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Synthesis of Cyclic Sphingosine 1,3-Phosphate (cSPP) Through a Phetelytic
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Abstract: The synthesis of cyclic sphingosine 1,3-phosphate through photolytic methodology is described starting from D-
erythro-sphingosine. A bifunctional phosphorylating reagent, 2-cyanoethyl N,N-diisopropylchlorophosphoramidite, is used to

introduce the cyclic 1,3-phosphate moiety. This procedure generates cSPP in four steps and in 36% overall yield.
© 1998 Elsevier Science Ltd. All rights reserved.

Sphingolipid metabolites, such as ceramide, sphingosine, and sphingosine-1-phosphate (SPP), are
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membrane-associated sphingomyelin, is an important regulatory participant of programmed cell death (apoptosis).
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Conversely, sphingosine and sphingosine-i-phosphate (SPP), metabolites of ceramide, induce mitogenesis and
have been implicated as second messengers in cellular proliferation induced by platelet-derived growth factor and
serum. It has been suggested that the dynamic balance between intracellular ceramide and SPP levels may
determine the cell fate.” The signaling roles of ceramide and sphingosine produced through the degradation of
membrane sphingolipids are currently receiving significant attention in the biochemical and biomedical research
fields. The biological effects of SPP, such as calcium mobilization,’ regulation of the levels of cAMP,* activation

of mitogen-activated protein kinase,” and G-protein binding,” have been studied extensively. Moreover, the
alo

chemical synthesis”"® of sphingosine analogs has become fundamental to further advancing our understanding of
anhinanlinid_haooad cianaling avante
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Due to its poor solubility, SPP is poorly abie to penetrate through membrs taken up by cells.

Recently, we synthesized a more readily solubilized caged SPP."" The photolysis of caged SPP-loaded cells was
shown to cause a significant increase in DNA synthesis. The use of caged SPP presents a novel approach to
mimic signal-dependent activation of sphingosine kinase and to allow the rapid and controlled elevation of
intracellular SPP levels. In the continuation of our efforts to learn more about the mechanism by which SPP
modulates cellular survival, we chose to synthesize a cyclic sphingosine 1,3-phosphate. Although an analog of
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sphingomyelin, C6-ceramide-cyclic-1,3-phosphate, was reported in 1993, ¢cSPP has not been reported yet.

¢SPP is of interest due to the converse activity of SPP compared with ceramide. Through its cyclic phosphate
moiety, cSPP resembles cAMP, which is catalytically synthesized by adenylate cyclase from ATP inside the cell

cAMP, in turn, triggers activation of protein kinase A and is eventually broken down to AMP by the action of a
phosphodiesterase. Analogously, cSPP might be transformed in cells into SPP by means of ring opening (Figure
1). We present herein the first synthesis of cSPP through a photoiytic methodology.

Unlike C6-ceramide-cyclic-1,3-phosphate, cSPP cannot be prepared via dehydration of 1-SPP with N,
N’-dicyclohexylcarbodiimide.® The presence of the free amino group is a substantial challenge to its preparation.
Therefore, the amino group of sphingosine was protected at the beginning and released in the final step to avoid
interference with the cyclic phosphate moiety. Our initial attempts using Boc and Cbz as protecting groups were
unsuccessful because byproducts were observed under the harsh conditions employed in the deprotectlon step,

rifluoroacetic acid or concentrated HCI. The Fmoc group also p
t

complex mixture resulted on its attempted removal concurrently with the cyanoethyl group present on the
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phosphate when using diethylamine. Thus, the use of a photocleavable protecting group ™ came once again to our

attention as a possible means for avoiding the present pitfalls. This type of light-sentitive protecting group has
been used extensively in the synthesis of caged biologically active molecules (e.g., peptide,'* glutamate,”
sphingolipids,'"'® ADP, and ATP") designed in order to gain insights into fast biological processes.
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Based upon this notion, the synthesis of cyclic SPP started with D-erythro-sphi
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D was trans sformed into the ('m"reqnnndincr carbamate by eaction with the re
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which was readily prepared by reaction of o-methyi-o-nitrobenzyl alcohol 1 with triphosgene.’® 2-Cyanoethyl N,
N-diisopropylchlorophosphoramidite was employed as a bifunctional phosphitylating reagent to furnish the cyclic

phosphate moiety by reaction with either hydroxyl group of the diol 4 first in the presence of diisopropyl-
ethylamine and by subsequent phosphitylation of the other hydroxyl group in the presence of tetrazole. Oxidation
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diethylamine (40% in ethanol) at 40 °C for 36 h provided cyclic phosphate 6 after filtration over Dowex® 50W

