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Naturally occurring phosphoinositide glycoconjugates are equipped with varied acyl residues that are important for their biological activity
and biosynthesis. This paper reports that acylation at 02 of the myo-inositol moiety can be achieved by stereocontrolled ortho ester
rearrangement. Coupling to homo- or heterodiacylated glycerols was achieved via phosphoramidite methods, and exhaustive debenzylation
by transfer hydrogenation afforded the deprotected phosphoglyceroinositides. The latter can be kept in chloroform solution at room temperature
for over two months without migration of the inositol acyl group.

Lipidated phosphatidylinositolglycerols are ubiquitous bio- marized asla and b, are a relatively neW class of
regulators that are associated not only with several dreadedylycoprotein/phosphoinositides that are associated with para-
disease’s?® but also with vital life processes, including sitic diseases, including African Sleeping Sickrieaad
calcium mobilizatiorf, signal transductiof, and insulin malaria® Landmark studies by Ferguson and co-workers
stimulation® Glycosylphosphatidylinositols (GPIs), sum- resulted in the first structure elucidation of a GPI in 1988.
The chemoenzymatic methodology used was adopted so

(1) Ferguson, M. A. JPNAS2000,97, 10673—10675. Nagamune, K.;  quickly that within five years, over 200 GPI-anchored
Nozaki, T.; Maeda, Y.; Ohishi, K.; Fukuma, T.; Hara, T.; Schwarz, R. T;
Sutterlin, C.; Brun, R.; Riezman, H.; Kinoshita, FAINAS2000,97, 10336~
10341. (6) Diabetes in Americ&nd ed.; NIH Publication No. 95-1468; National

(2) Sherman, I. W., EdMalaria: Parasite Biology, Pathogenesis, and  Institutes of Health: Bethesda, MA, 1995. StalforsBRiEssay4997,19,
Protection ASM Press: Washington, DC, 199Bruce-Chawatt’s Essential 327-335. Saltiel, A. R.; Kahn, C. RNature2001,414, 799—806.

Malariology; Gilles, H. M., Warrell, D. A., Eds.; Arnold Publishers: (7) Cardosa de Almeida, M. L.; Turner, M. Nature 1983, 349—352.
London, 1997. Oaks, S. C., Malaria: Obstacles and Opportunities (8) Ferguson, M. A. J.; Homans, S. W.; Dwek, R. A.; Tademacher, T.
Mitchell, V. S., Person, G. W., Carpenter, C. J., Eds.; National Academy W. Sciencel988,239, 753—759.

Press: Washington, DC, 1991. (9) McConville, M.; Ferguson, M. A. JBiochem. J1993,294, 305—

(3) Lee, Y. C.; Ballou, C. EJ. Biol. Chem.1964, 239, 1316—1323. 324.

Aspinall, G. O.; Chatterjee, D.; Brennan, P.Adv. Carbohydr. Chem. (10) (a) Mehlert, A.; Richardson, J. M.; Ferguson, M.JA.Mol. Biol.
Biochem.1995, 51, 169—223. Gilleron, M.; Himoudi, N.; Adam, O; 1998,277, 379—392. (b) Gerold, P.; Striepen, B.; Reitter, B.; Geyer, H.;
Constant, P.; Venisse, A.; Riviere, M.; Puzo,l5Biol. Chem1997,272, Geyer, R.; Reinwald, E.; Risse, H. J.; Schwarz, RJTMol. Biol. 1996,
117—-124. Nigou, J.; Gilleron, M.; Cahuzac, B.; Bounery, J. D.; Herold, 261, 181—194. (c) Stahl, N.; Baldwin, M. A.; Teplow, D. B.; Hood, L.;
M.; Thurnher, M.; Puzo, GJ. Biol. Chem1997,272, 23094—23103. Gibson, B. W.; Burlingame, A. L.; Prusiner, S. Biochemistry1993,32,

(4) Brunton, V. G.; Workman, RCancer Chemother. Pharmacdl993. 1991-2002. (d) Haas, R.; Jackson, B. C.; Reinhold, B.; Foster, J. D;
Nahorski, S. R.; Batty, ITrends Pharm. Scil986,7, 83. Merckhoff, A.; Rosenberry, T. LBiochem. J.1996, 314, 817—825. (e) Previato, J. O;
Chapham, D. WNature1992,355, 356—358. Jones, C.; Xavier, M. T.; Wait, R.; Travassos, L. R.; Parodi, A. J,;

(5) Anderson, R. GSem. Immunol1994, 6, 65-94. Schofield, L.; Mendonca-Previato, LJ. Biol. Chem1995,270, 7241—7250. (f) Agusti,
Hackett, FJ. Exp. Med1993,171, 145—153. Robinson, P.Biol. Intern. R.; Couto, A. S.; Campetella, O.; Frasch, A. C.; Lederkremer, RM#.
Rep.1991,5, 761—-767. Biochem. Parasitol1998,97, 123—131.

