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Abstract; 1,2-Isopropylidene-3-methoxyethoxymethyl-sr-glycerol (2) is used to access complex polyunsaturated
diacylglycerols of high optical purity such as 1,2-dilinoleoyl-sn-glycerol (5). Using a similar methodology its
enantiomer, 2,3-dilinoleoyl-sn-glycerol, can be obtained from 1-methoxyethoxymethyl-2,3-isopropylidene-sn-
glycerol.

We wish to report herein a simple, efficient, stereospecific procedure for the synthesis of optically active
polyunsaturated 1,2- and 2,3-diacyl-sn-glycerols. This procedure is the first example of the application of the
versatile B-methoxyethoxymethyl (MEM)! protecting group to the synthesis of diacylglycerols, with potential for
subsequent phospholipid synthesis.

Many authors have described the synthesis of optically active 1,2-diacyl-sn-glycerols. Sowden and
Fischer2 were the first to achieve the synthesis of enantiomerically pure diacyl-sn-glycerols. However, these
contained only saturated fatty acid substituents and it was some years before Baer and Buchnea? reported a
complete synthesis of monounsaturated diacylglycerols. This was achieved by converting the fatty acid
substituents of 1,2-dioleoyl-3-benzyl-sn-glycerol4 into 9,10-dibromostearic acids, removing the benzyl protecting
group by catalytic hydrogenolysis and then regenerating the double bonds with activated zinc. This method is
unsuitable for polyunsaturated diacylglycerols and always results with the formation of small amounts of the
more thermodynamically stable 1,3- isomer. Pfeiffer er. a5 were the first to synthesize polyunsaturated
diacylglycerols via glycerol carbonates employing 2,2,2-trichloroethoxycarbonyl as a protecting group, however,
this group is removed under conditions liable to induce migration of the fatty acid substituents. Buchneaé was
able to obtain saturated and unsaturated 1,2- and 2,3-diacyl-sn-glycerols by using a trityl protecting group.
Detritylation can be accomplished without inducing facile chain migration or adversely affecting the double
bonds by chromatography on a silicic acid/boric acid column?. In our hands this lengthy method provided
unsatisfactory yields.

The key stereochemical building block used for the polyunsaturated 1,2-diacyl-sa-glycerols is 1,2-
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{a) MEMCI, N,N-Diisopropylethylamine, CH,Cl,. (b) 10% aq. Acetic acid.

(c) Linoleic acid, 4-Dimethylaminopyridine, N,N-Dicyclohexylcarbodimide, CCl,.

(d) CH,Cly, 1M TiCly in CHoCl,
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isopropylidene-sn-glycerol (1). This is obtained in high yields either from D-mannitol as described by Eibl® or
from D-serine as described by Lok?, Similarly 2,3-isopropylidene-sn-glycerol is used to obtain polyunsaturated
2,3-diacyl-sn-glycerols.

The MEM protecting group is introduced into 1,2-isopropylidene-sn-glycerol (1) by stiring with 1.5
molar equivalents of MEMCI and 1.5 molar equivalents of N,N-diisopropylethylamine at room temperature for
30min in dry dichloromethane [10ml/g of (1)] under nitrogen. After an aqueous work up the product is purified in
yields greater than 85% by flash column chromatography (hexane/ethyl acetate; 96/4) to give 1,2-isopropylidene-
3-methoxyethoxymethyl-sn-glycerol (2) as a colourless oil. The isopropylidene group is removed by stirring (2)
in 10% aq. acetic acid at 60°C for 1 hour. The diol (3) is purified by flash column chromatography (cthyl
acetate/hexane; 95/5) and the pure diol (3) is formed as a colourless oil in nearly quantitative yield.

