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ARTICLE INFO ABSTRACT

Keywords: Sphingosine kinase (SphK), which catalyzes the transfer of phosphate from ATP to sphingosine (Sph) generating

SPh%HgOhIPIdS. o sphingosine-1-phosphate (S1P) has emerged as therapeutic target since the discovery of connections of S1P with

szmgosme kinase inhibitors cancer progress. So far, most effort has focused on the development of inhibitors of SphK1, and selective in-

:phg hibitors of SphK2 have been much less explored. Here, we describe the syntheses of new sphingosine derivatives

Sp . bearing a tetrasubstituted carbon atom at C-2, dimethylhydrazino or azo moieties in the polar head, and alkane,
ynthesis . . . TR

Docking alkene or alkyne moieties as linkers between the polar ahead and the fatty tail. In vitro inhibitory assays based on

a time resolved fluorescence energy transfer (TR-FRET) have revealed the hydrazino and alkynyl moieties as the
best combination for the design of selective SphK2 inhibitors (19a and 19b). Docking studies showed that
compounds 19a-b have the optimal binding to SphK2 through the exploitation of polar but also hydrophobic
interactions of their head group with the head of the enzyme binding pocket, while also producing full contact of
the fatty tail with the hydrophobic pocket of the enzyme. By contrast, this elongation causes loss of contact
surface with the shorter hydrophobic toe of the SphK1 isoform, thus accounting for the SphK2-biased selectivity
of these compounds. Cell viability assays of the most promising candidates 19a-b have shown that 19a is not
cytotoxic to human endothelial cells at 30 pM.

SphK inhibition activity
Cell viability assay

1. Introduction

Over the past three decades, certain sphingolipids, termed bioactive
sphingolipids, have been recognized to play important roles in both
normal and pathological physiology related to the regulation of cell
proliferation, differentiation, survival, trafficking and cell death [1,2].
There are three well-studied bioactive sphingolipids: ceramide (Cer),
sphingosine (Sph) and sphingosine-1-phosphate (S1P), which are
interconvertible in a complex biosynthetic pathway regulated by spe-
cific enzymes (Scheme 1). As a general rule, and opposed to the cellular

* Corresponding authors.

effects produced by high levels of Cer (apoptosis, senescence, growth
arrest, etc.), overproduction of S1P has been associated with prolifera-
tion, migration, inflammation, differentiation, survival, effects which, as
a whole, can be described as anti-apoptotic [3,4].

Among the family of enzymes involved in the metabolism of sphin-
golipids, sphingosine kinase (SphK), which catalyzes the transfer of
phosphate from ATP to Sph to generate S1P [5], has arisen as a thera-
peutic target since the discovery of the connections of S1P with cancer
progress [3,6,7]. SphK exists in two isoforms, SphK1 and SphK2, which
differ in their substrate preferences, subcellular localizations and tissue
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Scheme 1. Sphingolipid rheostat.

distributions, suggesting that they perform different physiological roles
[8,9]. SphK1 is located in cytoplasm and after its stimulation by
numerous growth factors, cytokines and oncogenes, it is transported to
plasma membrane for the phosphorylation of Sph [10]. On the contrary,
SphK2 is found in endoplasmic reticulum, mitochondria and nucleus
[11]. An overexpression of SphK1 has been associated to cell survival
and proliferation [12], and therefore is a key player in cancer [13]. On
the contrary, the actions of SphK2 remain poorly understood and much
less is known about its biology [14]. Actually, the existing data reveal
contradictory actions of SphK2 regarding cancer development
[11a,15-18]. Quite recently, the holo structures of SphK1 with Sph and
some competitive inhibitors were disclosed, shedding light on the to-
pology and key interactions that govern the ligand-enzyme complex
[9,19]. By contrast, no crystal structures are available for SphK2,
although structural information on the topology of its binding pocket
has been inferred by sequence comparison with SphK1, revealing strong
homology to it [8,9,14,20]. These studies suggest that the “J-shaped”
binding pocket of SphK2 presents a compressed zone at the heel and an
expanded surface exhibiting greater plasticity at the toe of the binding
pocket, compared to that of SphK1.

SphK inhibitors (SI) have attracted extensive interest for the devel-
opment of efficient pharmacological therapies against cancer, mainly
oriented towards compounds that compete with Sph at the binding
pocket of the enzyme [1d,21]. Depending on their specificity against
SphK1 or SphK2, SI can be classified as dual or selective inhibitors.

There are many examples of SphK1-selective or SphK1/SphK2-dual
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Fig. 1. SphK inhibitors for SphK1 and SphK2 with inhibitory potency.
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inhibitors (Fig. 1). Many of them contain a polar head and a lipophilic
tail, mimicking Sph and showing inhibitory potency even in nanomolar
range. For example, FTY720 (fingolimod, Gilenya) [22], and (S)-
FTY720-vinylphosphonate [23], with related structures characterized
by the presence of a tetrasubstituted carbon atom at C2 and a benzene
ring at the lipophilic tail, are selective SphK1 inhibitors. Other com-
pounds such as Genzyme 51 [24], Amgen 82 [19a] or PF453 [25] have
displayed potent inhibition against SphK1, acting all of them in the
nanomolar range. Nevertheless, some of these compounds are not
completely stable in vivo, have low anticancer activity in vitro or have
off-target effects [21a,26].

In comparison with the wide number of SphK1 inhibitors, only a
scarce number of SphK2 inhibitors have been described, and most of
them display moderate or low selectivity and potency. Among the SphK2
selective inhibitors reported to date, ABC294640 (Yeliva®) is the most
advanced and is currently in Phase I/II clinical trials for oncological
indications [16]. Other selective SphK2 inhibitors include thiazolidine-
2,4-dione K145 [27], and and (R)-FTY720-OMe [28].

Compounds containing different nitrogen functional groups [29]
including guanidine-[18,20d,30] and amidine-[25,31] moieties have
emerged as new potent SphK inhibitors. Modification of the early SphK2
inhibitor SLR0O80811 [30h] has provided selective SphK2 inhibitors,
among which SLC5101465, containing a hydrophobic tail featured with
an aliphatic chain attached to a 1,5-disubstituted indole scaffold, a
central oxadiazole unit and a guanidine moiety as a polar head (Fig. 1),
is the most potent and selective SphK2 inhibitor to date [30a]. The
improved biological activity of these derivatives has been ascribed in
part to increased interactions of the guanidino moieties with polar
amino acids in the active pocket of the SphK.

Based on our previous contributions on the development of synthetic
methodologies towards sphingosine and glycolipids [32], we became
interested in the design of sphingolipid analogues as potential sphin-
gosine kinase inhibitors. Thus, we recently reported the syntheses of
sphingolipid analogues containing a central triazole core, with system-
atic modifications in the amino functionality and in the fluorination
degree of the lipophilic tail [33]. Although these analogues were not
superior to N,N-dimethylsphigosine (DMS) [34a] (Fig. 1), a reference
sphingosine-based SphK1/SphK2-dual inhibitor, in terms of inhibitory
activity, most of them showed interesting selective SphK2/SphK1
inhibitory profiles. The most SphK2 selective inhibitors resulted from
modification of the nitrogen functional group as dimethylamino de-
rivatives, whereas the optimal fluorination degree for SphK2 inhibition
was obtained with the heptafluorododecyl tail.

In this study, we sought to investigate the synthesis of sphingosine-
based selective SphK2 inhibitors focusing on the following issues:

(1) installation of a non-polar alkyl group at C-2, making it a tetra-
substituted carbon atom, by analogy to (R)-FTY720-OCHg; (2) exploring
the role of an alkyne moiety as a rigid linear central linker (and alkene or
alkane for comparative purposes) as an alternative to a p-phenylene
linker, present in many SphK inhibitors; and (3) the presence of unex-
plored nitrogen functional groups, particularly the dimethylhydrazino
group, related to the dimethylamino counterpart in N,N-dimethyl-
sphigosine (DMS) or in the triazole-based compounds synthesized by us,
which might also contribute to increase the highly organised polar
interaction network surrounding the polar head (Fig. 1).

2. Results and discussion
2.1. Synthesis of SphK inhibitors

Based on our experience on alkene aziridination [35,36] we envis-
aged the synthesis of dimethylhydrazino sphingosine analogues by
construction of the anti-amino alcohol moiety in A through the ring-
opening reaction of an alkynyl aziridine intermediate B (Scheme 2)
[37]. The corresponding amino-aziridine intermediate, in turn, could be
obtained from the corresponding enynoate C, easily available by a
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Scheme 2. Retrosynthetic pathway of target sphingosine analogues.

Horner-Wadsworth-Emmons olefination (HWE) [38]. Concomitant
reduction of the ester and alkyne groups in A would provide the satu-
rated compound. Alternatively, the alkyne moiety can be reduced to an E
alkene or to a saturated chain (Scheme 2).

Adehyde 2, afforded from reaction of 1-pentadecyne (1) with 1-for-
mylpiperidine, was treated with ethyl 2-(diethoxyphosphoryl)prop-
anoate (3a), ethyl 2-(diethoxyphosphoryl)butanoate (3b) or ethyl 2-
(diethoxyphosphoryl)acetate 3c in basic medium to provide the corre-
sponding alkenes as E/Z diastereomeric mixtures in good yields and high
E stereoselectivities (see experimental section). Column chromatog-
raphy in silica gel furnished pure E alkynes 4a-c in good isolated yields
(Scheme 3) [38].

The configuration in 4a was determined on the basis of the existence
(Z) or absence (E) of NOE correlations between proton H-3 and the
vinylic methyl group (See SI), the configuration of 4b by analogy with
4a, and that of 4c was determined by the coupling constant value of J =
15.8 Hz. Aziridines 6a-c were obtained from 4a-c in excellent yields and
diastereo- and chemoselectivities [39] by reaction with N-amino-
phthalimide as a nitrene precursor and phenyliodide(IlI) diacetate
(PIDA) as oxidant, according to the procedures previously reported by
Che [40] and Yudin [41] (Scheme 3). Aziridine 6¢ was obtained as a
mixture of invertomers (78:22).

Alcohol 5, available by reduction of 4a with DIBAL, was also probed
as a candidate for amino-aziridination. However, treatment of 5 with N-
aminophthalimide and PhI(OAc); in dichloromethane led to N-pththa-
limidoaziridine 7 in poor yield as a mixture of two invertomers (Scheme
3) [40].

Ring-opening reaction of non-activated aziridines [36a,42] 6a-c was
achieved by treatment with 1.1 equiv of p-toluenesulfonic acid (PTSA) in
a refluxing 1:1 dioxane-water mixture (Scheme 4). When the reaction
was performed in mixtures of water with other solvents (CH,Clp, THF,
DMF), or other acids such as HClOy, either the yield decreased or the
reaction did not evolve (See Table S1 in SI). Attempts under other re-
action conditions, such as 10 mol% of cerium (IV) ammonium nitrate
(CAN) in CH3CN/H50 [43] or KOH in refluxing DCM led to no conver-
sion or ester hydrolysis, respectively.

In order to assess the effect of the alkyne moiety as a rigid core in the

o o 3aR=Me

o} EtO-} -
P. 3bR = Et
¢ Et0” OFt3cR=H
H Q R

H—=—=—C;3Hy; >%C13H27
nBuLi, THF H Et3N, LiBr, THF
1 -23°C tort 2 rt, 4-16 h
6h

DIBAL
85%

4a R'= COOEt, R?= Me, 57%
4b R'= COOEt, R?= Et, 69%
4c R'= COOEt, R?= H, 58%
5 R'= CH,OH, R?= Me
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Scheme 4. Ring-opening reaction of aziridines 6a-c.

inhibitory potency of the sphingosine analogues against SphK, other
lipidic tails were also explored, containing either alkene or alkane
moieties at the same position. Initial attempts to obtain the corre-
sponding trans alkene by partial reduction of 8a with LiAlH4 at room
temperature led to a complex mixture. Fiirstner and co-workers had
developed a novel trans hydroboration [44], hydrogermylation [45],
hydrogenation [46], hydrostannation [47] and hydrosilylation [45] of
alkynes using ruthenium as catalyst. This methodology was described to
be highly trans selective and proved to have high functional group
tolerance.

