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systems as a novel strategy to the synthesis of enantiomerically
pure mono-, di- and triglycerides†
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A trifluoroacetate-catalyzed opening of the oxirane ring of glycidyl derivatives bearing allylic acyl or
alkyl functionalities with trifluoroacetic anhydride (TFAA), provides an efficient entry to
configurationally homogeneous 1(3)-acyl- or 1(3)-O-alkyl-sn-glycerols. Selective introduction of
tert-butyldimethylsilyl- (TBDMS), or triisopropylsilyl- (TIPS) transient protections at the terminal sites
within these key intermediates secures 1(3)-acyl- or 1(3)-O-alkyl-3(1)-O-TBDMS (or TIPS)-sn-glycerols
as general bifunctional precursors to 1,2(2,3)-diacyl-, 1(3)-O-alkyl-2-acyl- and 1,3-diacyl-sn-glycerols
and hence triester isosters. Incorporation of a requisite acyl residue at the central carbon of the silylated
synthons with a subsequent Et3N·3HF-promoted, direct trichloroacetylation across the siloxy system
by trichloroacetic anhydride (TCAA), followed by cleavage of the trichloroacetyl group, affords the
respective 1,2(2,3)-diacyl- or 1(3)-O-alkyl-2-acyl-sn-glycerols. Alternatively, a reaction sequence
involving: (i) attachment of a trichloroacetyl fragment at the stereogenic C2-centre of the monosilylated
glycerides; (ii) replacement of the silyl moiety by a short- or long-chain carboxylic acid residue by
means of the acylating agent: tetra-n-butylammonium bromide (TBABr)–carboxylic acid anhydride
(CAA)–trimethylsilyl bromide (TMSBr); and (iii) removal of the trichloroacetyl replacement, provides
pure 1,3-diacyl-sn-glycerols. The TBABr–CAA–TMSBr reagent system allows also a one-step
conversion of 1,2-diacylglycerol silyl ethers into homochiral triglycerides with predefined asymmetry
and degree of unsaturation. These compounds can also be accessed via a two-step one-pot approach
where the trichloroacetyl derivatives of 1,2(2,3)- or 1,3-diacyl-sn-glycerols serve as triester building
blocks for establishing the third ester bond at preselected C3(1)- or C2-positions within the glycerol
skeleton at the very last synthetic stage. In all instances, the target compounds were produced under
mild conditions, in high enantiomeric purity, and in practically quantitative yields.

1 Introduction

1-Acyl- or 1-O-alkyl-,1 1,2-diacyl- or 1-O-alkyl-2-acyl-,2,3 1,3-
diacyl-sn-glycerols,4,5 and their triester isosters6,7 are capable of
exerting various host protective and physiopathological effects
(e.g. antitumour activity, cell-growth inhibition, modulation of
signal transduction pathways, activation of protein kinase C,
modification of cell membrane properties, etc.) on biological
systems. Due to this, the aforementioned lipid mediators emerged
as synthetic targets of importance in enzymology,8 nucleic acid-,9

carbohydrate-,10 lipid-,11–14 supramolecular-,15 and medicinal
chemistry,16 clinical diagnostics,17–19 and became lead structures
in rational drug20,21 and antioxidant22 design.

Although attractive as starting materials for numerous chemical
and biological applications (e.g. development of carrier molecules
for therapeutics and gene delivery,23 or liposomes allowing a
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triggered release of bioactive agents24), access to these classes
of natural products is considerably limited as stereospecific
introduction of an acyl fragment into the glycerol skeleton has
repeatedly been shown to be a complicated task in respect of
generation of a defined stereocentre at the incipient glycerol C2-
location, and the required chemo- and regioselectivity.12

In this context, various three-carbon synthons from either the
traditional pool of glycerol/D-mannitol acetals14,25,26 or glycidol
derivatives27 have been proposed as enantiomerically pure pre-
cursors to glycerolipids.12,28 However, selective incorporation of
two different carboxylic acid residues at the primary vs. secondary
glycerol positions by means of known protocols, requires extensive
use of transient protections that must be removable under reaction
conditions that do not provoke acyl chain scrambling after
exposure of a vicinal hydroxyl group and, in the case of unsaturated
fatty acids, should also be compatible with the presence of double
bonds.12,29,30 Failure to meet these requirements adversely affects
the total outcome of glyceride synthesis as the phenomenon
of acyltropy (acid, base and heat promoted migration of an
acyl moiety31–35) may result in loss of chirality and formation
of positional isomers, while the occurrence of oxidation, hydro-
genation, halogenation, etc., of the olefinic systems, introduces
harmful structural alterations, affecting the biological activity of
the glycerides.12,36
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Unfortunately, not only the chemistry employed during
protection–deprotection manipulations,12,26,37,38 but also purifica-
tion techniques, have frequently been reported to contribute
to isomerisation, hydrolysis, oxidation, and other side-reactions
within the glycerolipid skeleton.12,31,33 This poses severe limitations
for isolation and storage of glycerolipids, and their utility as struc-
turally defined synthetic intermediates12,32,34,35,39 or therapeutic
agents per se for biochemical and medicinal intervention.3,5,17,40,41

In light of the above, even highly stereospecific methodologies
proposed for the synthesis of mixed-chain glycerides12–14,26,28,29,42–44

seem to be rather inefficient and usually preclude in situ deriva-
tization of labile acylglycerols, or carrying out the synthesis as a
one-pot reaction.

In this paper we describe efficient synthesis of 1-mono- (route
A), 1,2-di- (route C), 1,3-di- (route D), and triglycerides (routes
E and F) with both saturated and unsaturated chains and
predesigned asymmetry, obtainable from a single and readily
available starting material (e.g. an acylated or alkylated glycidol
derivative) in highly regioselective and stereospecific manner,
under mild conditions and in practically quantitative yields
(Scheme 1). Unlike other methods, this protocol is based on
two types of alternative chemical transformations, namely, (i)
a direct conversion of oxirane45 or silyloxy systems46,47 into
the corresponding carboxylic esters with variable headgroup
functions, which avoids the drawbacks of stepwise generation–
acylation of a free alcohol functionality, and (ii) the removal
of trifluoroacetyl/trichloroacetyl residues in a way that affords
either mono- and diglycerides without recourse to any additional
purification,45–47 or structurally defined triglycerides via one-pot
procedures.

This strategy minimizes the number of protecting groups used
(e.g. TBDMS or TIPS groups, to produce a common precursor
to di- and triglycerides; route B), and thus may constitute a
novel, general method for the synthesis of configurationally pure
glycerolipids and related compounds.

2 Results and discussion

Consistent with generality of our synthetic approach outlined in
Scheme 1, special attention was given to glycerides bearing
hexadecyl-, acetyl, palmitoyl- and oleoyl substituents as known/
prospective precursors to bioactive natural products,1,7,17,45–49 or
model compounds required in structure–activity relationship
studies.41

Regioselectivity and stereospecificity of the reactions involved
were evaluated on various model acetyl glyceride derivatives, and
this was important on two counts. Firstly, since acetyl groups show
a high propensity towards migration, transesterification, hydrol-
ysis, etc.,12,50 this type of glycerol derivative provides a rigorous
test for efficiency and mildness of the reaction conditions used.
Secondly, contrary to acylglycerols with long fatty acid chains,
which exhibit only low or no optical activity28,37 and are hardly
distinguishable from their isomers by spectral characteristics,51

the acetyl derivatives are excellent models for probing isomeric
and enantiomeric purity by spectroscopic methods. Supporting
arguments in this context are our findings regarding the distinctive
chemical shifts of the methyl protons, and the methyl- and carbonyl
carbons of an acetyl group at the C1 vs. C2 position in the glycerol
moiety. These permit the assignment to the corresponding regioi-
someric species of a given mono- or bis(acetylated) derivative by 1H
and 13C NMR spectroscopy,52 without recourse to the enzymatic
or chemoenzymatic analytical techniques that are usually required
for structure elucidation of long-chain triacylglycerols.32,53–55 The
observed spectral regularities also apply to diglycerides where
their regioisomeric purity could be additionally assessed by the
position of the C–H proton resonances and that of the secondary
C2 carbon atom of the glycerol moiety, which are shifted from dH

∼4.0 to 5.0 ppm and dC ∼68.5 to 72.6 ppm, respectively, upon
acetylation.56 Similarly, in the presence of the C2-regioisomer of
a 1(3)-monoacylated glycerol, new signals at dH ∼4.9 ppm and dC

∼75.2 ppm become apparent.57

Synthesis of monoacyl- and monoalkyl-sn-glycerols (9–12)
(Scheme 2, route A)

Despite the apparent structural simplicity of 1(3)-monoacyl-
sn-glycerols [1(3)-MAG] and their 1(3)-monoalkyl-sn-analogues
[1(3)-MALKG], an efficient synthesis of these compounds is
far from trivial.45 For example, classical methods for their
production via 1,2(2,3)-isopropylidene-sn-glycerol derivatives12,28

involve prolonged treatment with concentrated mineral acids at el-
evated temperature58 [alternatively with dimethylboronbromide,59

or trifluoroacetic acid with triethyl borate-2,2,2-trifluoroethanol
(8 : 1, v/v)37] to remove the isopropylidene group. This entails
extensive side-product formation (e.g. acyl migration, generation
of cyclic systems, racemization, hydrolysis of an ester function,
etc.),58,59 and almost always requires additional work-up and
chromatographic manipulations,37,59 which frequently erode the
regio- and stereochemical homogeneity of the preparations.34,60,61

Scheme 1
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Scheme 2 Reagents and conditions: route A: (i) Bu4N+CF3COO−

(3.0 equiv.), (CF3CO)2O (2.0 equiv.), THF–CH2Cl2 (1 : 1, v/v), 80 ◦C, 5 h;
(ii) pyridine (10 equiv.), MeOH (250 equiv.), pentane–CH2Cl2, rt, 20 min;
route B: TBDMS-Cl or TIPS-Cl (1.3 equiv.), imidazole (6.0 equiv.), THF,
rt, 18 h.

