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Abstract: Short-chain sphinganine analogues 8, 9, 18, and 19, as well as 3-fluoro-sphingosine analogues 25
and 26 were synthesized. Their potential as sphingosine kinase inhibitors was investigated, in combination with
previously synthesized sphingosine and fluorinated sphinganine analogues. © 1999 Elsevier Science Ltd. All rights
reserved.

Introduction

Sphingosine- 1-phosphate, formed by phosphorylation of sphingosine involving sphingosine kinase as catalyst
(Figure 1), was originally described as an intermediate in the catabolism of sphingolipids. However, in recent
years, it has become clear that sphingosine-1-phosphate exhibits several important biological functions. It has
been implicated as a second messenger in cellular proliferation and survival induced by platelet-derived growth
factor, fetal calf serum' and nerve growth factor.” In addition, sphingosine-1-phosphate protects cells from
ceramide-induced apoptosis® and intervenes as an intercellular signaling molecule (first messenger) by binding
to the specific G-protein coupled receptors EDG-1, EDG-3, and EDG-5.* Examples of such processes include
inhibition of chemotactic cell motility and invasiveness of various tumor cells’, induction of platelet activation®

and retraction of neurites in neuronal cells.’
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D,L-threo-dihydrosphingosine (or D,L-threo-sphinganine)® and N,N-dimethylsphingosine’ are known
competitive inhibitors of sphingosine kinase (Figure 2). To further explore the structural requirements,
necessary for inhibition of sphingosine kinase, we previously synthesized sphingosine analogues’® and
fluorinated sphinganine analogues.'® We have now prepared a new series of sphinganine derivatives and 3-
fluoro-sphingosine analogues in order to comparatively assess these compounds as potential inhibitors of
sphingosine kinase. Such inhibitors could be considered as potential biochemical tools to further elucidate the

biological significance of sphingosine-1-phosphate and to characterize features related to substrate specificity

of the kinase.
Figure 2
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Synthesis

The synthesis of the sphinganine analogues was accomplished using a modified procedure originally described
by Herold (Scheme 1).'? Diastereoselective addition reactions of alkynyl lithium to the well-known Garner
aldehyde 1 (synthesized from L-serine, according to an established protocol'’) may furnish either erythro-
alkynol 2 or threo-alkynol 3, depending on the reaction conditions. While the use of hexamethylphosphoramide
(HMPA) as a cosolvent accounts for high erythro-selectivity, addition of anhydrous zinc dibromide in diethyl
ether mainly led to threo-alkynol 3.
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a: n-BuLli, CHy(CH,)sC=CH, HMPA, THF, -78 °C (for 2: 84%) or n-Buli, CH3(CH;)sC=CH, ZnBr, Et,O, -78 °C to 1t (for 3: 64%),
b: Hz, PUC, MeOH, rt (4: 98%, 5: 92%); ¢: TosOH, MeOH, rt (6: 76%, 7: 68%); d: HCI (37%), EtOAC, rt (8: 74%, 9: B0%).

The diastereoselectivity is convincingly accounted for by considering the preferred transition state in each

reaction. According to the well-known Felkin-Anh model, the nucleophile attacks preferentially at the re-face
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of aldehyde 1 thereby leading to the erythro-configuration. The diastereoselectivity is reversed in the presence
of a Lewis acid (such as zinc dibromide), since chelation control in the transition state results in nucleophilic
reaction from the si-face to give the threo-epimer. Catalytic hydrogenation of propargyl alcohols 2 and 3
yielded alcohols 4 and 5, respectively. Cleavage of the oxazolidine by treatment with TosOH resulted in
formation of the N-protected sphinganine analogues 6 and 7. Deprotection of the tert-Boc group with
concentrated hydrogen chloride gave access to the C),-sphinganine analogues 8 and 9.

The synthesis of sphinganine analogues possessing an aromatic residue is outlined in Scheme 2. We applied a
sequence, which was slightly adapted from that described above. Diastereoselective addition of the lithium salt
of phenylacetylene to the Garner aldehyde 1 yielded alkynols 10 and 11, respectively. As the catalytic
hydrogenation of the propargyl alcohols 10 and 11 did not proceed as expected, we followed a two-step
reduction route. First, the alkynyl group was reduced to the frans-alkenes 14 and 15 using Red-Al, subsequent
to cleavage of the oxazolidine. Next, catalytic hydrogenation yielded the N-protected sphinganine analogues 16
and 17. Acid-assisted removal of the fer-Boc group afforded sphinganine analogues 18 and 19."

Scheme 2
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a: n-BuLli, CsHsC=CH, HMPA, THF, -78 °C (for 10: 81%) or n-BuLli, CsHsC=CH, ZnBr, Et,0, -78 °C to 1t (for 11: 69%);
b: TosOH, MeOH, rt (12: 67% 13: 60%); c: Red-Al, Et.0, 0 °C to rt (14: 68%, 15: 73%); d: H,, PUC, MeOH (16: 97%, 17: 92%);
e HCI (1 N), dioxane, 100 °C (18: 78%, 19: 71%).

