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Abstract: 1,3-acetylated, -butyroylated and -caproylated triglycerides were prepared in two steps by hemi-
synthesis from microorganism triglycerides rich in DHA. The triglycerides were first enzymatically transesterified
into 2-monoacyl-glycerols which were then acylated with saturated short acid derivatives without significant

migration of the (3-long chain fatty acyl groups to the o position.

Since the first epidemiological studies showing the prevention of cardiovascular diseases by fish oils rich
in eicosapentaenoic (20:5n-3, EPA) and docosahexaenoic acids (22:6n-3, DHA)1.2, ©3 polyunsaturated fatty
acids (PUFA) have been the focus of extensive studies in recent years. It has been clearly proved that
docosahexaenoic acid played a crucial role in the development of visual and brain functions34 and reduced
platelet agregation, in part by inhibiting thromboxane Ap/prostaglandin H receptors in human5:6. In addition, it
appears to have preventive or therapeutic activities in atherosclerotic, inflammatory and immunologic processes’.

Natural sources of DHA often contain significant amounts of other PUFA, such as EPA. Most DHA
preparations are obtained by HPLC purification from fish oil fatty acid ethyl esters, which are non physiological
derivatives of fatty acids. Although the enteral bicavailability of DHA seems to be as good for ethyl esters as for
natural triglycerides, DHA in the last form is more rapidly absorbed and recovered in lymph in rats8. Indeed,
some observations suggest that ethy!l esters are hydrolyzed to a lower degree than triglycerides in vitro®.

The intestinal absorption of DHA in its triglyceride forms is still dependent on the distribution of DHA
among the a and 3 positions since DHA is resistant to the hydrolysis by pancreatic lipase, an 1,3-specific
lipasel0. It is also well-known that the short chain and medium chain triglycerides esterified with C2:0 to C6:0
and C6:0 to C12:0, respectively, are absorbed more readily than long chain triglycerides, short and medium chain
fatty acids being the preferred substrates of the intestinal lipases11:12, Moreover, it can be speculated that 2-
monoacylglycerols, acylated with short chain fatty acids at a position, may be also absorbed without being
hydrolyzed by digestive lipases as well as 2-monoacylglycerols. Considering these different points, the
absorption of DHA may be optimal when this fatty acid is esterified at 3 position with short chain fatty acids at &

positions in triglycerides (TGs).
Figure. Symmetrical (TGs).
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The present work describes the synthesis of 1,3-acetylated, butyroylated and caproylated TGs (see figure)
from an inexpensive microorganism oil rich in DHA and exempt of other polyinsaturated fatty acids including
EPA (IMX oil). These TGs may be theoretically obtained by enzymatic interesterification with immobilized 1,3-
positional specific lipases!3:14. However, we preferred to transesterify first the triglycerides from the
microorganism oil into 2-monoacylglycerols and then to acylate the a positions. This synthetic pathway presents
theoretically the advantage to obtain low cost TGs with poor lipase substrates - e.g. very short chain and
branched fatty acyls, unfatty acyl groups - at the o positions. The 2-monoacylglycerols were acylated in presence
of p-dimethylaminopyridine (DMAP) without significant acyl migration from the {3 to the ¢ positions although it
was previously suggested that DMAP catalyzed acylations in the o position of phosphatidylcholines is
accompanied by some acyl migration!3.

The fatty acyl identification and distribution of TGs between o and {3 positions were analysed by 13C
NMR. In 13C NMR spectroscopy, the slight chemical shift difference observed in carbonyl ester, carbon glyceryl
backbone and end methyl (Cw1) of saturated, mono and polyunsaturated fatty acids (PUFA) in the o and -acyl
positions of triglycerides have been used for qualitative and quantitative determinations!. It is known that for
saturated acids and unsaturated acids such as oleic or DHA, the chemical shifts for C-1 atoms (carbonyl) in the ¢t
and 3 chains differ by about 0.4 ppm from the o chain having the higher chemical shift!63.C. There are also
differences in the acyl chains themselves of which the most important features seem to be the extent of
unsaturation and its relation to the ester group or the end methyl group. In our case, the chemical shift difference
for C-1 atoms allowed to distinguish DHA from oleic acid and saturated long chain or short chain acids.
Moreover, the slight chemical shift difference (A = 0.22 ppm) observed in carbon G-217 of the glyceryl
backbone (see figure) allowed to distinguish DHA and oleic acid in 3 position. The intensities associated to the
several C-1 signals of the hydrocarbon chains, or G-2 signals or end methyl signals can be used to determine the
percentage of DHA, oleic acid and saturated short chain acids. Good agreement was obtained between the NMR
and GC-derived data.