An alternative direct approach, involving Lewis-acid-promoted
insertions of carboxylic acids,62 alcohols63 or phenols64 into the
oxirane system, brings additional synthetic problems due to
incompatibility of the reagents (e.g. BF3·OEt2)65 with unsaturated
substrates and affords the target compounds in low (e.g. ∼25% for
1-acyl-sn-glycerols)62 or moderate (e.g. ∼54–70% for 1-O-alkyl-sn-
glycerols)63 yields.

Recently, we have demonstrated the high synthetic utility of
a trifluoroacetyl group in glycerolipid synthesis.66,67 This group
can be removed quantitatively under mild conditions without
any supplementary purification and thus trifluoroacetate esters
can also be considered as storage forms for structurally labile
monoacyl glycerols.66,67

As a continuation of these studies we investigated a trifluoro-
acetate-assisted direct trifluoroacetylation across the oxirane
system of glycidols bearing a proximal ester function (substrates
of type 1 and 2) or an ether fragment (substrates of type 3
and 4) by means of trifluoroacetic anhydride (TFAA) as shown
in Scheme 2 [route A (i)]. After evaluation of various reaction
conditions, the best results were achieved when a solution compris-
ing substrates 1–4 and tetra-n-butylammonium trifluoroacetate
(TBATFA, 3.0 equiv.) in tetrahydrofuran (THF)–CH2Cl2 (1 : 1,
v/v), was treated under argon with TFAA (2.0 equiv.) in a tightly
stoppered glass ampoule at 80 ◦C for 5 h.

This produced quantitatively and in a highly regioselective and
stereospecific manner (>99%, 1H and 13C NMR spectroscopy)
trifluoroacetyl esters 5–8, which were isolated in 92–97% yields
after simple solid-phase filtration through a short silica gel pad
(see the Experimental part for details). The reaction seemed to be
rather general as other glycidol derivatives (linoleoyl, palmitoyl,
stearoyl, benzoyl, isopropyl, or methyl) also underwent quanti-
tative conversions into the corresponding bis(trifluoroacetates)

without detectable migration of the fatty acid substituents from
C1 to C2. Such compounds can either be stored for several months
(−20 ◦C, under argon) without noticeable alterations of their
spectral characteristics (1H and 13C NMR spectroscopy).

We also carried out additional experiments to get some insight
into a possible mechanism for this transformation. Thus, 1H
and 13C NMR spectroscopy revealed that TFAA alone, effected
opening of the oxirane system of glycidyl esters of type 1 with
migration of the acyl group to produce the corresponding 2-
acylglycerols, while alkyl glycidols of type 3, were completely
stable under these conditions. On the other hand, in the absence
of TFAA, glycidyl oleate 1 underwent reaction with TBATFA to
give, after deprotection of the trifluoroacetyl moieties, a mixture of
1-monoacylglycerol 9 and 2-acylglycerol in a ratio of 85 : 15. When
instead of TFAA, acetic or benzoic anhydride with TBATFA
(3.0 equiv.) was used, bis(trifluoroacetates) of type 5 or 7 were
identified as the only products. Reactions with acyl donors other
than TFAA or TBATFA were rather sluggish, e.g. for the tetra-
n-butylammonium acetate–acetic anhydride system, the reaction
occurred to only ca. 85% completion after 24 h.

The above observations suggest that opening of the oxirane
system in acyl and alkyl glycidols probably proceeds via a one-
step concerted mechanism involving nucleophilic attack of a
trifluoroacetate anion on the primary carbon of the oxirane
ring, with simultaneous electrophilic catalysis exerted by TFAA,
as depicted in Scheme 3. In addition, the nucleophile and
electrophile assistance provided by this two-component reagent
should facilitate the epoxide fission and prevent acyl migration
during the course of the reaction. As no bond breaking takes
place at the chiral centre of the glycidol, the transformation should
be stereospecific and occur with retention of configuration. The
observed formation of bis(trifluoroacetates) of type 5 or 7 in the
reaction of glycidyl esters 1 with the acetic or benzoic anhydride–
TBATFA reagent system, is also consistent with this mechanism,
and indicates generation under the reaction conditions of the
mixed acetic- or benzoic-trifluoroacetic anhydrides, which are
expected to be stronger electrophiles than the parent carboxylic
anhydrides.

Scheme 3

To demonstrate the feasibility of the removal of trifluoroacetyl
groups from triglycerides 5–8 under mild conditions, these com-
pounds were treated in CH2Cl2–pentane with pyridine (10 equiv.)
and methanol (250 equiv.) at room temperature. The reactions were
quantitative (completion within 20 min) and after evaporation of
the volatile products, afforded positionally homogeneous mono-
glycerides 9–12 (purity >99%, by 1H and 13C NMR spectroscopy)
in 92–95% overall yields (calculated on 1–4) without any additional
purification [route A (ii), Scheme 2].

This journal is © The Royal Society of Chemistry 2007 Org. Biomol. Chem., 2007, 5, 3787–3800 | 3789
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Synthesis of 3(1)-O-silyl intermediates (Schemes 2 and 4)

Aside from their utility as chiral precursors to 1(3)-monoacyl-
(e.g. 9 and 10) or 1(3)-monoalkyl-sn-glycerols (e.g. 11 and 12),
trifluoroacetyl esters 5–8 represent valuable starting materials for
the preparation of monosilylated derivatives 13–18 (Scheme 2),
that can be viewed as key intermediates in the synthesis of di- and
triglycerides (Scheme 4). To this end, trifluoroacetates 5–8 were
deprotected as described above, and the resulting monoglycerides
9–12 were treated in anhydrous THF, at room temperature, with
TBDMS-Cl or TIPS-Cl (1.3 equiv.) in the presence of imidazole
(6.0 equiv.) for ca. 18 h. This gave the building blocks 13–18, with
terminal O-silyl groups, in high overall yields of ca. 80–85% (the
yields calculated in relation to 5–8; see the Experimental part).

These compounds are usually acylated to produce 3-O-silylated
derivatives 19–27, which are used as starting materials for the
preparation of various di- and triglycerides. The acylation of silyl
ethers 13–18 with acyl chlorides (1.5 equiv.) in the presence of
pyridine (20 equiv.). was uneventful and produced in high yields
(92–95%; Scheme 4) the corresponding esters bearing either long-
or short-chain fatty acid residues (19–23, 25 and 26) or 2,2,2-
trichloroacetyl functionality (27) at the glycerol sn-2-position. This
type of derivative can also be prepared via consecutive silylation
and acylation of commercially available chiral monoglycerides,
e.g. 3-palmitoyl-sn-glycerol (MPG), as shown in Scheme 4 (overall
yield, 73%).

Synthesis of vicinal diacyl- and alkyl-acyl-sn-glycerols via direct
trichloroacetylation across the silyloxy system (Scheme 5)

While temporary protection of the terminal hydroxyl group of
1(3)-MAG or 1(3)-MALKG (e.g. route B, Scheme 2) followed
by the formation of an ester bond at the central carbon
atom of such C3-units (Scheme 4), is a well-known approach
to 1,2(2,3)-diacyl-sn-glycerols [1,2(2,3)-DAG] and their 1(3)-

O-alkyl-2-acyl-sn-analogues [1(3)-AL-2-AG],12,28 problems usu-
ally arise at the end of synthesis as most of the protecting
group systems (e.g. levulinate,68 benzyl,26,42 trityl,29,41,69 2,2,2-
trichloroethoxycarbonyl,70 9-phenylxanthen-9-yl,37 etc.) require
deprotection conditions that preclude admission to conjugates
with unsaturated or acid–base-sensitive moieties,12 or cause un-
desirable intramolecular rearrangements.12,31,34

In this situation we turned our attention to silyl groups as
alternative transient protecting groups.71 Unfortunately, cleavage
of even relatively labile tert-butyldimethylsilyl (TBDMS) ethers
having an acyl functionality in a vicinal position, is often imprac-
tically slow (e.g. 17 h62 or up to 14 days72) or requires reagents that
are either incompatible with acid,73 base,38 or oxidation–reduction-
susceptible substrates,62,71,74 or trigger an extensive acyl migration
process.38

As the removal of a trichloroacetyl group can be carried out
quantitatively, under mild conditions, and without additional
purification,47 we considered direct transformation between silyl
and trichloroacetyl groups as a viable strategy for our purpose, to
circumvent drawbacks inherent to a stepwise deprotection of silyl
derivatives.46 However, although the acylation across a silyloxy
system of simple alcohols finds ample literature precedents,
the current methods (e.g. by using FeCl3–acetic anhydride,75

pyridine–acetic anhydride–acetic acid or methanol–acetic acid,76

ZnCl2–acetyl chloride,77 or SnBr2–acetyl bromide78) permit only
introduction of an acetyl residue and are inapplicable to the
synthesis of 1,2(2,3)-DAG and 1(3)-AL-2-AG.

Therefore, reaction conditions for direct trichloroacetylation
of monofunctional silyl intermediates (e.g. 19, 22, 23, 25, and
26) with trichloroacetic anhydride (TCAA) in the presence of
triethylamine tris(hydrofluoride) (Et3N·3HF), were investigated
employing different solvents, ratios of the reactants, etc. [Scheme 5,
route C (i)]. The best results were obtained when compounds
19, 22, 23, 25, or 26 were treated under argon with neat
TCAA (9.0 equiv.) and Et3N·3HF (2.0 equiv.) in a pressure

Scheme 4 Reagents and conditions: (i) TIPS-Cl (1.3 equiv.), imidazole (6.0 equiv.), THF, rt, 18 h; (ii) CH3COCl, C17H33COCl or CCl3COCl (1.5 equiv.),
pyridine (20 equiv.), CH2Cl2, rt, 2 h.