To this purpose, compound 8a was initially submitted to partial
hydrogenation with chloro(pentamethylcyclopentadienyl) ruthenium
(ID) tetramer ([Cp*RuCl]4), in dichloromethane under 1 bar of hydrogen
pressure, but the reaction proceeded in very low conversion.

Hydrosilylation of 8a with BnMepSiH and ([Cp*RuClly) in
dichloromethane rendered the alkenylsilane product with only 50%
conversion after one hour of reaction. Fortunately, hydrosilylation of 8a
and 8b with (EtO)3SiH under similar conditions rendered the corre-
sponding alkenylsilanes 9a-b in full conversion after 15 min (Scheme 5).
The resulting alkenylsilanes 9a-b were then submitted to proto-
desilylation with AgF in THF-MeOH, to furnish trans 10a and 10b in
53% and 63% yield, respectively (Scheme 5, see Table S2 in SI for the
whole optimization process) [48].

Furthermore, hydrogenation of 8a to 11a was accomplished in very
good yield at room temperature under 5 bar of Hy, 30 wt% Pd/C in ethyl
acetate as the solvent. Reduction of 8b required heating at 40 °C to
afford 11b in 78% yield (Scheme 5, see Table S3 in SI for optimization).

Deprotection of phthalamido derivatives 8a-c, 10a-b and 11a-b with
methylhydrazine was next explored [49]. Initial reaction of 8a with
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Scheme 5. Reduction of 8a-b to 10a-b and 11a-b.
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Scheme 3. Synthesis of aziridine derivatives 6a-c and 7.
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methylhydrazine in THF proceeded with total conversion to render
hydrazone 12a. Structural elucidation of 12a was based on the following
spectroscopic data: (a) the presence of two singlets (3H each) at 1.8 and
1.9 ppm in the 'H NMR spectrum; (b) the presence of a peak at 149.6
ppm in the '3C NMR spectrum, ascribable to an sp? carbon and; (c) the
mass spectrum showed a M+ ion 40 units higher than that expected for
the free hydrazine derivative. Llebaria and co-workers had already
observed a similar behaviour in the synthesis of hydrazines, suggesting
that traces of adventitious acetone present in the glassware, laboratory
ambient or solvent used favoured the formation of that kind of products
[50]. Several attempts with different qualities of solvents and different
conditions did not allow us to isolate the free hydrazine. Hence, the
hydrazine intermediates obtained by reaction of 8b-c, 10a-b and 11a-b
with methylhydrazine were in situ treated with acetone at room tem-
perature to render hydrazones 12a-c, 14a-b and 16a-b in good yields
(Scheme 6).

Further modification of 12a via the concomitant reduction of the
hydrazone and ester group with LiBH4 to give the hydrazine-based
sphingolipid analog resulted unsuccessful. Alternatively, treatment of
12a with NaBH3CN/AcOH in order to selectively reduce the hydrazone
moiety led to a mixture of hydrazino and azo compounds which was
used in the next step without further purification (Scheme 6). The for-
mation of the azo moiety was unexpected and very likely resulted from
AcOH-mediated isomerization of the hydrazone group, thus making the
use of NaBH3CN unnecessary.

Subsequent treatment of the mixture with DIBAL in dichloromethane
at low temperature furnished an E/Z mixture of the corresponding azo-
sphingosine analog, which isomerized to the E isomer 13a by stirring
overnight in the presence of air and light [51]. In a similar way, com-
pounds 12b-c, 14a-b and 16a-b were transformed into compounds 13b,
15a and 17a-b in moderate to low yield (Scheme 6). Nevertheless,
compounds 13c and 15b could not be obtained as they presumably
decomposed through a retro-aldol reaction. N,N-Dimethylhydrazino
derivatives 18a-c, 20a-b and 22a-b were finally obtained from 8a-c,
10a-b and 11a-b by dephthaloylation to give free hydrazines followed
by in situ treatment with NaBH3CN and excess of paraformaldehyde.

Minor amounts of monomethylated and trimethylated products were
also detected in all cases. Further reduction of the ester moiety of these

Bioorganic Chemistry 121 (2022) 105668
2.2. In vitro SphK inhibitory activity evaluation

Inhibition potency of the compounds here described were measured
by a time resolved fluorescence energy transfer (TR-FRET) procedure
that relies on the immunodetection of adenosine diphosphate (ADP)
[52,53]. The inhibitory activity was expressed in ICsy values. Both
SphK1 and SphK2 were examined and DMS was used as a reference
inhibitor (Table 1 and Figs. S1 and S2 of SI). Compounds with a satu-
rated fatty tail 17a-b and 23a-b did no display inhibitory activity
against SphK2 and only 23a showed a very moderate inhibitory activity
against SphK1. However, compounds with insaturations in the skeleton
showed ICs close to those determined for us for DMS (SphK1 = 31.5 uM;
SphK2 = 9.1 pM), and to those described for ABC294640 (SphK1 < 100
uM; SphK2 ~ 60 uM)[16] and in general are SphK2-biased inhibitors.

Compounds 13a-b and 15a bearing an azo moiety in the polar head
proved to be SphK1/SphK2 dual inhibitors. Likewise, compound 21b,
bearing a N,N-dimethylhydrazine motif and an alkene as a linker, dis-
played almost equipotent inhibition of SphK1 and SphK2. However, the
combination of an alkyne moiety and a N,N-dimethylhydrazino group in
19a and 19b led to the most selective SphK2 inhibitors. Unfortunately,
we have not been able to assess the effect of a tertiary center in C-2 in the
inhibitory potency of these compounds because of the instability
exhibited by the synthetic intermediates 13c and 19¢, preventing access
to the corresponding final products. Interestingly, a previous report on
sphingosines bearing alkynyl chains with a tertiary center at C-2 showed
that the related amino analog displayed little or no inhibition for SphK1
and SphK2, respectively [54].

The selective SphK2 inhibition bias displayed by some of these
compounds might be explained by topological changes in the binding
pocket of SphK2 related to SphK1. Thus, the replacement of Ile174 and
Met272, flanking the surface of the throat of the binding pocket of
SphK1, with Val and Leu5 in SphK2, has been suggested to produce a re-
contouring of this area of the J-channel, probably making it slightly

Table 1
ICs values are expressed as concentrations (uM). Each value is an average of
three experiments. Lower Sphk activity level indicates better inhibition.

compounds with DIBAL provided the N,N-dimethylhydrazino sphingo- Inhibitor SphK1 SphK2 Inhibitor SphK1 SphK2
sine derivatives 19a-b, 21b and 23a-b in moderate to good yields 132 50.4 195 10a ~200 175
(Scheme 6). Compounds 19¢ and 21a could not be isolated even though 13b 43.0 9.8 19b ~200 325
their formation was observed by 'H NMR of their reaction crudes, since 15a >70 15.5 21b 33.3 29.9
they decomposed during the purification. 17a >200 >200 23a 721 >200
17b >200 >200 23b >200 >200
DMS 31.5 9.1
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17b R = Et, 10% 16b R = Et, 85% 11b R =Et 22b R = Et, 37% 23bR=Et,91%

Scheme 6. Synthesis of azo and dimethylhydrazino derivatives 13a-b, 15a, 19a-b, 21b, and 23a-b.



M. Corro-Morén et al.

wider in SphK2 than in SphK1. In addition, the replacement of Phe288 in
the toe of the hydrophobic pocket of the SphK1 by a Cys in SphK2 results
in an extended J-channel [20].

2.3. Docking study

In order to gain insight in the understanding of the SAR information
provided by the inhibitory activity assays, we sought to evaluate po-
tential binding modes for a selected group of the compounds synthe-
sized, namely the azo-analogs 13a-b, the hydrazino SphK2-selective
inhibitors 19a-b and the dual SphK1/SphK2 inhibitor 21b utilizing a
combination of homology modelling and molecular docking. Addition-
ally, compounds featuring a trisubstituted carbon atom at C-2 which
either resulted unstable and/or could not be synthesized (13c and 19c,
21c, R—=H), were also prepared for docking in order to elucidate
whether their binding modes significantly differ from those of their
tetrasubstituted counterparts.

There are 5 X-ray crystal structures of human SphK1 with different
inhibitors available in PDB [19] but the SphK2 structure is still un-
known. The key residue differences in the binding pocket of the two
isoforms are basically Phe288, Ile174, Met272 in SphK1, corresponding
to Cys569, Val340 and Leu553 in SphK2 [55]. In addition, Leu553 in
SphK2 induces distinct orientational changes in residues Phe358
(Phe192 in SphK1) and Arg357 (Argl91 in SphK1). These structural
changes lead to a longer and slightly wider J-shaped pocket in SphK2
[20f]. It has also been reported that enhancing the contacts with the
Leu549, the Ser334 and Asp344 of SphK2 around the polar region might
lead to a stronger selective inhibition against this isoform [20c].

Calculations were performed using MOE-Dock based on the co-
crystal structure of SphK1 with Sph (3VZB, chain A, resolution 2 A),
which was used as a template for the SphK2 homology model after
sequence alignment [56] (see details in the experimental section). In-
dependent examination of the docking poses of the two enantiomers of
the compounds analysed revealed a better fit of the (25,3R) enantiomer
in the binding pocket of both the proteins SphK1 and SphK2 (Fig. 2 and
details in the Supplementary information).

The best scored binding mode of dual SphK1/SphK2 inhibitor
(2S,3R)-21b showed a J-shaped conformation of the hydrophobic tail
(Fig. 3, ligand in white) and a polar interaction between the dime-
thylhydrazino group and the Asp178 carboxyl group of SphK1 (Fig. 2.
left). This residue also participated in a hydrogen bond with the 3-hy-
droxyl group, thus making a bidentate interaction with the inhibitor.
Additionally, the 3-hydroxyl group was found to form a second H-bond
with the structural water molecule next to Ser168 and the 1-hydroxyl
group.

Interestingly, the ethyl group at C-2 occupied a hydrophobic region
made up by Leul67 and Leu268. This arrangement was found optimal
for binding in SphK1 since it led to a maximum number of reasonable
interactions between the ligand and SphK1 key residues. Despite the

Fig. 2. Binding mode of (2S,3R) 21b enantiomer (left) and (2R,3S) 21b
enantiomer (right) in SphK1.
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Fig. 3. Docking poses of (2S,3R) enantiomers of ligands 21b (white) and 19b
(yellow) in SphK1.

differences in the J-channel shape of SphK2 with respect SphK1, the
most probable binding mode of 21b in SphK2 remained similar to that
found by docking in SphK1, thus accounting for the dual inhibitory
activity of this compound (Fig. 4, ligand in blue).

Unlike 21b, the docking poses of compounds 19a and 19b in SphK1
showed that their lipophilic tail becomes stiffer and longer due to the
presence of a linear triple bond as linker. The tail’s elongation appar-
ently leads to a conflict between the ligands and Phe288 at the toe of the
binding pocket of SphK1, causing them to enter deeper into the polar
region and, thus, losing key interactions with the protein (Fig. S5. left in
the Supplementary information (ligand in yellow). In the case of poses
with probable binding sites at the head of SphK1, the tail was unable to
fit into the cavity and folded, causing a loss of contact surface area with
the protein (i.e. loss of hydrophobic interactions) (Fig. 3, ligand in yel-
low). These observations might explain the lack of SphK1 inhibition by
19a and 19b. By contrast, docking analysis of compounds 19a and 19b
in SphK2 revealed that the elongated ligands preserved the binding
mode of compounds 21a-b by the better fitting of the lipophilic tail in
the longer SphK2 toe (Fig. 4, ligand in pink).

