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Abstract A complete methodology (including synthesis,
purification and analysis) for the preparation of 1,3-DAG is
described. For a successful synthesis project, the strengths
and weaknesses of each particular process should be taken
into account and measures taken to offset or balance
potential weaknesses. To this end, we describe some of the
challenges associated with: chemically and enzymatically
catalyzed acylglycerol syntheses; recrystallization and
flash chromatography for purification of partial acylglyce-
rols; and thin-layer chromatography (TLC) separation of
DAG. For this work, 1-MAG intermediates and subsequent
diacid 1,3-DAG were prepared using non-enzymatic
methods, whereas, monoacid 1,3-DAG were prepared by
enzymatic methods. It was not always possible to obtain
pure samples of target compounds—in recrystallizations
this is due to solid solution formation and co-crystallization
and in chromatographic separations it is due to co-elution
of components with similar Ry. Furthermore, TLC R¢ of
DAG is determined by two main factors: acyl chain length
and positional isomerism. Interestingly, while the role of
positional isomerism is well-known, the role of acyl chain
length in these separations has only recently come to light.
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Introduction

A great deal of information can be garnered from the study of
natural systems, which are by and large complex and multi-
component. However, at some stage all scientific inquiry
requires the examination of simpler systems without the
interference of extraneous material or variables. Examples
from fats and oils include: the investigation of lipase selec-
tivity and specificity [1]; investigations of chemical, ther-
modynamic and analytical parameters for pure TAG [2]; and
food product development. Simple monoacid acylglycerols
of high purity are now available for purchase and it may be
convenient to use them in model systems. However, these
compounds are often poor substitutes for the components in
the natural system and, consequently, provide models that
are not truly representative. When this is the case, molecules
that are more reflective of the system’s true chemistry should
be prepared.

The chemical reactions used to prepare acylglycerols
perform two basic functions, they either form covalent bonds
between a FA and glycerol (i.e., esterification or acylation) or
they block esterification at one or more sites to create or
maintain positional specificity (i.e. protection and depro-
tection). Reactants in acylation reactions are an acyl donor
(e.g., FA, acid chloride, acid anhydride) and glycerol or a
glycerol derivative. Protected derivatives of glycerol
include: isopropylidene-glycerol (solketal), which leaves a
terminal hydroxyl available; benzylidene-glycerol, which
leaves the middle hydroxyl available; and trityl-glycerol,
which can block one or more hydroxyl group in any position.
There are many excellent reviews of these chemically cata-
lyzed acylation reactions and related approaches [3-7].

Enzymatic synthesis is attractive because regioselective
lipases combine esterification and positional specificity in
one synthetic step. Enzymatic esterification also requires
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less vigorous conditions, making it a more appropriate
choice for syntheses with PUFA. Several good reviews of
enzymatic approaches to acylglycerol synthesis are avail-
able [8, 9].

While it is often given the highest profile, the synthetic
method is only one of the critical components in a suc-
cessful synthetic program. To quote Robert Jensen:
“Synthesis is an art because, while it is not a problem to
follow directions and mix reactants, recovery of the
desired glyceride can be extremely difficult” [1]. In
addition to the synthetic approach, equal consideration
and resources should be afforded the subsequent purifi-
cation and analysis of product. In this article, we relate
our experiences and observations in the preparation of a
series of 1,3-DAG. It was difficult to obtain all of the
synthetic 1,3-DAG at sufficient purity for further appli-
cations. In light of this, we sought to understand the
mechanisms by which the purity of these compounds was
impaired. More importantly, we also sought to understand
the means by which their purity in subsequent iterations
may be improved.

Materials and Methods

Note: In the following sections references in angular
brackets (i.e., (1)) indicate the chemical species and reac-
tants found in Fig. 1.

Unless noted otherwise: reagents, chemicals and enzyme
were purchased from Sigma-Aldrich (Mississauga, ON)
and were of the highest practical grade; solvents were
purchased from Fisher Scientific (Ottawa, ON) and were
HPLC grade. The declared purity of free fatty acids (FFA)
was: hexanoic (6:0) and myristic (14:0) acids were 99.5%,
palmitic (16:0) acid was >96%, lauric (12:0) acid was
>95% and oleic (18:1) acid was >90% purity. The
declared purity of acid chlorides was: butyroyl (4:0) and
octanoyl (8:0) chloride were >99%, decanoyl (10:0), lau-
royl and palmitoyl chloride were all 98% and hexanoyl
chloride was 97% purity. Solketal (isopropylidene glyc-
erol) and acetic anhydride were both 98% purity. The vinyl
ester of palmitic acid donated by Japan VAM & POVAL
(Osaka, JP) was >96% purity.

Monoacylglycerol Synthesis

The procedure for synthesizing monoacylglycerols (4) was
based on those of Robert Jensen’s group [6, 10] except
solketal (1) was used as a starting material rather than
glycerol (Fig. 1, reaction A) and much shorter reflux times
were employed. To prepare 1(3)-monopalmitin, 32 g
(0.124 mol) palmitic acid, 20 g (0.15 mol) solketal and 1 g
p-toluenesulfonic acid (pTSA-H,O) were combined with
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250 mL toluene in a 1-L round-bottomed flask equipped
with a 10 mL Dean-Stark trap, condenser, stirring bar and
boiling beads. After a 4-5 h reflux, approximately 2.3 mL
water had accumulated in the Dean—Stark trap. Once cool,
the contents of the reaction flask were shaken with 1.0 g
sodium acetate, washed three times with 100 mL of brine
solution, dried over sodium sulfate, filtered, and the solvent
was removed with a rotary evaporator.