3790 | Org. Biomol. Chem., 2007, 5, 3787–3800 This journal is © The Royal Society of Chemistry 2007
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Scheme 5 Reagents and conditions: route C: (i) Et3N·3HF (2.0 equiv.), (CCl3CO)2O (9.0 equiv.), no solvent, 80 ◦C, 2 h; (ii) pyridine (50 equiv.), MeOH
(500 equiv.), THF, rt, 3 h.

glass ampoule at 80 ◦C for 2 h. This produced quantitatively
and in a highly chemo- and regiospecific manner (>99%, 1H
and 13C NMR spectroscopy) terminal trichloroacetates 28–32,
which were isolated in 90–93% yields after flash column silica gel
chromatography. The obtained trichloroacetyl derivatives 28–32
can either be subjected directly to subsequent transformations,
or stored for several months (−20 ◦C, under argon) without
detectable alterations of their spectral characteristics (1H and 13C
NMR spectroscopy).

Regarding the scope and limitations of this particular chem-
istry, some additional observations are pertinent. The rate of
replacement of the silyl groups by a trichloroacetyl moiety
was not appreciably influenced by electronic features or the
type of molecular fragments present in 19, 22, 23, 25, or 26
(e.g. various acyl, or saturated alkyl substituents). Trimethylsilyl
derivatives underwent esterification at comparable rates to those
of TBDMS and TIPS ethers. The reactions in organic solvents
were considerably slower (e.g. in CHCl3; reaction time ∼48 h) or
produced complex reaction mixtures (e.g. the reactions in THF).
The rate of trichloroacetylation remained practically within the
same range of magnitude upon replacement of Et3N·3HF by
tetra-n-butylammonium fluoride (TBAF·3H2O). In the latter case,
however, 1H and 13C NMR analysis revealed that regioselectivity
was eroded due to acyl migration (5–10%), triggered probably

by the substantial amounts of free trichloroacetic acid generated
from TCAA in the presence of water. Although trifluoroacetic
anhydride could be used as a substitute for TCAA, the triflu-
oroacetyl derivatives were less convenient to work with as they
readily decomposed during column chromatography.

It was interesting to note that for TBDMS-ethers of types 19 and
25, the derivatization could be carried out without the presence
of fluoride ions, by using tetra-n-butylammonium trichloroacetate
with two equivalents of TCAA. Under these conditions, however,
the reactions were rather slow (e.g. in CHCl3 at rt, ca. 24 h; ∼90%
conversion) and failed for TIPS derivatives (<5% conversion after
24 h; TLC analysis).

On the basis of the above data we can tentatively formulate
a mechanism for these reactions, which involves an electrophilic
attack by TCAA to form an intermediate of type A, followed by a
nucleophilic attack by fluoride on the silicon atom (Scheme 6).
This rationalizes the replacement of the silyl protection with
trichloroacetyl with no migration of the vicinal ester group.
Since no bond breaking takes place at the stereogenic C2-centre,
the transformation is stereospecific and occurs with retention
of configuration. The observed exclusive formation of terminal
trifluoroacetates 28–32 with defined stereochemistry (see the Ex-
perimental part) and the lack of intramolecular acyl scrambling,
are in agreement with this hypothesis.

Scheme 6

This journal is © The Royal Society of Chemistry 2007 Org. Biomol. Chem., 2007, 5, 3787–3800 | 3791
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An alternative mechanism consisting of a nucleophilic attack
by a trichloroacetate anion on the silicon centre seems to be less
likely as the fluoride ion is orders of magnitude more effective as
a nucleophile for silicon then carboxylate. This is also consistent
with the experiments carried out in the absence of fluoride (vide
supra).

As the final stage of this protocol, the trichloroacetates 28–
32 were converted into 1,2(2,3)-DAG (42–44) and 1(3)-AL-2-
AG (45 and 46), respectively [route C (ii), Scheme 5]. Due to
the high electrophilicity of the carbonyl centre of trichloroacetyl
conjugates, this operation could be carried out selectively even in
the presence of an acetyl group, by treating compounds 28–32 in
THF with pyridine (50 equiv.) and methanol (500 equiv.) at room
temperature. The reactions were quantitative (completion within
3 h) and after removal of the volatile products, diglycerides 42–46
of purity >99% (1H and 13C NMR spectroscopy) were obtained
directly without any additional work-up.

Synthesis of 1,3-diacyl-sn-glycerols via direct acylation across the
terminal silyloxy system (Scheme 7, route D)

Despite the increasing need for configurationally pure 1,3-diacyl-
sn-glycerols (1,3-DAG) (physiological effectors,4,5 micromolecular
vectors for directing therapeutics21,79 or requisite agents18,19 to
the metabolic pathways of natural lipids, etc.), the chemical and
pharmacological potential of these compounds has not been
exploited to any significant extent. There are usually preparative
problems in the synthesis of these compounds, and to avoid
inconveniences of protection–deprotection procedures28,37,80 or
enzymatic manipulations,81 several methodologies for direct incor-
poration of different acyl groups at the terminal sites of a glycerol
backbone have been reported. In the original method proposed
by Lok et al.82 and its latter modifications,83–85 glycidyl esters are
heated with another fatty acid in the presence of a quaternary
ammonium salt (2–4 h, 100–110 ◦C) to give in variable proportions
mixtures of 1,2- and 1,3-diacylglycerols. Although experimentally
simple, this approach, suffers from many drawbacks, such as lack
of generality, mediocre yields (40–70%83), separation problems,61,86

and rather harsh reaction conditions that contribute to the
formation of transesterification products, intramolecular ligand
migration, racemization, oxidation, etc.68,82–86 Alternative synthetic
protocols based on esterification of 1-monoglycerides with various
acyl donors, seem to be equally inefficient due to analogous
shortcomings28 and typically afford unsymmetrical 1,3-DAG in
low yields (44–46%).22,49

Scheme 7 Reagents and conditions: route D: (i) Bu4NBr (2.0 equiv.),
TMSBr (1.5 equiv.), (CH3CO)2O or (C15H31CO)2O (3.0 equiv.), CHCl3,
80 ◦C, 2 h; (ii) pyridine (50 equiv.), MeOH (500 equiv.), THF, rt, 2 h.

As examples of direct transformation of O-silyl groups into
O-acetates are known from the literature (also, vide supra), we
reasoned that derivatization of a bifunctional C3-building block
(e.g. 27) bearing 2,2,2-trichloroacetyl- and TBDMS-transient

protections, via direct replacement of the silyl moiety with an acyl
residue and subsequent methanolysis of the 2-O-trichloroacetyl
fragment in the presence of pyridine, could provide a convenient
entry to the otherwise difficult-to-access 1,3-diacyl-sn-glycerols of
type 47 and 48 (Scheme 7). Unfortunately, the reagents available
to date75–78 rely on chemistry that is either incompatible with labile
trichloroacetyl derivatives or inapplicable if 1,3-DAG with acyl
functionalities different from acetyl are desired.

To overcome the aforementioned complications, we developed
a new reagent system consisting of Bu4NBr–TMSBr–carboxylic
acid anhydride, which not only tolerates the presence of a chemi-
cally labile trichloroacetyl substituent, but also effects conversion
of silyl ethers into short- or long-chain carboxylates without
exposure of a free hydroxyl group of the glycerol skeleton.47

To assess the efficacy of this triester tactic, direct acylation
across standard silyl protection in 1-oleoyl-2-trichloroacetyl-
3-O-tert-butyldimethylsilyl-sn-glycerol (27) having a long-chain
unsaturated fatty acid residue, was investigated under various
experimental conditions (different temperature, ratio of reac-
tants, solvents, etc.) using Bu4NBr, TMSBr, and carboxylic acid
anhydrides. The best results were obtained when a carboxylic
anhydride (3.0 equiv.) and TMSBr (1.5 equiv.) were mixed together
and added to trichloroacetate 27 and Bu4NBr (2.0 equiv.) in
chloroform, and the reaction mixture was heated at 80 ◦C for
2 h in a tightly stoppered glass ampoule. 1H- and 13C NMR
spectral analysis revealed that under these conditions conversion
of 27 into triglycerides 33 or 34 bearing a trichloroacetyl group,
was practically quantitative and entirely regioselective (>99%).
No byproducts due to possible acyl migration or side reactions
involving an olefinic system of the oleic acid moiety could be
detected [route D (i), Scheme 7].

We also carried out additional studies to elucidate some
mechanistic aspects of this direct acylation across a siloxy system.
Experiments using model substrates (compound 27, 1-oleoyl-2-
acetyl-3-O-tert-butyldimethylsilyl-sn-glycerol, or triisopropylsilyl-
and tert-butyldimethylsilyl ethers of oleyl alcohol), showed that
carboxylic acid anhydrides (CAA) alone (e.g. acetic-, palmitic-,
oleic anhydride), as well as their mixtures with either Bu4NBr
(TBABr) or TMSBr, were essentially unreactive and only three-
component reagent systems, i.e. CAA–TBABr–TMSBr, exhibited
efficient acylating properties for TBDMS- and TIPS-protected
alcohols, although a longer reaction time was required for
quantitative functionalization of the TIPS-derivatives (∼15 h).
Trichloroacetic anhydride could not be used as an acyl donor
in conjunction with TBABr–TMSBr, as it underwent partial
decomposition under the reaction conditions.