The effect of the substitution of carbon at C-2 was studied by docking
compounds 19¢ and 21¢, having a trisubstituted C-2. The docking poses
of these compounds showed a wide variety of possible binding modes,
which may be indicative of a heterogeneous binding mode, while the
tetrasubstituted C-2 based analogs 19a-b and 21a-b showed preference
for a particular binding mode with a more extensive network of in-
teractions. The alkyl group, with its tendency to occupy the only hy-
drophobic region around the head and its bulk, appears to help orient
the polar groups into suitable positions for interactions with the enzyme.

The dual inhibitory effect of azo-compounds 13a and 13b presented
an inconsistency in the presented theory; therefore, they were also

Ser168 Phe288
(Ser334) (Cys569)

Leu268
(Leu549) ﬁ

Asp178
(Asp344

Phe192
Phe358)

Fig. 4. Docking poses of (2S,2R)-21b (blue) and (2S,3R)-19b (pink) in SphK2.



M. Corro-Morén et al.

docked in SphK1. The docking showed that the polar azo head was able
to go deeper into the J-channel’s head, leaving more space for the
elongated lipophilic tail in the cavity and fitting into the smaller SphK1
pocket (See Supplementary information for more detail on this respect).

Collectively, these results suggest that 19a-b have the optimal
binding to SphK2 through the exploitation of polar but also hydrophobic
interactions of their head group with the head of the enzyme binding
pocket, while also producing full contact of the fatty tail with the hy-
drophobic pocket of the enzyme. This better fit appears to be due to the
presence of a linear alkyne moiety, which further extends the fatty tail
deep in the extended hydrophobic pocket of SphK2. By contrast, this
elongation causes loss of contact surface with the shorter hydrophobic
toe of the SphK1 isoform, thus accounting for the SphK2-biased selec-
tivity of these compounds.

2.4. Cell viability assay

Given that compounds 19a and 19b exerted the most relevant ef-
fects, they both were primarily tested at 10, 30 and 100 pM for potential
cytotoxic effects on primary cell cultures of human umbilical vein
endothelial cells (HUVECs).

The studies showed that compound 19a was not cytotoxic to human
endothelial cells at 30 uM either by a cytofluorimetric assay to deter-
mine apoptosis and survival (Fig. 5A and 5B) or by the MTT (3[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) colorimetric
assay (Fig. 6A). However, at 100 pM, compound 19a resulted
completely cytotoxic, with a calculated ECs toxicity value (63.12 pM)
that is 3.6 fold higher than its inhibitory ICsq value (17 pM). Moreover,
compound 19b caused cell damage at at 30 pM in both assays (Fig. 5C
and D and Fig. 6B).

3. Conclusions
We have prepared a novel library of sphingosine derivatives with the
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Fig. 5. Effect in percentage of Compound 19a and 19b on HUVEC viability and
apoptosis. (A) Percentage of apoptotic HUVECs (B) survival HUVEC after 24 h
incubation with compound 19a. (C) Percentage of apoptotic HUVECs (D) sur-
vival HUVEC after 24 h incubation with compound 19b. Apoptotic cells were
quantified as the percentage of total population of annexin V+, PI— cells, late
apoptotic, and/or necrotic cells as annexin V+, PI+, and viable nonapoptotic
cells as annexin V— and PI-. The columns are the mean + SEM of n = 5 in-
dependent experiments. **p < 0.01 relative vehicle group.
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Fig. 6. Effect in percentage of compound 19a and 19b on HUVEC viability by
MTT assay. Results of the MTT assay for compound 19a (A) and compound 19b
(B). Columns are the mean + SEM of n = 5-6 independent experiments. **p <
0.01 relative vehicle group.

following structural features: (a) a polar head bearing a tetrasubstituted
carbon atom at C-2 and azo or dimethtylhydrazine moieties, and (b) an
alkyne, alkene or alkane moieties as a linker with the lipidic tail. We
have evaluated these compounds as sphigosine kinase inhibitors, with
special focus on the SphK2 versus SphK1 inhibition selectivity.

In vitro inhibition studies showed that sphingosine derivatives 19a
and 19b bearing a dimethylhydrazino moiety, a tetrasubstituted carbon
atom and an alkynyl linker at C-2 are SphK2-selective inhibitors. In
particular, compound 19a displays inhibition activity against SphK2 in
the low micromolar range (ICso < 20) with a good selectivity vs SphK1.
Docking studies of these compounds into the binding pocket of SphK1
and a homology model of SphK2 have revealed the key interactions that
may account for the SphK2-selective inhibition activity. The study
revealed a network of polar and unprecedented hydrophobic in-
teractions of the head group of the ligand with the head of the binding
pocket and the elongation of the fatty tail deep in the extended hydro-
phobic pocket of the SphK2 isoform due to the presence of the alkyne
linker. In addition, cytofluorimetric assays and MTT colorimetric assays
showed that compound 19a is not cytotoxic to human endothelial cells
at 30 pM.

These results still leave room for further optimization but allows
considering the use of dimethylhydrazine and the alkyne moieties as
structural motifs for the development of selective SphK2 inhibitors.
Taking into account that most currently available SphK2 inhibitors
developed to date exhibit modest potency and/or low selectivity over
SphK1, forthcoming research should redouble efforts on designing
compounds that merge high potency with high selectivity in order to
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explore the feasibility of SphK2 as a pharmacological target for clinical
use.

4. Experimental section
4.1. Chemistry

4.1.1. General methods and synthetic procedures

All reagents were purchased from Sigma Aldrich or Alfa Aesar
chemical companies. Dichloromethane (CH3Cly) was distilled from
CaH,, THF was distilled from sodium and Et3N was stored with activated
4 A M.S. 4 A M.S. were activated by heating under high vacuum at
260 °C for 10 h and then were stored at 165 °C. Dioxane, CH3CN and
ethyl acetate were used without any distillation. 'H and '3C NMR
spectra were recorded on a Varian® Mercury VX 400 or on a Bruker®
Avance Ultrashield (400 MHz and 100.6 MHz respectively) spectrom-
eter. NMR signals were fully assigned by COSY, HSQC, NOESY and
HMBC experiments. All chemical shifts are quoted on the & scale in ppm
using the residual solvent as internal standard (*H NMR: CDCl3 = 7.26;
13C NMR: CDCl3 = 77.16; 'H NMR: MeOD = 3.31; 3C NMR: CDs0D =
49.0). Coupling constants (J) are reported in Hz with the following
splitting abbreviations: s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, bs = broad singlet. Infrared (IR) spectra were recorded on
a JASCO FTIR-600 plus Fourier Transform Infrared Spectrophotometer,
wavenumbers (V) in cm L. ESI MS were run on an Agilent® 1100 Series
LC/MSD instrument. Melting points (m.p.) were recorded with Reichert
apparatus. Thin layer chromatography (TLC) was carried out on 0.25
mm E. Merck® aluminium backed sheets coated with 60 Fos4 silica gel.
Visualization of the silica plates was achieved using a UV lamp (Amax =
254 nm) and/or by heating plates that were dipped in an anisaldehyde
solution. Flash chromatography was carried out using forced flow of the
indicated solvent on Fluka® or Merck® silica gel 60 (230-400 mesh).
The biological assays were run on a CLARIOstar® BMG LABTECH’s in-
strument using Corning® 384 low volume well plates.

4.1.1.1. General procedure for the preparation of a,f-unsaturated esters
4a-c [38]. A solution of n-BuLi in hexanes (5.28 mmol) was slowly
added to a solution of 1-pentadecyne (4.80 mmol) in THF (19.2 mL) at
—-23 °C. After 2 h, the reaction was allowed to warm at room temperature
and it was stirred for other 2 h before cooling at 0 °C. Then, 1-formylpi-
peridine (5.38 mmol) was added to the pentadecynyllithium suspension
at 0 °C and it was stirred at room temperature for 2 h. The reaction was
quenched with 20 mL of 10 % aqueous NaHSO4 solution and the product
was extracted with Et;0 (4 x 20 mL). The organic layer was washed
with 10 % aqueous NaHSOy, dried over anhydrous MgSOy, filtered and
concentrated under reduced pressure. The crude alkynal was directly
submitted to a Horner-Wadsworth-Emmons olefination without previ-
ous purification. To a solution of LiBr (20.90 mmol) in THF (100 mL),
the corresponding phosphonate (4.88 mmol) was added at room tem-
perature. After 10 min, EtsN (6.34 mmol) was introduced into the re-
action mixture and it was allowed to stir for 15 min. Then, the freshly
synthesized alkynal was dissolved in 20 mL of THF and added to the
solution. Once the reaction was completed, the reaction mixture was
filtered through silica gel to remove the precipitate formed during the
reaction. The pad was washed with 200 mL of hexane/AcOEt 60:40 and
the solvent was then removed under reduced pressure. The crude ob-
tained was purified by flash chromatography using hexane/Et0 (99:1).

4.1.1.2. General procedure to obtain aziridines 6a-c [57]. A solution of
(diacetoxy)iodobenzene (1.50 mmol) in CH»Cl; (2.5 mL) was added to a
suspension of N-aminophthalimide (2.00 mmol) and the corresponding
alkene (1.00 mmol) in CH5Cl, (2.5 mL) at 0 °C. The reaction mixture was
stirred at room temperature monitored by TLC until completion. It was
then quenched by using a saturated NaHCO3 solution and filtered over
celite. The mixture was then extracted with CH5Cl, (3 x 25 mL) and the
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combined organic layers were dried over anhydrous MgSOy, filtered and
concentrated under vacuum. The crude was purified by flash chroma-
tography on silica gel using hexane/AcOEt (95:5).

4.1.1.3. General procedure to afford ring-opened products 8a-c. To a so-
lution of aziridine (0.50 mmol) in dioxane/water 1:1 (6.8 mL), p-tol-
uenesulfonic acid (0.55 mmol) was added at room temperature and the
reaction mixture was heated under reflux until completion observed by
TLC. The mixture was then extracted with EtoO (3 x 20 mL) and the
combined organic layers were dried over anhydrous MgSOy, filtered and
concentrated under reduced pressure. The product was purified by flash
chromatography using hexane/AcOEt mixtures.

4.1.1.4. General conditions for [ru] catalyzed hydrosilylation of alkynes/
protodesilylation to give trans alkenes 10a and 10b [46,58]. In a flame-
dried schlenk tube containing a solution of alkyne (0.87 mmol) and
[Cp*RuCl]4 (0.04 mmol) in degassed CH2Cl; (5.0 mL), (EtO)sSiH (1.57
mmol) was slowly added at room temperature. The resulting mixture
was stirred until complete consumption of starting material and the
solvent was removed under reduced pressure. Then, a suspension of AgF
(0.013 mmol) in a mixture of THF/MeOH/H-0 (5.0:0.3:0.03 mL) was
introduced into the schlenck tube and the mixture was stirred for 1.5h in
darkness at room temperature. The solvent was removed under reduced
pressure and the crude was purified by flash chromatography using
hexane/AcOEt (80:20).

4.1.1.5. General procedure for over-reduction of alkynes to obtain satu-
rated compounds 11a and 11b. To a solution of alkyne (0.69 mmol) in
AcOEt (22.0 mL) in a Fischer-porter reactor, palladium on carbon (30
mol %) was added. The reactor was then charged with hydrogen (5 bar)
and the reaction was stirred at room temperature or 40 °C for 16 h. The
reaction mixture was filtered through celite, washed with AcOEt (3x15
mL) and the solvent was removed under reduced pressure. The crude
was purified using hexane/AcOEt (80:20).

4.1.1.6. General procedure for hydrazine deprotection and synthesis of
hydrazones 12a-c, 14a-b and 16a-b [49]. Methylhydrazine (0.75 mmol)
was added to a solution of the N-aminophthalimide (0.50 mmol) in THF
(3.3 mL) at —20 °C. The solution was stirred at that temperature for 30
min and it was then allowed to warm to room temperature until
completion controlled by TLC. The solvent was removed under vacuum
and the concentrated crude was redissolved in AcOEt and filtered
through cotton to remove the N-methyl phthalhydrazide by-product
generated during the reaction. Then, the filtrate was evaporated and
the residue was redissolved in acetone at room temperature. The solu-
tion was stirred until complete formation of the hydrazone and it was
then concentrated and purified by flash chromatography.

