room temperatur~ For comparison and as a con- 
trol reaction, the enzymatic esterification of glycerol was 
studied under exactly the same conditions, but without 
the solid support. 

From Table 2, it is evident that all of the solid supports 
employed are clearly accelerating the esterification reac- 
tions, although there are considerable quantitative dif- 
ferences. In general, the highest rates were observed with 
inorganic supports. Silica gel {230-400 mesh), florisil and 
porous glass beads gave the best results. In contrast, the 
control reaction--without the employment of a solid sup- 
port--remained biphasic, and only 5% conversion of acyl 

TABLE 2 

Esterification o f  G l y c e r o l :  D e p e n d e n c e  o n  the Nature 
of the Solid Support 

Rel. reaction Complete conversion 
Solid support rate a after (days) 
Silica gel, 230-400 mesh 1 1 
Florisil 0.99 1 
Porous glass beads (345 ~) 0.99 1 
Silica gel, 70-230 mesh 0.98 2 
Act. charcoal 0.97 2 
Celite 535 0.94 2 
Chromosorb WAW 0.85 3 
Volaspher 0.85 3 
Alumlnium oxide (neutral) 0.82 4 
Triacetyl cellulose 0.32 70% after 7 days 
Starch 0.17 50% after 7 days 
No support <0.01 5% after 7 days 

aDetermination v/a initial conversion rate, obtained by gas-liquid 
chromatography. 

donor was observed, even after an extended reaction time 
of up to seven days. 
Ratio of glycerol and solid support. As demonstrated 

abov~ practically no reaction is observed if the enzymatic 
esterification of glycerol is attempted without prior ad- 
sorption onto a solid support. Clearly, to develop an op- 
timized procedure for the preparation of glycerides, the 
dependence of reaction rates and product yields on the 
ratio ol solid support and glycerol had to be studied. As 
a model reaction we chose the synthesis of 1,3-sn-dilaurin 
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FIG. 2. Lipase-catalTzed este_~icafion of glycerol: dependence of reac- 
tion rate on the ratio between glycerol and solid support (silica gel). 

from glycerol and vinyl laurate (Eq. [1]) once again. 
Because of the excellent results obtained with silica gel 
as solid support, this material was chosen for this de- 
pendence study. 

It  is clear from Figure 2 that reaction can already be 
observed, even with a ratio of support/glycerol as low as 
1:10. The observed rates, however, are still too slow to be 
practical. Furthermore, no complete conversions can be 
achieved, even after prolonged reaction times. The ob- 
served rates of transformation seem to be somewhat pro- 
portional to the amount of support employed. Optimal 
results were achieved with a 1:1 ratio of glycerol and silica 
gel, which produced a nearly quantitative conversion 
within 24 h. 

Regioselectivity of lipases. Two classes of mono-acid 
diacylglycerols are possible--achiral 1,3-sn- and racemic 
1,2(2,3)-diacylglycerols. The lipase-catalyzed esterification 
of glycerol under the conditions described above general- 
ly leads to a mixture of the two regioisomers (Eq. [2]). 
The biocatalysts employed (lipases) are usually classified 
into two groups according to their positional specificity 
observed in enzymatic transformations of glycerides. They 
are distinguished as 1,3-specific and unspecific ("random") 
lipases (29). Recent results have shown, however, that such 
a distinct classification is incorrect. In fact, lipases display 
a broad spectrum of regioselectivities ranging from vir- 
tually 1,3-specific to entirely unspecific (22,30). 

Consequently, the observed ratios between the two 
regioisomers obtained in the above esterification will be 
directly dependent on the regioselectivity of the lipase 
employed. To develop an optimized synthetic procedure, 
detailed knowledge of the regioselectivity displayed by dif- 
ferent lipases is therefore of considerable importance. The 
regioselectivities of lipases, determined in protic or bi- 
phasic aqueous reaction media, are inherently unreliable 
due to uncontrollable acyl group migrations (17). We 
found, however, that these acyl group migrations do not 
occur if glycerides are synthesized in aproti~ organic 
media like those employed in the synthetic reactions de- 
scribed above. This observation provided the basis for a 
recent study in which we were able to develop a method 
for determination of the regioselectivities displayed by 

lipases during transformations of glycerides in organic 
media (22). We defined a value for the regioisomeric ex- 
cess of a given lipase as: 