Since 1H- and 13C NMR spectroscopy revealed that treatment
of CAA with TMSX (1.0 equiv.) alone, or in the presence of 2.0–
4.0 equivalents of Bu4NX (X = Br, or I), at room temperature
led to almost instantaneous production of equimolar amounts
of the corresponding acyl halides (ACX) and trimethylsilyl
carboxylates (ACOTMS), contribution of these species to the
acylolytic cleavage of the aforementioned silyl ethers was examined
further. It was found that ACX by themselves (e.g. oleoyl chloride
or acetyl bromide) or in combination with the respective CAA
(e.g. oleic or acetic anhydride), in the presence or absence of
ACOTMS (e.g. trimethylsilyl acetate), were entirely incapable of
carrying out conversion of the substrates with a TBDMS or TIPS
group into the corresponding carboxylic esters. However, all these
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transformations could be rescued, to afford the expected products,
via the addition of bromide anion to the reaction mixtures. While
TMSCl in combination with Bu4NCl gave inferior results, the cor-
responding iodo derivatives maintained acylating properties indis-
tinguishable from those provided by the TBABr–TMSBr reagent
system. The reactions investigated seemed to be rather general as
other silyl ethers (e.g. trimethyl-, triethyl- and triisopropylsilyl),
with a notable exception of tert-butyldiphenylsilyl derivatives,
underwent quantitative esterification under the developed reaction
conditions. In all instances, no presence of halogenated byproducts
could be detected in the reaction mixtures by means of the
chromatographic and spectroscopic analytical techniques used.

These observations are consistent with a mechanism shown
in Scheme 8. An acyl bromide, generated in situ from CAA
and TMSBr, is expected to be a powerful electrophile that can
coordinate to the oxygen atom of the silyloxy system to form
a silyloxonium intermediate, which upon a nucleophilic attack
by a bromide ion (from a quaternary ammonium salt) on the
silicon centre, collapses to the product. The last two steps can
also be synchronous, but this is probably less likely on entropic
grounds. The combination of nucleophile and electrophile catalysis
in these reactions should facilitate cleavage of the silyl ethers and
secure the formation of a new ester bond without scrambling of
the adjacent trichloroacetyl moiety, as no free hydroxyl of the
glycerol backbone is exposed. The proposed mechanism does not
include any C–O bond scission at the stereogenic secondary carbon
atom and, therefore, predicts retention of configuration in the
glycerol unit.

Scheme 8

Since trichloroacetate esters are known to undergo smooth
transesterification with alcohols,46 1,3-diacylglycerols 47 and 48
could be obtained by treating the precursors 33 and 34, respec-
tively, with methanol (500 equiv.) at room temperature in the
presence of pyridine (50 equiv.) [route D (ii), Scheme 7]. These
reactions were quantitative (completion within 2 h) and after
removal of the volatile products, afforded 1,3-diacyl-sn-glycerol 47
and 48 of purity >99% (1H- and 13C NMR spectroscopy) without
supplementary purification. Stereochemical homogeneity of 47 (a
new compound) bearing an acetyl group particularly prone to
migration, has been additionally confirmed by its conversion into
the corresponding Mosher ester 49 [route F (ii), Scheme 10, vide
infra], and that of 48, by the lack of depression in melting point
upon mixing with various proportions (from 1.0 : 0.5 to 1.0 : 1.5,
w/w) with a reference sample of 48.82 It is worth noting that 2,2,2-
trichloroacetates 33 and 34 can also be considered as a convenient
storage form for 1,3-DAG as their spectral characteristics (1H-
and 13C NMR spectroscopy) remained unchanged upon prolonged
time (several months at −20 ◦C, under argon).

Synthesis of triacyl-sn-glycerols using key silyl intermediates
(Scheme 9)

While enzymatic methods can satisfactorily afford only simple
triglycerides,7 the regioselective and enantioselective production
of unsymmetrical homologues with different acyl substituents,
including both saturated and unsaturated ones, requires access to
configurationally pure 1,2(2,3)-DAG or 1,3-DAG as the substrates
for the final establishment of the third ester bond.14,28,82 To this end,
the existing synthetic strategies14,18,22,44,49,53,85,87 resort to a variety
of starting materials/intermediates that usually demand lengthy
multistep functionalization and work-up procedures to afford the
target triacylglycerols (TAG) in rather mediocre overall yields (e.g.
7–19%).49 Even two-step protocols, comprising either LiBr-88 or
LiBr-benzyltributylammonium bromide-assisted55 fission of the
oxirane ring of glycidyl esters with carboxylic acid anhydrides,
followed by displacement of the bromine within the produced
3-bromo-1,2-propanediol esters by caesium carboxylates, do not
remedy these problems, and do not completely prevent formation
of isomeric products.55

Scheme 9 Reagents and conditions: route E: Bu4NBr (2.0 equiv.), TMSBr (1.5 equiv.), (CH3CO)2O, (C15H31CO)2O or (C17H33CO)2O (3.0 equiv.), CHCl3,
80 ◦C, 2–15 h.

This journal is © The Royal Society of Chemistry 2007 Org. Biomol. Chem., 2007, 5, 3787–3800 | 3793
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Because we have already demonstrated that easily accessible
1,2(2,3)-diacyl-3(1)-O-silyl-sn-glycerols (Scheme 4) are convenient
intermediates for the preparation of 1,2(2,3)-DAG46 (route C,
Scheme 5), we wanted to extend this strategy to the synthesis
of structured TAG via direct replacement of the corresponding
O-silyl moiety with an acyl group (e.g. with saturated/unsaturated
or short/long alkyl chains) using the CAA–TBABr–TMSBr47

reagent system (route E, Scheme 9).
To this end the silyl ethers 20, 21, 23, or 24 and Bu4NBr

(2.0 equiv.) in chloroform, were treated with a mixture of a
carboxylic acid anhydride (3.0 equiv.) and TMSBr (1.5 equiv.)
in the same solvent at 80 ◦C for 2 h (15 h for TIPS-derivatives
21, 23 and 24), analogously as described for the synthesis of 1,3-
DAG (Scheme 7). This gave quantitatively and in a highly chemo-
and regioselective way (>99%, 1H- and 13C NMR spectroscopy)
the expected triesters 35–41, which were isolated in 91–96% yields
after flash column silica gel chromatography. The longer reaction
time required for the displacement of the TIPS group (ca. 15 h)
had no negative effect on the homogeneity of the triglycerides
produced.

One-pot synthesis of triacyl-sn-glycerols from the corresponding
2,2,2-trichloroacetyl derivatives (Scheme 10)

Considering possible limitations of a direct acylation across a
silyloxy system of glycerol with carboxylic acid anhydrides, we
elaborated a complementary methodology based on the use of
1,2(2,3)-diacyl-3(1)-trichloroacetyl- (e.g. 28, 29) and 1,3-diacyl-
2-trichloroacetyl-sn-glycerols (e.g. 33, 34) for the preparation of
structurally defined TAG (route F, Scheme 10).

Relevant to the first step of this one-pot approach, trichloroac-
etates of type 28 and 29, or 33 and 34, were converted into 1,2(2,3)-
(42 and 43), or 1,3-diglycerides (47 and 48) by treatment with
methanol (500 equiv.) at room temperature in the presence of pyri-
dine (50 equiv.) (Scheme 10), analogous to the method described
in Schemes 5 and 7. The volatile byproducts were removed under
reduced pressure (see the Experimental part) and the deprotected
glycerol intermediates were directly reacted in chloroform with
a suitable acyl chloride (2.0 equiv.) in the presence of pyridine
(20 equiv.). The 1H- and 13C NMR spectra of the isolated products

(flash column silica gel chromatography) revealed that in all
instances the transformation to target triacylglycerols 49–53 was
practically quantitative (90–95% overall yields, calculated on 28,
29, 33, and 34) and entirely regioselective (>99%).

In conclusion, we have developed an efficient, general synthetic
strategy to configurationally pure 1(3)-mono- (e.g. 9–12), 1,2(2,3)-
di- (e.g. 42–46), 1,3-di- (e.g. 47, 48), and triglycerides (e.g. 35–41,
49–53), based on direct acylation across the epoxide (e.g. 1–4) and
silyloxy systems (e.g. 19–27) of suitable precursors.

The main features of this new protocol are: (i) access to
individual mono-, di- and triacyl-sn-glycerols with saturated and
unsaturated fatty acid residues, from stable and easily accessible
precursors; (ii) highly regioselective and stereospecific introduc-
tion of acyl groups without exposure of a free hydroxyl function-
ality, which eliminates a perennial problem of glyceride chemistry,
namely, acyl migration; (iii) a minimal number of chromatographic
purifications due to high efficiency of the individual reaction
steps and the use of trifluoroacetyl and trichloroacetyl groups
as transient protecting groups; (iv) all synthetic intermediates
are stable and can be stored for months without noticeable
decomposition.

The method seems to be rather general, makes use of com-
mercially available reactants, and can easily be scaled up. The
incorporation of 2,2,2-trifluoroacetyl-, 2,2,2-trichloroacetyl- and
O-silyl groups as versatile protecting groups to the synthetic pro-
tocols and the development of efficient methods for their removal,
expand the range of biologically important lipid mediators that
can be prepared by this methodology.

3 Experimental part

All reagents were commercial grade (Fluka, Lancaster, Merck,
Sigma) with purity >98% and were used as provided without
further purification. Solvents were dried and distilled prior to use
according to standard protocols.89 Reaction conditions were kept
strictly anhydrous unless stated otherwise.