4.1.1.7. General procedure for formation of azo-sphingosine derivatives
13a-b, 15a and 17a-b. To a solution of hydrazone (0.50 mmol) in THF
(5.8 mL) at 0 °C, acetic acid (0.95 mmol) was added. Then, the solution
was allowed to warm at room temperature and stirred until the starting
material was consumed. The reaction was quenched with a saturated
solution of NaHCO3 and extracted with AcOEt (3 x 10 mL). The com-
bined organic layers were dried over anhydrous MgSOs, filtered and the
solvent was removed under vacuum. The resulting crude containing a
mixture of hydrazine and azo- compounds was directly submitted to the
next reduction. The crude was redissolved in CH»Cl; (1.2 mL) and the
solution was cooled to —40 °C. A solution of DIBAL (1.0 M in
dichloromethane, 1.25 mmol) was added dropwise and the mixture was
stirred at —40 °C until completion monitored by TLC. Then, the mixture
was quenched with a solution of NaOH 1 M, filtered through celite using
CHCl3 and extracted with CHCl3 (3 x 5 mL). The combined organic
layers were dried over anhydrous MgSO,, filtered and concentrated
under reduced pressure. To ensure the formation of E-azo-compound,
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the crude was allowed to stir in air and in CH2Cl; (2 mL) overnight under
light. The crude was purified by silica gel chromatography using hex-
ane/AcOEt mixtures.

4.1.1.8. General procedure for hydrazine deprotection and further dime-
thylation to furnish compounds 18a-c, 20a-b and 22a-b [59]. Methyl-
hydrazine (0.75 mmol) was added to a solution of the ring-opened
products (8, 10 or 11) (0.50 mmol) in THF (3.3 mL) at —20 °C. The
solution was stirred at the same temperature for 30 min and it was then
allowed to warm to room temperature until completion monitored by
TLC. The solvent was removed under vacuum and the crude was dis-
solved in AcOEt and filtered through cotton to remove the N-methyl
phthalhydrazide by-product generated during the reaction. Then, the
filtrate was evaporated and the residue was dissolved in MeOH (13.8
mL). After cooling at 0 °C, NaBH3CN (1.00 mmol) and para-
formaldehyde (2.00 mmol) were added to the reaction mixture and it
was then allowed to warm at room temperature and stirred for 24 or 48
h. The solvent was removed under reduced pressure and the crude was
dissolved in AcOEt and filtered through a pad of celite. The filtrate was
then evaporated and the residue was purified by silica gel chromatog-
raphy using hexane/AcOEt mixtures.

4.1.1.9. General procedure to obtain alcohols 5, 19a-b, 21a-b and 23a-
b. A solution of DIBAL (1.0 M in dichloromethane, 0.25 mmol) was
added dropwise to a solution of alcohol 5 (0.10 mmol) or dimethylhy-
drazino compounds (13, 15 or 17) (0.10 mmol) in CH,Cl, (0.26 mL) at
—40 °C. Once the reaction was completed, the mixture was quenched
with a solution of NaOH 1 M, filtered through celite using CHCIl3 and
extracted with CHCl3 (3 x 5 mL). The combined organic layers were
dried over anhydrous MgSOy, filtered and concentrated under reduced
pressure. The crude was purified by silica gel chromatography using
hexane/AcOEt mixtures.

4.1.2. Ethyl (E)-2-methyloctadec-2-en-4-ynoate (4a)

The reaction was performed as described in general procedure for the
synthesis of o,p-unsaturated-esters by using nBuLi (2.6 M in hexane, 3.3
mlL, 5.28 mmol), 1-pentadecyne (1.26 mL, 4.80 mmol), 1-formylpiperi-
dine (0.6 mL, 5.38 mmol), triethyl 2-phosphonopropionate (1.15 mL,
4.88 mmol), LiBr (1800 mg, 20.90 mmol), EtsN (0.9 mL) to afford a
mixture of esteroisomers cis/trans (7:93). After purification using hex-
ane/Ety0 (95:5) the product 4a (877 mg, 2.74 mmol, 57 % for two steps)
was obtained as a yellowish oil. IR (neat): 2924, 2854, 2213, 1713,
1465, 1344, 1258, 1119, 631 cm ! 'H NMR (400 MHz, CDCl3) 6 6.61
(m, 1H), 4.19 (q, J = 7.1 Hz, 2H), 2.40 (td, J = 7.0, 2.2 Hz, 2H), 2.02 (d,
J=1.3Hz, 3H), 1.55 (m, 2H), 1.40 (m, 2H), 1.28-1.20 (m, 21H), 0.87 (t,
J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCls) § 167.5, 137.9, 120.5,
103.9, 77.7, 60.9, 32.0, 29.9, 29.8, 29.7, 29.6, 29.5, 29.2, 29.0, 28.7,
22.8, 20.0, 15.2, 14.3, 14.2. HR ESI-TOF MS Calculated for [M + Na™]
C21H56NaO, " (m/z): 343.2608; found: 343.2613.

4.1.3. (E)-2-methyloctadec-2-en-4-yn-1-ol (5)

Compound 4a (332 mg, 1.00 mmol) was reacted with DIBAL (2.6 mL,
2.60 mmol, 1.0 M in dichloromethane) in CH»Cl, (2.6 mL) following the
procedure described to obtain alcohols. After work-up, the crude was
purified using hexane/AcOEt (90:10) to afford 5 (237.8 mg, 0.85 mmol,
85 %) as white solid. m.p. 37-38 °C. IR (neat): 3340, 2922, 2852, 2361,
1464, 1375, 1075, 1014 em™L. 'TH NMR (400 MHz, CDCl3) 6 5.53 (s, 1.6
Hz, 1H), 4.08 (s, 2H), 2.34 (td, J = 7.0, 1.6 Hz, 2H), 1.87 (s, 3H),
1.59-1.49 (m, 2H), 1.46-1.35 (m, 2H), 1.27 (bs, 18H), 0.87 (t, J = 6.9
Hz, 3H). 13C NMR (100 MHz, CDCl3) 6 148.3, 105.7, 94.7, 77.61, 67.2,
32.1, 29.8, 29.8, 29.7, 29.5, 29.3, 29.1, 29.1, 22.8, 19.7, 16.4, 14.3. HR
ESI-TOF MS for [M + Na'] CigH34NaO™ (m/2): 301.2502; found:
301.2504.
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4.1.4. Ethyl rac-(2R,3S)-[1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-2-
methyl-3-(pentadec-1-yn-1-ylaziridine]-2-carboxylate (6a)

Compound 4a (880.0 mg, 2.74 mmol) was treated with N-amino-
phthalimide (588.6 mg, 5.48 mmol) and (diacetoxy)iodobenzene
(1323.8 mg, 4.11 mmol) following the general procedure for aziridi-
nation. After the work-up, the crude was purified to obtain aziridine 6a
(1317.0 mg, 100% yield) as a yellow oil. IR (neat): 2927, 2855, 2220,
1715, 1261, 1121, 746, 631 em™L 'H NMR (400 MHz, CDCl3) 6 7.74
(dd, J = 5.5, 3.0 Hz, 2H), 7.66 (dd, J = 5.5, 3.0 Hz, 2H), 4.14-4.04 (m,
2H), 4.02 (t, J = 1.8 Hz, 1H), 2.27 (td, J = 7.1, 1.8 Hz, 2H), 1.74 (s, 3H),
1.59-1.48 (m, 2H), 1.44-1.33 (m, 2H), 1.33-1.22 (bs, 18H), 1.19 (t, J =
7.1 Hz, 3H), 0.87 (t, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCls) 6
167.2, 164.5, 134.1, 130.4, 123.2, 87.0, 72.8, 62.4, 49.9, 43.9, 32.0,
29.8, 29.6, 29.5, 29.2, 29.0, 28.5, 22.8, 19.0, 15.5, 14.3, 14.0. HR ESI-
TOF MS Calculated for [2 M + Nat] CsgHgoN4NaOg™ (m/z): 983.5868;
found: 983.5875.

4.1.5. Ethyl rac-(2R,3R)-2-((1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)
amino)-3-hydroxy-2-methyloctadec-4-ynoate (8a)

Compound 8a was prepared following the general procedure for the
ring-opening aziridines, starting from alkynylaziridine 6a (1300.0 mg,
2.70 mmol) and p-toluensulfonic acid (511.4 mg, 2.97 mmol). After the
work-up, the crude was purified by flash chromatography by using
hexane/AcOEt (from 9:1 to 4:1) to give 8a as a yellow oil (1102.0 mg,
2.21 mmol, 82 %). IR (neat): 3448, 3230, 2924, 2853, 2223, 1788, 1725,
1466, 1378, 1259, 713, 631 cm . 'H NMR (400 MHz, CDCl3) § 7.86
(dd, J = 5.4, 3.1 Hz, 2H), 7.76 (dd, J = 5.4, 3.1 Hz, 2H), 5.77 (s, 1H),
4.42 (dt, J =10.9, 2.0 Hz, 1H), 4.38-4.18 (m, 2H), 4.19 (d, J = 10.9 Hz,
1H), 2.17 (td, J = 7.1, 2.0 Hz, 2H), 1.52-1.40 (m, 2H), 1.39 - 1.17 (m,
26H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) 6 172.2,
167.8,134.7,129.9,123.9, 87.4,77.5, 68.2, 67.8, 62.2, 32.0, 29.8, 29.7,
29.6, 29.5, 29.2, 28.9, 28.6, 22.8,18.8,17.4, 14.3, 14.2. HR ESI-TOF MS
Calculated for [M + Na'] Cy9H4oNoNaOs™ (m/z): 521.2986; found:
521.2982.

4.1.6. Ethyl rac-(2R,3R,4E)-(2-((1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)
amino)-3-hydroxy-2-methyloctadec-4-enoate (10a)

Compound 10a was synthesized following the general procedure for
hydrosilylation/desilylation from alkyne 8a (435 mg, 0.87 mmol),
[Cp*RuCl]4 (11.8 mg, 0.04 mmol), CH,Cl; (5 mL), (EtO)sSiH (0.29 mL,
1.57 mmol). Then, a suspension of AgF (166 mg, 0.013 mmol) in a
mixture of THF/MeOH/H50 (5.0:0.3:0.03 mL) were added. Purification
by flash chromatography afforded compound 10a (230.9 mg, 0.46
mmol, 53%) as a yellow oil. IR (neat): 3461, 3296, 2922, 2852, 2368,
2324, 1788, 1722, 1467, 1378, 1260, 1200, 1104 cm™'. 'H NMR (400
MHz, CDCl3) § 7.91-7.82 (m, 2H), 7.82-7.74 (m, 2H), 5.81-5.67 (m,
2H), 5.62 (dd, J = 15.5, 5.9 Hz, 1H), 4.35-4.16 (m, 2H), 4.06-3.99 (m,
2H), 2.03 (m, 2H), 1.42-1.16 (m, 28H), 0.87 (t, J = 6.8 Hz, 3H). '3C
NMR (100 MHz, CDCl3) § 172.8, 168.0, 135.3, 134.7, 129.9, 127.5,
123.8, 77.2, 68.1, 62.0, 32.4, 32.0, 29.8, 29.7, 29.6, 29.4, 29.3, 29.1,
22.8, 17.7, 14.2. HR ESI-TOF MS Calculated for [M + Na']
CooH44NoNaOs™ (m/z): 523.3142; found: 523.3142.