(H"). Finally, cSPP 7 was released by UV illumination of phosphate 6 using a Pen Ray® lamp through

borosilicate glass in a mixed solvent of chloroform and methanol (60/40 v/v) for 20 h. '"H NMR analysis of the
crude product revealed that no isomerization of the double bond took place under these conditions. Compound 7
was then readily purified by thin-layer chromatography on silica gel 60 F,;, with an R, value of 0.31 in
CHCl,/MeOH (60/40 v/v) (detection by staining with a sulfuric acid solution of ammonium molybdate), and
obtained as an amorphous white powder after Ivonhilization.

In contrast to 1-SPP, ¢SPP is soluble in most polar solvents such as
confirmed by NMR and mass spectral ly31s 1% All protons

on
AAQY 20 A 1,30 ially. thiee different J waliag wara observed upon combaring th 3lp
COSY.” Additi aiy, tniee qirrerent vp; vaues were ouservea u r

'HNMR w
the coupled spectrum. Such differences result from the different dihedral angles among P, O, C-1 (C-3), and the
corresponding protons, as well as their electronic environment; these couplings also indicate conformational
rigidity within this part of the molecule. In the negative ion mode ESI mass spectrum, a peak at m/z 360.2 (M-H)
confirms the required molecular weight. The dimer (2M-H) was also observed at 721.2.

In summary, we describe herein an efficient synthetic route to a new derivative of sphingosine phosphate.

Biological studies to evaluate its activity are underway and will be published in due course.
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To a solution of 1.98 g of triphosgene (20 mmol) (LACHRYMATOR) in 10 mL of CH,C], at O °C under

:-]

N,, was added slowly a solution of 1.67 g of a-methyl-o-nitrobenzyl alcohol (10 mmol) and 1.28 mL of Et;N

(10 mmol) in 10 mL of CH,Cl,. The resulting mixture was stirred at 0 °C for another hour before filtration

through Celite. The filtrate was concentrated in a well-ventilated hood affording desired chloroformate 2,
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Data for cyclic SPP: [at], = +19.7° (¢ = 0.53 in CHCL,/MeOH /1 (v/v)) 'H NMR (CDCL/CD,OD /1 (v/v),

out furthar nnr; icat
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TMS) 6 5.87 (dt, 1H, J = 15.3 Hz (d), 6.6 Hz (1)), 5.30 (dd, 1H, J = 15.3, 7.8 Hz), 4.39 (dt, 1H, J;,;, = 2.4

Hz (d), JHH—-S 1 Hz (t), H-3), 4.15 (ddd, 1H, JHH—43 10.8 Hz, JPH— 20.7 Hz, H-1), 3.98 (dt, 1H, JPH
= 3.9 Hz (d), J,; = 10.8 Hz (t), H-1), 2.87 (br s, 1H, H-2), 2.10 (q, 1H, J = 6.9 Hz), 1.43-1.20 (br s,

23H), 0.89 (t, 3H, J = 6.3 Hz); *C NMR (CDCl,/CD,0D 1/1 (v/v), TMS) 8 137.63, 127.60 (d, J = 9.3 Hz),
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(CDCI,/CD,OD 1/1 (v/v), 85% H,PO,) 8 —1.63; ESI-MS (negative ion mode):
H). FAB-HRMS: calcd for C,,H,,NO,P (M+H)", 362.2460; found, 362.2446.
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correlates with 8 5.30 and 8 2.87 only; 8 4.15 and 8 3.98 correlate with each other, and with & 2.87.



