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Abstract. The first chemical synthesis of D-eryrhro-sphingosine-l-phosphate (which 
occurs naturally) is described. This synthetic product had an inhibitory effect on 
motility of mouse melanoma B16/Fl cells in an in vitro assay system, 

Sphingosine-l-phosphate (SPN-1-P) has been known for many years as an 

intermediate product during degradation of sphingosine (SPN) by SPN kinase to 

ethanolamine-l-phosphate and a long-chain aldehyde (e.g., palm&al) by a pyridoxal 

phosphate-dependent lyase reaction l. The biological signifi~nce of SPN-X-P has been 

reported recently2. However, its physiological function in cells remains unclear, except 

for its Ca2+ mobilizing activity in some cells 2c. Recently, we demonstrated that SPN- 

1-P inhibits motility of melanoma cells at a very low concentration (10 nM), at which 

SPN, N,N-dimethyl-SPN, and N,N,N-trimethyl-SPN have no inhibitory effect3. Further- 

more, SPN-1-P is far less cytotoxic than these other three compounds, and does not 

inhibit protein kinase C. These biological findings suggest that SPN-1-P may act as an 

agent for prevention of tumor cell metastasis and in~ammato~ processes, both of which 

are highly dependent on cell motility. Unlike SPN and its N-methylated derivatives, the 

chemical synthesis of SPN-1-P has not been reported. The only known method for 

preparation of SPN-1-P is by treatment of sphingosylphospho~l~holine @PC) with 

phospholipase D from Streptomyces clvomojkscu8, which gives a mixture of D-erythro 

and L-three isomers. During design and synthesis of cell motility inhibitors derived from 

SPN-l-P, we developed a chemical synthesis of D-erythro-SPN-l-P, the naturally 

occurring isomer. 

The chemical synthesis of SPN-1-P is quite straightforward. In order to selective- 

ly phosphorylate the primary hydroxyl group of SPN, its amino and allylic hydroxyl 

groups must be protected. We chose the protected D~~t~z~-olefin~~ alcohol 1 
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Scheme I 

4 5 

(a) pivaloyl chloride, pyridine; (b) p-TsOH, CH30H; (c) (if POCI3, Et$$ CH$Jfz, 

(ii) HzO, pyridine, dioxane; (d) 6) nBu$J+OHA cap), dioxane; Amber&e XR-120 (H% 

(iif 50% TFA/CH2C!l2. 

Firmre 1. Negative-ion FAB mass spectra (DMIX as a matrix) of sphingo- 
siRe-l-phosphate from (a> spbi~gos~iphospbo~boli~e with phospho- 
lipase D; (b> cbem~ca~ synthesis. 
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Fim.rre 2. Portions of ‘H-NMR spectra (500 MHz) of sphi~~ine-~- 
phosphate from (a) sphingo~iphosphocholine with phospho- 
lipase D, 6 ~ppm) 397-4.22 (4H, m, POCfi~), 4.25, 4.38 (2H, t, 
C&OH)); (b) chemical s~thesis, 6 (ppm) 4.09, 4.18 (2H, m, 
POC&), 4.38 (lH, t, C$@DH)), taken in methy~-l~-d~-alcohol-d- 
acetic-da-acid-d 8:2 (v/v). 

([aID -25.9” (c= 1.43, CHC13); lit .5b -25.2” (c= 0.215, CHQ)), readily available from 

L-serine by the known methods, as the starting material. We also chose the acid-stable 

pivaloyl group for protection of the allyiic-OH group, which could be left intact through 

modifi~tion of the l-OH group, with no C-3 to C-1 migration4. Synthesis of SPN-1-P 

is summarized in Scheme 1. ~terj~~t~o~ of 1 (6 eq. (~H3)~CCO~~ in dry p~djne, 

0-+2S”C, 5 h) gave 2 (98%) as a colorless oil ([aID -25.7” (c= 1.22, CHCX$‘. Selective 

deprotection of the I-OH group (1.3 eq. TsOH+Hj?o in methanol, 5 h) produced 3 

(70%) as a colorless oil ([aID -12.9” (c= 1.20, CHQ). Phospho~lation of the primary 

hydroxyl group of 3 (4 eq. POC13, 4.5 eq. Et@ in dry CH&&, 0-+2S*C, 2 h), followed 

by hydrolysis (H,O, pyridine in dioxane, 1.5 h), gave the precursor of SPN-l-P, 4 

(53%). Finally, sequential deprotection of 4 (excess amount 40% wt. nBu4N+OH- (aq) 

in dioxane, 4 h, then Amberlite ~R-l2O~H+); 50% TFAKH~Clz, 0.5 h) yielded the 

~aturaily-occu~ing ~-e~~~o-SPN-l-P, 5, as a white solid in 78% yield after chromato- 
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graphy on silica gel (nBuOH/HzO/AcOH, 5:l:l). Mobility of this synthetic product on 

silica-gel TLC t~~uOH~~O/AcOH, 6:l:l) and HPTLC (~~I~eOH~~O, 65358) 

was ind~stinguishabie from that of en~mat~ca~~y-derived material prepared by the 

method of van Veldhoven et aL8 Negative ion FAB-MS (Figure 1) revealed that the 

TABLE I. Inhibitory effects of chemically and enzymatically 
s~thesized SPN-I-P on Fl melanoma cell motility. 

Compound Concentration (gM) % migration of Fl cells8 

Control 

SF’N-l-Pb 5 3429 
1 822 
0.1 t&2 
0.01 12+7 
0.001 82+44 

@N-f-PC S 4lffO 
1 1021 
0.1 12_+1 
0.01 17+2 
0.001 122339 

SPN 5 12f3 
1 78+10 
0.1 go_+22 

lo&32 

a meanrtS.D, (n= 3 or 4). Control value (defined as 100%) represented 2.2xlod 
migrated cells. See footnote 9 for expe~mental details. 

b Enzymatically synthesized. 
c Chemically synthesized. 
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synthetic product gave the correct molecular ion, and its fragmentation pattern is 

identical to that of enzymatically-derived material. The tH-NMR (500 MHz) spectrum 

(Figure 2) showed only one set of resonances in H-l and H-3, indicating that there was 

no racemi7ation. 

Synthetic SPN-1-P was tested &t I&O for inhibition of chemotactic motility of 

mouse melanoma B16/Fl cells, using a Mat&gel-coated transwell assay system9. The 

resuits (summa~zed in Table I) show that both chemically- and en~atical~-prepared 

SPN-1-P have a similar dose-dependent inhibitory effect on cell motility. SPN-1-P at a 

concentration of 10 nM blocked penetration of Fl cells through the Matri-gel-coated 

filter, while a much higher concentration (5 bM) was required for SPN. 
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