4.1.7. Ethyl rac-(2R,3R)-2-((1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)
amino)-3-hydroxy —2-methyloctadecanoate (11a)

Following the general procedure for the reduction of alkynes, com-
pound 8a (341.6 mg, 0.69 mmol) in AcOEt (22 mL) was reduced in the
presence of palladium on carbon (102.5 mg, 30 wt%) and 5 bar of
hydrogen at room temperature. The crude was purified to afford 11a
(286.8 mg, 0.57 mmol, 83 % yield) as a white solid. m.p. 59 °C. IR
(neat): 3475, 3325, 2923, 2852, 1800, 1725, 1467, 1378, 1260, 1200
cm™!. 'H NMR (400 MHz, CDCl3) 5 7.86 (dd, J = 5.4, 3.1 Hz, 2H), 7.76
(dd, J = 5.4, 3.1 Hz, 2H), 5.67 (s, 1H), 4.34-4.17 (m, 2H), 3.62-3.42 (m,
2H), 1.66-1.52 (m, 2H), 1.34-1.23 (m, 32H), 0.87 (t, J = 6.8 Hz, 3H).
!13C NMR (100 MHz, CDCl3) § 173.4, 168.2, 134.7, 130.0, 123.8, 76.0,
68.2, 62.0, 32.2, 32.1, 29.8, 29.7, 29.5, 26.6, 22.8,17.7, 14.3, 14.2. HR
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ESI-TOF MS Calculated for [M + H™] CagH47N2O5" (m/2): 503.3479;
found: 503.3479.

4.1.8. Ethyl rac-(2R,3R)-3-hydroxy-2-methyl-2-(2-(propan-2-ylidene)
hydrazinyl) octadec-4-ynoate (12a)

The reaction was performed as described in general procedure for
synthesis of hydrazones starting from 8a (250 mg, 0.50 mmol) and
methylhydrazine (40 pL, 0.75 mmol) in THF (1.1 mL). After filtration,
the resulting crude was redissolved in 3 mL of acetone, stirred for 16 h
and purified by flash chromatography using hexane/AcOEt (4:1) to
accomplish hydrazone 12a (63.0 mg, 0.16 mmol, 62 % over two steps)
as a colorless oil. IR (neat): 2929, 2850, 2359, 1714, 1262, 1122, 742,
630 cm™!. 'H NMR (400 MHz, CDCl3) 6§ 5.57 (bs, 1H), 4.61 (bs, 1H),
4.30-4.09 (m, 3H), 2.17 (td, J = 7.0, 1.8 Hz, 1H), 1.90 (s, 3H), 1.79 (s,
3H), 1.56 (s, 3H), 1.49-1.39 (m, 2H), 1.39-1.15 (m, 23H), 0.87 (t, J =
6.8 Hz, 3H). 1*C NMR (100 MHz, CDCl3) § 173.6, 148.8, 87.3, 77.7, 68.6,
66.2, 61.5, 32.0, 29.8, 29.7, 29.5, 29.3, 29.0, 28.8, 25.5, 22.8, 19.6,
18.8, 15.8, 14.3, 14.2. HR ESI-TOF MS Calculated for [M + H']
Co4HusN203™ (m/2): 409.3425; found: 409.3426.

4.1.9. rac-(2R,3S)-2-((E)-isopropyldiazenyl)-2-methyloctadec-4-yne-1,3-
diol (13a)

Following the general procedure formation of azo compounds and
ester reduction, compound 12a (60 mg, 0.15 mmol) was initially treated
with AcOH (20 L, 0.28 mmol) in 4 mL of THF. In a second step, the
resulting crude was redissolved in CH2Cly (0.38 mL) and treated with
DIBAL (0.38 mL, 1 M in dichloromethane, 0.38 mmol). The reaction
crude was purified by column chromatography using hexane/AcOEt
(4:1) to give 13a (18.7 mg, 0.05 mmol, 34 % over two steps) as a
brownish oil. IR (neat): 3380, 2923, 2853, 2362, 1465, 1275, 1041, 749
cm~*. 'H NMR (400 MHz CDCls) § 4.78 (bs, 1H), 4.12 (d, J = 12.0 Hz,
1H), 3.89 (d, J = 12.0 Hz, 1H,), 3.77-3.63 (m, 1H), 3.25 (s, 1H), 2.77 (s,
1H), 2.22 (td, J = 7.1, 2.1 Hz, 2H), 1.50 (m, 2H), 1.43-1.13 (m, 29H),
0.87 (t, J = 6.9 Hz, 3H). 3¢ NMR (100 MHz, CDCl3) 6 87.9, 77.9, 74.2,
68.8, 68.0, 66.1, 32.0, 29.8, 29.7, 29.5, 29.2, 29.0, 28.7, 22.8, 20.6,
20.5, 18.9, 18.1, 14.3. HR ESI-TOF MS Calculated for [M + H']
CaoH43N2051 (m/2): 367.3319; found: 367.3317.

4.1.10. Ethyl rac-(2R,3R)-(E)-3-hydroxy-2-(2-(propan-2-ylidene)
hydrazinyl)-2-methyl-octadec-4-enoate (14a)

The reaction was performed as described in general procedure for
synthesis of hydrazones starting from 10a (225.0 mg, 0.45 mmol) and
methylhydrazine (35.3 uL, 0.67 mmol) in THF (3.3 mL). After filtration,
the resulting crude was redissolved in 3 mL of acetone, stirred for 16 h
and purified by flash chromatography using hexane/AcOEt (9:1) to
afford 14a (122.9 mg, 0.31 mmol, 69 % over two steps) as a colorless oil.
IR (neat): 3371, 3312, 2922, 2853, 2367, 2324, 1731, 1463, 1367, 1234,
1142, 1029 cm ™. 'H NMR (400 MHz, CDCl3) § 5.69 (dt, J = 15.2, 6.0
Hz, 1H), 5.52 (dd, J = 15.2, 7.5 Hz, 1H), 5.37 (bs, 1H), 4.44-4.27 (m,
2H), 4.25-4.12 (q, J = 7.1 Hz, 2H), 2.04 (m, 2H), 1.90 (s, 3H), 1.77 (s,
3H), 1.42 (s, 3H), 1.41-1.16 (m, 25H), 0.87 (t, J = 6.8 Hz, 3H). 13¢ NMR
(100 MHz, CDCl3) 6 174.5, 147.9, 134.7, 128.1, 78.1, 66.1, 61.2, 32.5,
32.1, 29.8, 29.6, 29.5, 29.3, 25.5, 22.8, 20.7, 15.6, 14.3. HR ESI-TOF MS
Calculated for [M + HT] Co4H4N,Os™ (m/z): 411.3581; found:
411.3585.

4.1.11. rac-(2R,3S)-(E)-2-(2-(propan-2-ylidene)hydrazinyl)-2-
methyloctadec-4-ene-1,3-diol (15a)

Following the general procedure formation of azo compounds and
ester reduction, compound 14a (136 mg, 0.33 mmol) was treated with
AcOH (37.7 pL, 0.53 mmol) in 3.8 mL of THF. In a second step the
resulting crude was redissolved in CH2Cl, (0.83 mL) and treated with
DIBAL (0.83 mL, 1 M in dichloromethane, 0.83 mmol). The reaction was
quenched and the crude was firstly purified by flash chromatography
using CHCl3/MeOH (24:1) and secondly using hexane/AcOEt (4:1) to
give 15a (10.3 mg, 0.03 mmol, 8 % over two steps) as a colorless oil. IR
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(neat): 3334, 2927, 2852, 2358, 2342, 1716, 1675, 1464, 1261, 1097,
1050 cm™!. 'H NMR (400 MHz, CD30D) § 5.67 (dt, J = 13.6, 6.5 Hz,
1H), 5.50-5.39 (m, 1H), 4.50 (d, J = 7.1 Hz, 1H), 3.88 (d, J = 11.3 Hz,
1H), 3.74 (d, J = 11.3 Hz, 1H), 3.66 (dt, J = 10.4, 6.5 Hz, 1H), 2.05 (dd,
J =13.5, 6.5 Hz, 2H), 1.48-1.20 (m, 28H), 1.06 (s, 3H), 0.92 (t, J = 6.8
Hz, 3H). 13C NMR (100 MHz, CD30D) § 134.5, 129.8, 76.4, 69.5, 67.0,
33.3, 33.1, 30.8, 30.7, 30.6, 30.5, 30.3, 30.2, 23.7, 20.8, 15.4, 14.4. HR
ESI-TOF MS Calculated for [M + Na™] C2oH44NoNaO, ™ (m/2): 391.3295;
found: 391.3309.

4.1.12. Ethyl rac-(2R,3R)-3-hydroxy-2-(2-(propan-2-ylidene)hydrazinyl)-
2-methylocta-decanoate (16a)

The reaction was performed as described in general procedure for
synthesis of hydrazones starting from 11a (225 mg, 0.45 mmol) and
methylhydrazine (35.3 pL, 0.67 mmol) in THF (3.3 mL). After filtration,
the resulting crude was redissolved in 2.5 mL of acetone, stirred for 16 h
and purified by flash chromatography using hexane/AcOEt (9:1) to give
16a (133.0 mg, 0.32 mmol, 72 % over two steps) as a colorless oil. IR
(neat): 3649, 2961, 2924, 2853, 2362, 1733, 1457, 1260, 1088, 799,
630 cm ™. TH NMR (400 MHz, CDCl3) § 5.32 (s, 1H), 4.18 (q, J = 7.1 Hz,
2H), 3.93 (bd, J = 7.6 Hz, 1H), 3.82 (m, 1H), 1.90 (s, 3H), 1.77 (s, 3H),
1.65-1.52 (m, 1H), 1.51-1.18 (m, 33H), 0.87 (t, J = 6.9 Hz, 3H). 13¢
NMR (100 MHz, CDCl3) § 175.0, 147.7, 76.6, 66.2, 61.2, 32.6, 32.0,
29.8, 29.7, 29.5, 26.6, 25.5, 22.8, 20.7, 15.6, 14.3. HR ESI-TOF MS
Calculated for Ca4H4oN203 [M + H']: 413.3738; found: 413.3729.

4.1.13. rac-(2R,3S)-2-((E)-isopropyldiazenyl)-2-methyloctadecane-1,3-
diol (17a)

Following the general procedure formation of azo compounds and
ester reduction, compound 16a (122.9 mg, 0.30 mmol) was treated with
AcOH (35.1 pL, 0.49 mmol) in 5.5 mL of THF. In a second step the
resulting crude was redissolved in CH»Cly (0.71 mL) and treated with
DIBAL (0.71 mL, 1 M in dichloromethane, 0.71 mmol). The reaction was
quenched and the crude was purified by column chromatography using
hexane/AcOEt (4:1) to give 17a (38 mg, 0.10 mmol, 35 % over two
steps) as a yellow oil. IR (neat): 3393, 2921, 2852, 2365, 1464, 1378,
1044 cm™!. 'H NMR (400 MHz, CD30D) 6 4.02 -3.97 (m, 1H), 3.82(d, J
=11.2Hz, 1H), 3.69 (d, J = 11.2 Hz, 1H), 3.62 (dt, J = 13.0, 6.5 Hz, 1H),
1.56 (bs, 2H), 1.40 - 1.19 (m, 32H), 1.04 (s, 3H), 0.90 (t, J = 6.9 Hz, 3H).
13C NMR (100 MHz, CDs0D) 5 76.8, 74.7, 69.6, 67.3, 33.1, 32.0, 30.8,
30.7, 30.6, 30.5, 27.6, 23.8, 20.7, 14.5, 14.2. HR ESI-TOF MS Calculated
for CooH47N205 [M + HT]: 371.3632; found: 371.3643.