Acetonide Cleavage

The free MAG was produced via an acetonide cleavage
reaction [11]. 35 g of the condensation product (3) was
refluxed for 3 h in a 500-mL round-bottomed flask con-
taining 150 mL 95% ethanol and 3.5 g of Amberlyst™ 15
(wet). Once cool, the solvent was removed by rotary
evaporation. To purify, MAG (4) was recrystallized from
either acetone, hexane or hexane/diethyl ether (60:40 by
volume).

Diacid 1,3-Diacylglycerol Synthesis

Monoacylglycerols were esterified with acid chlorides
(FACl) (5) by following the procedure outlined by
Gaffney and Reese [12] (Fig. 1, reaction B). For example,
16:0-OH-6:0 was prepared in the following manner: 10 g
(0.03 mol) of monopalmitin, 4.6 mL of hexanoyl chloride
(0.033 mol) and 0.36 g (0.003 mol) 4-dimethylaminopyr-
idine (DMAP) were dissolved in 80 mL methylene chlo-
ride in a 500-mL round-bottom flask equipped with a
magnetic stirrer. This solution was stirred in an ice bath
while 7.5 mL (0.054 mol) of triethylamine (Et;N) dis-
solved in 20 mL methylene chloride was added dropwise.
Once the addition was complete, the ice bath was
removed and the mixture was stirred for an additional 3 h
at room temperature. Thin-layer chromatography (TLC)
was used to monitor the reaction’s progress. Once the
reaction was complete, 1 mL of water was added to the
flask and all solvent was removed by rotary evaporation.
The residue was taken up in hexane and filtered, the fil-
trate was dried over sodium sulfate, filtered and the sol-
vent evaporated. For some initial syntheses (6:0-OH-12:0
and 16:0-OH-12:0), pyridine was both base and catalyst
[6, 10]; however, this method was discontinued in favor
of the one already discussed.

An acid anhydride (FAOFA) (7) can be used in place of
the acid chloride (Fig. 1, reaction C); for instance, acetic
anhydride was wused to produce 2:0-OH-16:0. 5 ¢
(0.015 mol) monopalmitin, 1.56 mL (0.0165 mol) acetic
anhydride and 0.18 g (0.0015 mol) DMAP dissolved in
40 mL methylene chloride in a 250-mL round-bottom flask
equipped with magnetic stirrer. This solution was stirred in
an ice bath while 3.75 mL (0.027 mol) triethylamine in
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Fig. 1 Reaction scheme for 1,3-DAG synthesis: Reactions: a
synthesis of monoacylglycerol; b, ¢ synthesis of diacid 1,3-diacyl-
glycerol with acid chloride and acid anhydride; d synthesis of
monoacid 1,3-diacylglycerol. Main chemical species: (1) solketal; (2)
fatty acid; (3) monoacylglycerol acetonide; (4) monoacylglycerol;
(5) fatty acid chloride; (6) diacid 1,3-diacylglycerol; (7) acid

10 mL methylene chloride was added dropwise. The
remainder of reaction was identical to description for
16:0-OH-6:0.

Pure 1,3-DAG were obtained by flash chromatogra-
phy or by recrystallization from acetone, hexane/ethanol
(8:2, v/v) or hexane with a minimum quantity of ethyl
acetate.

Monoacid 1,3-Diacylglycerol Synthesis

Enzymatic synthesis was useful for producing monoacid
DAG (10) starting from glycerol (8) and a fatty acid
vinyl ester (FAVE) (9) (Fig. 1, reaction D) [13]. For
example, 2.0 g of glycerol (0.0217 mol) was added to
13.2 mL (specific gravity 0.861; 15.3 g; 0.0543 mol)
vinyl palmitate and 1.0 g of immobilized lipase B from
Candida antarctica in 60 mL of methylene chloride stir-
red under a nitrogen atmosphere in an ice water bath. The
reaction was monitored by TLC and after 3.75 h reaction
was worked up. The solution was warmed to dissolve
solids and the immobilized enzyme was filtered from the
solution. Solvent was removed on a rotary evaporator and
the product was recrystallized from hexane/ethyl acetate
97:3 (v/v).

anhydride; (8) glycerol; (9) vinyl ester; (10) monoacid 1,3-diacyl-
glycerol; (11) acetaldehyde. Reactants, catalysts and conditions: (i)
p-toluene sulfonic acid, reflux (A), Dean—Stark apparatus; (ii)
Amberlyst™ 15 (wet) (Dow Chemical; Midland, MI), A; (iii), (iv)
triethylamine, dimethylaminopyridine (DMAP), at room temperature
(RT); (v) Candida antarctica lipase B, 0-4 °C

Flash Chromatography

Samples were purified on a glass 2-in diameter column with a
500 mL reservoir (United Glass Technologies, Philadelphia,
PA, USA) packed with 6-8 in. (approximately 200 g) of
silica gel. Column loading should not exceed 1 g and each
packed column should only be used once. Flash chroma-
tography was conducted using plain silica gel (grade 60;
230-400 mesh) (Fisher Scientific) or boric acid-treated silica
gel. Silica gel is often pretreated with boric acid to minimize
acyl migration during TLC separations [14—16] and this has
also been recommended for separating partial acylglycerols
by flash chromatography [17]. We found no appreciable
advantage to using boric acid-treated silica gel and since it
was time consuming to prepare and difficult to handle (ten-
ded to clump), we discontinued its use.