10.1021/010202161 CCC: $25.00  © 2003 American Chemical Society
Published on Web 01/07/2003



proteins had been identifidéicross the evolutionary array The above brief summary indicates that the lipid residues
of eukaryote¥ and, recently, a platand a virus? of substructurel individually and/or collectively play

Lipoarabinomannans (LAMs}.c, associated with tuber- dominant roles in the biology of phosphoglycero inositides.
culosis and leprosi? carry mannose residues at inositols 02 Accordingly, we have developed synthetic approaches that
and O6, the latter being part of an extended mannan that isallow each of the units to be modified as needed.

eventually linked to an arabind#. Inositol Moiety. 3,4,5,6-Tetra®-benzyl inositol 2, which
is readily available in racentitor optically puré?form, was
, OH a convenient starting material. The seminal work of King
X and Allbutt on stereoelectronically controlled decomposition
—{MannoseLo -Q, . .
"o of cyclic ortho esters on a cyclohexano scaffélorovided
Ho OR a ready procedure for differentiating between the hydroxyls
HQ /oo > OSH of 2 with simultaneous installation of the desired O2-acyl
o=P 0 3 group. Commercially available trimethyl orthovalaer&te
(L O)\ALKYU afforded the cyclic counterpaBtquantitatively. Rearrange-
O. ALKYLZ ment with camphorsulfonic acid then gave the desired axial
1 T)/ O2-esterdla, but only in a modest 2630% excess over the

equatorial optiordb.

We have recently reported on the efficiency of ytterbium-
(1) triflate for promoting the glycosidation reactions of
n-pentenyl ortho ested.This reagent was found to produce

o S ) a higher ratio of4a to 4b with improved yields, in much
A fascinating feature of the phosphoinositide moiety of ghorter reaction times.

several parasite and mammalian GRésan acyl group at Interestingly, long-chain alky! trimethyl ortho esters such
02 of the inositol moiety, e.g1b, the presence of which a5 the myristoyl derivativésb, which had to be prepared
can be deduced by the failure to produce a 1,2-cyclic from the corresponding nitrils, bypassed an isolable cyclic
phosphate upon treatment with phospholipase C (PLC). intermediate, leading directly to the stereoelectronic con-
Inositol O2 acylation gains further significance because itis {rgjled axial producb. Unfortunately, the overall yield was

essential for the addition of the mannose unit (Man-1) of hoor, and therefore we were forced to take the alternative,
la/bin mammals>8but the process is optional in parasites,

thereby providing a window for specific intervention in one
or another pathway. Furthermore, the acyl group may be

(@) X = H; Y = NHy; R = H (GPIs)
(b) X = H, Y = NHp; R = COALYKL® (GPls)
(c) X = OH; Y = H; R = Mannose -1 (LAMs)

69%

. . . . Sch ?
cleaved and/or reinstalled at various stages of biosynthesis cheme
so that the final GPl may or may not be acylafed. (@ gnQ_Q ; gng OR
. ; ; BnQ CoRn——= BnOT " ;o8
The glycerolipid moiety ofl presents its own share of oﬁ‘h_ogn " - R

complexities. Biosynthetically ida or 1b, the unit begins \eO
with two long chain acyl groups; however, elaborate “fatty 3 a R=H;R'=CO(CH5)3CH3(80%)
acid remodeling” processes subsequently take place, leading _ b R=CO(CHg)3CHa;R=H (20%)
to hetero- or homodiacylatio®:!® The sn2 position is of 'I 90%

particular interest because this may eventually carry a free-

Bno OH

OH or a saturatéd or unsaturated acyl group. Some of BnO"ﬁ(SvOBn OCH;
these events are presumed to enable the growing GPI to HO—3—7-08n R_C\SS:HS
traverse the membrane of the endoplasmic reticulum under 2 .: CH3 o
the agency of a flippase enzyrifethus far unidentified. o b R;ECHﬁfZCﬁ;

(11) Oxley, D.; Bacic, APNAS1999,96, 1424614251, 90% cSA
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1575. alkylatior?® of the equatorial OH to givéa or 6b followed
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by acylation and deprotection to giveWhile our work was
underway, a similar strategy for the route in Scheme 1b was
published by Xue and GLG.

Glycerol Moiety. Commercially available §)-(—)-2,2-
dimethyl 1,3-dioxolane-4-methanol wasmethoxybenzy-
lated and then deacetonated routinely to obtain @ol
Homodiacyl derivatives such &a were obtained under
standard conditions, and the deprotected modifications such
as9b were prepared routinely.

Heterodiacyl analogues such Bkare of special interest
in view of Gowda’s findings concerning the dependence of
bioactivity the sn2 acyl substitueritsAttempts at selective
acylation of8 at the snl position did not give acceptable
yields of 10, because copious diacylation products could not
be suppressed. Standard stannylene method®lags not
successful; however, dimethyltin dichloride, recently intro-
duced by Maki et al® solved the problem, affording the
snl acylation product]0, in excellent yield. The second
acylation to givella and 11b and then the deprotected
analoguesllc and 11d, respectively, were accomplished
without problems under standard conditions.

As shown in Scheme 3, these protocols afforded lipidated

inositols 15a and 15b.
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PhosphoinositidesFor converting phosphoramidife?®®
into phosphotriesters, e.dl4, it was better to connect the
inositol first (giving 13) followed by the glycerol, the
preferred catalysts for the two stages beMgN-diisopro-
pylammonium tetrazolid® and 1-H-tetrazole, respectively.

(20) Menon, A. K.; Butikofer, P. InGlycosylphosphatidylinositols:
Biosynthesis and Intracellular Transport. GPI Biosynthesis in Mammalian
Cells, in GPI-Anchored Biomoleculgdoessli, D. C., llangumaran, S., Eds.;
R.G. Landes Co.: Austin, TX, 1999; pp 428. Menon, A. K.; Baumann,

N. A.; van't Hof, W.; Vidugiriene, JBiochem. Soc. Trans. (Londob997,
25, 861—886.

Org. Lett., Vol. 5, No. 3, 2003

Exhaustive debenzylation to obtaltbc and 15d was
conveniently carried out by transfer hydrogenation using
formic acid in methanol at room temperature. We note further
that samples ofl5c and 15d have not given any evidence
for 02—03 acyl migration upon standing in CDGolution
for over two months.
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