4.1.14. Ethyl rac-(2R,3R)-2-(2,2-dimethylhydrazinyl)-3-hydroxy-2-
methyloctadec-4-ynoate (18a)

The reaction was carried out as described in general procedure for
synthesis of N,N-dimethyl hydrazines starting from 8a (139.4 mg, 0.28
mmol) and methylhydrazine (22.1 pL, 0.42 mmol) in THF (1.8 mL).
When the deprotection was finished, the resulting crude was dissolved in
MeOH (7.8 mL) and paraformaldehyde (42 mg, 1.4 mmol) was added.
Finally, NaBH3CN (105.6 mg, 1.68 mmol) was added. The crude was
purified by flash chromatography using hexane/AcOEt (from 19:1 to
9:1) to give 18a (69 mg, 0.17 mmol, 62 % over two steps) as a colorless
oil. IR (neat): 3615, 3420, 2926, 2855, 2360, 1715, 1456, 1264, 1122,
888, 740, 631 cm ™', 'H NMR (400 MHz, CDCl3) 6 4.52 (dd, J = 2.5, 1.5
Hz, 1H), 4.29-4.09 (m, 2H), 2.47 (s, 6H), 2.26-2.10 (m, 2H), 1.54-1.39
(m, 5H), 1.39-1.12 (m, 23H), 0.86 (t, J = 6.9 Hz, 3H). 1*C NMR (100
MHz, CDCl3) §174.3, 87.4, 78.1, 68.0, 66.8, 61.4, 50.1, 32.0, 29.8, 29.7,
29.5, 29.2, 29.0, 28.7, 22.8, 19.4, 18.8, 14.3, 14.2. HR ESI-TOF MS
Calculated for [M + HT] Cy3HysN2O3™ (m/z): 397.3425; found:
397.3431.

4.1.15. rac-(2R,3S)-2-(2,2-dimethylhydrazinyl)-2-methyloctadec-4-yne-
1,3-diol (19a)

According to the general procedure to obtain alcohols, dimethyl
hydrazine 18a (69 mg, 0.17 mmol) was treated with DIBAL (0.43 mL, 1
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M in dichloromethane, 0.43 mmol) in CH»Cl5 (0.43 mL). The crude was
purified by silicagel chromatography using hexane/AcOEt (from 9:1 to
4:1) to yield 19a (52.1 mg, 0.15 mmol, 84 %) as a white solid. IR (neat):
3735, 3381, 2953, 2853, 2366, 2354, 2340, 1467, 1042, 749 cm ™', 'H
NMR (400 MHz, CDCl3) 6 4.61 (t, J = 2.0 Hz, 1H), 3.82 (d, J = 11.1 Hz,
1H), 3.69 (m, 2H), 2.50 (s, 6H), 2.23 (td, J = 7.1, 2.0 Hz, 2H), 1.56-1.42
(m, 2H), 1.42-1.17 (m, 20H,), 1.05 (s, 3H), 0.87 (t, J = 6.8 Hz, 3H). 13C
NMR (100 MHz, CDCl3) 6 87.9, 78.6, 67.0, 66.6, 61.3, 50.7, 32.0, 29.8,
29.7, 29.5, 29.3, 29.1, 28.8, 22.8, 18.9, 18.4, 14.3. HR ESI-TOF MS
Calculated for [M + H'] CoH4sN2Oo" (m/2): 355.3319; found:
355.3321.

4.1.16. Ethyl rac-(2R,3R,4E)-2-(2,2-dimethylhydrazinyl)-3-hydroxy-2-
methyloctadec-4-enoate (20a)

The reaction was carried out following the general procedure for the
synthesis of dimethyl hydrazines starting from 10a (131.4 mg, 0.26
mmol) and methylhydrazine (20.7 uL, 0.39 mmol) THF (1.9 mL). When
deprotection was completed the reaction crude was dissolved in MeOH
(7.2 mL) and paraformaldehyde (31.5 mg, 1.05 mmol) was added.
Finally, NaBH3CN (32.9 mg, 0.52 mmol) was added. The crude was
purified by flash chromatography using hexane/AcOEt (from 9:1 to 4:1)
to give 20a (40 mg, 0.10 mmol, 38 % over two steps) as a colorless oil. IR
(neat): 3500, 3448, 2922, 2852, 2770, 2367, 1730, 1465, 1370, 1224,
1108 cm™!. 'H NMR (400 MHz, CD30D) 6 5.68 (dt, J = 14.8, 6.8 Hz,
1H), 5.48 (dd, J = 14.8, 7.2 Hz, 1H), 4.19-4.10 (m, 2H), 4.03 (d, J = 7.2
Hz, 1H), 2.41 (s, 6H), 2.04 (m, 2H), 1.42-1.20 (m, 30H), 0.89 (t,J = 6.9
Hz, 3H). '*C NMR (100 MHz, CD30D) § 176.0, 135.2, 129.6, 77.4, 68.9,
61.9, 50.1, 33.4, 33.1, 30.8, 30.6, 30.5, 30.3, 30.2, 23.8, 18.5, 14.6,
14.5. HR ESI-TOF MS for [M + H'] Cy3H47N2O3" (m/2): 399.3581;
found: 399.3587.

4.1.17. Ethyl rac-(2R,3R)-2-(2,2-dimethylhydrazinyl)-3-hydroxy-2-
methylocta- decanoate (22a)

The reaction was carried out as described in the general procedure
for synthesis of dimethyl hydrazines starting from 11a (150 mg, 0.28
mmol) and methylhydrazine (17.3 pL, 0.33 mmol) THF (2.2 mL). After
deprotection completion, the crude was dissolved in MeOH (8.3 mL) and
paraformaldehyde (44.7 mg, 1.49 mmol) was added. Finally, NaBH3CN
(112.4 mg, 1.79 mmol) added. The crude was purified by flash chro-
matography using hexane/AcOEt (from 9:1 to 4:1) to give 22a (54.4 mg,
0.14 mmol, 46 % over two steps) as a colorless oil. IR (neat): 3735, 3512,
2923, 2853, 2770, 2362, 2342, 1731, 1457, 1107, 735 em L. 'H NMR
(400 MHz, CDCl3) 6 4.32-4.22 (m, 2H), 3.64 (dd, J = 9.9, 2.0 Hz, 1H})),
3.47 (bs, 1Hj), 2.44 (s, 6H;), 1.59 (bs, 2H), 1.52-1.39 (m, 2H), 1.37-1.13
(m, 30H), 0.87 (t, J = 6.9 Hz, 3H). 1*C NMR (100 MHz, CDCl3) 5 175.8,
75.9, 67.0, 61.1, 50.2, 32.2, 32.1, 29.8, 29.7, 29.5, 26.8, 22.9, 19.6,
14.3. HR ESI-TOF MS for [M + H'] Cy3HsoN203" (m/z): 401.3738;
found: 401.3735.

4.1.18. rac-(2R,3S)-2-(2,2-dimethylhydrazinyl)-2-methyloctadecane-1,3-
diol (23a)

Following the general procedure for reduction of esters dimethyl
hydrazine 22a (50.9 mg, 0.13 mmol) was treated with DIBAL (0.32 mL,
1 M in dichloromethane, 0.32 mmol) in CH5Cl5 (0.32 mL)23a. The crude
was purified by silica gel chromatography using hexane/AcOEt (4:1) to
give 23a (30.6 mg, 0.09 mmol, 66 %) as a white solid. M.p. 62 °C. IR
(neat): 3734, 2921, 2853, 2366, 1457, 1260, 1033, 799, 749 cm™*. 'H
NMR (400 MHz, CD30D) 6 3.71 (d, J = 10.9 Hz, 1H), 3.55 (m, 2H), 2.48
(s, 6H), 1.59 (bs, 2H), 1.33 (bs, 26H), 0.91 (m, 6H). 3¢ NMR (100 MHz,
CD30D) § 77.2, 65.0, 62.2, 50.5, 33.1, 32.5, 30.8, 30.5, 28.0, 23.8, 18.5,
14.4. HR ESI-TOF MS Calculated for [M + H'] C1Hs7N2Oot (m/2):
359.3632; found: 359.3631.

4.1.19. Ethyl (E)-2-ethyloctadec-2-ene-5-ynoate (4b)
The reaction was performed as described in general procedure to
synthesize o,f-unsaturated esters nBulLi (2.6 M in hexane, 3.3 mL, 5.28
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mmol), 1-pentadecyne (1.26 mL, 4.80 mmol), 1-formylpiperidine (0.6
mL, 5.38 mmol), triethyl 2-phosphonobutyrate (1.16 mL, 4.88 mmol),
LiBr (1800 mg, 20.90 mmol), EtsN (0.9 mL) to afford a mixture of
esteroisomers cis/trans (12:88). After purification using hexane/Et,O
(95:5), 4b (1141 mg, 3.31 mmol, 69 % over two steps) was obtained as a
yellow oil. IR (neat): 2923, 2853, 5357, 2212, 1712, 1609, 1463, 1309,
1238, 1129 cm™ L. 'H NMR (400 MHz, CDCls) 5 6.59 (t, J = 2.3 Hz, 1H),
4.20 (q, J = 7.1 Hz, 2H), 2.50 (q, J = 7.5 Hz, 2H), 2.41 (td, J = 7.0, 2.3
Hz, 2H), 1.62-1.49 (m, 2H), 1.49-1.35 (m, 2H), 1.35-1.17 (m, 21H),
1.06 (t, J = 7.5 Hz, 3H), 0.88 (t, J = 6.9 Hz, 3H). 3¢ NMR (100 MHz,
CDCl3) § 167.2, 144.0, 120.0, 103.5, 77.4, 60.8, 32.0, 29.8, 29.7, 29.5,
29.3, 29.0, 28.7, 22.9, 22.8, 20.1, 14.4, 14.3, 13.5. HR ESI-TOF MS for
[M + H'] CyoH390," (m/2): 335.2945; found: 335.2950.

4.1.20. Ethyl rac-(2R,3S)-[1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-2-
ethyl-3-(pentadec-1-yn-1-yl)aziridine]-2-carboxylate (6b)

Compound 4b (1000 mg, 2.90 mmol) was treated with N-amino-
phthalimide (940 mg, 5.80 mmol) and (diacetoxy)iodobenzene (1400
mg, 4.35 mmol) following the general procedure for aziridination. After
the work-up, the crude was purified to afford aziridine 6b (1277 mg,
2.58 mmol, 89 % as a yellow oil. IR (neat): 3337, 2923, 2853, 2360,
1718, 1466, 1377, 1301, 1237, 1153, 705 em™ . 'H NMR (400 MHz,
CDCl3) 6 7.73 (dd, J = 5.5, 3.0 Hz, 2H), 7.65 (dd, J = 5.5, 3.0 Hz, 2H),
4.15-4.05 (m, 2H), 4.01 (t, J = 1.8 Hz, 1H), 2.32-2.19 (m, 2H), 1.92 (dq,
J=14.6, 7.2 Hz, 2H), 1.59-1.47 (m, 2H), 1.44-1.33 (m, 2H), 1.33-1.22
(m, 21H), 1.19 (t, J = 7.2 Hz, 3H), 0.87 (t, J = 6.9 Hz, 3H). °C NMR
(100 MHz, CDCl3) 6§ 166.8, 164.5, 134.1, 130.3, 123.1, 86.7, 72.9, 62.3,
54.1, 43.7, 32.1, 29,8, 29.7, 29.5, 29.2, 29.0, 28.5, 23.6, 22.8, 19.0,
14.3, 14.0, 9.8. HR ESI-TOF MS Calculated for [M + H] G3oH43N204"
(m/2): 495.3217; found: 495.3218.

4.1.21. Ethyl rac-(2R,3R)-2-((1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)
amino)-3-hydroxy-2-ethyloctadec-4-ynoate (8b)

Compound 8b was prepared following the general procedure for the
ring-opening aziridines, starting from 6b (310.7 mg, 0.628 mmol) and p-
toluensulfonic acid (131.4 mg, 0.69 mmol). After the work-up, the crude
was purified by flash chromatography using hexane/AcOEt (from 9:1 to
4:1) to give product 8b (122.4 mg, 0.23 mmol, 37 %) as a yellow oil. IR
(neat): 3446, 3312, 2924, 2853, 2363, 1725, 1450, 1378, 1237 em L 'H
NMR (400 MHz, CDCl3) 6 7.85 (dd, J = 5.5, 3.1 Hz, 2H), 7.76 (dd, J =
5.5, 3.1 Hz, 2H), 5.66 (s, 1H), 4.53 (s, 2H), 4.35-4.17 (m, 2H), 2.09 (t, J
=7.0Hz, 2H), 1.96 (dq, J = 14.8,7.4 Hz, 1H), 1.63 (dq, J = 14.8, 7.4 Hz,
1H), 1.46-1.34 (m, 2H), 1.34-1.17 (m, 23H), 1.02 (t, J = 7.4 Hz, 3H),
0.86 (t, J = 6.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) § 171.5, 168.1,
134.7,130.0, 123.8, 87.2, 77.6, 71.5, 65.5, 61.9, 32.0, 29.8 , 29.7, 29.5,
29.2, 28.9, 28.6, 24.7, 22.8, 18.8, 14.3, 14.2, 8.3. HR ESI-TOF MS
Calculated for [M + HT] C3oH4sN2Os™ (m/z): 513.3323; found:
513.3324.