The method for flash chromatography as described in
the original paper was followed to isolate most products
[18]. For flash chromatography, a hexane/ethyl acetate
blend that provides a retention factor (R¢) of 0.35 (by TLC)
for the component of interest is considered optimal. For
example, 6:0-OH-16:0 was isolated using hexane/ethyl
acetate (4:1 by volume) since this solvent produced a TLC
Ry of 0.36.
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Thin-Layer Chromatography

Glass-backed TLC plates were required because they can
withstand the charring procedure used for visualization.
Large 20 x 20 cm plates with a 250-pm layer of silica G
(Analtech Inc., Newark DE) and small 2.5 x 7.5 cm with a
250-pm layer of silica gel 60 and fluorescent indicator
(Merck, Darmstadt, DE) were used. Large plates were used
to determine 1,3-DAG Ry values whereas small plates were
used primarily to monitor separations and reactions. Boric
acid treated TLC plates were prepared by spraying com-
mercial glass-backed plates with a saturated solution of
boric acid (~15%) in water/methanol (25:75, by volume)
and drying in a 120 °C oven for 30 min [14, 16]. Untreated
plates were activated by heating in an oven (~ 100 °C) for
30 min.

Plates were developed using either chloroform/acetone
(96/4; by volume) or hexane/ethyl acetate (various ratios).
Chloroform/acetone was used with boric acid treated plates
for isolation of 1,2- from 1,3-DAG and 2- from 1(3)-MAG
since boric acid hinders acyl migration [16]. Hexane/ethyl
acetate was often used to assess or monitor isolation of
compounds by flash chromatography.

Compounds were visualized by charring plates that had
been dipped in a p-anisaldehyde solution. While a number

of methods are used for the visualization of acylglycerols
on TLC plates (e.g., iodine, primuline, dichlorofluores-
cein), most of these methods are ineffective in the analysis
of compounds that do not contain unsaturated FA. Dipping
in p-anisaldehyde solution followed by charring was the
only reliable method for rapid visualization of saturates.
The p-anisaldehyde solution was prepared by combining
135 mL 95% ethanol, 5 mL sulfuric acid (conc.), 3.7 mL
p-anisaldehyde and 15 mL glacial acetic acid while stirring
in an ice bath (verbal communication with Professor
Adrian Schwan, Department of Chemistry, University of
Guelph). This method worked best when small TLC plates
were dipped and quickly removed from the solution then
left on a paper towel for ~1 min to allow some of the
solvent to evaporate. Afterwards, the plates were heated on
a hot plate (set at ~200 °C). Large (20 x 20 cm) plates
were charred by spraying thoroughly with p-anisaldehyde
solution and, once dry, heating in an oven (vented to a
fume hood) at ~ 160 °C.

Nuclear Magnetic Resonance
Approximately 15 mg of the sample dissolved in 750 pL

deuterated chloroform (containing 0.5% tetramethylsilane
(TMS) as internal standard) was placed in a suitable NMR

Table 1 Summary of methods and product purity by gas chromatography

Compound R, R, Reaction Purification® Solvent” Purity (%) Yield® (%)
1(3)-Monoacylglycerols

12:0-OH-OH 12:0 - A R hex./Et,0O (4:1)

14:0-OH-OH 14:0 - A R hex./EtOAc (~97:3)

16:0-OH-OH 16:0 - A R Acetone, hex/Et,O (4:1)

18:1-OH-OH 18:1 - A R hex./Et,O (4:1)
1,3-Diacylglycerols
A 6:0-OH-12:0 12:0 6:0 B¢ FC hex./EtOAc (3:1) >99.0 50
B 6:0-OH-16:0 16:0 6:0 B FC hex./EtOAc (4:1) 86.05 60
C 6:0-OH-18:1 18:1 6:0 B FC hex./EtOAc (5:1) 75.28 60
D 12:0-OH-16:0 16:0 12:0 B! R hex./EtOAc (4:1) >99.0 45
E 12:0-OH-18:1 18:1 12:0 B FC hex./EtOAc (4:1) 94.25 30
F 18:1-OH-16:0 16:0 18:1 B FC hex./EtOAc (4:1) 95.22 46
G 2:0-OH-16:0 16:0 2:0 C FC hex./EtOAc (5:2) 84.97 21.5
H 4:0-OH-16:0 16:0 4:0 B FC hex./EtOAc (3:1) 92.94 24.0
I 8:0-OH-16:0 16:0 8:0 B FC hex./EtOAc (3:1) 91.63 51
J 10:0-OH-16:0 16:0 10:0 B FC hex./EtOAc (7:2) 73.98 62
K 14:0-OH-16:0 14:0 16:0 B R hex./EtOAc (~97:3) 72.62
L 16:0-OH-16:0 16:0 - D R hex./EtOAc (~97:3) >99.0 35

R}, R, and Reaction refer to features noted in Fig. 1
* FC flash chromatography, R recrystallization

" Solvent ratios are by volume; hex. hexane, Ef,O diethyl ether, EfOAc ethyl acetate

¢ Approximate, not optimized
9 Pyridine instead of Et;N and DMAP
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tube (Wilmad, Buena, NJ). Proton NMR of samples was
obtained using an Avance III 400 MHz instrument (Bruker,
Billerica, MA). Chemical shifts were measured relative to
tetramethylsilane (internal standard). NMR spectra were
integrated and analyzed using Topspin 2.1 software
(Bruker).

