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ACID-CATALYZED INTRA- AND INTERMOLECULAR ACYL
EXCHANGE IN MONO- AND DIGLYCERIDES

S. V. Isail A. A. Usol'tsev? and E. N. Stibd UDC 547.426

Acid-catalyzed transformation of 1-monolauroylglycerine (1-MLG) was investigated. It has been
demonstrated that 1-MLG disproportionates rdgdand quickly into a mixture of 1,2- and 1,3-
diacylglycerines and glycerine. The transformation of 1,3-diglycerides into 1,2-diglycerides was studied.
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The fact that the 1,2- and 1,3-diglyceride (DG) content in various specimens is used in medicine and biology and the
food industry as an indicator characteristic of certain processes makes them interesting. For example, 1,2-DG is known to
accumulate during the early stages of cardiac ischemia [1]. The 1,2-DG content changes during diabetes [2, 3]. Diglycerides
are an integral part of anticancer pharmaceuticals [4]. 1,2-DG is used as a tracer to investigate circadian rhythmegii®]. The
of 1,2- to 1,3-DG is an indicator characteristic of the quality of olive oil [6, 7].

DG, like monoglycerides, are difficult to analyze quantitatively primarily because of their ability to isomerize.
Migration of the acyl moieties in mono- and diglycerides also causes problems with the synthesis of these compounds.

We studied the transformation under acidic conditions of mono- and diacylglycerines with saturated aliphatic acyl
moieties.

The migration of acyl moieties in mono- and diglycerides under various conditions (in solution and the solid state, at
room and elevated temperatures, with saturated and unsaturated acyl chains, with aliphatic chains of different length) has beer
well studied [8-12]. Thus, migration of the acyl moiety in 1,2-dipalmitoylglycerine at various temperatures and times has been
investigated [10]. The uncatalyzed intramolecular transfer of an acyl moiety has been reported [13]. Also, a varietyf metho
has been used to monitor the isomerization. GC is mentioned more than the others. However, various analysis conditions,
phases, and derivatives were used. For example, separation of isomeric mono- and diglycerides as the acetate and trimethyilsily
derivatives with saturated and unsaturated aliphatic chains over cyanosiloxane (Silar 10C) gave positive results fosthe isomer
with unsaturated chains whereas the separation of isomers with saturated chains gave partially overlapping peaks [14]. The
HPLC separation of mono- and diglyceride isomers as the 3,5-dinitrophenylurethane derivatives has been reported [15]. A
separation method for mono- and diglyceride isomers that uses supercritical extraction has also appeared [16].

The interconversion of 2- and 1-monoacylglycerines was studied by PMR and differential scanning calorimetry [17].

We propose using intra- and intermolecular exchange of acyl moieties in glycerides to prepare different diglycerides.
The course of the interconversions and the reaction products were monitored by GC using the silyl derivatives. It had been fou
that silylation of the 1,2- and 1,3-diglycerides inhibits the isomerization and disproportionation to form tri- and modeglyceri
These results agree with those in the literature [8, 18].
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TABLE 1. Glyceride Content in the Reaction Mixture Resulting from Transformation of 1-MLG into 2-MLG and the
Diglyceride Isomer Mixture in Petroleum Ether under Acid-Catalysis Conditions

Reaction time, Reaction component content (M X"EDO "

min 1-MLG 2-MLG 1,2-DLG 1,3-DLG Gro** «

0 36.4 0.1 - - -

10 33.6 1.9 0.2 0.3 0.4 N.d.
20 28.4 2.2 1.1 2.5 2.2 N.d.
30 16.6 2.2 3.0 7.6 4.0 2.9
40 11.0 2.0 2.7 11.3 9.4 8.3
50 14.1 2.5 7.1 4.8 7.9 4.2
60 12.9 2.7 2.8 9.7 8.3 5.1
120 11.9 4.1 3.9 8.4 8.1 N.d.
180 10.6 4.5 4.1 8.7 8.5 5.6

*Reaction component content in micromoles.

**Glycerine was determined from the difference between the initial 1-MLG content in the reaction and the total glycerides
formed during the reaction.