4.1.22. Ethylrac-(2R,3R,4E)-2-((1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)
amino)-3-hydroxy-2-ethyloctadec-4-enoate (10b)

Compound 10b was prepared following the general procedure for
hydrosilylation/desilylation from alkyne 8b (400 mg, 0.88 mmol), SiH
(OEt)3 (0.29 mL, 1.57 mmol) and [Cp*RuCl]4 (12.0 mg, 0.04 mmol) in
degassed CH2Cl; (5.4 mL). Then, a suspension of AgF (167 mg, 0.013
mmol) in a mixture of THF/MeOH/H50 (5.4:0.3:0.03 mL) was added.
The crude was purified by flash chromatography to afford 10b (283.1
mg, 0.55 mmol, 63% for the two steps) as a yellow oil. IR (neat): 3448,
3299, 2922, 2852, 2770, 2367, 2324, 1730, 1465, 1371, 1224, 1108
em . 'H NMR (400 MHz, CDCl3) 6 7.86 (dd, J = 5.5, 3.0 Hz, 2H), 7.77
(dd, J = 5.5, 3.0 Hz, 2H), 5.72-5.62 (m, 3H), 4.37 (bs, 1H), 4.27 (q, J =
7.1 Hz, 2H), 4.06 (bs, 1H), 2.11-1.95 (m, 2H), 1.85 (dq, J = 14.6, 7.3 Hz,
1H), 1.44 (dq, J = 14.6, 7.3 Hz, 1H), 1.36-1.19 (m, 25H), 1.04 (t, J =
7.3 Hz, 3H), 0.87 (t, J = 6.9 Hz, 3H). 13¢ NMR (100 MHz, CDCl3) &
171.9,168.5,135.4,134.8,130.1, 127.7,123.9, 75.4, 72.2, 61.8, 32.5,
32.1, 29.8, 29.6, 29.5, 29.3, 29.2, 24.7, 22.8, 14.3, 8.4. HR ESI-TOF MS
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Calculated for [M + Na'] C3oHseNoNaOs™ (m/z): 537.3299; found:
537.3300.

4.1.23. Ethyl rac-(2R,3R)-2-((1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)
amino)-3-hydroxy —2-ethyloctadecanoate (11b)

Following the general procedure for the reduction of alkynes, com-
pound 8b (241.7 mg, 0.47 mmol) in AcOEt (14.5 mL) was reduced in the
presence of palladium on carbon (7.5 mg, 30 wt%) and 5 bar of
hydrogen at 40 °C. The crude was purified to afford 11b (190.0 mg, 0.37
mmol, 78 % yield) as a yellow oil. IR (neat): 3477, 3295, 2922, 2852,
2368, 1788, 1719, 1467, 1377, 1233, 1200 cm™'. 'H NMR (400 MHz,
CDCls) 6 7.85 (dd, J = 5.5, 3.1 Hz, 2H), 7.75 (dd, J = 5.5, 3.1 Hz, 2H),
5.75 (s, 1H), 4.26 (qd, J = 7.1, 1.2 Hz, 2H), 3.88 (d, J = 9.2 Hz, 1H),
3.68-3.58 (m, 1H), 1.87 (dq, J = 14.6, 7.3 Hz, 1H), 1.77-1.56 (m, 2H),
1.50 (dq, J = 14.6, 7.3 Hz, 1H), 1.44-1.17 (m, 29H), 1.01 (t, J = 7.3 Hz,
3H), 0.86 (t, J = 6.9 Hz, 3H). 1*C NMR (100 MHz, CDCl3) 5172.6, 168.4,
134.7,130.1,123.8,74.0,71.9, 61.8, 32.2, 32.1, 29.8, 29.50, 26.8, 24.2,
22.8, 14.3, 8.5. HR ESI-TOF MS Calculated for [M + H'] C3oHsgN205"
(m/2): 517.3636; found: 517.3641.

4.1.24. Ethyl rac-(2R,3R)-2-ethyl-3-hydroxy-2-(2-propan-2-ylidene)
hydrazinyloctadec-4-ynoate (12b)

The reaction was performed following the general procedure for
synthesis of hydrazones starting from 8b (250 mg, 0.49 mmol) and
methylhydrazine (38.5 uL, 0.73 mmol) in THF (3.7 mL). After filtration,
the resulting crude was redissolved in 3 mL of acetone, stirred for 16 h
and purified by flash chromatography using hexane/AcOEt (9:1) to
accomplish 12b (139.3 mg, 0.32 mmol, 68 % over two steps) as a
colorless oil. IR (neat): 3393, 2923, 2853, 2364, 1734, 1463, 1234,
1147,1028 cm L. 'H NMR (400 MHz, CDClg) § 5.71 (s, 1H), 5.21 (d, J =
9.1 Hz, 1H), 4.68 (dt, J = 9.1, 7.0 Hz, 1H), 4.28-4.16 (m, 2H), 2.25 (dq,
J=14.9,7.5Hz, 1H), 2.16 (td, J = 7.0, 2.0 Hz, 2H), 1.98-1.85 (m, 4H),
1.82 (s, 3H), 1.53-1.38 (m, 2H), 1.37-1.19 (m, 23H), 0.86 (m, 6H). 13C
NMR (100 MHz, CDCl3) § 172.0, 147.9, 87.0, 78.3, 69.7, 69.3, 61.5,
32.0, 29.8, 29.7, 29.5, 29.3, 28.9, 26.3, 25.5, 22.8, 18.9, 15.7, 14.3,
8.41. HR ESI-TOF MS Calculated for [M + H'] CasHayN203" (m/2):
423.3581; found: 423.3591.

4.1.25. rac-(2R,3S,4E)-2-ethyl-2-(isopropyldiazenyloctadec-4-yne-1,3-
diol (13b)

Following the general procedure for formation of azo compounds
and ester reduction, compound 12b (139.3 mg, 0.32 mmol) was treated
with AcOH (37.6 uL, 0.52 mmol) in THF (3.9 mL). In a second step the
resulting crude was redissolved in CH»Cl, (0.83 mL) and treated with
DIBAL (0.83 mL, 1 M in dichloromethane, 0.83 mmol) was slowly
added. The reaction was quenched and the crude was purified by using
CHyCly/hexane (9:1) to give 13b (13.9 mg, 0.04 mmol, 11 % over two
steps) as a yellowish oil. IR (neat): 3334, 3162, 2923, 2853, 2360, 2327,
1262, 1033, 746 em™ L. 'H NMR (400 MHz, MeOD) 5 4.80 (s, 1H), 3.96
(d, J=11.6 Hz, 1H), 3.87 (d, J = 11.6 Hz, 1H), 3.73-3.62 (m, 1H), 2.20
(t,J = 6.7 Hz, 2H), 1.93 (td, J = 15.0, 7.5 Hz, 1H), 1.81 (td, J = 15.0, 7.5
Hz, 1H), 1.57-1.19 (m, 28H), 0.90 (t, J = 6.6 Hz, 3H), 0.81 (t,J = 7.5
Hz, 3H). 1°C NMR (100 MHz, MeOD) 6 86.2, 78.4, 75.6, 68.5, 65.0, 62.6,
31.7, 29.4, 29.3, 29.1, 28.8, 28.5, 28.3, 23.4, 22.3, 19.6, 19.5, 18.0,
13.0, 6.2. HR ESI-TOF MS for [M + Na'] Cp3Hg4NaNaOo' (m/2):
403.3295; found: 403.3290.

4.1.26. Ethyl rac-(2R,3R,4E)-3-hydroxy-2-(2-(propan-2-ylidene)
hydrazinyl)-2-ethyl-octadec-4-enoate (14b)

The reaction was performed as described in general procedure for
synthesis of hydrazones starting from 10b (247 mg, 0.48 mmol) and
methylhydrazine (37.9 pL, 0.72 mmol) in 3.5 mL of THF. After filtration,
the resulting crude was redissolved in 3 mL of acetone, stirred for 16 h
and purified by flash chromatography using hexane/AcOEt (9:1) to
accomplish 14b (165.3 mg, 0.39 mmol, 81 % over two steps) as a
colorless oil. IR (neat): 3372, 3325, 2922, 2853, 2354, 2312, 1731,
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1463, 1367, 1234, 1142 cm™ . 'H NMR (400 MHz, CDCls) § 5.70-5.59
(m, 1H), 5.54 (dd, J = 15.3, 7.4 Hz, 1H), 5.48 (bs, 1H), 5.09 (bs, 1H),
4.35(d,J =7.4Hz, 1H), 4.19 (g, J = 7.1 Hz, 2H), 2.13 (td, J = 14.8, 7.4
Hz, 1H), 2.06-1.95 (m, 2H), 1.92 (s, 3H), 1.90-1.82 (m, 1H), 1.79 (s,
3H), 1.39-1.17 (m, 25H), 0.87 (t, J = 6.8 Hz, 3H), 0.79 (t, J = 7.4 Hz,
3H). 3C NMR (100 MHz, CDCls) § 172.8, 146.4, 134.2, 128.8, 78.6,
69.3, 61.1, 32.4, 32.0, 29.7, 29.6, 29.4, 29.3, 29.2, 26.9, 25.4, 22.7,
15.3, 14.3, 14.2, 8.0. HR ESI-TOF MS Calculated for [M + Na']
CosHygNoNaO3 ™ (m/z): 447.3557; found: 447.3555.

4.1.27. Ethyl rac-(2R,3R)-3-hydroxy-2-(2-(propan-2-ylidene)hydrazinyl)-
2-ethylocta-decanoate (16b)

The reaction was performed as described in general procedure for
synthesis of hydrazones starting from 11b (168.7 mg, 0.33 mmol) and
methylhydrazine (25.8 pL, 0.49 mmol) THF (2.4 mL). After filtration,
the resulting crude was redissolved in 3 mL of acetone, stirred for 16 h
and purified by flash chromatography using hexane/AcOEt (9:1) to
accomplish 16b (118 mg, 0.28 mmol, 85 % over two steps) as a yellow
oil. IR (neat): 3408, 2921, 2852, 2359, 2842, 1730, 1457, 1367, 1234,
1142 cm™!. 'TH NMR (400 MHz, CDCl3) § 5.47 (s, 1H), 4.67 (bs, 1H), 4.20
(dg, J=7.1, 2.8, 2H), 3.87 (d, J = 9.7 Hz, 1H), 2.18 (dq, J = 14.9, 7.5
Hz, 1H), 1.92-1.80 (m, 4H), 1.79 (s, 3H), 1.59-1.43 (m, 2H), 1.37-1.16
(m, 29H), 0.87 (t, J = 6.8 Hz, 3H), 0.76 (t, J = 7.4 Hz, 3H). 3C NMR
(100 MHz, CDCl3) § 173.4, 146.2, 77.0, 69.2, 61.2, 33.6, 32.1, 29.8,
29.5, 27.2, 26.6, 25.6, 22.8, 15.3, 14.3, 8.0. HR ESI-TOF MS Calculated
for [M + H'] CasHs1N203™ (m/2): 427.3894; found: 427.3883.