Characteristic chemical shifts were determined by
referring to a number of publications: peaks due to con-
tamination by excess solvent were identified with the help
of Gottlieb et al. [19]; peaks due to short-chain FA and
unsaturated FA were identified using Lie Ken Jie and Lam
[20]; and Ikeda et al. [21] was useful in differentiating
between 1,2- and 1,3-DAG.

Gas Chromatography

Samples were analyzed on a 25 m x 0.25 mm polarizable
capillary column lined with a 0.1-pm film of crosslinked
65% phenylmethylsilicone (Quadrex, Woodbridge, CT;
part number: 007-65HT-25-0.1F). Polarizable columns
separate acylglycerols primarily by carbon number and
secondarily by their degree of unsaturation [22, 23]. The
column was housed in a Hewlett Packard 5890 (Agilent,
Palo Alto, CA) GC equipped with FID and on-column
inlet. The inlet pressure for the carrier gas (hydrogen) was
set to 15 psi, cool on-column injection was employed and
the detector was held at 370 °C. After sample injection, the
oven was held at 60 °C for 2 min, then the temperature was
increased to 250 °C at 35 °C/min, and finally the temper-
ature was increased to 300 °C at 4 °C/min.

To prepare samples, 50 pL trimethylsilyl-imidazole
(TMSI) and 100 pL pyridine was added to approximately
10 mg of synthetic DAG and the mixture was thoroughly
mixed using a vortex mixer. The reaction was conducted in
a dry nitrogen atmosphere and was complete within 5 min
at room temperature [24]. Then, 2 mL of iso-octane was
added to the sample vial, the contents were mixed again,
and the sample was then allowed to stand for at least
10 min prior to use. The syringe (fused silica needle) was
loaded (sandwich technique) in the following order: (1)
1.0 pL of clean solvent, (2) 0.5 pL of air, (3) 0.1 pL from
the upper layer of the sample solution, (4) 0.5 pL of air, (5)
1.0 pL of clean solvent and (6) 0.5 pL of air.

Acyl Migration

Conversion between 1,2- and 1,3-DAG occurs mainly by
an intramolecular reaction, though it may also occur by
intermolecular transesterification. Acyl migration does
occur in the solid state, albeit slowly, but it can proceed
quite rapidly in the liquid state depending on storage
conditions. Acyl migration is promoted by heat, solvents
and contact with surfaces such as silica or Florisil™, and is

catalyzed by the presence of either acid or base. Over time,
an equilibrium mixture of 1,2- and 1,3-DAG is established.
This equilibrium favors 1,3-DAG over 1,2-DAG by a ratio
of approximately 60:40. The additional stability of the
1,3-DAG is attributed to differences in the nucleophilic
character of primary (sn-/ and sn-3) versus secondary
(sn-2) hydroxyl oxygen atoms [25, 26]. Acyl migration also
occurs in MAG, favoring 1(3)- over 2-MAG by approxi-
mately 80:20 [27]. The effects of acyl migration were
minimized by careful handling and storage of MAG and
DAG at —30 °C. To determine the Ry of 1, 2- and 1,3-DAG
by TLC, samples of synthetic 1,3-DAG were thermally
decomposed in a 60 °C oven overnight.

Results and Discussion

Successful preparation of organic compounds relies on
development and execution in three main areas: synthesis,
purification and analysis. A weakness in any one of these
key areas jeopardizes a project’s success. In this paper, 11
diacid and 1 monoacid 1,3-DAG were prepared; the

Table 2 R; for DAG determined by TLC

Solvents: Hexane/EtOAc CHCls/acetone
Ratio: (7:2) 3:D (96:4)
FA DAG Ry R¢ R¢
A 6:0 1,3- 0.32 0.25
12:0 1,2- 0.22 0.13
B 6:0 1,3- 0.36 0.35 0.29
16:0 1,2- 0.25 0.25 0.17
C 6:0 1,3- 0.35 0.30
18:1 1,2- 0.25 0.17
D 12:0 1,3- 0.43 0.40 0.35
16:0 1,2-
E 12:0 1,3- 0.41 0.35
18:1 1,2- 0.29 0.22
F 16:0 1,3- 0.45 0.46 0.38
18:1 1,2- 0.32 0.34 0.23
G 2:0 1,3- 0.17 0.17
16:0 1,2- 0.11
H 4:0 1,3- 0.31 0.26
16:0 1,2- 0.23 0.15
I 8:0 1,3- 0.38 0.33
16:0 1,2- 0.28 0.20
J 10:0 1,3- 0.39 0.32
16:0 1,2- 0.29 0.21
K 14:0 1,3- 0.41 0.36
16:0 1,2-
L 16:0 1,3- 0.44 0.35
16:0 1,2- 0.33 0.22
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particulars for each compound are summarized in Table 1.
This work specifically describes the preparation of racemic
1,3-DAG; substituting enantiopure solketal for racemic
solketal would yield enantiopure 1,3-DAG. Yields pro-
vided in Table 1 are for the most part approximate and may
appear low since we did not try to maximize this param-
eter, rather, our focus was to obtain sufficient material for
further testing. The products were, therefore, usually sep-
arated by a series of recrystallizations, often followed by
flash chromatography.

