Bioorganic & Medicinal Chemistry Letters, Vol. 7, No. 5, pp. 573-576, 1997
Pergamon © 1997 Elsevier Science Ltd

All rights reserved. Printed in Great Britain

PIT: S0960-894X(97)00047-4 0960-894X/97 $17.00 + 0.00

EFFICIENT SYNTHESIS OF SPHINGOSINE-1-PHOSPHONATE AND
HOMO-SPHINGOSINE-1-PHOSPHONATE

Andrej Tarnowski, Thomas Bir, and Richard R. Schmidt*

Fakultdr Chemie, Universitdt Konstanz, Postfach 5560 M 725+

D-78434 Konstanz, Germany

Abstract: Sphingosine can be selectively transformed into 2-N,3-O-protected 1-O-mesyl derivative
8. Transformation into the bromide, Michaelis-Arbusov reaction with trimethyl phosphite, and then
removal of all protective groups with LiOH afforded sphingosine-1-phosphonate (4) in high overall
yield. Chain extension of 8 with KCN and ensuing reduction led to homosphingosine derivative 10
and also to homo-1-deoxysphingosine (5). 1-O-Mesylation of 10 led via the same sequence of
reactions finally to homo-sphingosine-1-phosphonate (6). © 1997 Elsevier Science Lid. All rights reserved.
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Phosphosphingolipids, derivatives of sphingosine (Scheme 1, 1), play an important role as membrane
constituents. For instance, sphingomyelin was found in a variety of different cell types!. The phosphorylated
metabolites  of  sphingomyelin, especially sphingosine-1-phosphate  (2), sphingosine-1-phosphocholine
(lysosphingomyelin), and ceramide-1-phosphate were found to participate in cell regulation and transmembrane
signalingZ3. Recently, sphingosine-1-phosphate (2) has received special attention because it exhibits important
second messenger properties®: the levels of 2 increase rapidly and transiently in response to fetal calf serum,
platelet derived growth factor (PDGF)7, and TPAS; it is a mitogen in several cell types?, it is a strong inhibitor
of cell motility and phagokinesis and it inhibits chemoinvasion of tumor cells!%; 2 also induces platelet shape
changes, aggregation, and intracellular caleium mobilisation, thus it may play a role in thrombosis, hemostasis
and wound healing!!. An efficient synthesis of 2 has been recently reported!2.

In order to separate the biological effect of 2 from that of sphingosine (1), availability of a hydrolytically
stable structural analogue of 2 is highly desirable. Therefore, we initiated a program to synthesize the
corresponding phosphonate 4, which is a derivative of 1-deoxy-sphingosine (3). However, considering the
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distance between the functional groups in 2, homo-sphingosine-1-phosphonate 6, derived from deoxy-homo-
sphingosine 5, may be biologically even more active. Efficient syntheses for compounds 4-6 are described in
this paper. To our knowledge only the sphinganine analogue of 4 has been synthesized as racemic mixture 1,

The syntheses of sphingosine derivatives 4-6 are based on Cg-sphingosine (1) which is available from
very different starting materials!4. The efficiency of the D-galactose or D-xylose based synthesis was reason to
use this approach!5. N-Protection of 1 with di-zert-butyl-dicarbonate (Boc,0) in the presence of triethylamine
afforded 7 (Scheme 2). Regioselective mesylation with methanesulfonyl chloride (Ms-Cl) in pyridine at the
primary hydroxy group, then acid catalyzed removal of the Boc group and treatment with carbonyl-diimidazole
(CDI) led to cyclic urethane 8 in high yield. Exchange of the mesyloxy group by bromide with LiBr in THF
and then performing a Michaelis-Arbusov reaction with trimethyl phosphite afforded dimethyl phosphonate 9
in 95% yield. Treatment of 9 with LiOH in ethanol/water led to ester and urethane cleavage; after protonation
with acetic acid target molecule 4 was obtained as solid material in 80% yield. The structural assignment is
based on NMR (1H, 13C, 31P) and MS datal® and on elemental analysis.

