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ABSTRACT

S,561

An expeditious route to synthetic lysobisphosphatidic acid S,S-1, its enantiomer, and regioisomers is reported. Synthetic difficulties concerning
lipid stability and stereochemistry are bypassed using a phosphite triester approach in combination with multiple silyl protection. Spectroscopic
studies evidence that acyl group migration in S,S-1 is accelerated by nonpolar solvents and inhibited by pyridine.

Lysobisphosphatidic acids (LBPAs), known also as bis- because it relates these phospholipids to biomembrane
(monoacylglycerol)phosphates (BMPs), are natural phos- polymorphismid Structural similarities between LBPA and
pholipids with unusual, poorly understood structure and the polymorphic, fusogenic cardioligimay be implicated
activity (Scheme 1).LBPAs have attracted scientific atten- in the supramolecular diversity of LBPA.

tion because of their proposed role in intracellular protein  The structure of natural LBPA of broadest acceptance (i.e.,
and lipid transport in healthy cells, their accumulation in S S-1, Scheme 1) is peculiar for two reasons. Most impor-
pathologic liver tissues, and their function as antigens for tantly, the molecule is not stable; intramolecular acyl chain
human antibodies associated with the antiphospholipid migration? expected to be facilitated under acidic and basic
syndrome’. The accumulation of LBPAs in intracellular,  conditions, may yield LBPAS,S2.° This instability of LBPA
often multilamellar membranes is of particular interest hampers isolation and reliable structure determination of the
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aThe counterion of all phosphates (usually*é& not shown;
the lipid tail R may vary in nature. Common abbreviatio&S-1,
sn-1:sn-1'-BMP or 2,2LBPA; R,R-1,sn-3:sn-3'-BMP or 2,2
LBPA; S,S2, sn-1:sn-1-BMP or 3,3*LBPA; R,R2 sn-3:sn-3BMP
or 3,3'-LBPA.

natural product(s) with regard to number and location of the
acyl chaing:®

Second, the absolute configuration of both chiral centers

in S,S-1is rare, if not unique for natural lipid®:” The
absolute configuration db,S-1has been assigned by clever

biochemical degradation procedures that operate on the
stereoselectivity oén-3-glycerophosphate dehydrogenase and

various phospholipaséddowever, it appears that the “un-
natural” stereochemistry of LBPA has not yet been confirmed
by spectroscopic methods.

In view of the interesting structural features of LBPAS,
their biological importance, and apparent difficulties in
isolating (or “biochemically” synthesizing) intact LBPAs in

appreciable quantities, the development of rapid synthetic

routes to LPBAs was of interest. In the following, we report

alcohols inS,S1 were to be installed in the last step without
the use of acid or base to avoid acyl chain migration (Scheme
1). Second, introduction of the phosphate anioisj8-1at

the end of the synthesis was desirable to facilitate purification
of synthetic intermediates. Conventional silyl protection of
the hydroxyl groups coupled with the more recent silylethyl
protection of the phosphd&tevas selected as the most
promising approach; all three protecting group8ican be
removed at once under mild conditions to give LBRA
(Scheme 2).

Scheme 2

Our silylethyl protecting group of choice, the 2-(diphenyl-
methylsilyl)ethyl group (DPMSE), is most conveniently
introduced by the reaction of phosphorus trichloride and
DPMS-ethano# (Scheme 3¥2For the synthesis of LBPAS,
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a modular strategy for the expedient preparation of enantio- this implied construction of the phosphate diester backbone

pure lysobisphosphatidic aci@&S-1landR,R-1(Scheme 1).

of 1 using P' chemistry that has been extensively refined

The chosen approach demonstrates some advantagés of pfor automated gene synthesis (i.e., condensation of the initial

compared to the YPchemistry employed in classical phos-
pholipid synthesis, bypasses acyl group migration using
multiple silyl protection, and is compatible with variability
of the hydrophobic tails. We further show that acyl group
migration in LBPA 1 depends strongly on solvent polarity
and can be prevented by the presence of pyridine.
The strategy for the synthesis 8{S-1was designed on

the basis of the following considerations. First, the primary

(5) Varying sensitivity of natural LBPA toward PLA assays during
purification can be associated with such acyl chain migration (or loss):
Kobayashi, T.; Chevallier, J.; Beuchat, M.-H.; Emery, G.; Kobayashi, T.;
Gruenberg, J., unpublished results.

(6) Controversial results from NMR spectroscopic attempts to determine
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(a) Mason, R.; Stossel, T.; Vaughn, M.Clin. Invest.1972,51, 2399. (b)
Wherret, J.; Huterer, S.ipids 1972,8, 531.