Enzymatic Synthesis

This procedure features the creative use of a vinyl ester (9)
to minimize the reverse reaction. After esterification, any
vinyl alcohol produced instantaneously reconfigures to
acetaldehyde (11) (enol — aldehyde)—the more stable
tautomer—thereby limiting the reverse reaction (Fig. 1,
reaction D). Our original intent was to synthesize diacid
1,3-DAG enzymatically by introducing two different
FAVE in sequence. TLC monitoring of some preliminary
reactions, however, indicated that the reaction produced
1,3-DAG without appreciable accumulation of 1(3)-MAG

Fig. 2 TLC plates of thermally
decomposed DAG: a, b are
boric acid treated plates
developed in chloroform/
acetone (96:4); ¢, d are
untreated plates developed in
hexane/ethyl acetate: ¢ 7:2 and
d 3:1 (by volume). 1,3-DAG are
in large circles, 1,2-DAG are in
small circles, dotted lines
indicate origin and solvent front
maximum. Synthetic 1,3-DAG
thermally decomposed to give
1,2- and 1,3-DAG were: A 6:0-
OH-12:0, B 6:0-OH-16:0, C
6:0-OH-18:1, D 12:0-OH-16:0,
E 12:0-OH-18:1 and F 16:0-
OH-18:1, G 2:0-OH-16:0, H
4:0-OH-16:0, B 6:0-OH-16:0, I
8:0-OH-16:0, J 10:0-OH-16:0,
D 12:0-OH-16:0, K 14:0-OH-
16:0, L 16:0-OH-16:0 and F
16:0-OH-18:1

intermediate. It appears that 1(3)-MAG was immediately
consumed by subsequent reaction with FAVE (.e.,
MAG + FAVE — DAG); or with MAG (i.e., MAG +
MAG — DAG + glycerol) [28]. DAG was the favored
product for one or both of the following reasons: succes-
sive products were increasingly soluble in the reaction
solvent (solubility: glycerol < MAG < DAG < TAG); or
the enzymatic mechanism favors DAG production. While
unsuitable for producing diacid 1,3-DAG, the regioselec-
tive enzymatic reaction using Candida antarctica lipase B
was employed to produce the monoacid 1,3-DAG (10)
16:0-OH-16:0 (L) [13]. Enzymatic catalysis is also an
effective means for producing MAG from FA that are
susceptible to thermal degradation (i.e., PUFA). However,
if MAG is the intended product then it is necessary to either
use protected glycerol to prevent DAG formation or to
follow a more specific procedure [28].

Chemical Synthesis

Diacid 1,3-DAG were produced in two stages, the first FA
(2) was used to form a 1(3)-MAG intermediate (4) (Fig. 1,
reaction A) and the second FA adduct ((5) or (7)) was used
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to form the final product (6) (Fig. 1, reaction B). The
progress of the first reaction (i) was monitored by viewing
the amount of water collected in the Dean—Stark trap. The
MAG intermediate was typically made with the higher-
melting FA to facilitate purification by recrystallization.
To produce free 1(3)-MAG (4), the solketal derivative
(3) must be deprotected by an acetonide cleavage reaction
(ii). Historically this required the use of methoxyethanol,
however, due to its toxicity the use of this solvent has been
restricted by the Canadian government. Fortunately, a
suitable acetonide cleavage procedure involving the use of
Amberlyst™ catalyst in ethanol was found [11]. This
procedure, involving a 3-h reflux in ethanol, was most
appropriate for the production of monopalmitin and was

adapted for the production of other MAG. For acetonide
cleavage of unsaturates and short-chain containing MAG or
to reduce acyl migration, lower reaction temperatures and
longer reaction times can be employed [29, 30].

1(3)-MAG were purified by at least one recrystallization
and the overall yield for both reactions including recrys-
tallization was ~60%. It was challenging to isolate 1(3)-
MAG above 70% purity by recrystallization because these
compounds and their monoacid 1,3-DAG counterparts
have similar melting points (e.g., 16:0-OH-OH: T, =
77 °C [31], whereas 16:0-OH-16:0: T, = 72.0) [32] and
their binary mixtures form solid solutions [33].

Diacid 1,3-DAG were synthesized by reaction scheme B
or C (Fig. 1) depending on the availability of FA adduct

5
. a b ¢ d e
w ] CH,(CH,),CH,CH,C(=0)OCH, f
] CHOH
1 CH,(CH,),,CH,CH,C(=0)OCH,
i a b c d e
o |
R Octanoyl-1,3-palmitin
<] b a
d
o ]
e
0 ] c
o
J L AL
T T T SN S S S S S S S S E——
5 4 3 2 1 -0 [ppm]

Fig. 3 Nuclear magnetic resonance of octanoyl-1,3-palmitin (8:0-OH-16:0). Peak assignments are provided in the inset