Progress of the reactions was monitored by analytical thin-layer
chromatography (TLC) on pre-coated silica gel glass plates 60 F254

(Merck). The spots were visualized using 3.5% molybdatophos-
phoric acid spray reagent (Merck) or 50% sulfuric acid followed

Scheme 10 Reagents and conditions: route F: (i) pyridine (50 equiv.), MeOH (500 equiv.), THF, rt, 2–3 h; (ii) R(−)-MTPA-Cl, CH3COCl or C15H31COCl
(2.0 equiv.), pyridine (20 equiv.), CHCl3, rt, 2–18 h.
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by heating at 140 ◦C. Column chromatography (CC) was carried
out on silica gel 60 (70–230 mesh ASTM, Merck) using appropriate
solvent systems (see below).

1H- and 13C NMR spectra were recorded on a Varian 400 MHz
machine and chemical shifts are reported in ppm relative to
TMS. The assignment of proton and carbon resonances of
1–53 was done on the basis of known or expected chemical
shifts in conjunction with 1H–1H, 1H–13C, and DEPT correlated
NMR spectroscopy. In certain cases, 1H- and 13C NMR spectral
characteristics of known compounds were also presented to make
up for the lack of appropriate literature information.

Optical rotations were measured on a Perkin-Elmer 241 digital
polarimeter. Melting points were determined on a Kofler melting
point apparatus and are uncorrected.

Tetra-n-butylammonium trifluoroacetate (mp 81.0–82.5 ◦C)
was synthesized according to the method of Weiss and Touchette.90

(S)-(+)-2-(Oleoyloxymethyl)oxirane 1 [colourless oil; [a]D
20 =

+13.76 (c 6.33, CHCl3)] and (R)-(−)-2-(oleoyloxymethyl)oxirane
2 [colourless oil; [a]D

20 =−13.51 (c 5.03, CHCl3)], were prepared by
acylation of chiral glycidols with oleoyl chloride (all from Fluka)
as described elsewhere.67 (S)-(+)-2-(Hexadecyloxymethyl)oxirane
3 [white solid; mp 34.3–35.7 ◦C; [a]20

D = +10.00 (c 5.76, C6H6)]
and (R)-(−)-2-(hexadecyloxymethyl)oxirane 4 [white solid; mp
34.1–35.6 ◦C; [a]20

D = −9.83 (c 6.35, C6H6)], were obtained
from enantiomeric glycidyl tosylates (Fluka) in two steps fol-
lowing a standard approach.91 Compounds 1–4 had spectral and
physicochemical parameters comparable to those reported in the
literature.67,91 For the full characterisation data of the synthesised
compounds, see ESI.†

General procedure for the synthesis of bis(trifluoroacetates) 5–8
and 1(3)-monoacyl-/or 1(3)-monoalkyl-sn-glycerols thereof 9–12
(route A)

Step (i): a solution of glycidyl derivative 1–4 (1.00 mmol) in
alcohol-free dichloromethane–THF (1 : 1, v/v, 2.0 mL) was added
to a mixture of tetra-n-butylammonium trifluoroacetate (1.066 g;
3.00 mmol) and trifluoroacetic anhydride (TFAA, 0.278 ml;
2.00 mmol) in the same solvent system (3.0 mL), and the reaction
was kept under argon, in a pressure-proof glass ampoule at 80 ◦C
(bath temp.) for 5 h. The solvents and unreacted TFAA were
removed under reduced pressure (bath temp. 50 ◦C), the residue
was dissolved in toluene (5.0 mL) and passed through a silica
gel pad (∼5 g) prepared in the same solvent. The support was
washed with toluene (100 mL), fractions containing the product
were combined, the solvent was removed under reduced pressure,
and the residue was kept under high vacuum at room temperature
for 2–3 h to provide bis(trifluoroacetate) 5–8 (purity >99%, 1H
NMR spectroscopy).

Step (ii): a mixture of pyridine (0.8 mL, 10 mmol) and methanol
(10.1 mL, 250 mmol) in pentane–CH2Cl2 (3 : 1, v/v, 5.0 mL) was
added at 0 ◦C to a solution of trifluoroacetate 5–8 in the same
solvent, and the reaction was left at room temperature for 20 min.
The solvents were evaporated under reduced pressure (bath temp.
50 ◦C) and the residue was kept under high vacuum at room
temperature for 2–3 h to give the deprotected monoglyceride 9–12
(purity >99%, 1H NMR spectroscopy).

1-Oleoyl-2,3-bis(trifluoroacetyl)-sn-glycerol 5. Obtained from
(S)-(+)-2-(oleoyloxymethyl)oxirane (1; 0.338 g, 1.00 mmol). Yield:

0.532 g (97%, yellowish oil); Rf (pentane–toluene–EtOAc = 40 :
50 : 10, v/v/v) = 0.60; [a]20

D = −3.49 (c 10.14, CHCl3); found: C,
54.64; H, 7.03%. C25H38F6O6 (548.57) requires C, 54.74; H, 6.98%.
1H- and 13C NMR spectra identical with those reported in the
literature.45

3-Oleoyl-1,2-bis(trifluoroacetyl)-sn-glycerol 6. Obtained from
(R)-(−)-2-(oleoyloxymethyl)oxirane (2; 0.338 g, 1.00 mmol).
Yield: 0.521 g (95%, yellowish oil); [a]20

D = +3.54 (c 11.28,
CHCl3). All other physicochemical and spectral characteristics
were identical with those of 5.

1-O-Hexadecyl-2,3-bis(trifluoroacetyl)-sn-glycerol 7. Obtained
from (S)-(+)-2-(hexadecyloxymethyl)oxirane (3; 0.299 g,
1.00 mmol). Yield: 0.468 g (92%, colourless oil); Rf (pentane–
toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.76; [a]20

D = −9.55 (c
10.89, CHCl3); found: C, 54.40; H, 7.47%. C23H38F6O5 (508.53)
requires C, 54.32; H, 7.53%. 1H- and 13C NMR spectra identical
with those reported in the literature.45

3-O-Hexadecyl-1,2-bis(trifluoroacetyl)-sn-glycerol 8. Obtained
from (R)-(−)-2-(hexadecyloxymethyl)oxirane (4; 0.299 g,
1.00 mmol). Yield: 0.478 g (94%, colourless oil); [a]20

D = +9.67
(c 10.03, CHCl3). All other physicochemical and spectral
characteristics were identical with those of 7.

1-Oleoyl-sn-glycerol 9. Obtained from (S)-(+)-2-(oleoyloxy-
methyl)oxirane (1; 0.338 g, 1.00 mmol) via 5. Overall yield: 0.338 g
(95%, calculated in relation to1); white solid; mp 34.5–36.0 ◦C
(identical with that of a commercial sample from Fluka); Rf

(pentane–toluene–EtOAc = 30 : 20 : 50, v/v/v) = 0.34; [a]20
D =

−1.32 (c 11.76, CHCl3); found: C, 70.66; H, 11.40%. C21H40O4

(356.54) requires C, 70.74; H, 11.31%. 1H- and 13C NMR spectra
identical with those reported in the literature.45

3-Oleoyl-sn-glycerol 10. Obtained from (R)-(−)-2-(oleoyloxy-
methyl)oxirane (2; 0.338 g, 1.00 mmol) via 6. Overall yield: 0.335 g
(94%, calculated in relation to 2). While all other physicochemical
and spectral characteristics were identical with those of 9, [a]20

D =
+1.28 (c 10.64, CHCl3); [a]20

D = −3.33 (c 7.33, pyridine); lit.59 [a]20
D =

−3.2 (c 5, pyridine).

1-O-Hexadecyl-sn-glycerol 11. Obtained from (S)-(+)-2-
(hexadecyloxymethyl)oxirane (3; 0.299 g, 1.00 mmol) via 7. Overall
yield: 0.297 g (94%, calculated in relation to 3); white solid; mp
62.9–63.9 ◦C; Rf (pentane–toluene–EtOAc = 30 : 20 : 50, v/v/v) =
0.26; [a]20

D = −2.10 (c 3.00, THF); lit.63 mp 63.0–64.0 ◦C; [a]25
D =

−2.68 (c 3.5, THF); found: C, 72.00; H, 12.80%. C19H40O3 (316.52)
requires C, 72.10; H, 12.74%. 1H- and 13C NMR spectra identical
with those reported in the literature.45

3-O-Hexadecyl-sn-glycerol 12. Obtained from (R)-(−)-2-
(hexadecyloxymethyl)oxirane (4; 0.299 g, 1.00 mmol) via 8.
Overall yield: 0.291 g (92%, calculated in relation to 4). Identical
physicochemical and spectral characteristics as those of 11. [a]20

D =
+2.72 (c 3.66, THF); lit.63 [a]25

D = +2.69 (c 3.5, THF).

General procedure for the one-pot, two-step synthesis of a common
precursor of di- and triglycerides (13–18) [routes A (ii) and B]

Step A(ii). A mixture of pyridine (1.6 mL, 20 mmol) and
methanol (20.2 mL, 500 mmol) in pentane–CH2Cl2 (3 : 1, v/v,
10.0 mL) was added at 0 ◦C to a solution of trifluoroacetate 5–8

This journal is © The Royal Society of Chemistry 2007 Org. Biomol. Chem., 2007, 5, 3787–3800 | 3795
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(2.00 mmol) in the same solvent system (10.0 mL). The reaction
was left at room temperature for 20 min, and the solvents were
evaporated under reduced pressure as described above.

Step B. The residue from the previous step (deprotected
monoglyceride 9–12) was dissolved in anhydrous THF (25.0 mL),
and imidazole (0.817 g, 12.00 mmol) and a trialkylchlorosilane
(e.g. TBDMS-Cl 0.392 g or TIPS-Cl 0.550 mL, 2.60 mmol)
were added successively. The reaction mixture was stirred at
room temperature for 18 h, the solvent was removed under
reduced pressure and the target silyl ethers 13–18 were isolated by
flash column silica gel chromatography (mobile phase: toluene–
EtOAc = 95 : 5, v/v) with purity >99% (1H NMR spectroscopy).