The fluorinated sphingosine analogues 25 and 26 were synthesized from the N-fert-Boc-protected sphingoid
20.° After protection of the primary hydroxyl group of 20 as a trityl ether, reaction of 21 with
diethylaminosulfur trifluoride (DAST) gave the fluorinated compounds 22 and 23 together with oxazolidinones
24a and 24b as side products (Scheme 3). Compounds 22 and 23 occurred as epimeric mixtures, which could
not be separated at this stage. The epimeric ratios, as determined by NMR, were 7:3 (threo/erythro) for 22 and
1:1 for 23. The stereochemistry of 24a and 24b was assigned based upon literature data for J; 5. The isomer
exhibiting the largest Jy s coupling constant is the erythro (4R,5R) compound.'®

Deprotection of the trityl and N-fert-Boc protecting groups of 22 and 23 by treatment with 1 N hydrogen
chloride and chromatographic purification gave the L-threo fluorinated sphingoid 25 and the rearranged

fluoride 26 (epimeric mixture), respectively.'’
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& TrCl, pyridine, 100 °C (83%), b: DAST, CH,Ch,, -78 °C (22: 26%, 23: 43%, 24a: 18%, 24b: 13%); ¢: 1 N HCl, dioxane, 100 °C (25: 34%, 26: 59%)).

The synthesis of sphingosine analogues 27-30'° and of the fluorinated sphinganine analogues 31-32'" has been
described previously (Figure 3).

Figure 3
z7 (3R) 29 (3R) 31: R=CgHyp

32: R= (CH),GeHs

Biological evaluation and discussion

Compounds 8, 9, 18, 19, and 25-32 were evaluated as potential inhibitors of sphingosine kinase. The data,
shown in Figure 4, include N,N-dimethylsphingosine (DMS, the most potent sphingosine kinase inhibitor
known hithereto'®) as a reference. HEK 293 cells were transfected with a sphingosine kinase expression vector.
The sphingosine kinase activity was measured in the presence of each of the analogues at a concentration of 10
uM, using 10 uM D-erpthro-sphingosine as substrate.'” Racemic D,L-threo-dihydrosphingosine is known to
competitively inhibit recombinant sphingosine kinase activity.” To establish firm structure-activity
relationships of sphinganine analogues as sphingosine kinase inhibitors, the use of enantiopure sphinganines is
required. Compounds 8 and 9, having a shortened sphingoid base backbone (Cy,), were as potent as DMS in
inhibiting sphingosine kinase. As there was almost no difference in activity between the erythro- and the threo-
epimers, the stereochemistry at position 3 has only a marginal effect on the potency of sphinganine derivatives
to inhibit sphingosine kinase. Compounds 27 and 28 were examined to determine the effect of the 4,5-trans
double bond on sphingosine kinase inhibition. These compounds are much more potent sphingosine kinase
inhibitors than their saturated counterparts 8 and 9, respectively, indicating the significance of the double bond

in the inhibition. Again, the stereochemistry at position 3 has only a small effect on the activity.
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Substitution of the alkyl sphingoid base backbone for an aromatic residue (compounds 18, 19, 29, and 30)
resulted in an increased inhibitory capacity when compared to the corresponding C,,-analogues. Regarding the
sphingosine analogues with an aromatic side chain, the difference in inhibitory capacity between the D-erythro
(compound 29) and the L-threo epimer (compound 30) is only marginal, while for the aromatic sphinganine
analogues, the threo-epimer 19 is the more potent inhibitor, when compared to its erythro-epimer 18. This may
be related to the unnatural configuration of the threo-epimer 19. The aromatic sphingosine analogues 29 and 30
are stronger inhibitors than the sphinganine analogues 18 and 19, although this effect is less pronounced in
comparison to the Ciz-analogues. In addition, we evaluated the fluorine-containing isosteres 25, 26, 31, and 32
as sphingosine kinase inhibitors. The introduction of a fluorine atom for a hydroxyl group resulted in increased
inhibitory activity for the sphingosine and C,,-sphinganine analogues. In contrast, for the sphinganine analogue

32 bearing an aromatic side chain, the isosteric substitution led to a decrease of the inhibitory capacity.

Figure 4: Inhibition of recombinant sphingosine kinase activity by various sphingosine and sphinganine
analogues. Sphingosine-1-phosphate formation was determined with D-erythro-sphingosine as substrate (10
uM), dissolved in 5% Triton X-100 (final concentration 0.25%), and [**P]JATP (10 puCi, 1 mM) containing
MgCl (10 mM) after 10 min incubations at 37 °C as previously described.'” Cytosolic fractions from HEK 293
cells overexpressing sphingosine kinase were used as a source of the enzyme (0.125 pg). Results are expressed
as percentage of the activity determined in the presence of vehicle only. Data are means + S.D.
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Conclusion

The potential of various sphingosine and sphinganine analogues to inhibit sphingosine kinase was investigated.
All the new compounds are stronger sphingosine kinase inhibitors than DMS. Replacement of the alkyl chain
by an aromatic residue or introduction of a fluorine atom for the 3-hydroxyl group leads, in general, to strong
sphingosine kinase inhibitors. The difference in activity between the erythro- and the threo-epimers is
negligible, except for compounds 18 and 19, where the threo-epimer 19 is the stronger inhibitor. The presence

of the 4,5-trans double bond enhanced the capacity to inhibit sphingosine kinase activity.
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