Table 3 Chemical shifts determined by proton NMR relative to TMS standard

Compound Ju (CDCly)
A 6:0-OH-12:0 0.89 (6H, q), 1.25 (20H, m), 1.64 (4H, t), 2.45 (4H, t) and 4.15 (5H, m)
B 6:0-OH-16:0 0.83 (6H, t), 1.29 (28H, d), 1.62 (4H, t), 2.33 (4H, t), 3.73 (2H, m) and 4.09 (5H, m)
C 6:0-OH-18:1 0.82 (6H, m), 1.19 (24H, m), 1.52 (4H, m), 1.90 (4H,m), 2.25 (4H, t), 4.02 (5H, m) and 5.10 (2H, m)
D 12:0-OH-16:0 0.84 (6H, t), 1.22 (40H, d), 1.59 (4H, t), 2.31 (4H, t) and 4.13 (5H, m)
E 12:0-OH-18:1 0.85 (6H, t), 1.25 (36H, t), 1.60 (4H, t), 2.00 (4H, m), 2.32 (4H, t), 4.13 (5H, m) and 5.37 (2H, t)
F 16:0-OH-18:1 0.85 (6H, t), 1.23 (44H, m), 1.69 (4H, m), 2.07 (4H, m), 2.32 (4H, t), 4.20 (5H, m) and 5.35 (2H, m)
G 2:0-OH-16:0 0.88 (3H, t), 1.26 (24H, m), 1.64 (2H, m), 2.31 (3H, s), 2.51 (2H, t), 3.74 (2H, m) and 4.25 (5H, m)
H 4:0-OH-16:0 0.86 (3H, t), 1.01 (3H, t), 1.31 (24H, m), 1.66 (4H, q), 2.44 (4H, m), 3.73 (2H, m) and 4.19 (5H, m)
I 8:0-OH-16:0 0.88 (6H, t), 1.31 (32H, m), 1.63 (4H, q), 2.33 (4H, q), 2.47 (1H, s) and 4.18 (5H, m)
J 10:0-OH-16:0 0.88 (6H, t), 1,30 (36H, d), 1.63 (4H, t), 2.35 (4H, t) and 4.16 (5H, m)
K 14:0-OH-16:0 0.83 (6H, t), 1.29 (44H, m), 1.62 (4H, m), 2.33 (4H, t) and 4.09 (5H, m)
L 16:0-OH-16:0 0.83 (6H, t), 1.29 (48H, m), 1.62 (4H, m), 2.33 (4H, t) and 4.09 (5H, m)
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Fig. 4 Gas chromatograms for a hexanoyl-1,3-laurin (6:0-OH-12:0) and b butyroyl-1,3-palmitin (4:0-OH-16:0). Peaks prior to 5 min are solvent

and derivatizing reagent

(acid chloride (5) or acid anhydride (7)). The exact scheme
used for each compound and the resulting purity of that
product is listed in Table 1. For example, 4:0-OH-16:0 (H)
(6) was produced via reaction scheme B involving reaction
of 1(3)-monopalmitin (4) with butyroyl chloride (5). Raw
product from this reaction was separated by flash chro-
matography for a 24.0% yield of product that was 92.94%
pure (by GC). Similarly, 2:0-OH-16:0 (G) (6) was pro-
duced via scheme C involving reaction of 1(3)-

&\ Springer ANOCS &

monopalmitin (4) with acetic anhydride (7). The raw
product was separated by flash chromatography for a
21.5% yield of product that was 84.97% pure (by GC).

Purification
Recrystallization, flash chromatography and recrystalliza-

tion followed by flash chromatography were all employed
for post-synthesis isolation of 1,3-DAG. Methods used for



J Am Oil Chem Soc (2010) 87:1281-1291

1289

Table 4 GC retention times for 1,3-diacylglycerols

Compound RT (min)
A 6:0-OH-12:0 7.64
B 6:0-OH-16:0 8.68
C 6:0-OH-18:1 9.45
D 12:0-OH-16:0 10.55
E 12:0-OH-18:1 11.90
F 16:0-OH-18:1 14.83
G 2:0-OH-16:0 7.50
H 4:0-OH-16:0 7.83
I 8:0-OH-16:0 8.89
J 10:0-OH-16:0 9.60
K 14:0-OH-16:0 11.83
L 16:0-OH-16:0 13.02

final purification of synthetic MAG and DAG are listed in
Table 1. Flash chromatography was most effective for
isolating low-melting 1,3-DAG (T}, <50 °C) while
recrystallization was favored for isolating high-melting
1,3-DAG (T, > 50 °C) and 1(3)-MAG intermediates. Two
of the three 1,3-DAG isolated via recrystallization were
>99% pure (as determined by GC). On the other hand, of
the nine low-melting compounds isolated by flash chro-
matography, only one was isolated at >99% purity; nev-
ertheless, five were isolated at better than 90% (by GC).
One apparent shortcoming of flash chromatography was the
lack of compounds obtained with >99% purity (Table 1)
(discussed in more detail below).

Three of the 1,3-DAG listed in Table 1 were isolated by
recrystallization, 12:0-OH-16:0 and 16:0-OH-16:0 were
isolated at >99% (by GC) whereas, 14:0-OH-16:0 was
difficult to isolate and was quite impure (72.62% by GC).
Isolation of 14:0-OH-16:0 by recrystallization was con-
founded by the presence of numerous byproducts with
similar melting points—the melting points for products and
probable byproducts (high-melting forms) in decreasing
order are: 16:0-OH-OH (77 °C) [31], 16:0-OH-16:0
(72.5 °C)[31] and 14:0-OH-16:0 (63.5-64 °C) [34]. It was
also difficult to isolate 14:0-OH-16:0 by flash chromatog-
raphy since the R¢ of 16:0-OH-16:0 (Ry = 0.41) and 14:0-
OH-16:0 (Ry = 0.44) are virtually the same (discussed
below).

Table 5 Tailoring syntheses to the purification procedure

Fractions obtained by flash chromatography were less
discrete than is commonly assumed. In fact, in some cases,
it may be impossible to obtain perfect resolution by this
method due to co-elution with other components. This is
most easily demonstrated by comparing TLC Ry for the
various 1,2- and 1,3-DAG eluted in hexane/ethyl acetate
(Table 2; Fig. 2). For example, 6:0-OH-16:0 must be sep-
arated from potential byproducts (listed in the order of
elution with Ry): 16:0-OH-16:0 (Ry = 0.44), 6:0-OH-16:0
(R¢ = 0.35), 16:0-16:0-OH (R = 0.33) and 6:0/16:0 1,2-
DAG (Ry = 0.25) for hexane/ethyl acetate (3:1). Obviously
the separation of, 6:0-OH-16:0 and 16:0-16:0-OH will be
problematic since their R differ (ARg) by only 0.02. For
good flash chromatographic separation, components within
a sample should have AR; of at least 0.10 and preferably
more than 0.15 [18]. This same issue affects all diacid
1,3-DAG with one short and one long acyl chain (e.g., 2:0-
OH-16:0, 4:0-OH-16:0). One additional factor to consider
is the purity of starting materials. The inability to obtain
acyl-1,3-oleins at >95.22% purity may be due to lack of
purity in the original starting material (oleic acid).