1-Oleoyl-3-O-tert-butyldimethylsilyl-sn-glycerol 13. Acquired
from 1-oleoyl-2,3-bis(trifluoroacetyl)-sn-glycerol (5; 1.097 g,
2.00 mmol) via 9. Overall yield: 0.800 g (85%, colourless oil);
Rf (pentane–toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.43; [a]20

D =
+1.76 (c 9.45, CHCl3); found: C, 68.92; H, 11.50%. C27H54O4Si
(470.80) requires C, 68.88; H, 11.56%.

1-O-tert-Butyldimethylsilyl-3-oleoyl-sn-glycerol 14. Obtained
from 3-oleoyl-1,2-bis(trifluoroacetyl)-sn-glycerol (6; 1.097 g,
2.00 mmol) via 10. Overall yield: 0.772 g (82%, colourless oil);
[a]20

D = −1.73 (c 9.63, CHCl3). All other physicochemical and
spectral characteristics were identical with those of 13.

1-Oleoyl-3-O-triisopropylsilyl-sn-glycerol 15. Synthesized
from 1-oleoyl-2,3-bis(trifluoroacetyl)-sn-glycerol (5; 1.097 g,
2.00 mmol) via 9. Overall yield: 0.821 g (80%, colourless oil); Rf

(pentane–toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.53; [a]20
D =

+1.39 (c 13.36, CHCl3); found: C, 70.25; H, 11.63%. C30H60O4Si
(512.88) requires C, 70.25; H, 11.79%.

1-O-Triisopropylsilyl-3-oleoyl-sn-glycerol 16. Acquired from 3-
oleoyl-1,2-bis(trifluoroacetyl)-sn-glycerol (6; 1.097 g, 2.00 mmol)
via 10. Overall yield: 0.851 g (83%, colourless oil); [a]20

D =
−1.38 (c 10.17, CHCl3). All other physicochemical and spectral
characteristics were identical to those of 15.

1-O-Hexadecyl-3-O-tert-butyldimethylsilyl-sn-glycerol 17. Pre-
pared from 1-O-hexadecyl-2,3-bis(trifluoroacetyl)-sn-glycerol (7;
1.017 g, 2.00 mmol) via 11. Overall yield: 0.732 g (85%, colourless
oil); Rf (pentane–toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.47;
[a]20

D = +0.40 (c 12.97, CHCl3); found: C, 69.93; H, 12.55%.
C25H54O3Si (430.78) requires C, 69.70; H, 12.63%.

1-O-tert-Butyldimethylsilyl-3-O-hexadecyl-sn-glycerol 18. Syn-
thesized from 3-O-hexadecyl-1,2-bis(trifluoroacetyl)-sn-glycerol
(8; 1.017 g, 2.00 mmol) via 12. Overall yield: 0.735 g (85%, colour-
less oil); [a]20

D = −0.49 (c 8.66, CHCl3). All other physicochemical
and spectral characteristics were identical to those of 17.

General procedure for the synthesis of acylated C3-chirons bearing
terminal O-silyl- (19–26) or 2-O-trichloroacetyl transient
protection (27) (Scheme 4)

A solution of the corresponding acyl chloride (2.25 mmol) in
dichloromethane was added at −20 ◦C to a mixture of monosi-
lylated compound 13–18 (1.50 mmol) and pyridine (2.42 mL,
30.0 mmol) in the same solvent (10.0 mL). The reaction mixture
was kept at room temperature for 2 h, the solvents were removed
under reduced pressure and the required C3-synthons 19–23 or

25–27 were obtained after flash column silica gel chromatography
(mobile phase: toluene–EtOAc = 95 : 5, v/v) with purity >99%
(1H NMR spectroscopy).

Similarly, the terminally-protected 2,3-DAG 24 was synthesized
in two-steps by consecutive silylation and acylation of the com-
mercially available 3-palmitoyl-sn-glycerol (Fluka) as described
below.

1-Oleoyl-2-acetyl-3-O-tert-butyldimethylsilyl-sn-glycerol 19.
Obtained from 1-oleoyl-3-O-tert-butyldimethylsilyl-sn-glycerol
(13; 0.706 g, 1.50 mmol) and acetyl chloride (0.161 mL,
2.25 mmol). Yield: 0.723 g (94%, colourless oil); Rf (pentane–
toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.62; [a]20

D = +9.75 (c
11.05, CHCl3); found: C, 67.88; H, 11.08%. C29H56O5Si (512.84)
requires C, 67.92; H, 11.01%.

1-O-tert-Butyldimethylsilyl-2-acetyl-3-oleoyl-sn-glycerol 20.
Acquired from 1-O-tert-butyldimethylsilyl-3-oleoyl-sn-glycerol
(14; 0.706 g, 1.50 mmol) and acetyl chloride (0.161 mL,
2.25 mmol). Yield: 0.731 g (95%, colourless oil); [a]20

D =
−9.47 (c 9.90, CHCl3). All other physicochemical and spectral
characteristics were identical to those of 19.

1-Oleoyl-2-acetyl-3-O-triisopropylsilyl-sn-glycerol 21. Pre-
pared from 1-oleoyl-3-O-triisopropylsilyl-sn-glycerol (15; 0.769 g,
1.50 mmol) and acetyl chloride (0.161 mL, 2.25 mmol). Yield:
0.766 g (92%, colourless oil); Rf (pentane–toluene–EtOAc = 40 :
50 : 10, v/v/v) = 0.61; [a]20

D = +11.28 (c 9.87, CHCl3); found:
C, 69.20; H, 11.30%. C32H62O5Si (554.92) requires C, 69.26; H,
11.26%.

1-O-Triisopropylsilyl-2-acetyl-3-oleoyl-sn-glycerol 22. Synthe-
sized from 1-O-triisopropylsilyl-3-oleoyl-sn-glycerol (16; 0.769 g,
1.50 mmol) and acetyl chloride (0.161 mL, 2.25 mmol). Yield:
0.774 g (93%, colourless oil); [a]20

D = −11.81 (c 10.91, CHCl3). All
other physicochemical and spectral characteristics were identical
to those of 21.

1,2-Dioleoyl-3-O-triisopropylsilyl-sn-glycerol 23. Obtained
from 1-oleoyl-3-O-triisopropylsilyl-sn-glycerol (15; 0.769 g,
1.50 mmol) and oleoyl chloride (0.744 mL, 2.25 mmol). Yield:
1.084 g (93%, colourless oil); Rf (pentane–toluene–EtOAc = 40 :
50 : 10, v/v/v) = 0.83; [a]20

D = +10.00 (c 10.12, CHCl3); found:
C, 74.23; H, 11.88%. C48H92O5Si (777.33) requires C, 74.17; H,
11.93%.

1-O-Triisopropylsilyl-2-oleoyl-3-palmitoyl-sn-glycerol 24. Pre-
pared in two steps by silylation of 3-palmitoyl-sn-glycerol (0.661 g,
2.00 mmol) with triisopropylchlorosilane (0.550 mL, 2.60 mmol),
identically to 16 (see General procedure 3.3), followed by acylation
of the intermediary 1-O-triisopropylsilyl-3-palmitoyl-sn-glycerol
with oleoyl chloride (0.661 mL, 2.00 mmol), as described for 23.
Overall yield: 1.097 g (73%, colourless oil); Rf (pentane–toluene–
EtOAc = 40 : 50 : 10, v/v/v) = 0.63; [a]20

D = −10.18 (c 9.31,
CHCl3); found: C, 73.60; H, 12.00%. C46H90O5Si (751.29) requires
C, 73.54; H, 12.07%.

1-O-Hexadecyl-2-acetyl-3-O-tert-butyldimethylsilyl-sn-glycerol
25. Obtained from 1-O-hexadecyl-3-O-tert-butyldimethylsilyl-
sn-glycerol (17; 0.646 g, 1.50 mmol) and acetyl chloride (0.161 mL,
2.25 mmol). Yield: 0.674 g (95%, colourless oil); Rf (pentane–
toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.58; [a]20

D = +4.51
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(c 14.60, CHCl3); found: C, 68.67; H, 11.87%. C27H56O4Si (472.82)
requires C, 68.59; H, 11.94%.

1-O-tert-Butyldimethylsilyl-2-acetyl-3-O-hexadecyl-sn-glycerol
26. Acquired from 1-O-tert-butyldimethylsilyl-3-O-hexadecyl-
sn-glycerol (18; 0.646 g, 1.50 mmol) and acetyl chloride
(0.161 mL, 2.25 mmol). Yield: 0.659 g (93%, colourless oil);
[a]20

D = −5.00 (c 8.83, CHCl3). All other physicochemical and
spectral characteristics were identical to those of 25.

1-Oleoyl-2-trichloroacetyl-3-O-tert-butyldimethylsilyl-sn-gly-
cerol 27. Synthesized from 1-oleoyl-3-O-tert-butyldimethylsilyl-
sn-glycerol (13; 0.706 g, 1.50 mmol) and trichloroacetyl chloride
(0.252 mL, 2.25 mmol). Yield: 0.868 g (94%, colourless oil); Rf

(pentane–toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.70; [a]20
D =

+11.87 (c 10.26, CHCl3); found: C, 56.67; H, 8.60; Cl, 17.30%.
C29H53Cl3O5Si (616.17) requires C, 56.53; H, 8.67; Cl, 17.26%.

