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The p-erythro - and p-threo-sphingosine were synthesized via  E-selective olefin cross-metathesis using a  p-glucose-derived building block and
long-chain terminal alkene.

Glycosphingolipids are commonly found in eukaryotic cell the strategies utilize more traditional-€ double bond-
membranes, plasma membranes, and some intracellulaforming reactions such as olefinatfolr stereoselective
organelles (endoplasmic reticulum, golgi complex, and reduction of triple bond. However, three recent reports on
mitochondria). They play a crucial role in inter- and bp-erythro-sphingosine made use oE-selective cross-
intramolecular communication as well as in the regulation metathesis (CM) olefination of two terminal alkene com-
of cell growth, differentiation, and programmed cell death. pounds: one with a long chain and the other with an
The backbone of sphingolipids consists of a base bearing a2-amino-1,3-diofi=% The attractive features of CM olefina-
long aliphatic chain and a polar 2-amino-1,3-diol headgroup. tion are (a) highe-selectivity with good yield in the product
Although a number of structurally related sphingoid base formation and (b) the functional group tolerance and reason-
structures are known, the most abundant sphingoid base inable stability of Grubb’s catalyst in the presence of amino-
nature is p-erythro-C,g-sphingosine-(83R4E)-2-amino- diol functionality®*7 Although a number of long-chain
octadec-4-ene-1,3-didla (Figure 1), which is known to be  terminal alkenes are commercially available, the preparation
a promising protein kinase C inhibité/Since the 1950s, a

plethora of asymmetric as well as chiron approaches haveljj NG

been reported fota and its analogués® wherein most of
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of a suitable 2-amino-1,3-diol with terminal double bond and ||
optimization of coupling conditions are the challenges inthe  scheme 1. Synthesis ob-erythro- ando-threo-Sphingosine
successful implementation of this strategy to target mol-

. . . . 1-nonene or R? o
ecules. As a part of our interest in the synthesis of amino ... ® m T-pentadecene, = g
sugars we thought of exploiting the CM reaction with CH1gm03'(;%m ) H & 08
. . . . . °© 5
D-ribo- andp-xylo-configurated 3-azido-5,6-ene derivatives g ~+

with 1-pentadecene, as a crucial step, in the synthesis of
p-erythro- andb-threo-sphingosinda andlb, respectively.
Our results are reported herein.

As shown in Scheme 1, the requisite 3-azido-3,5,6-
trideoxy-1,20-isopropylidenea-b-ribo-hexofuran-5-en@a
was obtained in five steps as per known procedure from
p-glucose in 79% yield,while 3-azido-3,5,6-trideoxy-1,2-
O-isopropylidenea-p-xylo-hexofuran-5-en&b was derived
from p-allose following the same reaction sequeri€dn
general, the presence of an azide functionality in a molecule
precludes CMolefination, leading to either failure or poor
yield of the producti*7¢11Despite these reports, we checked

(3) (@) Karlsson, K.-A.Trends Pharmacol. Scil991, 12, 265. (b)
Hannun, Y.; Bell, R. M.Sciencel989,243, 500. (c) Hannun, YScience
1996,274, 1855. (d) Kolter, T.; Sandhoff, kingew. Chem., Int. EA.999,
38, 1532. (e) Vankar, Y. D.; Schmidt, R. Rhem. Soc. Re:2000, 29,
201. (f) Brodesser, S.; Sawatzki, P.; Kolter,Hur. J. Org. Chem2003,
2021.
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i. TFAH,0 (4:1),
al, s 0°Ct030°C, 3 h
o =p i. NalOy,
PCy3 acetone-water, 0 °C
t030°C, 25h
A iii. LAH, THF, 0°C to
30 °C, 2 h {over 3
steps 79%)
ﬂﬂ S
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(4) For recent reviews of sphingosine/ceramide, see: (a) Liao, J.; Tao,
J.; Lin, G.; Liu, D. Tetrahedron2005,61, 4715. (b) Curfman, C.; Liotta,

D. Methods Enzymoll999,311, 391. (c) Koskinen, P. M.; Koskinen, A.
M. P. Synthesis1998, 1075.

(5) For some recent syntheses of sphingosine/ceramide see: (a) Olofsson
B.; Somfai, P.J. Org. Chem2003,68, 2514. (b) Jeong, I.-Y.; Lee, J. H.;
Lee, B. W.; Kim, J. H.; Park, K. HBull. Korean Chem. So2003, 24,

617. (c) Milne, J. E.; Jarowicki, K.; Kocienski, P. J.; Alonso,Chem.
Commun.2002, 426. (d) Lees, W. J.; Gargano, J. Metrahedron Lett.
2001,42, 5845. (e) Duclos, R. IChem. Phys. Lipid2001,111, 111. (f)
Lee, J.-M,; Lim, H.-S.; Chung, S.-Kletrahedron: Asymmetr002,13,
343. (g) Bittman, R.; Chun, J.; Li, G.; Byun, H.-Betrahedron Lett2002,
43, 375. (h) Schmidt, R. R.; Zimmermann,Ahgew. Chem., Int. EA.986

the feasibility of the CM reaction witBaand2b. Thus, use

of first-generation Grubb’s catalysh in the individual
reactions oRaand2b with 1-nonene did not provide cross-
coupled products, while the same reactions with 10 mol %
Grubb’s catalysB (second generation) with 1-nonene as well
as l-pentadecene afforded the cross-coupled pro®acts
3b and 4a/4b, respectively, in good yields with complete
E-stereoselectiviy (Scheme 1, Table 1).

25, 725. For a cross-metathesis approach to sphingosines, see: (i) Torssell,

S.; Somfai, POrg. Biomol. Chem2004,2, 1643. (j) Rai, A. N.; Basu, A.
Org. Lett.2004,6, 2861. (k) Rai, A. N.; Basu, Al. Org. Chem2005,70,
8228.

