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Xuequan Lu and Robert Bittman*

Department of Chemistry and Biochemistry, Queens College of The City University of New York, Flushing, NY 11367-1597, USA

Received 1 November 2004; accepted 20 January 2005
Abstract—The title compounds (1, 2) were synthesized from (2R,3S)-2-O-benzyl-3,4-O-(3 0-pentylidene)-2,3,4-trihydroxybutanal (5).
Installation of the E-double bond and aliphatic chain into the sphingosine base was effected by a sequence of Horner–Wadsworth–
Emmons olefination of 5, conversion to allylic acetate 8, and copper-mediated Grignard coupling. The method is versatile, allowing
a broad variety of aliphatic chains to be introduced in the organocuprate coupling step.
� 2005 Elsevier Ltd. All rights reserved.
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Sphingolipids are structural components of eukaryotic
cell membranes, are the key contributors to the stability
of �lipid raft� microdomains, and are a source of lipid
messengers that regulate a wide variety of biological
processes ranging from inflammation to cell prolifera-
tion and apoptosis.1 Sphingoid bases, which form the
backbone of sphingolipids, are aliphatic 2-amino-1,3-
diols. The most prevalent base is (2S,3R)-2-amino-4E-
1,3-octadecenediol, known as DD-erythro-sphingosine (1).

Facile synthetic routes to sphingosine and its analogues
are needed. Indeed, a great deal of effort has been de-
voted toward the synthesis of 1 and its derivatives for
use in biological and pharmacological studies.2 Many
synthetic efforts have utilized starting materials derived
from the chiral pool, in particular, carbohydrate, serine,
and tartaric acid precursors,3 whereas other syntheses
have employed asymmetric induction, including Sharp-
less asymmetric epoxidation, asymmetric aldol, and
other stereoselective reactions, to achieve high diastereo-
selectivity.4 When chiral substrates are used as the
starting materials, the characteristic trans double bond
of sphingosine is often generated by Wittig reaction4e

or Julia olefination.5 When an E,Z mixture is obtained,
photoisomerization has been used to convert the Z
unsaturation to the desired E configuration.4e

In this communication, we describe an efficient method
for the preparation of 1 and its 2-azido-3-O-benzyl ana-
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logue 2, which has been used as a glycosyl acceptor in
glycosphingolipid synthesis.6,7 We recently reported
the utility of DD-threose synthon 4, which is derived from
DD-tartaric acid (3),8 as a convenient synthon of a phos-
phonate of phytosphingosine.9 The Horner–Wads-
worth–Emmons (HWE) reaction, followed by coupling
of an allylic acetate with dodecylorganocuprate to intro-
duce the 4,5-trans double bond and the long chain, com-
pleted the synthesis of 1 in nine steps from 4.

Scheme 1 illustrates the synthesis of sphingosine 1 from
pentylidene-protected DD-threitol derivative 4.9 The
advantage of pentylidene acetal 4 is that it is less acid
sensitive and thus more stable than the corresponding
isopropylidene acetal. Alcohol 4 was oxidized with
PCC to afford aldehyde 5, which was used directly in
the next step without further purification. After the trans
double bond was formed with diisopropyl (ethoxycar-
bonylmethyl)phosphonate in the presence of lithium
bromide and triethylamine, the resulting ester 610 was
converted via alcohol 711 to allylic acetate 8.12

In our initial attempt to install the aliphatic chain, allylic
alcohol 7 was activated by mesylation and then sub-
jected to copper-mediated Grignard reaction. Unfortu-
nately, the coupling reaction with mesylate 1213 was
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Scheme 1. Synthesis of (2S,3R)-sphingosine (1) and intermediate 2.

Reagents and conditions: (a) PCC, NaOAc, CH2Cl2, MS; (b) (i-

PrO)2P(O)CH2CO2Et, NEt3, LiBr, THF, rt; (c) DIBAL-H, �78 �C,

CH2Cl2; (d) AcCl, i-Pr2NEt, CH2Cl2, �40 �C–rt; (e) C12H25MgBr,

Li2CuCl4, Et2O, �78 �C–rt; (f) 5% H2SO4, MeOH; (g) (i) PPh3, DIAD,

CH2Cl2, 0 �C, (ii) TMSN3, 0 �C–rt, (iii) TBAF, THF; (h) PPh3, THF/

H2O 9:1; and (i) Na, NH3, THF, �78 �C, 30 min.
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not regioselective, giving a 1:2 mixture of the desired
coupling product 9 (via a attack) and product 13 (via
c attack).14 Therefore, allylic alcohol 7 was converted
to acetate derivative 8 by treatment with acetyl chloride
in the presence of i-Pr2NEt. Coupling of acetate 8 with
freshly prepared C12H25MgBr in the presence of cata-
lytic Li2CuCl4 in Et2O at �78 �C was regioselective,
affording intermediate 9 exclusively.