RE = % re. = % (1,3-isomer) - % (1,2-isomer) [3] 

which was termed the RE-value of the investigated lipas~ 
Clearly, a high RE-value indicates a 1,3-specific lipase, 
whereas lower values indicate an increasing loss of 
1,3-regioselectivity. The RE-value is quite useful for the 
comparison of different lipases regarding their ability to 
synthesize regioisomerically pure 1,3-sn-diacylglycerols; 
so we used this RE-value as a basis for choice of bio- 
catalyst for an optimized synthetic procedure The results 
are shown in Table 3. 

The lipase from Pseudomonas sp. is nonselective, where- 
as the lipases from Rhizomucor miehei, Chromobacterium 
viscosum and Rhizopus delemar show good to excellent 
selectivity toward the primary hydroxyl functions in 
glycerol. With this information on hand, the amount of 
produced 1,3-diacylglycerol in a given reaction mixture can 
be predicted with rather high accuracy. 

The calculated yields of 1,3-sn-dilaurin obtained in the 
model reaction (Eq. [1]) in the presence of four different 
lipases are in good agreement with the experimental data  
Regarding the regioselectivity, the best results are ob- 
tained with the lipase from Rhizopus delemar, which pro- 
duces almost exclusively 1,3-sn-dilaurin. Unfortunately, 
however, the relative specific activity of this enzyme is 
rather low compared to the lipase from Pseudomonas sp., 
which has a much lower regioselectivity. For a practical 
synthesis of 1,3-sn-diacylglycerols on a synthetically 
useful scale, a reasonable compromise between these two 
factors--specific activity and regioselectivity--must be 
found. For laboratory-scale preparations, the lipase from 
Rhizornucor rniehei proved to be the best choice due to 
the relatively high specific activity and a satisfactory 
regioselectivity. 

Nature of the acyl donor. The synthesis of numerous 
1,3-sn-diacylglycerols was performed with different acyl 
donors, including free fatty acids, fatty acid methyl esters 
and fatty acid vinyl esters. The results, summarized in 
Table 4 and exemplified in Figure 3, clearly show that the 
highest reaction rates and product yields are achieved 
when vinyl esters are used as acyl donors. Due to the ir- 
reversibility of these esterification reactions (Eq. [1]), and 
in contrast to direct esterification (Eq. [4]) or reversible 
acyl transfer reactions {Eq. [5]), no problems are en- 
countered regarding the complete conversion of the acyl 
donor. 

If readily available methyl esters of fatty acids are em- 
ployed as acyl donors under the conditions of reversi- 
ble acyl transfer {Eq. [5]), equilibria are created that 
proved difficult to shift into the direction of the desired 
1,3-sn-diacylglycerols. Even if a large excess of the acyl 
donor is employed and molecular sieves (4~) are used to 
remove the produced MeOH, lower reaction rates and pro- 
duct yields are observed compared to other acyl donors 
{Fig. 3). In contrast, the direct esterification of glycerol 
with free fatty acids as acyl donors (E( I. [4]) proved to be 
quite successful. With the addition of 3A molecular sieves, 
it was possible to remove the product water with high ef- 
ficiency, allowing a nearly quantitative conversion of the 
fatty acid employed. Excellent yields of the desired pro- 
ducts were achieved in this manner. 
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TABLE 3 

Esterification of Glycerol: Predicted and Observed Products 
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Rel. DG 
activity b Time Conv. c content d 

Enzyme RE-value a (h) (h) (%} {%) 

1,3-Isomer (%) 

Predicted e Found 

1,2-Isomer (%) 

Predicted e Found 

Rhizopus delemar 97.4 0.23 96 95 90 
Rhizomucor miehei 83.7 0.87 24 >98 97 
Chromobacterium viscosum 92.6 0.65 48 >98 93 
Pseudomonas fluorescens 16.8 1 24 >98 97 

98.7 97.7 1.3 2.3 
92.0 93.9 8.0 6.1 
96.3 94.1 3.7 5.9 
58.4 63.3 41.6 36.7 

aSee ref. 22. 
bDetermination via initial conversion rate, gas-liqnid chromatography (GLC). 
Conversion (thin-layer chromatography). 
Content (GLC). 

ecalculated from Eq. [3]. 

