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Abstract; A phosphotriester approach is used to access the complex phospholipid,
cardiolipin (1) with polyunsaturated fatty acid chains. The synthetic method allows the

anarnifie incarmaratin 1 P’ o ithi 3
specific incorporation of isotopic labels within the molecule and sets up the desired

configuration at all three chiral centres which corresponds to the configuration of the
natural phospholipid. Using such a methodology a range of pure optically active
cardioiipin molecuiar species have been synthesized. © 1998 Eisevier Science Ltd. Ali rights reserved.
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phospholipid composed of three glycerol umits linked via the primary hydroxyl groups d‘uuugu phnospnodaiester
1

inkages. The two terminal glycerol units are acylated with long chain fatty acids. Cardiolipin (1), which can be
considered as a family of compounds rather than a single compound (depending on type and distribution of fatty
acid chains), is found in the electron transporting membranes of many eukaryotic cells, including mitochondria,
where it constitutes up to 25 mole % of the total phospholipid content. It has been suggested that cardiolipin (1)
plays an important role in many mitochondrial processes,!3 however currently no specific molecular details of
this functional involvement of cardiolipin (1) is available. In order to study the biophysical behavior of cardiolipin

(1) using deuterium NMR spectroscopy, it is necessary to label specific sites in this lipid with deuterons.

previously unrealized.

The synthetic methodology which we have developed involves the application of a phosphotriester approach
commonly used in oligonucleotide synthesis.® Such an approach has not been used for cardiolipin synthesis. The
synthesis involves the condensation of a deuterium labelled glycerol fragment (2) with a diacylglycerol (3) which
ultimately results with the formation of symmetrically substituted cardiolipin (1). The key stereochemical building

block for the labelled moiety (2) is derived from methyl 2,3-O-isopropylidene-L-glycerate (4) which was reduced
with LiAlD,4 to yield l—[ZHZ]—2,3—isopropylidene-sn—glycerol (5) in 75% yield. The isopropylidine group was

}

C-1 and C-3 hydroxyl groups of

=

bis protected glycerol (7) by treating (6), in dry pyridine at room temperature under nitrogen with 4-
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dimethylaminopyridine (0.1 melar equivalents), triethylamine (2.8 molar equivalents) and 4,4'-
A +t wrtriteglahl sda () D)l 1 AU 1 h Afear nm nmizamize tzree] 1 svm tha cendizat T 1xrac
GICnOXy ity ICuoriae (2.2 moiar equivaients) 107 1 OOul. AIlel an aqueous wWOIK up tne proauct (/) was

purified by column chromatography [hexane/ethyl acetate 80/20;v/v] in 66% yield. The remaining secondary
hydroxyl group of (7) was then protected as a tert-butyldimethylsilyl (TBDMS) ether by stirring overnight under
nitrogen in dry DMF at room temperature with imidazole (3.1 molar equivalents) and TBDMSCI (1.6 molar
equivalents). Following an aqueous work up the product was purified by column chromatography [hexane/ethyl
acetate 90/10;v/v] to yield the fully protected glycerol fragment (8) in 95% yield. The 4,4'-dimethoxytrityl ethers
of (8) could then be selectively removed in the presence of the TBDMS ether by stirring in the presence of 4% p-
toluenesulphonic acid in a solvent mixture of CHCl,/MeOH (2:1 v/v) at OIC for 30 minutes, to yield the desired
fragment, 1-[2H2]-2-tert—butyldimethylsilyl-sn-glycerol (2). Following an aqueous work up the product was
purified, in 63% yield, by column chromatography using CH,Cl,/MeOH (100/0 | 92/8,v/v) as the eluting solvent.
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(a) LiAlD,, 451C, 1 hour. (b) 80% aq. CH3COOH, 60IC, I hour. (c) 4-Dimethylaminopyridine,

triethylamine, 4,4'-dimethoxytrityl chloride, 1 hour, room temperature. (d) Imidazole, TBDMSC!I, room
temperature, overnight. (e¢) 4% p-Toluenesulphonic acid, CHCl3/MeOH, 0\C, 30 minutes.

Diacylglycerols such as 1,2-dilinoleoyl-sn-glycerol (3) where synthesized according to the procedure
previously reported.® The diacylglycerol (3) was coupled simultaneously at both the C-1 and C-3 carbons of the
deuterium labelled moiety (2) via a phosphotriester linkage using the bifunctional phosphorylating agent 2-
chlorophenyl phosphorodi-(1,2,4-triazolide) (9). This bifunctional phosphorylating agent (9) was generated in
situ by the action of 1,2 ,4-triazole (2.05 molar equivalents) on 2-chlorophenyl phosphodichloridate (1 molar
equivalent) in the presence of triethylamine (2.09 molar equivalents) in dry acetonitrile at room temperature under
nitrogen and was formed within 15 minutes. Initial reaction of the bifunctional phosphorylating reagent (9) (2.4

lent) at room temperature under nitrogen is followed
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(a) Pyridine, 20 minutes, room temperature. (b) Triethylamine, water, pyridine, room temperature, 5
minutes. (c) CH3CN/CH;Cl, (4/1; v/v), 2 hours, room temperature. (d) THF, room temperature, 2-
nitrobenzaldoxime, N,N,N,N-tetramethylguanidine, water, 2.5 hours. (e) THF/H0/CH3;COOH (3/1.5/1;
v/v/v), room temperature, 24 hours.

The phospholipid (10) is not pu

ified but after work up was allowed to react at room temperature for 2
hours with 1- [2H 1-2-tert-bu fyldi,muct ) (0.4

: ts) in the presence of 2.4,6-
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elutmg solvent to yield the fully protected cardiolipin molecule (13).

The phosphate protecting groups were removed by stirring (13) in dry THF with 9.9 molar equivalents of
2-nitrobenzaldoxime and 9.1 molar equivalents of the strong organic base N,N,N,N-tetramethylguanidine in the
presence of a few drops of deionised water at room temperature for 2.5 hours. The mixture was then neutralised
by the addition of acetic acid and partially purified over a small bed of silica gel (CHCI,/MeOH 98/2 | 92/8; v/v) to
remove any non-phosphorus containig species. Finally the TBDMS ether was cleaved using an acidic mixture of

e at room temperature for 24 hours. This deprotection
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product (beef heart mitochondrial cardiolipin, Lipid Products, Surrey, UK) by NMR, IR Mass spec and optical

rotation and found to be the same. A range of cardiolipins have been synthesized using the above method.
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