Deprotection of acetal 9 with 5% H2SO4 in methanol
provided diol 10 (65% yield for the two steps).15 The sec-
ondary hydroxy group of 10 was converted to an azido
group in a one-pot reaction,16 which was accomplished
by adding diol 10 to a mixture of diisopropyl azodicarb-
oxylate (DIAD) and Ph3P at 0 �C. After 3 h, TMSN3

was added to give the azide substitution product with
concomitant transfer of the silyl group to the primary
hydroxyl group. Hydrolysis of the silyl ether and purifi-
cation by column chromatography provided azidosp-
hingosine derivative 2 in 61% yield.17 Although Birch
reduction would reduce the azido group and cleave the
O-benzyl group of 2 in one-pot, it was reported that
the yield is low for this conversion.18 Therefore, the
azide was first reduced to an amino group by the Stau-
dinger reaction (PPh3, THF/H2O (9:1))19 to afford a-
amino alcohol 11 in high yield,20 and then the benzyl
group was removed by Birch reduction (�78 �C,
30 min) to give sphingosine 1 in 85% yield. The structure
of 1 was confirmed by the identity of its physical data
(1H and 13C NMR, ½a�25

D , mp)21 with those reported in
the literature.3,4

In summary, a facile synthesis of sphingosine (1) via
aldehyde 5 in eight steps in 17% overall yield has been
described. 2-Azido-3-O-benzylsphingosine 2 was also
prepared (six steps from 5, 23% overall yield). The
advantage of the method described here lies in its versa-
tility, since many (2S,3R)-sphingosine derivatives can be
readily prepared with the desired 4E stereochemistry. In
addition, if the enantiomer of 4 is prepared from LL-tar-
taric acid, this method would provide a convenient route
to the enantiomer of 1.
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Solladié-Cavallo, A.; Koessler, J. L. J. Org. Chem. 1994,
59, 3240–3242; (d) Nugent, T. C.; Hudlicky, T. J. Org.
Chem. 1998, 63, 510–520; (e) He, L.; Byun, H.-S.; Bittman,
R. J. Org. Chem. 2000, 65, 7627–7633; (f) van den Berg, R.
J. B. H. N.; Korevaar, C. G. N.; Overkleeft, H. S.; van der
Marel, G. A.; van Boom, J. H. J. Org. Chem. 2004, 69,
5699–5704; (g) Torsell, S.; Somfai, P. Org. Biomol. Chem.
2004, 2, 1643–1646.

5. Compostella, F.; Franchini, L.; Panza, L.; Prosperi, D.;
Ronchetti, F. Tetrahedron 2002, 58, 4425–4428.

6. Tsunoda, H.; Ogawa, S. Liebigs Ann. Chem. 1995, 2, 267–
277.

7. For uses of 2 as a glycosyl acceptor, see: (a) Park, T. K.;
Lim, I. J.; Danishefsky, S. J. Tetrahedron Lett. 1995, 36,
9089–9092; (b) Park, T. K.; Kim, I. J.; Hu, S.; Bilodeau,
M. T.; Randolph, J. T.; Kwon, O.; Danishefsky, S. J. J.
Am. Chem. Soc. 1996, 118, 11488–11500; (c) Kwon, O.;
Danishefsky, S. J. J. Am. Chem. Soc. 1998, 120, 1588–
1599; (d) Deshpande, P. P.; Kim, H. M.; Zatorski, A.;
Park, T.-K.; Ragupathi, G.; Livingston, P. O.; Live, D.;
Danishefsky, S. J. J. Am. Chem. Soc. 1998, 120, 1600–
1614.

8. For reviews of the uses of 3 and its derivatives as synthons
of natural products, see: (a) Gawroński, J.; Gawrońska,
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