(7) (@) Thornburg, T.; Miller, C.; Thuren, T.; King, L.; Waite, M.
Biol. Chem.1991,266, 6834. (b) Joutti, ABiochim. Biophys. Actd979,
575, 10. (c) Brotherus, J.; Renkonen, O.; Herrmann, J.; FischeGh&m.
Phys. Lipids1974,13,178.
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DPMSE-dichlorophosphinegs with alcohols6 followed by
oxidation of the phosphite triesterd to give DPMSE-
phosphate trieste®).8° Compared to the Pchemistry used
in classical lipid synthesis, two additional advantages of a
P''-approach to LBPA were noted: the number of synthetic
steps is reduced, and the acyl tails can be attached after
construction of the bisglycerolphosphate scaff§ld.

LBPA S,S-1was prepared along these lines (Scheme 4).
Commercially availabla-a,S-isopropylideneglyceroR-6
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s The H NMR spectrum 0fS,S-1in CDCls;, characterized

Scheme 2 by distinct resonances at 5.0 and 3.8 ppm for thé-aad
o 5 o o o 3,3'-hydrogens, respectively, changed into that of a stable
/—/_/k. —_— 7L - /_{_/k- —— ~1:4 mixture ofS,S-1and S,S-2within 8 h (Figure 1c vs
Heo 0 a © o7~ ° b 1b). However, acyl group migration did not proceed to
ODPMSE !
R completion (Figure 1a). Identical observations made in
558 benzene-glwere inconsistent with the expected catalysis of
N g LBPA isomerization by the acidity of chloroform. The
RO 0—F-C  OR —> 554 presence of strong acids such as TFA, however, caused rapid
ODPMSE ¢ and complete conversion &.S-1linto S,S-2as expected. In
559 R=R'=H contrast to possible catalysis by mild bases, the presence of
2% 5,510' R=H, R' = TBDPS pyridine in CDC} (or benzene+ strongly reduced acyl
§,53: R = oleoyl, R' = TBDPS chain migration (Figure 1c). Indee,S1 was stable at room

2 (a) (1) DPMS-ethanoh, PCh, 1t, 3 h: (2)R-6 i ‘1 temperature for weeks under these basic conditions. The
a -ethanol, , I, ; -6, pyridine, rt, ; ; :

h; (3) mCPBA, rt, 30 min, 63% (compare Scheme 3). (b) 80% ag. Imprq\(ed resolution of theH .NMR signals upder these
AcOH, 60°C, 84%. (c) TBDPSCI, imidazole, DMF, 2C, 82%. conditions suggested that the increased solubility af the

(d) Oleic anhydride, DMAP, pyridine, 79%. (e) TBAF, AcOH, 89%. Pyridinium salt accounts for near inhibition of acyl group
migration in nonpolar solvents by pyridine.

The enantiomeric LBPAR,R-1 ([a]?% +3.27 (c 0.49,
CHCl)) was prepared along the route developedSg8-1
([e]?% -3.60 (c0.50, CHCY)) using alcoholS-6instead of
R-6 (Scheme 4). Preliminary results from immunological
testdc and conventional TLC assays for lipid identificatién
support identity between synthet®;S-1and natural LBPA
isolated from late endosomes of baby hamster kidney (BHK)
cells.

In summary, we report a rapid, modular synthesis of
enantiopure lysobisphosphatidic acids (LBPAs) and show
_ how to control acyl chain migration in vitro. This protocol

is currently applied to the synthesis of LBPAs with various
R hydrophobic tails containing fluorescent tags and radiolabels
M)\z;\o/&o to facilitate future biological studies of these peculiar lipids.
a) CH,CI, / 2 &n
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ppm Supporting Information Available: Experimental pro-
Figure 1. Parts of the 400 MHZH NMR spectra of (2)5,S-2in cedure and characterization for aII_ new co.mp.ounds.l&hd
CDCl, (b) the~1:4 mixture ofS,S1 andS,S2 obtained rom TLC ~ @and **C NMR spectra ofS,S-1. This material is available

purification of S,S-1, and (c%,S-1in CDCl; containing 0.1% v/v free of charge via the Internet at http:/pubs.acs.org.
pyridine.

was phosphitylated with dichlorophosphifend oxidized
to give DPMSE-phosphate triest®;S8. Hydrolysis ofS,S8
afforded tetrao$,S9. Conventional, chemoselective TBDPS-
protection of the primary hydroxyls i%,S-9followed by
esterification of the secondary hydroxyls$nS10 with oleic
anhydride gave the trisilylated LBP&,S-3.

As expected, initial attempts to deprot&;63 with TBAF
in THF caused complete acyl chain migration to g&&-2
(Figure 1a). Neutralization of TBAF with acetic adil,
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