Experimental section

2-monoacyl-glycerols (1): Typically, 1.10 g of IMX oil (1.065 mmol of triglycerides containing 1.035
mmol of DHA) in 5.50 ml of 96:4 v:v butanol:water solution were transesterified into 1 with 550 mg of
Lipozyme IM, an immobilized 1,3-specific lipase from Novo Nordisk. After 48 h the solution was filtered and
concentrated. It was then chromatographed on silica pre-soaked in an 1:1 ethanol:water boric acid solution.
Butylesters of fatty acids, di- and triglycerides were removed with 7:3 hexane:diethylether and 0.71 mmol of 1
(yield of 66 %) was then selectively eluted with 2:1 CHCI3:CH30H. The molar proportion of the main fatty
acids, DHA and oleic acid of 1, determined by gas-liquid chromatography!8, were 72-78 % and 8-18 %
according to the different batches of 1. The compounds 1 were identified and their purity was checked by thin
layer chromatography on silica gel pre-soaked in boric acid and developed with 96:4 CHCl3:acetone (RFof 1:
0.35)18,

1,3-dibutyroyl-2-acyl-glycerols (2): 1 (0.71 mmol) was dissolved in 4.0 ml of anhydrous CHCI3 and
14.2 mmol of butyric anhydride with stirring. After 5 minutes, 0.55 mmol of DMAP was added every 5 minutes,
during 20 minutes. After 1 h, the mixture was treated with 100 ml of an aqueous molar solution of sodium
hydrogen carbonate for 45 minutes. It was then added 240 ml of 1:1 CHCl3:CH30H and the mixture was
shaked. The CHCI3 phase was concentrated to 50 m] and further washed twice with 90 ml of 1:1.2 aqueous 1M
HCL:CH30H. It was evaporated and finally chromatographed on silica to give 336 mg of 2 (90 %; 0.636 mmol
containing 78.2 and 13.1 mol % of DHA and oleic acid respectively) after their selective elution from the column
with 80/20 hexane:diethylether. The purity of 2 was checked by thin layer chromatography on silica gel
developed with 80:20 hexane:diethylether (R of 2 : 0.70). The compounds 2 exibited IR bands for ester group

(1745 cm-1) and a vinyl moiety (3050 cm-1). Electrospray ionization mass spectrometric analysis!? showed the
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presence of two major compounds 1,3-dibutyryl-2-DHA-glycerol (C4:0/C22:6n-3/C4:0) (2a) [m/z = 565.6
(M+Na)+, 30 %] and 1,3-dibutyryl-2-oleoyl-glycerol (C4:0/C18:1n-9/C4:0) (2b) [m/z = 519.3 (M+Na)*, 100
%) which were identified by 13C NMR data in comparison with known TGs168,b, fatty acid methy] esters16D.f
and tributyrin202 :

1,3-dibutyroyl-2-DHA-glycerol (C4:0/C22:6n-3/C4:0) (2a): 13C NMR (CDCl3), & (ppm) : 173.01
(aCO butyroyl), 172.11 (BCO DHA), 132.00, 129.45, 128.57, 128.33, 128.28, 128.09, 128.00, 127.89,
127.68, 127.05, 69.15 (G-2), 62.03 (G-1, G-3), 35.91 (a@COCHy), 34.05 (BCOCHy), 25.66, 25.63, 25.57,
22.67, 20.59 (BCw2), 18.37 (aCw?2), 14.30 (BCw1), 13.64 (aCwl).

1,3-dibutyroyl-2-oleoyl-glycerol (C4:0/C18:1n-9/C4:0) (2b): 13C NMR (CDCl3), & (ppm): 173.01
(aCO butyroyl), 172.81 (BCO oleic)?1, 130.02 (CH=CH) ; 129.70 (CH=CH), 68.93 (G-2), 62.09 (G-1, G-3),
35.91 (aCOCH3>), 34.20 (BCOCH>); 31.93 (BCw3), 29.79, 29.73, 29.55, 29.35, 29.20, 29.13, 29.05, 27.24,
27.19, 24.90, 22.67 (BCwy), 18.37 (aCwy), 14.14 (BCw1), 13.64 (aCwl).

1,3-dicaproyl-2-acyl-glycerols (3): Prepared from 0.450 mmol of 1, 15.8 mmol of caproic anhydride, and
1.58 mmol of DMAP similarly to 2. Yield of 3, 0.230 g (88 %; 0.396 mmol containing 71,7 and 17,9 mol % of
DHA and oleic acid respectively). The compounds 3 exibited IR bands for ester group (1745 cm-1) and a vinyl
moiety (3050 cm-!). Electrospray ionization mass spectrometric analysis 19 showed the presence of two major
compounds 1,3-dicaproyl-2-DHA-glycerol (C6:0/C22:6n-3/C6:0) (3a) [m/z = 621.8 (M+Na)*, 100 %] and 1,3-
dicaproyl-2-oleoyl-glycerol (C6:0/C18:1n-9/C6:0) (3b) [m/z = 575.6 (M+Na)*, 44 %] which were identified by
13C NMR data in comparison with known TGs168.b, fatty acid methyl esters16b:f and methyl caproate20b:

1,3-dicaproyl-2-DHA-glycerol (C6:0/C22:6n-3/C6:0) (3a): 13C NMR (CDCl3), 6 (ppm): 173.20
(aCO caproyl), 172.10 (BCO DHA), 132.00, 129.46, 128.57, 128.33, 128.28, 128.09, 127.99, 127.89,
127.67, 127.05, 69.15 (G-2), 62.05 (G-1, G-3), 34.06 (RBCOCH>), 34.01 («COCHp), 31.27, 25.66, 25.63,
25.57, 24.57 (aCw3), 22.68, 22.32, 20.59 (BCw2), 14.30 (BCw1), 13.91 (aCwl).

1,3-dicaproyl-2-oleoyl-glycerol (C6:0/C18:1n-9/C6:0) (3b) : 13C NMR (CDCl3), 8 (ppm): 173.20
(aCO caproyl), 172.79 (BCO oleic)2!, 130.02 (CH=CH) ; 129.70 (CH=CH), 68.93 (G-2), 62.11 (G-1, G-3),
34.21 (BCOCH?2), 34.01 (aCOCH?y), 31.94 (BCw3), 31.27, 29.78, 29.71, 29.51, 29.34, 29.21, 29.14, 29.07,
27.24, 27.19, 24.91, 24.57 (aCw3), 22.71 (BCw2), 22.32 (aCw2), 14.13 (BCw]1), 13.91 (aCw1).

1,3-diacetyl-2-acyl-glycerols (4): eight hundred mg of IMX oil (0.78 mmol of triglycerides containing 0.76
mmol of DHA) in 4.16 ml of 96:4 butanol:water were converted into 2-monoglycerides with 400 mg of
Lipozyme IM. After 72 h, the Lipozyme IM was discarded. The IMX oil solution was then desolvented and
solubilized in 4 ml of anhydrous CHCI3 and 7.0 mmol of acetic anhydride with stirring. After 5 minutes, 1.40
mmol of DMAP was added to the solution which was agitated for 10 minutes. The mixture was then concentrated
and chromatographed on silica gel. The most apolar byproducts (butylesters of fatty acids, monoacylated and
unmodified IMX triglycerides) were discarded with 90:10 hexane:diethylether and 0.140 g of 4 (yield : 37 % ;
0.290 mmol containing 85.4 and 7.9 mol % of DHA and oleic acid respectively) was selectively eluted with
85:15 hexane:diethylether. The purity of 4 was examinated by thin chromatography on silica gel developed with
85:15 hexane:diethylether (R of 4 : 0.20). The compounds 4 exibited IR bands for ester group (1745 cm-1) and
a vinyl moiety (3050 cm-1). Electrospray ionization mass spectrometric analysis!9 showed the presence of two
compounds 1,3-diacetyl-2-DHA-glycerol (C2:0/C22:6n-3/C2:0) (4a) [m/z = 509.3 (M+Na)*+, 100 %] and 1,3-
diacetyl-2-oleoyl-glycerol (C2:0/C18:1n-9/C2:0) (4b) [m/z = 463.4 (M+Na)*, 4.5 %] which were identified by
13C NMR data in comparison with known TGs168.b, fatty acid methy] esters16b.f and triacetin20C:

1,3-diacetyl-2-DHA-glycerol (C2:0/C22:6n-3/C2:0) (4a): 13C NMR (CDCl3), 6 (ppm): 172.14
(BCO DHA); 170.37 («COCH3) , 131.98, 129.46, 128.55, 128.32, 128.26, 128.08, 127.98, 127.88, 127.65,
127.05, 69.00 (G-2), 62.27 (G-1, G-3), 34.04 (BCOCH»), 25.65, 25.62, 25.55, 22.68, 20.66 (COCH3),
20.57 (BCw?2), 14.29 (BCw1).

1,3-diacetyl-2-oleoyl-glycerol (C2:0/C18:1n-9/C2:0) (4b): 13C NMR (CDCl3), & (ppm): 172.83

(BCO oleic) 21; 170.37 (aCOCH3) ; 130.01 (CH=CH) ; 129.69 (CH=CH), 68.78 (G-2), 62.27 (G-1, G-3),
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34.17 (BCOCH?2); 31.92 (BCw3), 29.77, 29.70, 29.53, 29.33 (2 C), 29.17, 29.10, 29.01, 27.22, 27.17,
24.89, 22.68 (BCw?2), 20.66 (COCH3), 14.13 (BCw1).
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