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The sphingolipid backbone is readily assembled by E-selective olefin cross metathesis of a suitable building block.

Sphingolipids are an important class of natural products systematic variation of both the O- and N-linked function-
found in abundance in eukaryotic cell membrah&aria- alities, as well as the identity of the main carbon chalim.
tions in sphingolipid structure occur both at texcyl moiety practice, this requires the preparation of a building block
and at the group attached to the primary alcohol, which is such ad, which contains all of the conserved and requisite
usually a phosphate, a phosphatidyl choline, or a carbohy-functionality differentiated with orthogonal protecting grodps.
drate. Additional skeletal diversity in the main carbon chain In this paper we report an approach to sphingolipid synthesis
has also been identified Sphingolipids are involved in  in which the main carbon chain is installed via a highly
molecular recognition processes at the cell membrane andstereoselective olefin cross metathesis reaction.

are important components of lipid rafts and influence cell

signaling events at the membrane. As a result of our interestI &3)LFor an?_'e rEcentB sy\?vthe}?_es %f csralrjnidke/iphggﬁlirl)(ids, se% h(a) Jeong,
. . . e .-Y., Lee, J. H.; Lee, b. ., KIm, J. RA.; Park, K. ull. Korean em.
in_glycosphingolipid recognition processes, we sought a g, 003 24, 617—622. (b) Milne, J. E.; Jarowicki, K.; Kocienski, P. J.;
general synthetic route to sphingolipids that would allow Alonso, J.Chem. Commur2002, 426—427. (c) Lees, W. J.; Gargano, J.
M. Tetrahedron Lett2001,42, 5845—5847. (d) Lee, J.-M.; Lim, H.-S.;
Chung, S.-K.Tetrahedron: Asymmetr002,13, 343—347. (e) Bittman,

(1) (a) Brodesser, S.; Sawatzki, P.; Kolter,Hur. J. Org. Chem2003, R.; Chun, J.; Li, G.; Byun, H.-STetrahedron Lett2002,43, 375—377.
2021-2034. (b) Kolter, T.; Sandhoff, Kkngew. Chem., Int. EA.999,38, For recent reviews of sphingolipid syntheses, see: (f) Koskinen, P. M.;
1532—-1568. Koskinen, A. M. P.Synthesid998, 1075—1091. (g) Curfman, C.; Liotta,

(2) (@) Alam, N.; Wang, W. H.; Hong, J. K,; Lee, C. O.; Im, K. S.;  D. Methods Enzymoll999,311, 391—457.

Jung, J. HJ. Nat Prod.2002,65, 944—945. (b) Inagaki, M.; Nakamura, (4) Gargano and Lees have reported the preparation of an orthogonally

K.; Kawatake, S.; Higuchi, REur. J. Org. Chem2003, 325—331; Ojika, protected sphingosine with the main carbon chain already installed; See
M.; Yoshino, G.; Sakagami, YTetrahedron Lett1997,38, 4235—4238. ref 3c.
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o P compounds was obtained. Use of the phosphine-free catalyst
P1\OW B3 did not provide any improvement, and a 36% yield7of
N was obtained with the cataly§€.*'> However, the mass
P2 balance of the reaction was also very low, and extensive
I efforts to increase the yield by variations in concentration,

olefin ratios, solvent, temperature, and catalyst loading were

We chose diethyl tartrate as the starting material for the unsuccessful. The failure of cross-metathesis reactions in the
five-carbon building block, as both enantiomers are readily presence of azide-containing molecules is precedéfitéd.
available, allowing entry into both natural amaht-sphin- Reaction of the phosphine ligands with the azide and/or
golipids® The (—)-p-tartrate diester was converted to the metal-mediated nitrene processes are possible complications
known azidotriol2 in three steps using reported proceddr@s.  that can arise under these conditions.
Selective benzoylation o2 was accomplished via the In an effort to increase the yield of this critical olefin
stannylene ketal intermediateSilylation of the remaining  metathesis step, the azide was reduced to the amine and
primary alcohol followed by installation of the-methoxy- protected as the Fmoc carbamé&e The carbamated
benxyl ether afforded the differentially protected intermediate undergoes cross metathesis reactions in the presenge of
4.1 Deacylation followed by oxidation with the DesMartin with a variety of alkenes to provide the products shown in
periodinane proceeded smoothly to provide the aldelyde Figure 1 in high yields. Reaction & with pentadecene

The requisite fifth carbon of the core building blo6kvas

installed via Wittig methylenatio#?
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With building block 6 in hand, its cross-metathesis
reactivity with 1-pentadecene was examined. Exposufe of
to 5 equiv of pentadecene in the presence of 20 mol % of
the Grubbs generation Il catalygt)(did not provide any of
cross-coupled produc?, and an intractable mixture of

provides10with the natural ceramide backbone. The use of
nonene as the coupling partner produddd a precursor to
a known short chain ceramide analogfi@he productl2

- - - - is an alkene thiol derivative that can undergo facile conjuga-
(5) During the preparation of this manuscript, we became aware of a

report by Torssell and Somfai describing a cross metathesis approach tot'on to a variety of prIOtem or polymeric carriers and gold

sphingosines using a different five-carbon building block. See: Torssell, surfaces or nanopartlclé%.