General procedure for the direct conversion of silyl ethers 19, 22,
23, 25, and 26 into trichloroacetate educts of 1,2(2,3)-DAG
(28–30) and 1(3)-AL-2-AG (31, 32) [route C (i)]

A mixture containing a silyl ether (19, 22, 23, 25, or 26; 1.00 mmol),
neat trichloroacetic anhydride (TCAA, 1.644 ml, 9.00 mmol) and
triethylamine tris(hydrofluoride) (Et3N·3HF, 0.326 ml, 2.00 mmol)
was kept under argon, in a pressure-proof glass ampoule at
80 ◦C (bath temp.). After 2 h, the reaction mixture was diluted
with toluene–ethyl acetate (98 : 2, v/v; 5 mL), and the target
trichloroacetyl derivatives 28–32 were isolated in pure state (>99%,
1H NMR spectroscopy) by flash column silica gel chromatography
(mobile phase: toluene–EtOAc = 98 : 2, v/v).

1-Oleoyl-2-acetyl-3-trichloroacetyl-sn-glycerol 28. Obtained
from 1-oleoyl-2-acetyl-3-O-tert-butyldimethylsilyl-sn-glycerol (19;
0.513 g, 1.00 mmol). Yield: 0.506 g (93%, colourless oil); Rf

(pentane–toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.56; [a]20
D =

−0.40 (c 7.18, CHCl3); found: C, 55.00; H, 7.70; Cl, 19.73%.
C25H41Cl3O6 (543.95) requires C, 55.20; H, 7.60; Cl, 19.55%.

1-Trichloroacetyl-2-acetyl-3-oleoyl-sn-glycerol 29. Obtained
from 1-O-triisopropylsilyl-2-acetyl-3-oleoyl-sn-glycerol (22;
0.555 g, 1.00 mmol). Yield: 0.489 g (90%, colourless oil); [a]20

D =
+0.42 (c 9.47, CHCl3). All other physicochemical and spectral
characteristics were identical to those of 28.

1,2-Dioleoyl-3-trichloroacetyl-sn-glycerol 30. Obtained from
1,2-dioleoyl-3-O-triisopropylsilyl-sn-glycerol (23; 0.777 g,
1.00 mmol). Yield: 0.705 g (92%, colourless oil); Rf (pentane–
toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.64; [a]20

D = −0.21 (c
5.33, CHCl3); found: C, 64.20; H, 9.40; Cl, 13.90%. C41H71Cl3O6

(766.36) requires C, 64.26; H, 9.34; Cl, 13.88%.

1-O-Hexadecyl-2-acetyl-3-trichloroacetyl-sn-glycerol 31. Ob-
tained from 1-O-hexadecyl-2-acetyl-3-O-tert-butyldimethylsilyl-
sn-glycerol (25; 0.473 g, 1.00 mmol). Yield: 0.464 g (92%, colourless
oil); Rf (pentane–toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.54;
[a]20

D = −5.81 (c 11.81, CHCl3); found: C, 54.82; H, 8.27; Cl,
21.00%. C23H41Cl3O5 (503.93) requires C, 54.82; H, 8.20; Cl,
21.11%.

1-Trichloroacetyl-2-acetyl-3-O-hexadecyl-sn-glycerol 32. Ob-
tained from 1-O-tert-butyldimethylsilyl-2-acetyl-3-O-hexadecyl-
sn-glycerol (26; 0.473 g, 1.00 mmol). Yield: 0.470 g (93%, colourless

oil); [a]20
D = +6.00 (c 5.44, CHCl3). All other physicochemical and

spectral characteristics were identical to those of 31.

General procedure for the direct conversion of silyl ethers 20, 21,
23, 24, and 27 into esters of short- or long-chain fatty acids to
produce 1,3-DAG (33, 34) [route D (i)] or structured TAG (35–41)
(route E)

A mixture of the appropriate carboxylic acid anhydride
(3.00 mmol) and trimethylbromosilane (TMSBr; 0.195 mL;
1.50 mmol) in alcohol-free chloroform (2 mL) was added to a
solution of silyl ether 20, 21, 23, 24 or 27 (1.00 mmol) and tetra-
n-butylammonium bromide (0.645 g; 2.00 mmol) (3.0 mL) in the
same solvent (3.0 mL). The reaction mixture was kept under argon,
in a pressure-proof glass ampoule at 80 ◦C (bath) for 2 h (reaction
time for TIPS-derivatives: 15 h). Chloroform was removed under
reduced pressure and the triglycerides 33–41 were isolated (purity
>99%, 1H NMR spectroscopy) by flash column chromatography
(silica gel; mobile phase for 33, 34, 37–41: toluene–EtOAc = 98 :
2, v/v; mobile phase for 35 and 36: pentane–toluene–EtOAc =
40 : 50 : 10, v/v/v).

1-Oleoyl-2-trichloroacetyl-3-acetyl-sn-glycerol 33. Obtained
from 1-oleoyl-2-trichloroacetyl-3-O-tert-butyldimethylsilyl-sn-
glycerol (27; 0.616 g, 1.00 mmol) and acetic anhydride (0.284 mL,
3.00 mmol). Yield: 0.511 g (94%, colourless oil); Rf (pentane–
toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.49; [a]20

D = −0.68 (c
9.77, CHCl3); found: C, 55.30; H, 7.55; Cl, 19.47%. C25H41Cl3O6

(543.95) requires C, 55.20; H, 7.60; Cl, 19.55%.

1-Oleoyl-2-trichloroacetyl-3-palmitoyl-sn-glycerol 34. Ob-
tained from 1-oleoyl-2-trichloroacetyl-3-O-tert-butyldimethylsilyl-
sn-glycerol (27; 0.616 g, 1.00 mmol) and palmitic anhydride
(1.484 g, 3.00 mmol). Yield: 0.711 g (96%, colourless oil); Rf

(pentane–toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.58; [a]20
D =

0.00 (c 4.26, CHCl3); found: C, 63.35; H, 9.50; Cl, 14.30%.
C39H69Cl3O6 (740.32) requires C, 63.27; H, 9.39; Cl, 14.37%.

1,2-Diacetyl-3-oleoyl-sn-glycerol 35. Obtained from 1-O-
tert-butyldimethylsilyl-2-acetyl-3-oleoyl-sn-glycerol (20; 0.513 g,
1.00 mmol) and acetic anhydride (0.284 mL, 3.00 mmol). Yield:
0.410 g (93%, colourless oil); Rf (pentane–toluene–EtOAc = 40 :
50 : 10, v/v/v) = 0.25; [a]20

D = +1.23 (c 10.83, CHCl3); found: C,
68.08; H, 10.12%. C25H44O6 (440.61) requires C, 68.15; H, 10.06%.

1-Oleoyl-2,3-diacetyl-sn-glycerol 36. Obtained from 1-oleoyl-
2-acetyl-3-O-triisopropylsilyl-sn-glycerol (21; 0.555 g, 1.00 mmol)
and acetic anhydride (0.284 mL, 3.00 mmol). Yield: 0.401 g
(91%, colourless oil); [a]20

D = −1.29 (c 8.93, CHCl3). All other
physicochemical and spectral characteristics were identical to
those of 35.

1-Oleoyl-2-acetyl-3-palmitoyl-sn-glycerol 37. Synthesized
from 1-oleoyl-2-acetyl-3-O-triisopropylsilyl-sn-glycerol (21;
0.555 g, 1.00 mmol) and palmitic anhydride (1.484 g, 3.00 mmol).
Yield: 0.611 g (96%, colourless oil); Rf (pentane–toluene–EtOAc =
40 : 50 : 10, v/v/v) = 0.57; [a]20

D = 0.00 (c 5.11, CHCl3); found: C,
73.66; H, 11.20%. C39H72O6 (636.98) requires C, 73.54; H, 11.39%.

1,2-Dioleoyl-3-acetyl-sn-glycerol 38. Acquired from 1,2-
dioleoyl-3-O-triisopropylsilyl-sn-glycerol (23; 0.777 g, 1.00 mmol)
and acetic anhydride (0.284 mL, 3.00 mmol). Yield: 0.603 g
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(91%, colourless oil); Rf (pentane–toluene–EtOAc = 40 : 50 : 10,
v/v/v) = 0.53; [a]20

D = −0.68 (c 7.60, CHCl3); found: C, 74.22; H,
11.28%. C41H74O6 (663.02) requires C, 74.27; H, 11.25%.

1,2,3-Trioleoyl glycerol 39. Obtained from 1,2-dioleoyl-3-O-
triisopropylsilyl-sn-glycerol (23; 0.777 g, 1.00 mmol) and oleic
anhydride (1.641 g, 3.00 mmol). Yield: 0.823 g (93%, colourless
oil); Rf (pentane–EtOAc = 90 : 10, v/v) = 0.72; found: C, 77.37;
H, 11.81%. C57H104O6 (885.43) requires C, 77.32; H, 11.84%.

1-Acetyl-2-oleoyl-3-palmitoyl-sn-glycerol 40. Obtained from
1-O-triisopropylsilyl-2-oleoyl-3-palmitoyl-sn-glycerol (24; 0.751 g,
1.00 mmol) and acetic anhydride (0.284 mL, 3.00 mmol). Yield:
0.586 g (92%, colourless oil); Rf (pentane–toluene–EtOAc = 40 :
50 : 10, v/v/v) = 0.52; [a]20

D = +0.72 (c 11.73, CHCl3); found: C,
73.57; H, 11.40%. C39H72O6 (636.98) requires C, 73.54; H, 11.39%.

1,3-Dipalmitoyl-2-oleoyl glycerol 41. Obtained from 1-O-
triisopropylsilyl-2-oleoyl-3-palmitoyl-sn-glycerol (24; 0.751 g,
1.00 mmol) and palmitic anhydride (1.484 g, 3.00 mmol). Yield:
0.775 g (93%); white solid: mp 37.4–38.0 ◦C; Rf (pentane–toluene–
EtOAc = 40 : 50 : 10, v/v/v) = 0.56; lit.28 mp 35.0–37.5 ◦C; found:
C, 76.43; H, 12.04%. C53H100O6 (833.36) requires C, 76.39; H,
12.09%.