Analysis

TLC was a key technique for monitoring processes and
reactions. It was also used to determine the appropriate
solvent ratio for flash chromatography. The chemical
structure of the prepared compounds was confirmed by
NMR. An example, with peak assignments is provided in
Fig. 3; peak assignments for all 1,3-DAG prepared are
provided in Table 3. The purity of these compounds was
determined by GC analysis of TMS derivatives using a
polarizable capillary column (Table 1). TMS derivatives
were prepared to preserve the positional isomerism of acyl
groups on the glycerol backbone (i.e., to prevent acyl
migration) and to enhance the volatility of sample com-
ponents. Examples of GC chromatograms are provided in
Fig. 4; retention times for all 1,3-DAG prepared are pro-
vided in Table 4.

While TLC with hexane/ethyl acetate was useful for
understanding the isolation of 1,3-DAG by flash chroma-
tography, TLC with chloroform/acetone (96:4) on boric
acid-treated plates finds widespread use as an analytical
method because it separates positional isomers of partial

Method Byproduct or impurity Reaction time (h) Equivalents of FA
MAG 1,2-DAG TAG

Recrystallization Minimize OK Preferred >3 1.1-1.2

Flash chromatography Preferred Minimize OK <2 1.0
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acylglycerols (i.e., 1,2- from 1,3-DAG and 2- from
1-MAG) with minimal acyl migration [16]. Evidently, for
DAG, Ry is determined by both positional isomerism and
the length of the shortest acyl chain (Table 2). This is of
little consequence in the analysis of DAG from a typical fat
or oil since they have such a narrow range of FA. In
contrast, the separation of milk fat DAG by boric acid TLC
is exceedingly complex since milk fat has long-, medium-
and short-chains. Thus, milk fat DAG separate into
numerous fractions on the basis of chain-length and posi-
tional isomerism [35].

In retrospect, it is evident that the proportion of reactants
and reaction times can be adjusted to achieve better results
based on the separation technology employed (Table 5).
For example, 1,3-DAG are less soluble in solvent than
either TAG or 1,2-DAG but more soluble than MAG,
therefore, purification by recrystallization will benefit if
TAG rather than MAG is the predominant byproduct.
Likewise, for purification by flash chromatography, 1,2- and
1,3-DAG have similar Ry and consequently, can be difficult
to separate. Therefore, minimizing 1,2-DAG formation (by
reducing reaction times) can be beneficial to chromato-
graphic separation. In addition, MAG tend to be retained
near the origin, whereas, TAG elute before DAG, thus,
MAG would be favored over TAG as byproducts in this
situation. All told, this work contains information critical to
lab-scale production of synthetic acylglycerols and pro-
vides an excellent starting point for optimal production of
1,3-DAG.

Acknowledgments Financial support for this project was provided
by Dairy Farmers of Ontario, Ontario Centres of Excellence and
National Sciences and Engineering Research Council of Canada; we
are grateful for their generosity. Thanks also to Japan VAM &
POVAL Co., Ltd. for their donation of vinyl esters of fatty acids.

References

1. Jensen RG (1995) Discoveries in synthesizing glycerides. Inform
6:440-445

2. Kodali DR, Atkinson D, Redgrave TG, Small DM (1987)
Structure and polymorphism of 18-carbon fatty acyl triacylgly-
cerols: effect of unsaturation and substitution in the 2-position. J
Lipid Res 28:403-413

3. Sonnet PE (1999) Synthesis of triacylglycerols. In: Gunstone FD
(ed) Lipid synthesis and manufacture. CRC Press LLC, Boca
Raton, pp 163-184

4. Gunstone FD, Harwood JL (1994) Synthesis. In: Gunstone FD,
Harwood JL (eds) The lipid handbook. Chapman & Hall, Cam-
bridge, pp 359400

5. Buchnea D (1978) Stereospecific synthesis of enantiomeric a-
cylglycerols. In: Kuksis A (ed) Handbook of lipid research.
Volume 1. Fatty acids and glycerides. Plenum Press, New York,
pp 233-289

6. Jensen RG, Pitas RE (1976) Synthesis of some acylglycerols and
phosphoglycerides. In: Paoletti R, Kritchevsky D (eds) Advances
in lipid research. Academic Press, New York, pp 214-247

&\ Springer ANOCS &

10.

11.

12.

13.

14.