S.; Somfai, POrg. Biomol. Chem2004,2, 1643—1646. A patent (WO ; ;

03/101937) by Rich and Bundle refers to olefin cross metathesis reactions We have prepared. the natural product ceramide in four

of similar structures, but reduction to practice is not disclosed in the patent. Steps from the coupling produ¢D. The Fmoc group was
(6) An alternative and very efficient route to the natural enantiomer of

building block| that starts with 1,23-isopropylidene-oe-glucofuranose

has been reported by Rich and Bundle (WO 03/101937) and has also bee_

used in their synthesis of thio-linked GMRich, J. R.; Bundle, D. ROrg

Lett. 2004,6, 897—900.

OPMB OPMB
(7) Mori, K.; Kinsho, T.Liebigs Ann. Chem1991, 1309—1315. : -

(8) Metz, K.; Honda, M.; Komori, TLiebigs Ann. Chen993, 55-60. TBDPSO ™ 7 CyHy  TBDPSO Y G
(9) He, L.; Byun, H.-S.; Bittman, RTetrahedron Lett1998,39, 2071— NHFmoc NHFmoc
2074. 10 (82%) 11 (87%)

(10) David, S.; Hanessian, $etrahedron1985,41, 643—663.

(11) Rai, A. N.; Basu, ATetrahedron Lett2003,44, 2267—2269. OPMB

(12) During their synthesis of sphingolipids, Nugent and Hudlicky noted TBDPSO/Y\/\H/\STr
that reaction of azido aldehydes with Wittig reagents also resulted in reaction NHFmoc 2
of the ylide at the azide functionality. See: Nugent, T.; HudlickyJT. .
Org. Chem.1998,63, 510—520. We have found that careful addition of 12 (60%)

the ylide to the aldehyde at78 °C results in clean olefination, while higher .
temperatures give rise to products derived from both olefination and reaction Figure 1.
at the azide.
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removed using piperidine in DMF, followed immediately by
acylation with palmitoyl chloride to provide the fully
protected ceramid&3. Removal of the PMB ether followed
by silyl deprotection provided naturalerythro-ceramide.
The spectroscopic data fd4 are in agreement with that
reported in the literaturé.

Scheme 3
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In each of the cross metathesis reactions,Blaefin is
the only isomer detected in the NMR spectrum of the crude
reaction mixture prior to chromatographic purificatiéilZ

(13) Love, J. A.; Morgan, J. P.; Trnka, T. M.; Grubbs, R. Ahgew.
Chem., Int. Ed2002,41, 4035—4037.

(14) Garber, S. B.; Kingsbury, J. S.; Gray, B. L.; Hoveyda, AJHAm.
Chem. Soc2000,122, 8168—8179.

(15) Randl, S.; Gessler, S.; Wakamatsu, H.; BlecherSysilett2001,
430—432.

(16) Kanemitsu, T.; Seeberger, P. Brg. Lett. 2003,5, 4541—4544.

(17) Barrett, A. G.; Beall, J. C.; Braddock, D. C.; Flack, K.; Gibson, V.
C.; Salter, M. M.J. Org. Chem2000,65, 6508—6514.

(18) Randl, S.; Blechert, S. Org. Chem2003,68, 8879—8882.

(19) Van Overmeire, |.; Boldin, S. A.; Dumont, F.; Van Calenbergh, S.;
Slegers, G.; De Keukeleire, D.; Futerman, A. H.; Herdewijn,JPMed.
Chem.1999,42, 2697—2705.

(20) The thiotrityl alkene was prepared from the known alkenol. Details
are provided in Supporting Information.

Org. Lett., Vol. 6, No. 17, 2004

selectivity in cross metathesis reactions of terminal alkenes
is notoriously fickle and is sensitive to the substitution
adjacent to the reacting alker@g3We have found that cross
metathesis reactions using analogue9afith an acetyl,
pivaloyl, palmitoyl, or benzoyl amide in place of the Fmoc
group all provide theE alkene as the sole detectable and
isolable isomef# This work illustrates the utility of the olefin
cross metathesis reaction for the synthesis of sphingolipids
and should permit facile access to a large number of
derivatives of this increasingly important class of lipids.
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