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The methylene and sulfur analogues of sphingosine 1-phos-
phate labeled with a fluorescent group at the terminus of the
backbone skeleton were stereoselectively synthesized as possi-
ble nonhydrolyzable visible ligands to the sphingosine 1-phos-
phate receptor, S1P1.

Sphingosine 1-phosphate (S1P) 1 is regarded as a remarka-
ble phospholipid' because of its very attractive biological activ-
ities, such as the stimulation of DNA synthesis,” cell growth,?
and platelet activation.* During the course of our project to de-
velop effective tool molecules for the elucidation of the sphingo-
lipid behavior,? we previously reported that the fluorescent-la-
beled sphingosine 1-phosphate (NBD-S1P) 2, which was recog-
nized as a ligand of its biological receptor (S1P1), could be
visualized it in cells under a fluorescent microscope.® This
fluorescent molecule was, however, hydrolyzed at the moiety
of the phosphate ester function by S1P hydrolytic enzymes to
be metabolized into NBD-sphingosine and NBD-ceramide.

In this paper, we disclose the stereoselective syntheses of
both the fluorescence-labeled sphingosine 1-phosphonate 3
(NBD-C-S1P), the so-called methylene analogue, and sphingo-
sine 1-thiophosphate 4 (NBD-S-S1P), the so-called sulfur ana-
logue, as new second generation nonhydrolyzable tool molecules
to be useful for the elucidation of the S1P behavior in a cell.

In previous papers, we reported a versatile method for the
stereocontrolled synthesis of various kinds of sphingolipids,
such as natural sphingosine, ceramide, sphingosine 1-phosphate,
and sphingomyelin,” by utilizing the olefin cross metathesis
protocol.® As shown in Scheme 1, the syntheses of 3 and 4 were
then achieved by applying the cross-coupling method between
the fluorescence-labeled olefin 5 and amino alcohol parts 6.
The amino alcohol parts were stereoselectively synthesized
starting from the L-serine and from L-cysteine derivatives,
respectively.

The oxazolidinone derivative 8, an intermediate of the
methylene analogue, was prepared by the NaH treatment of 7,
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Scheme 1. Structure of sphingosine 1-phosphate and synthetic plan
of NBD-labeled analogues.
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Scheme 2. Reagents and conditions: (a) NaH, THF, 50°C, 2h.
(b) PMBCI, TBAI, NaH, THF, rt, 16 h. (¢) 2M HCI, MeOH, rt,
16h. (d) Tf,0, 2,6-lutidine, CH,Cl,, —78°C, 94% (three steps).
(e) MePO(OMe),, n-BuLi, THF, —78°C, 73%. (f) CAN, CH3CN,
H,0, 0°C, 80%. (g) Boc,0, EtsN, DMAP, CH,Cl,, 0°C, 94%.
(h) K,CO3, MeOH, rt, 74%. (i) 5, Grubbs cat. 2nd Generation,
CH,Cl,, reflux, 2h, 85%. (j) TESCI, imidazole, DMF, 0°C. (k)
TMSBr, CH,Cl,, rt, then MeOH, rt, 68% (two steps).