TABLE 4 

Esterifieation of Glycerol: Dependence on the Nature of the Acyl Donor 

Rel. Time Conv. b 
Product Acyl donor activity a {h) (%) 

Yield c 
(%) 

Purity d 
(%) 

1,3-sn-dilaurin Vinyl laurate 1 24 >98 
dto. Lauric acid 0.75 48 95 
dto. Methyl laurate 0.32 96 90 
1,3-sn-dipalmitin Vinyl palmitate 0.97 24 >98 
dto. Palmitic acid 0.83 48 93 
dto. Methyl palmitate 0.25 96 88 
1,3-sn-distearin Vinyl stearate 0.99 24 >98 
dto. Stearic acid 0.79 48 >90 
dto. Methyl stearate 0.27 96 90 

85 
79 
71 
80 
77 
69 
81 
76 
68 

>99.5 
>99.5 
>99.5 
>99.5 
>99.5 
>99.5 
>99.5 
>99.5 
>99.5 

~ Determination via the initial conversion rate (gas-liquid chromatography, GLC). 
Conversion of acyl donor (thin-layer chromatography). 

yield after recrystR1Hzation from dry methanol. 
ty (GLC). 

% conversion 
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FIG. 3. Lipase~atalyzed esterification of glycerol: dependence of reac- 
tion rate on the nature of the acyl  donor. 

Reusability of support and biocatalyst. Important for 
the application of the described method on a larger scale 
is, of course, the reusability of both the solid support and 
the employed biocatalyst. With the immobililzed lipase 
from Rhizomucor rniehei (Liopzyme) and silica gel as a 
solid support, this problem was studied by using the 
esterification of glycerol with vinyl laurate as a model reac- 
tion. After complete conversion of the reactants, both the 
enzyme {immobilized on Duolite) and the solid support 
were removed from the reaction mixture by filtration. The 
isolated mixture of solids was dried in vacuo and reused 
as a support for glycerol, without adding any additional 
enzyme The glycerol preparation thus obtained was again 
esterified with vinyl laurate under otherwise identical con 
ditions. As shown in Figure 4, the recovered mixture of 
immobilized enzyme and solid support can be reused 
several times without any dramatic loss of activity. Even 
after five consecutive applications, 60% of the original 
catalytic activity remains. Of course, further optimization 
would still be required for a technical application of the 
process. 

os 2 1,3-selective~ lipase 
( ~  + R-CO2H I I 

He OH t -  BuOMe Roe2 O2CR 

oH 1,3-selective~ lipase o ~  
( ~  + 2 R-CO2Me :_ I ! 

Ho OH t -  BuOMe scoz o2cR 

+ 2 H20 ~ , -  molecular sieves 3/1L [4] 

+ 2 MeOH ~ molecular sieves 4./~ [5] 
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FIG. 4. Lipase-catalyzed synthesis of 1,3-sn-dilaurin: reusability of 
biocatalyst (lipase from Rhizomucor miehei, immobilized on anion 
exchange resin Duolite, Lipozyme). 

The  above procedure  for the  syn thes i s  of regioiso- 
merically pure 1,3-sn-diacylglycerols provides ready access 
to  these  in te res t ing  c o m p o u n d s  on a syn the t i ca l ly  useful  
scal~ Good  to  excellent yields were obta ined  in the  t rans-  
formations,  which are largely dependent  on the  regioselec- 
t iv i ty  of the  employed  b ioca ta lys t  and  on the  na tu re  of 
the  acyl donor. 

Because  b o t h  the  ca t a ly s t  and  the  solid suppo r t  can be 
reused several times, the  scale-up of the  described method  
into an indus t r ia l  process  is g rea t ly  facili tated. The  
availability of regioisomerically pure 1,3-sn~fmcylglycerols 
now allows a t h o r o u g h  s t u d y  of their  po ten t ia l  for 
n u m e r o u s  technical ,  p h a r m a c e u t i c a l  and  s y n t h e t i c  
applicat ions.  
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