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Abstract: The efficient synthesis of polyunsaturated phospholipids is challenging due to the 
sensitivity of the unsaturated moiety to the conditions employed in phosphate ester deproteetion. We 
discuss here three independent methods that resolve this issue and enable the synthesis of a series of 
unsaturated lysophosphatidic acid mimics for the development of a more comprehensive understanding 
of the structure-activity relationship in this .%rks. Copyright 0 1996 Elsevier Science Ltd 

Lysophosphatidic acid (LPA, l-0-acyl-sn-glycerol-3-phosphate) (Figure 1) is a minor membrane 

constituent and is an ubiquitous intermediate in phospholipid synthesis. It has received increased attention 

due to its action as a pleiotropic extracellular signaling molecule. LPA evokes platelet aggregation,’ 

smooth-muscle contraction,* cell morphology changes,3 intracellular calcium mobilization,’ mitogenic 

effects,5 and inhibition of forskolin-driven rises in CAMP.’ Available evidence suggests that LPA acts 

through one or more G-protein coupled receptors. The ability to obtain reliable data on the physiological 

activities of LPA is hampered by its low water solubility and metabolic lability. To address these problems, 

LPA mimics need to be synthesized which resolve these impediments. In addition, a more comprehensive 

understanding of the structure-activity relationships for this family of lipid signaling molecules needs to be 

generated.4’6*7 

A variety of synthetic**’ and enzymatic5*’ routes have been reported for the synthesis of phospholipids 

with saturated fatty acid chains. However, the availability of phospholipids with unsaturated acyl chains has 

lagged behind.” The difficulty in incorporating unsaturated fatty acid chains is the selective deprotection of 

the phosphate, without reducing or isomerizing the olefins present in the LPA fatty acid chain. Herein, we 
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report three methods that enable the incorporation of mono and poly-unsaturated fatty acid chains into a 

variety of LPA agonists. 
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Figure 1 

In the present study three classes of LPA agonists were synthesized (Figure 1). The first set of 

LPA agonists (l-3) was synthesized by Method 1 (Scheme 1). The initial acylation of the appropriate diol 

with oleoyl chloride proceeded smoothly in each case with typical yields of 60-70%. The remaining 

hydroxyl was phosphorylated with bis(benzyloxy)(diisopropylamino)phosphinel’ and oxidized to the 

phosphate with hydrogen peroxide (typical yields of 50%). The phosphoalkenyl esters 1-3 were prepared by 

hydrogenolysis of the phosphate benzyl esters via hydrogen transfer by modification of the conditions of 

Olah et al” (100% conversion). 
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Scheme 1: a) pyr, oleoyl chloride; b) bis(benzyloxy)(diisopropylamino)phosphine, 
tetrazole; c) HOOH; d) cyclohexene, 10% Pd/C(cat). 

A second family of LPA agonists (4,, 5, and 6& was synthesized using Method 2 (Scheme 2). 

selective amino acylation (typical yield of 90%) was followed by phosphorylation of the hydroxyl analogous 

to the methodology described for the 0-acyl analogs above. The N-acyl analogs with a mono-unsaturated 
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fatty acid chain were converted to the phosphate mono-ester through the conditions described above. 

However, these conditions did not allow selective reduction of the phosphate benzyl esters for molecules 

containing poly-unsaturated fatty acid chains with his-allylic protons, typically reducing these to a mixture of 

the corresponding mono-unsaturated derivatives. However, r-butyl phosphodiesters could be employed in 

the phosphorylation sequence and subsequently removed under acidic conditions to yield the phosphate 

mono ester in nearly 100% (Scheme 2). 
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Scheme 2: a) pyr, fatty acid chloride; b) bie(benzyloxy)(diiipropylamino) 

phosphinejetrazole; c) HOOH; d) cyclohexene, 10% Pd/C; e) bie(f-butoxy)- 

(diiioproylamino)phosphine, tetrazole; r) HOOH; g) HCI; h) NHJ, Lie, diixane. 
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17_R=(l Scheme 3: a) pyr, oleoyl chloride; b) bis(benzyloxyl)(diieopropylamino) 

phoephine, tetrazole; c) HOOH; d) cyclohexene. 10% Pd/C. 

The third set of agonists (7 & 84) was realized through two independent pathways. The synthesis 

of the 2-keto LPA analog 7 was not accessible through Method 1. The difficulty in synthesizing 7 via this 

method was due to the insolubility of dihydroxyacetone, which exists as a dimer. To alleviate this problem 

the initial acylating conditions required reflux (Scheme 3). The urea containing lipids 8.4 were synthesized 

by Method 3 (Scheme 4). A variety of long chain arnines were treated with triphosgene and ethanolamine to 

obtain the urea functionality.” The hydroxyl was then phosphorylated with bis(benzyloxy) (di- 

isopropylamino) phosphine and converted to the phosphate mono-ester by Birch reduction. 
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Scheme 4: a) triphosgene, ethanolamine; b) bis(bezytoxy)(diisopropyt- 

amino)phosphine, tetrazole; c) HOOH; d) NHs, L?, dioxane. 

In summary, we have explored three independent routes to realize the synthesis of LPA agonists 

with unsaturated fatty acid chains. These methods allow the deprotection of the phosphate under neutral, 

acidic and basic conditions without altering the unsaturated fatty acid chains. With these methods the 

synthesis of different families of phospholipids containing unsaturated fatty acid chains and a variety of 

other tbnctional groups has become routinely accessible. Our ongoing studies are exploring the synthesis of 

a variety of LPA mimetics that possess chain lengths with differing degrees of unsaturation and other 

fi.mctionalities. 
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