The diol (3) is condensed with linoleic acid in by adding a solution of the diol (3) in dry carbon
tetrachloride to 2 molar equivalents of linoleic acid in dry carbon tetrachloride at 0°C, This is followed by the
addition of 2 molar equivalents of 4-dimethylaminopyridine. When all these components have dissolved a
solution of N,N-dicyclohexylcarbodimide (2 molar equivalents) in dry carbon tetrachloride is added to the
mixture which is then allowed to stir at room temperature for 2 hours. The resultant mixture is filtered and the
precipitate washed with carbon tetrachloride. Evaporation of the filtrate under reduced pressure gives the crude
product which is purified in yields greater than 75% by flash column chromatography (hexane/ethyl acetate;
95/5).

The MEM protecting group from 1,2-dilinoleoyl-3-methoxyethoxymethyl-sn-glycerol (4) is easily
removed under aprotic conditions in yields in excess of 70% by stirring in dry dichloromethane [25ml/g of (4)]
with 1,8 molar equivalents of a 1M solution of TiCly in CH2Cl2 under nitrogen at 0°C for one hour. Following
this period ammonia solution was added to the mixture in a careful dropwise manner until a white precipitate was
formed. This was then filtered through celite and the filtrate washed with water and then brine. Attempts to
remove the MEM protecting group using ZnBr; provided unsatisfactory yields. Column chromatography using a
silicic acid/boric acid [9/1 w/w) mixture is used to purify the diacylglycerol. The boric acid is added in aqueouns
solution to the dry silicic acid (100 mesh) to form a slurry, which is air dried before activation overnight at
110°C. The use of such a mixture prevents the facile migration of the fatty acid substituents in the 1,2-
diacylglycerol to form the more thermodynamically stable 1,3-diacylglycerol. The eluting solvent is hexane/ethyl
acetate, the ratio of ethyl acetate is gradually increased in a stepwise manner from 100/0 to 80/20. Thin layer
chromatography on silica gel plates, impregnated with boric acid, using solvent systems known to separate 1,2-
diacylglycerols from the isomeric 1,3-diacylglycerolsi0 showed no detectable amount of the 1,3- isomer under
loading conditions (100ug lipid) capable of detecting 1% of this impurity after charring with 25% aq. H»504.

Using the above procedure polyunsaturated diacylglycerols, such as 1,2-dilinoleoyl-sn-glycerol (5), [a]p
-1.82° ( ¢ 1.2, CHCly), [reported [a]p -2.00° (¢ 1.1, CHCl3) 111, have been synthesized in gram guantities,
The enantiomer 2,3-dilinoleoyl-sn-glycerol has been synthesized using L-serine as the starting material. This

efficient method is also convenient to produce all 1,2- and 2,3—diacyl-sn—glycerols and is particularly useful for
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the synthesis of polyunsaturated diacylglycerols as the removal of the MEM group does not adversely effect the
double bonds.

ACKNOWI EDGEMENTS

We acknowledge the Science and Engineering Research Council (SERC) for a studentship (A.D.) and for grant
no. GR/E 56683 (P.S.). UK patent No. §904187.5 filed.

REFERENCES
E.J. Corey, J-L. Gras and P. Ulrich, Tett. Leits. 1976, 11, 809.

J.C. Sowden and H.O.L. Fischer, J. Am. Chem. Soc. 1941, 63, 3244,
E. Baer and D. Buchnea, J. Biol. Chem. 1958, 230, 447.

L A S

IUPAC-TUB Commission on Biochemical Nomencleture, Biochim. Biophy. Acta 1968,
152, 1.

E.R. Pfeiffer, S.R. Cohen, K.R. Williams and J.A. Weisbach, Terr. Letts. 1968, 32, 3549,
D. Buchnea, Lipids 1971, 6, 734.

D. Buchnea, Lipids 1974, 9, 55.

H. Eibl, Chem. Phys. Lipids 1981, 28, 1.

C.M. Lok, J.P. Ward and D.A. Van Dorp, Chem. Phys. Lipids 1976, 16, 115.

10. A.E. Thomas, J.E. Scharoun and H. Ralston, J. Am. Oil Chem. Soc. 1965, 42, 789.

11. F.R. Pfeiffer, C.K. Maio and J.A. Weisbach, J. Org. Chem. 1970, 35, 221.

¥ oo Noh LA

{(Received in UK 24 May 1989)