***Equilibrium constant (see the text).

N.d. = not determined.
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Transformation of 1-Monolauroylglycerine. Table 1 lists quantitative data for the transformation kinetics of
1-monolauroylglycerine (1-MLG) into 2-monolauroylglycerine (2-MLG) and into a mixture of isomers of diglycerides, 1,2- and
1,3-dilauroylglycerine (DLG) under acid-catalysis conditions. The kinetic results are expressed in moles. This makks it possi
to follow the consumption of 1-MLG and the formation of other products during the reaction. The transformation of 1-MLG
catalyzed by TsOH poeeds with a gradual decrease of the 1-MLG conagaitrduring the first 30-40 min. The concentrations
of all reaction products, including an increase in the concentration of starting 1-MLG, change during the next 20 min. This
can be explained by the simultaneous occurrence of competing reactions (Scheme 1). Then the reactiareadaiwigiro
a decrease of the 1-MLG concentration and an increase of the concentrations of all products formed (Table 1).

We calculated the equilibrium constant for the transformation of 1-MLG at certain times using the results from GC
analysis of the reaction products and the formula:

K = [DLG, ,] [DLG, 3]/ [1-MLG]?
Based on the GC data (Table 1), we propose the reaction pathway shown in Scheme 1. The GC results detected the

formation of 2-MLG, from which 1,2-DLG then forms.
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Fig. 1. Transformation of pure 1,3-di-
myristoylglycerine in boiling anhydrous benzene and
TFA. Initial 1,3DMG, Gy = 19.5 x 1 M (1),
concentration of 1,BMG formed (2).

It should be noted that only peaks for the mono- and diglycerides are detected in the chromatograms. According to
Scheme 1, glycerine forms in addition to mono- and diglyerides. The glycerine is insoluble in the reaction medium, petroleum
ether, and settles to the bottom of the reaction vessel. Itis not incorporated into the analytical aliquot. Its cdatEntvgkab
determined by the difference between the amount of 1-MLG added to the reaction and the total products formed.

Transformation of 1,3-Dimyristoylglycerine (1,3-DMG). Figure 1 shows the kinetics of 1,3-dimyristoylglycerine
transformation (1) using anhydrous benzene and TFA and the formation of 1,2-dimyristoylglycerine (2) under these same
conditions. The concentration of the 1,2-diglyceride increases rapidly during the first 30 min (up to 80% ofthe starti
1,3-DMG added to the reaction). The system reachdiegm after 5-6 h, (1,2):(1,3) = 77:23. The transformation of
1,3-DMG into 1,2-DMG follows Scheme 1c. The @dpium constants were calculated using the formula:

K = [DMG, ,J/[DMG , 5]
K(1.5h) = K4 h)=5.6
K(3 h) = K(6 h) = 3.2

According to the literature [19], the 1,3- and 1,2-DG are in equilibrium in solution (Scheme 1c). Therefore, it seemed
interesting to determine the migration pathways using the formation &fM@@- The following hypotheses were tested in
carrying out the transformation of 1LBMG. TFA is known to react autatalytically with alcohols to form trifluoroacetates
[20]. Itis also known that TFA does not catalyze the hydrolysis of its own esters. Therefore, it seemed prudent toeattempt t
transformation of 1,3-DG into 1,2-DG using an excess of TFA in order to shift the equilibrium. It should be considered that
two different competing esterifications occur upon reaction of DG and TFA. These are intra- and intermolecular.
Intramolecular esterification is the shift of an acyl moiety of DG from the 3-position to the 2-position. Intermolecular
esterification is trifluoroacetylation. The primary alcohol is more reactive than the secondary. Therefore, it is terified
and the reaction shifts to the side of the 3-trifluoroacetate of 1,2-DG.

We also attempted to isomerize 1,3-DG in an excess of TFA. The reactieegsaonuch less, K =@0.9. The yield
of the 1,2-isomer is less than 58%. GC analysis was performed by the method deboribed a

Thus, the study of the transformations of 1-MLG andOMG gives hope that theyiliiind applications in analysis
and synthesis of glycerides.
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EXPERIMENTAL

Pure 1-monolauroylglycerine (mp 61629 and chromatograptatly pure 1,2DMG and 1,3-DMG (mp 5Z and
64°C, respectively) were synthesized in the Department of Bioorganic Chemistry of FESU using the method of Lok et al. [21].
They were freshly distilled and free of impurities and water.