which was synthesized from N-Boc-L-serine in 84% yield over
four steps as previously reported (Scheme 2).”° The introduction
of the dimethylphosphonylmethyl group to 8 was one of the key
steps of the synthesis of 3. After several trials, we found that the
electron-donating PMB group for protection of the oxazolidi-
none nitrogen and trifluoromethanesulfonyl group as a leaving
one were very important for the successful substitution reaction.
Thus, 8 was converted into 9 by the sequence of introducing a
PMB group, acid treatment, and formation of triflate in 94%
yield over three steps. The slow addition of the lithium anion
of dimethylphosphonylmethyl to the triflate at —78 °C success-
fully produced the desired phosphonate 10 in 73% yield.!%!!
The substitution reaction of the corresponding mesylate, bro-
mide, and iodide was unsuccessful. Attempts of a similar substi-
tution in the linear systems were also unsuccessful. Next, we ex-
changed the PMB group with a Boc group at this stage, because
the selective oxazolidinone ring opening of 10 without hydroly-
sis of the phosphonate ester moiety was not successful. Removal
of the PMB group of 10 by treatment with CAN followed by the
reaction with Boc,O produced 11 in 94% yield, which was treat-
ed with potassium carbonate in MeOH to afford the functional-
ized 12 in 74% yield. With the amino alcohol part in hand,
the olefin cross metathesis reaction was attempted under the
previously established conditions.”® Thus, 12 was stirred with
4 equiv. of the NBD-labeled olefin 5 and 0.03 equiv. of the
Grubbs catalyst 2nd generation in CH,Cl, for 2h at reflux to
produce the desired cross coupling product 13 in 85% yield,
whose geometry of the double bond was approximately 20:1
of the E:Z-based on the 'HNMR.
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Scheme 3. Reagents and conditions: (a) Me(MeO)NH-HCI, EDCI,
NMM, CH,Cl,, —15°C. (b) Vinyl bromide, Mg, THF, 1t. (c)
LiAl(O#-Bu);H, EtOH, —78°C. (d) Li, lig. NHs, THF, reflux,
70% (four steps). (e) TBSCI, DMAP, Et;N, DMF, 0°C. (f) TBAF,
THF, —78°C. (g) PBus, CH;CN, H;0, 52% (three steps). (h)
Trimethylphosphite, CBry, 2,6-lutidine, CH,Cl,, 0°C, 56%. (i)
2M HCI, THF, 1t, 75%. (j) S, Grubbs cat. 2nd Generation, CH,Cl,,
reflux, 2 h, 85%. (k) TMSBr, CH,Cl,, rt, then MeOH, rt, 80%.

The secondary hydroxy group in 13 was first protected with
a TES group to avoid the side reaction such as lactonization
resulting from nucleophilic attack of the hydroxy group to the
phosphonate moiety during the following demethylation. The
obtained TES derivative 14 was then treated with trimethylsilyl
bromide'? in CH,Cl, followed by treatment with MeOH. The
desired 3 (NBD-C-S1P) was obtained in a pure form in 68%
yield over two steps.!3

The synthesis of NBD-S-S1P 4 was also achieved from
N-Boc-S-benzyl-L-cysteine 15 by a procedure similar to that of
NBD-C-S1P 3 (Scheme 3). Thus, the sequence of the Weinreb
amide formation, introduction of a vinyl group, the highly
anti-selective reduction of the resulting ketone with lithium
tri- tert-butoxyaluminohydride, and then treatment with lithium
in liquid ammonia produced 17 in 70% yield over four steps
through 16. In order to introduce a phosphate group into the pri-
mary mercapto group, the protection of the secondary hydroxy
group was necessary. The regioselective desilylation with 0.95
equiv. of BuyNF-nH,O at the sulfur of 18, which was prepared
from 17 by the usual silylation, gave O-silylated thiol 19 as
a mixture of disulfide 20, which was converted into 19 by a
tributylphosphine treatment. The phosphorylation of 19 with tri-
methylphosphite and carbon tetrabromide successfully produced
dimethylthiophosphate 21 in 56% yield with the aid of 2,6-luti-
dine. The desired phosphorylated amino alcohol 22 was obtained
in 75% yield by the hydrochloric acid treatment of 21 in THF,
although the treatment in MeOH gave a complex mixture. With
three types of thiol derivatives, benzyl thioether 16, thiol 17, and
thiophosphate 22 in hand, the olefin cross metathesis reactions
between these thiol derivatives and olefin 5 were examined. In
the case of 16, the reaction poorly proceeded to afford the corre-
sponding coupling product in only 22% yield. The reaction with
thiol 17 did not proceed at all. On the other hand, the reaction of
22 smoothly proceeded to produce the desired coupling product
23 in 85% yield. The objective NBD-S-S1P 4 was successfully
obtained by removal of both the methyl and Boc groups using
trimethylsilyl bromide and then MeOH. 4

In conclusion, we achieved the syntheses of new fluores-
cence-labeled methylene and sulfur analogues, 3 and 4, by our
olefin cross metathesis protocol as the key step. These analogues
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are expected to be useful nonhydrolyzable tool molecules to
investigate the behavior of sphingosine 1-phosphate in a cell.!
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