For the synthesis of target molecules 5 and 6, C;-chain extension of 1 was required. To this aim
intermediate 8 was treated with KCN in triethyleneglycol (TEG) as solvent. Reduction of the cyano group with
DIBAH in toluene at -20) °C afforded after hydrolysis the corresponding aldehyde which gave on reduction with
NaBH, the desired homo-sphingosine derivative 10 in high overall yield. Treatment of 10 with MsCl in
pyridine and then with LiBr furnished bromide 11 in practically quantitative yield. Hydrogenolysis of the
carbon-bromine bond with NaBH, in HMPT and then LiOH treatment led to loss of the urethane moiety, thus
furnishing 5'¢ in very high yield. Michaelis-Arbusov reaction of 11 with trimethylphosphite gave the
corresponding dimethyl phosphonate which on treatment with LIOH and protonation with acetic acid afforded
target molecule 6 as solid material: 6 was again characterized by NMR and MS data!® and by elemental

analysis. The biological studies with target molecules 5 and 6 are under investigation!’,
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Selected physical data: 4: TLC(n-butanol/acetic acid/water 5:1:1). Ry = 0.42, [a] -2.6° (c 0.5 acetic
acid), mp. = 190°C (decomp.). 'H NMR (250 MHz, CD;COOD): 5 0.79 (t, 3 H, H-18), § 1.18-1.35
(m, 22 H, 11 CH,), 8 1.90-2.05 (m, 4 H, H-1,, -1, -6,, -6;), 8 3.73-3.81 (m, 1 H, H-2), § 4.32-4.38 (m,
1 H, H-3),8540(dd, J34 = 6.3 Hz, J, 5 = 155 Hz, 1 H, H-4), 8 5.79 (ddd, J5 ¢, = 6.8 Hz, J5¢, = 6.8
Hz, 1 H, H-5). 3C NMR (151 MHz, CD;COOD): § 14.40 (C-18), § 27.00 (d, J, p = 135.5 Hz, C-1), 8
33.20 (C-6), 8 53.47 (C-2), 8 73.13 (d, J3 p = 16.2 Hz, C-3), § 126.59 (C-4), § 137.36 (C-5). 3IP NMR
(162 MHz, CD,;COOD): & 26.25. FAB-MS (negative mode): Matrix: dimethylsulfoxide/nitro-
benzylalcohol/glycerol 1:1:1, m/z (%): 362 (40) [M-H*]. C;gH3gNO,P (363.5): Anal. Calc. for C
59.48, H 10.54, N 3.85; Found C 59.02, H 10.24, N 4.08. 5: § 0.73-0.95 (m, 6 H, H-1, H-19), § 1.07-
1.55 (m, 24 H, H-2,- 2;, 11 CH,), § 1.93-2.01 (m, 2 H, H-7,, -7,), 8 2.98 (m, 1 H, H-3), § 4.22 (dd,
J34=3.4Hz,J;5=63Hz, 1 H,H-4),6529 (dddd, J5 6 = 15.3 Hz, Js7.<10Hz, J55, < 1.0Hz, 1 H,
H-5),85.79 (ddd, J4 7, = 6.7 Hz, J¢ 3, = 6.7 Hz, 1 H, H-6). 6: TLC (n-butanol/acetic acid/water 5:1:1):
Rp = 0.41, [a]p -1.0° (¢ 0.2 in acetic acid), mp. = 150°C (decomp.). 'H NMR (250 MHz, CD;COOD):
80.79 (t, 3H, H-19), 8 1.15-1.39 (m, 22 H, 11 CH,), 3 1.70-2.06 (m, 6 H, H-1,, -1, -2,, -2, -7,, -7}),
33.42-3.52 (m, 1 H, H-3), 5 4.29-4.33 (m, 1 H, H-4), § 5.43 (dd, J; 5 = 6.6 Hz, Js s = 15.7 Hz, 1 H, H-
5), 8 5.79 (ddd, J¢ 7, = 6.7 Hz, J¢ 7, = 6.7 Hz, 1 H, H-6). 13C NMR (151 MHz, CD;COOD): § 14.41
(C-19), 8 27.5 (d, J; p = 136.0 He, C-1), 3 32.94 (C-7), 8 58.06 (C-3), 8 = 73.21 (C-4), § 126.67 (C-5),
3 137.25 (C-6). 3'P NMR (162 NMz, CD;COOD): & 30.78. FAB-MS (negative mode): Matrix:
dimethylsulfoxide/nitrobenzylalcohol/glycerol 1:1:1, m/z (%): 376 (50) [M-H+*], 753 (5) [(2M)-H+|.
C,gH 4 oNO4P (377.5): Anal. Calc. for C 60.45, H 10.68, N 3.71; Found C 60.16, H 10.36, N 3.80.
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