16.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Mattson FH, Volpenheim RA (1962) Synthesis and properties of

glycerides. J Lipid Res 3:281-296

. Gupta R, Rathi P, Bradoo S (2003) Lipase mediated upgradation

of dietary fats and oils. Crit Rev Food Sci Nutr 43:635-644

. Bornscheuer UT (1995) Lipase-catalyzed synthesis of monoa-

cylglycerols. Enzyme Microb Technol 17:578-586

Quinn JG, Sampugna J, Jensen RG (1967) Synthesis of 100-gram
quantities of highly purified mixed acid triglycerides. ] Am Oil
Chem Soc 44:439-442

Yu CC, Lee Y-S, Cheon BS, Lee SH (2003) Synthesis of glycerol
monostearate with high purity. Bull Korean Chem Soc 24:1229-
1231

Gaffney PRJ, Reese CB (2001) Synthesis of naturally occurring
phosphatidylinositol 3, 4, 5-triphosphate [PtdIns(3, 4, 5)P3] and
its diastereomers. J Chem Soc Perkin Trans 1:192-205
Halldorsson A, Magnusson CD, Haraldsson GG (2003) Chemo-
enzymatic synthesis of structured triacylglycerols by highly
regioselective acylation. Tetrahedron 59:9101-9109

Hammond EW (1993) Chromatography for the analysis of lipids.
CRC Press, Boca Raton

. Christie WW (1982) Lipid analysis: isolation, separation, iden-

tification and structural analysis of lipids. Pergamon Press,
Oxford

Thomas AE III, Scharoun JE, Ralston H (1965) Quantitative
estimation of isomeric monoglycerides by thin-layer chroma-
tography. J Am Oil Chem Soc 42:789-792

. Jensen RG, Ferraina RA (1989) Separation of tri, 1,3 di- and 1-

mono-oleoylglycerols and oleic acid by flash chromatography. J
Am Oil Chem Soc 66:135-136

Still WC, Kahn M, Mitra A (1978) Rapid chromatographic
technique for preparative separations with moderate resolution. J
Org Chem 43:2923-2925

. Gottlieb HE, Kotlyar V, Nudelman A (1997) NMR chemical

shifts for common laboratory solvents as trace impurities. J Org
Chem 62:7512-7515

Lie Ken Jie MSF, Lam CC (1995) "H-nuclear magnetic resonance
spectroscopic studies of saturated, acetylenic and ethylenic tria-
cylglycerols. Chem Phys Lipids 77:155-171

Ikeda I, Gu X-P, Miyamoto I, Okahara M (1989) Preparation of
1,3-diacylglycerols and 1-alkyl-3-acylglycerols in the presence of
quaternary ammonium salt. ] Am Oil Chem Soc 66:822-824
Geeraert E, Sandra P (1985) Capillary GC of triglycerides in fats
and oils using a high temperature phenylmethylsilicone stationary
phase, part I. J High Resolut Chromatogr 8:415-422

Geeraert E, Sandra P (1987) Capillary GC of triglycerides in fats
and oils using a high-temperature phenylmethylsilicone station-
ary phase. Part II. The analysis of chocolate fats. J Am Oil Chem
Soc 64:100-105

Goh EM, Timms RE (1985) Determination of mono- and digly-
cerides in palm oil, olein and stearin. J Am Oil Chem Soc
62:730-734

Kodali DR, Tercyak A, Fahey DA, Small DM (1990) Acyl
migration in 1,2-dipalmitoyl-sn-glycerol. Chem Phys Lipids
52:163-170

Yang T, Zhang H, Mu H, Sinclair AJ, Xu X (2004) Diacylgly-
cerols from butterfat: production by glycerolysis and short-path
distillation and analysis of physical properties. J Am Oil Chem
Soc 81:979-987

Nakajima Y, Fukasawa J, Shimada A (2004) Physicochemical
properties of diacylglycerol. In: Katsuragi Y, Yasukawa T,
Matsuo N, Flickinger BD, Tokimitsu I, Matlock MG (eds)
Diacylglycerol oil. AOCS Press, Champaign, pp 183-196
Watanabe Y, Yamauchi-Sato Y, Nagao T, Negishi S, Terai T,
Kobayashi T, Shimada Y (2005) Production of MAG of CLA by
esterification with dehydration at ordinary temperature using
Penicillium camembertii lipase. ] Am Oil Chem Soc 82:619-623



J Am Oil Chem Soc (2010) 87:1281-1291

1291

29.

30.

31.

32.

Kubiak RJ, Bruzik KS (2002) Comprehensive and uniform
synthesis of all naturally occurring phosphorylated phosphat-
idylinositols. J Org Chem 68:960-968

Fraser BH, Perlmutter P, Wijesundera C (2007) Practical
synthesis of triacylglycerol regioisomers containing long-chain
polyunsaturated fatty acids. J Am Oil Chem Soc 84:11-21
Small DM (1986) The physical chemistry of lipids: from alkanes
to phospholipids. Plenum Press, New York

Shannon RJ, Fenerty J, Hamilton RJ, Padley FB (1992) The
polymorphism of diglycerides. J Sci Food Agric 60:405-417

33.

34.

35.

Lutton ES, Jackson FL (1967) Binary systems with monoglyce-
rides. J Am Oil Chem Soc 44:357-358

Verkade PE, van der Lee J, Meerburg W (1937) The synthe-
sis of glycerides with the help of trityl] compounds. III. Tri-
acid Glycerides (in German). Recl Trav Chim Pays-Bas
56:365-374

Craven RJ, Lencki RW (2007) Rapid analysis of acylglycerols in
low molecular weight milk fat fractions. Lipids 42:473-482

&) Springer AOCS &



	Preparation of Diacid 1,3-Diacylglycerols
	Abstract
	Introduction
	Materials and Methods
	Monoacylglycerol Synthesis
	Acetonide Cleavage
	Diacid 1,3-Diacylglycerol Synthesis
	Monoacid 1,3-Diacylglycerol Synthesis
	Flash Chromatography
	Thin-Layer Chromatography
	Nuclear Magnetic Resonance
	Gas Chromatography
	Acyl Migration

	Results and Discussion
	Enzymatic Synthesis
	Chemical Synthesis
	Purification
	Analysis

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