(6) For Wittig olefination, bothE and Z isomers were observed. See:

Table 1. Study of Cross Metathesis Reactions

(a) Gigg, J.; Gigg, R.; Warren, C. . Chem. Socl966, 1872. (b) Reist,
E. J.; Christie, P. HJ. Org. Chem1970,35, 4127. (c) Gigg, R.; Conant,
R. J. Chem. Soc., Perkin Trans.1B77, 2006. (d) Kiso, M.; Nakamura,

A.; Tomita, Y.; Hasegawa, ACarbohydr. Res1986 158 101. (e) Schmidt,
R. R.; Zimmermann, Pletrahedron Lett1986,27, 481. (f) Zimmermann,
P.; Schmidt, R. R.Liebigs. Ann. Chem1988, 663. (g) Ohashi, K;
Yamagiwa, Y.; Kamikawa, T.; Kates, M.etrahedron Lett1988 29, 1185.
(h) Sugawara, T.; Narisada, Marbohydr. Res1989,194, 125. (i) Hirata,
N.; Yamagiwa, Y.; Kamikawa, TJ. Chem. Soc., Perkin Trans.1991,
2279.

(7) () Chatterjee, A. K.; Choi, T.-L.; Sander, D. P.; Grubbs, RJH.
Am. Chem. So2003,125, 11360. (b) Connon, S. J.; Blechert Agew.
Chem., Int. Ed2003,42, 1900. (c) Kanemitsu, T.; Seeberger, P.QHg.
Lett.2003,5, 4541. (d) Nolen, E. G.; Kurish, A. J.; Potter, J. M.; Donahue,
L. A.; Orlando, M. D.Org. Lett.2005 7, 3383. (e) Grubbs, R. HHandbook

sub- catalyst reaction product
entry strate alkene?® (mol %) conditions (% yield)
1 2a  1-nonene A (20) 30°C,72h no reaction®
2 2b  1-nonene A (20) 30°C,72h no reaction®
3 2a  1-nonene B((10) 30°C,15h 3a,83
4 2b  1-nonene B(10) 30°C,14h 3b, 86
5 2a 1l-pentadecene B (10) 30°C,16h 4a, 85
6 2b  1-pentadecene B (10) 30°C,15h 4b, 87

a1-Nonene and 1-pentadecene (2.0 equiv) in,Clid ? Isolated yield.
¢ Starting compound (65—75%) was isolated.

of Metathesis; Wiley-VCH: Weinheim, Germany, 2003; Vol. 2, Chapter
2. (f) Formentin, P.; Gimeno, N.; Steinke, J. H. G.; Vilar, ROrg. Chem
2005,70, 8235.
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2005,70, 1356 and references therein.
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In an attempt to synthesize the natural sphingodiag
the cross-coupled produda was treated with TFAwater
to afford an anomeric mixture of hemiacetal that on sodium
periodate cleavage and subsequent reaction with LAH

H. Org. Lett.2001,3, 3722. (b) Gurjar, M. K.; Patil, V. J.; Pawar, S. M.
Indian J. Chem1987,26B, 1115.

(10) For synthesis o2b by other methods, see: (a) Fernandez, J. M.
G.; Mellet, C. O.; Blanco, J. L. J.; Fuentes,1J.0rg. Chem.1994, 59,
5565. (b) Calvo-Flores, F. G.; Garcia-Mendoza, P.; Hernandez, F.; Isac-
Garcia, J.; Santoyo-Gonzalez,J-Org. Chem1997, 62, 3944. (c) Santoyo-
Gonzalez, F.; Garcia-Calvo-Flores, F.; Garcia-Mendoza, P.; Hernandez-
Mateo, F.; Isac-Garcia, J.; Perez-Alvarez, M. Chem. Communl995,

461.
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(11) (a) Barrett, A. G.; Beall, J. C.; Braddock, D. C.; Flack, K.; Gibson,
V. C.; Salter, M. M.J. Org. Chem2000,65, 6508. (b) Randl, S.; Blechert,
S.J. Org. Chen2003,68, 8879.

(12) Under our experimental conditions, thé NMR spectrum of crude
products3a and 4a did not show any additional signals either due to
Z-isomer or the self-coupled products. However, in the cagbaind4b,
the 'H NMR spectrum of crude showed a trace amount o#%) self-
coupled products.
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(reduction of azide and aldehyde functionality in one pot)
affordedp-erythro-sphingosinda as waxy solid (Scheme
1). The reaction sequence was repeateddfoas above to
getp-threo-sphingosinéb. Owing to the instability ofLa,b
toward crystallization and chromatographic purification, the
sphingosinesla,b were individually treated with benzyl-
chloroformate and sodium bicarbonate in methaivahter

to give N-Cbz-protectec-erythro-sphingosinelc and b-
threo-sphingosind.d, respectively. The spectroscopic ana-
Iytical data forlc was found to be in consonance with that
reported.® while 1d was characterized independently.

In conclusion, our work illustrates the efficiency of the
E-selective CM olefination methodology in the synthesis of
p-erythro- andb-threo-sphingosinda andlb, respectively.
The four-step synthesis fro@a and2b gives corresponding
la in 65.4% andlb 65.2% in overall yield. The cross-
metathesis product3a and 3b could also be used in the

(13) Boutin, R. H.; Rapoport, Hl. Org. Chem1986,51, 5320.
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synthesis of short-chain ceramidésThe easy availability

of starting materials and reagents, a few high-yielding steps,
and compatibility of Grubb’s catalyst (second generation)
with sugar azides make our approach versatile for the syn-
thesis of different types of sphingosine analogues and lipids.
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