GC analysis was performed on a GC-9A chromatograph (Shimadzu, Japan) with parallel capillary quartz columns (25-
30 m x 0.25 mm, OV-101 Am thick, thermostat temperature 285 vaporizer 308C, carrier gas He, fiL samples). All
analyses were repeated in duplicate. A flame-ionization detector was used.

Acetate and silyl derivatives were investigated for GC monitoring of the interconversion of the reaction products.
The acetate derivative of 1IIIMG (retentiontime T = 34.3 min) appears in the chromatograms earlier than 1,3-DMG
(t = 35.7 min).

Silyl derivatives of the isomeridMG are separated well under these ¢bois: 1; , = 30.3 min;Ty 3= 32.5 min.

1,3-DMG has atir; value much greater than that of 1,2-DMG on Tléigs [22]. TLC was performed &5K slica
gel using petroleum ether (40°00):EL,O:AcOH (80:20:1) (1), heptane:isopropyl ether:AcOH (60:40:4) (2), and
hexane:EO:AcOH (80:20:1) (3). The developer wag3®, in MeOH and heat [22].

Synthesis of Trimethylsilyl Derivatives. Method 1. A solution of DG or mixed DG in hexane (L) was treated
with bis(trimethylsilyDtrifluoroacetamide (BSTFA) (40L). The tube was tightly sealed, stored for 30 min aC5@&nd
analyzed without further workup.

Method 2. A solution of glyceride (1 mg) in anhydrous pyridine (l00was treated with BSTFA (0.3 mL), stored
at room temperature for 1-2 h, and evaporated to dryness. The solid was dissolved in hexaney[L0D-2@Dops). This
method was more convenient because it requires evaporation of pyridine, which interferes with the chromatography.

Synthesis of Acetate Derivatives.Method 1. A solution of glyceride (1 mg) in anhydrous pyridine (200 mL) was
treated with AgO (200pL) and thoroughly mixed. The tube was tightly closed and left in a desiccator overnight. The volatile
components were distilled to dryness under Ar or in vacuum. The solid was dissolved in hexane (10Q0-200

Method 2. A solution of glyceride (20-50 mg) in CH@1 mL) was treated with A© (0.5 mL), shaken for 30 s,
treated with conc. HCI®(0.1 mL), shaken an additional 10 s, cooled t6O;%nd extracted with cold CHEMeOH:H,0O
(1.5:2.1:2 by vol). The lower phase was removed. The upper phase was extracted again witleCHCH,O (2.5:2.3:2).
The organic extracts were combined and evaporated with benzene:MeOH (3:2) as an azeotrope. The solid was dissolved in
hexane (200-40QL). The retention times of the acetates were 5-10 min.

Transformation of 1-MLG. A solution of 1-MLG (20 mg) in petroleum ether (20 mL) (36.4 ¥ M) was treated
with p-toluenesulfonic acid (1-2 mg) and boiled on a water bath. Samples)i@re collected 10, 20, 30, 40, 50, 60, 120,
and 180 min after the start of the reaction, placed in small glass tubes with tight-fitting stoppers, and immediatelittireated w
BSTFA (10uL). The samples were analyzed by GC after 30 min.

Transformation of 1,3-DMG. A mixture (10 mg, 19.5 x 19M) of chromatographically pure 13MG, anhydrous
CeHg (0.5 mL), and anhydrous TFA (1 mL) was boiled on a water bath for 6 h. Samplgs (@€re collected 0.5, 1, 1.5, 2,
2.5, 3, 4, 5, and 6 h after the start of the reaction. The volatile components were removed. The solid was dissolved in hexan
(5 uL) and treated with a MeOH:pyridine mixture (6:144) to remove the TFA groups. Samples were evaporated to dryness
after 5-10 min. The solid was dissolved in hexang.{fand treated with BSTFA (10L). GC analysis was performed after
30 min.
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