General procedure for the preparation of 1,2(2,3)-diglycerides
(42–46) [route C (ii)] and 1,3-DAG (47, 48) [route D (ii)] from the
corresponding 2,2,2-trichloroacetyl isosters (28–34)

To a solution of 28–34 (1.00 mmol) in tetrahydofuran (5.0 mL), a
mixture of pyridine (4.0 mL, 50 mmol) and methanol (20.3 mL,
500 mmol) was added and the reaction mixture was left at room
temperature for 3 h. Solvents were evaporated under reduced
pressure (bath temp. 50 ◦C) and the residue was kept under high
vacuum at room temperature for 2–3 h to give the unprotected
diglyceride 42–48 (purity >99%, 1H NMR spectroscopy).

1-Oleoyl-2-acetyl-sn-glycerol 42. Acquired from 1-oleoyl-2-
acetyl-3-trichloroacetyl-sn-glycerol (28; 0.544 g, 1.00 mmol).
Yield: 0.398 g (100%, colourless oil); Rf (toluene–EtOAc = 80 :
20, v/v) = 0.24; [a]20

D = −5.42 (c 5.07, CHCl3); found: C, 70.01; H,
10.60%. C23H42O5 (398.58) requires C, 69.31; H, 10.62%.

2-Acetyl-3-oleoyl-sn-glycerol 43. Obtained from 1-trichloro-
acetyl-2-acetyl-3-oleoyl-sn-glycerol (29; 0.544 g, 1.00 mmol).
Yield: 0.399 g (100%, colourless oil); [a]20

D = +5.48 (c 3.25,
CHCl3). All other physicochemical and spectral characteristics
were identical with those of 42.

1,2-Dioleoyl-sn-glycerol 44. Produced from 1,2-dioleoyl-3-
trichloroacetyl-sn-glycerol (30; 0.766 g, 1.00 mmol). Yield: 0.621 g
(100%, colourless oil); Rf (toluene–EtOAc = 80 : 20, v/v) = 0.50;
[a]20

D = −2.85 (c 4.16, CHCl3); lit.92 [a]20
D = −2.5 (c 3.0, CHCl3);

found: C, 75.50; H, 11.66%. C39H72O5 (620.99) requires C, 75.43;
H, 11.69%.

1-O-Hexadecyl-2-acetyl-sn-glycerol 45. Synthesized from 1-
O-hexadecyl-2-acetyl-3-trichloroacetyl-sn-glycerol (31; 0.504 g,
1.00 mmol). Yield: 0.359 g (100%); white solid, mp 35.5–36.0 ◦C
(from pentane); Rf (toluene–EtOAc = 80 : 20, v/v) = 0.23; [a]20

D =
−5.44 (c 2.39, CHCl3); lit.93 [a]20

D = −11.1 (c 0.4, CHCl3); found: C,
70.51; H, 11.77%. C21H42O4 (358.56) requires C, 70.34; H, 11.81%.

2-Acetyl-3-O-hexadecyl-sn-glycerol 46. Obtained from 1-
trichloroacetyl-2-acetyl-3-O-hexadecyl-sn-glycerol (32; 0.504 g,
1.00 mmol). Yield: 0.359 g (100%, white solid); [a]20

D = +5.98 (c
2.08, CHCl3). All other physicochemical and spectral characteris-
tics were identical to those of 45.

1-Oleoyl-3-acetyl-sn-glycerol 47. Obtained from 1-oleoyl-2-
trichloroacetyl-3-acetyl-sn-glycerol (33; 0.544 g, 1.00 mmol).
Yield: 0.398 g (100%, colourless oil); Rf (toluene–EtOAc = 80 :
20, v/v) = 0.29; [a]20

D = −0.28 (c 9.15, CHCl3); found: C, 69.19; H,
10.70%. C23H42O5 (398.58) requires C, 69.31; H, 10.62%.

1-Oleoyl-3-palmitoyl-sn-glycerol 48. Produced from 1-oleoyl-
2-trichloroacetyl-3-palmitoyl-sn-glycerol (34; 0.740 g, 1.00 mmol).
Yield: 0.595 g (100%); white solid, mp 45.5–47.0 ◦C (from
pentane); lit.82 mp 45–46 ◦C; Rf (toluene–EtOAc = 80 : 20, v/v) =
0.52; found: C, 74.81; H, 11.80%. C37H70O5 (594.95) requires C,
74.69; H, 11.86%.

General procedure for the one-pot, two-step synthesis of TAG
(49–53) from their terminal- (28, 29) or 2-O-trichloroacetyl
derivatives (33, 34) (route F)

Step (i). To a solution of trichloroacetate 28, 29, 33 or 34
(1.00 mmol) in tetrahydrofuran (5.0 mL), a mixture of pyridine
(4.0 mL, 50 mmol) and methanol (20.3 mL, 500 mmol) was added
and the reaction mixture was left at room temperature for 2–3 h.
The solvents and volatile materials were removed under reduced
pressure, and the resulting gum was subjected to acylation in the
next step.

Step (ii). The residue containing the deprotected diacylglyc-
erol species was dissolved in alcohol-free chloroform (10.0 mL)
containing pyridine (1.61 mL, 20.0 mmol), and the mixture was
treated at −20 ◦C with a solution of a requisite acyl chloride
(2.00 mmol) in alcohol-free chloroform (10.0 mL). After keeping
the reaction mixture at room temperature for 2 h, the solvents were
removed under reduced pressure, dichloromethane (10.0 mL) was
added and the solution was passed through a dichloromethane-
filled aluminium oxide pad (∼20 g), which was washed with
the same solvent (∼150 mL). Dichloromethane was removed
under reduced pressure and the target triacylglycerols 50–53 were
isolated in pure state (>99%, 1H NMR spectroscopy) by flash
column silica gel chromatography (mobile phase for 50: pentane–
toluene–EtOAc = 40 : 50 : 10, v/v/v; mobile phase for 51–53:
toluene–EtOAc = 98 : 2, v/v).

The Mosher ester 49 of 1,3-DAG 47, also representing a model
triacylglycerol with a sterically hindered chiral substituent at the
C2-position, was obtained in a similar way as described below.

1-Oleoyl-2-[R-(−)-a-methoxy-a-trifluoromethylphenylacetyl]-
3-acetyl-sn-glycerol 49. The compound was prepared from 1-
oleoyl-3-acetyl-sn-glycerol (47; 0.399 g, 1.00 mmol) and R-
(−)-a-methoxy-a-trifluoromethylphenylacetyl chloride (0.224 mL,
1.20 mmol) at room temperature for 18 h according to the above
general procedure with the exception that after removing the
solvents, the residue was dissolved in toluene–ethyl acetate (98 :
2, v/v, 5 mL) and the solution was passed through a silica gel
pad (∼5 g) prepared in the same solvent system. The support
was washed with this eluent (50 mL), fractions containing the
product were combined and the solution was concentrated under
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reduced pressure to afford the crude Mosher ester 49, which was
examined next by 1H and 13C NMR without further purification.
Yield calcd for C33H49F3O7 (614.73): 0.553 g (90%, colourless oil);
Rf (pentane–toluene–EtOAc = 40 : 50 : 10, v/v/v) = 0.45.

1-Oleoyl-2,3-diacetyl-sn-glycerol 50. Obtained from 1-oleoyl-
2-acetyl-3-trichloroacetyl-sn-glycerol (28; 0.544 g, 1.00 mmol) via
42 and acetyl chloride (0.142 mL; 2.00 mmol). Overall yield:
0.418 g (95%, colourless oil); [a]20

D = −1.25 (c 9.33, CHCl3). All
other physicochemical and spectral characteristics were identical
to those of 35 and 36.

1-Palmitoyl-2-acetyl-3-oleoyl-sn-glycerol 51. Synthesized
from 1-trichloroacetyl-2-acetyl-3-oleoyl-sn-glycerol (29; 0.544 g;
1.00 mmol) via 43 and palmitoyl chloride (0.606 mL; 2.00 mmol).
Overall yield: 0.598 g (94%, colourless oil); [a]20

D = 0.00 (c 8.69,
CHCl3). All other physicochemical and spectral characteristics
were identical to those of 37.

1-Oleoyl-2-palmitoyl-3-acetyl-sn-glycerol 52. Acquired from
1-oleoyl-2-trichloroacetyl-3-acetyl-sn-glycerol (33; 0.544 g,
1.00 mmol) via 47 and palmitoyl chloride (0.606 mL; 2.00 mmol).
Yield: 0.580 g (91%, colourless oil); Rf (pentane–toluene–EtOAc =
40 : 50 : 10, v/v/v) = 0.55; [a]20

D = −0.64 (c 8.15, CHCl3); found:
C, 73.50; H, 11.31%. C39H72O6 (636.98) requires C, 73.54; H,
11.39%.

1-Oleoyl-2,3-palmitoyl-sn-glycerol 53. Obtained from 1-oleoyl-
2-trichloroacetyl-3-palmitoyl-sn-glycerol (34; 0.740 g; 1.00 mmol)
via 48 and palmitoyl chloride (0.606 mL; 2.00 mmol). Yield:
0.758 g (91%); white solid, mp 34.0–35.0 ◦C; Rf (pentane–toluene–
EtOAc = 40 : 50 : 10, v/v/v) = 0.54; [a]20

D = 0.00 (c 7.05, CHCl3);
lit.28 mp 29.8–34.5 ◦C; found: C, 76.40; H, 12.12%. C53H100O6

(833.36) requires C, 76.39; H, 12.09%.
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