4.1.28. rac-(2R,3S)-2-((E)-isopropyldiazenyl)-2-ethyloctadecane-1,3-diol
(17b)

Following the general procedure formation of azo compounds and
ester reduction, compound 17b (126.6 mg, 0.3 mmol) was treated with
AcOH (33.8 pL, 0.47 mmol) THF (3.4 mL). In a second step the resulting
crude was redissolved in CH,Cly (0.74 mL) and treated with DIBAL
(0.74 mL, 1 M in dichloromethane, 0.74 mmol) was slowly added. The
reaction was quenched and the crude was purified by using hexane/
AcOEt (95:5) to give 17b (11.1 mg, 0.03 mmol, 10 % over two steps) as a
colorless oil. IR (neat): 3397, 2921, 2852, 2360, 2300, 1727, 1464,
1379, 1049 cm™!. 'H NMR (400 MHz, CD30D) § 3.92 (dd, J = 10.3, 1.7
Hz, 1H), 3.80 (bs, 2H), 3.65 (dt, J = 13.0, 6.5 Hz, 1H), 1.91-1.74 (m,
2H), 1.51 (m, 2H), 1.44-1.17 (m, 32H, 0.89 (t, J = 6.9 Hz, 3H), 0.78 (t, J
= 7.5 Hz 3H). '3C NMR (100 MHz, CD30D) & 77.1, 75.6, 69.9, 64.2,
33.1, 32.3, 30.8, 30.7, 30.5, 27.8, 24.0, 23.8, 20.9, 14.5, 7.8. HR ESI-
TOF MS Calculated for [M + H'] Cy3H49N205" (m/2): 385.3789;
found: 385.3793.

4.1.29. Ethyl rac-(2R,3R)-2-(2,2-dimethylhydrazinyl)-3-hydroxy-2-
ethyloctadec-4-ynoate (18b)

The reaction was carried out as described in general procedure for
synthesis of N,N-dimethyl hydrazines starting from 8b (145 mg, 0.28
mmol) and methylhydrazine (22.3 pL, 0.42 mmol) THF (2.1 mL). After
deprotection completion the resulting crude was dissolved in MeOH
(7.8 mL) and paraformaldehyde (34 mg, 1.13 mmol) was added. Finally,
NaBH3CN (35.6 mg, 0.57 mmol) was added. The crude was purified by
flash chromatography using hexane/AcOEt (95:5) to give 18b (43.5 mg,
0.11 mmol, 35 % over two steps) as a yellowish oil. IR (neat): 3437,
2923, 2853, 2360, 1735, 1457, 1374, 1231, 1025 cm™~’. 'H NMR (400
MHz, CD30D) § 4.57 (s, 1H), 4.24-4.10 (m, 2H), 2.49 (s, 6H), 2.30-2.14
(m, 2H), 1.99-1.90 (m, 2H), 1.57-1.20 (m, 25H), 0.97-0.84 (m, 6H). 13C
NMR (100 MHz, CDsOD) § 173.5, 87.9, 79.8, 71.2, 68.1, 62.0, 50.2,
33.1, 30.8, 30.5, 30.3, 29.9, 29.7, 26.2, 23.8, 19.4, 14.6, 14.5, 8.7. HR
ESI-TOF MS Calculated for [M + H'] CosHy7N2O3™ (m/2): 411.3581;
found: 411.3588.

4.1.30. rac-(2R,3S)-2-(2,2-dimethylhydrazinyl)-2-ethyloctadec-4-yne-
1,3-diol (19b)
Following the general procedure to obtain alcohols, 18b (45.5 mg,
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0.11 mmol) was treated with a solution of DIBAL (0.28 mL, 1 M in
dichloromethane, 0.28 mmol) in CH,Cl, (0.28 mL). The crude was pu-
rified by silica gel chromatography using CHCl3:MeOH:NH,OH
(99.5:0.5:0.1) to afford 19b (17.6 mg, 0.05 mmol, 43 %) as a yellow oil.
IR (neat): 3305, 2923, 2853, 2775, 2358, 2320, 1464, 1045 em™ L H
NMR (400 MHz, CD30D) 6 4.54 (t,J = 2.1 Hz, 1H), 3.80 (d, J = 11.0 Hz,
1H), 3.65 (d, J = 11.0 Hz, 1H), 2.51 (s, 6H), 2.26 (td, J = 6.8, 2.1 Hz,
2H), 1.68-1.38 (m, 6H), 1.31 (bs, 19H), 0.97-0.88 (m, 6H). 13¢ NMR
(100 MHz, CD30D) 6§ 87.9, 80.1, 67.6, 64.7, 63.7, 50.5, 33.1, 30.8, 30.7,
30.5, 30.3, 29.9, 29.8, 25.1, 23.8, 19.4, 14.5, 7.8. HR ESI-TOF MS for [M
+ H™] CooHysN202™ (m/2): 369.3476; found: 369.3475.

4.1.31. Ethyl rac-(2R,3R,4E)-2-(2,2-dimethylhydrazinyl) —3-hydroxy-2-
ethyloctadec-4-enoate (20b)

The reaction was carried out following the general procedure for the
synthesis of N,N-dimethyl hydrazines starting from 10b (169.1 mg, 0.33
mmol) and methylhydrazine (25.8 pL, 0.49 mmol) in 2.4 mL of THF.
After deprotection completion the resulting crude was dissolved in
MeOH (9 mL) and paraformaldehyde (39.4 mg, 1.31 mmol) was added.
Finally, NaBH3CN (41.2 mg, 0.66 mmol) was added. The crude was
purified by flash chromatography using hexane/Et;0 (4:1) to give 20b
(46.8 mg, 0.11 mmol, 35 % over two steps) as a yellow oil. IR (neat):
3450, 3387, 2054, 2853, 2366, 1731, 1465, 1225, 1024 cm ™', 'H NMR
(400 MHz, CDCl3) 6 5.85-5.49 (m, 2H), 4.27 (d, J = 6.8 Hz, 1H), 4.16 (q,
J=7.1Hz, 2H), 2.50 (s, 6H), 2.03 (ddd, J = 13.8, 6.8, 3.0 Hz, 2H), 1.84
(qd, J = 14.3, 7.4 Hz, 2H), 1.36-1.17 (m, 25H), 0.90-0.81 (m, 6H). 1*C
NMR (100 MHz, CDCl3) § 173.6, 134.5, 129.0, 78.0, 69.7, 61.0, 50.3,
32.6, 32.0, 29.8, 29.6, 29.5, 29.3, 26.7, 22.8, 14.3, 8.1. HR ESI-TOF MS
for [M + H'] Cp4HaoN203" (m/2): 413.3738; found: 413.3750.

4.1.32. rac-(2R,3S,4E)-2-(2,2-dimethylhydrazinyl)-2ethyloctadec-4-ene-
1,3-diol (21b)

Following the general procedure to obtain alcohols, 20b (28 mg,
0.07 mmol) was treated with a solution of DIBAL (0.16 mL, 1 M in
dichloromethane, 0.16 mmol) in CH,Cly (0.16 mL). The crude was pu-
rified by silica gel chromatography using hexane/AcOEt (4:1) to
accomplish the sphingosine derivative 21b (16.2 mg, 0.05 mmol, 67 %)
as a yellowish oil. IR (neat): 3362, 3266, 2921, 2852, 2358, 2342, 1464,
1260, 1100, 1024, 802, 970 em™ L. 'H NMR (400 MHz, CD30D) 6 5.69
(dt,J=15.3, 6.8 Hz, 1H), 5.57 (ddt, J = 15.3, 7.5, 1.1 Hz, 1H), 4.10 (d, J
=7.5Hz, 1H), 3.66 (d, J = 11.1 Hz, 1H), 3.48 (d, J = 11.1 Hz, 1H), 2.49
(s, 6H), 2.06 (dd, J = 14.0, 6.8 Hz, 2H), 1.61-1.49 (m, 2H), 1.44-1.22
(m, 22H), 0.89 (t, J = 7.1, Hz, 3H), 0.88 (t, J = 7.5, Hz, 3H). 1*°C NMR
(100 MHz, CD30D) 6 134.8, 130.0, 77.3, 64.0, 63.2, 50.4, 33.4, 33.1,
30.8, 30.6, 30.5, 30.3, 30.2, 25.3, 23.8, 14.5, 7.9. HR ESI-TOF MS for [M
+ H™] CaoHy7N205™ (m/2): 371.3632; found: 371.3634.

4.1.33. Ethyl rac-(2R,3R)-2-(2,2-dimethylhydrazinyl)-3-hydroxy-2-
ethyloctadecanoate (22b)

The reaction was carried out following the general procedure for the
synthesis of N,N-dimethyl hydrazines starting from 11b (183.3 mg, 0.36
mmol) and methylhydrazine (28.2 pL, 0.54 mmol) in 2.7 mL of THF.
After deprotection completion the resulting crude was dissolved in 9.8
mL of MeOH and paraformaldehyde (42.6 mg, 1.42 mmol) was added.
Finally, NaBH3CN (44.6 mg, 0.71 mmol) was added. The crude was
purified by flash chromatography using hexane/Et,0 (87:13) to give
22b (54.3 mg, 0.13 mmol, 37 % over two steps) as a yellow oil. IR (neat):
3368, 2923, 2852, 2773, 2365, 2327, 1466, 1276, 1054 em™ . 'H NMR
(400 MHz, CDCl3) § 4.15-3.98 (m, 2H), 3.76 (dd, J = 10.2, 1.9 Hz, 1H),
2.48 (s, 6H), 2.03-1.71 (m, 2H), 1.64-1.42 (m, 2H), 1.35-1.08 (m, 29H),
0.93-0.74 (m, 6H). 13C NMR (100 MHz, CDCl3) § 174.1, 76.3, 69.4,
60.9, 50.3, 33.3, 32.0, 29.8, 29.7, 29.5, 26.8, 26.4, 22.8, 14.3, 14.2, 8.0.
HR ESI-TOF MS Calculated for [M + H*"] Co4Hs1N203" (m/2): 415.3894;
found: 415.3882.
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4.1.34. rac-(2R,3S)-2-(2,2-dimethylhydrazinyl)-2-ethyloctadecane-1,3-
diol (23b)

Following the general procedure to obtain alcohols, 22b (54.3 mg,
0.13 mmol) was treated with a solution of DIBAL (0.33 mL, 1 M in
dichloromethane, 0.33 mmol) in CH,Cl; (0.33 mL). The crude was pu-
rified by silica gel chromatography using hexane/AcOEt (3:2) to afford
23b (44.6 mg, 0.12 mmol, 91 %) as a yellowish oil. IR (neat): 3368,
2923, 2852, 2773, 2365, 2326, 1465, 1054, 749 em™L. 'H NMR (400
MHz, CD30D) 6§ 3.70 (d, J = 10.9 Hz, 1H), 3.60 (dd, J = 10.3, 1.5 Hz,
1H), 3.53 (d, J = 10.9 Hz, 1H), 2.46 (s, 6H), 1.66-1.40 (m, 4H),
1.40-1.22 (m, 26H), 0.92-0.79 (m, 6H). 13C NMR (100 MHz, CD30D) &
76.0, 64.2, 63.2, 50.5, 33.1, 32.4, 30.8, 30.5, 27.9, 25.3, 23.8, 14.5, 7.7.
HR ESI-TOF MS for [M + H'] CayHsoN205" (m/2): 373.3789; found:
373.3782.

4.1.35. Ethyl (E)-octadec-2-ene-4-ynoate (4c)

The reaction was performed as described in general procedure to
synthesize o,pf-unsaturated esters nBulLi (2.6 M in hexane, 3.3 mL, 5.28
mmol), 1-pentadecyne (1.26 mL, 4.80 mmol), 1-formylpiperidine (0.6
mL, 5.38 mmol), triethyl phosphonoacetate (1.6 mL, 8.1 mmol), LiBr
(1800 mg, 20.90 mmol), EtsN (0.9 mL) to afford a mixture of two
esteroisomers cis/trans (13:87). Purification by flash chromatography
(hexane/Et,0 (95:5)) afforded product 4c (1278.1 mg, 4.17 mmol, 58 %
over two steps) as a yellowish oil. IR (neat): 2922, 2853, 2358, 2214,
1716, 1619, 1465, 1299, 1155, 1035, 630 em™ L. 'H NMR (400 MHz,
CDCl3) 6 6.74 (dt, J = 15.8, 2.2 Hz, 1H), 6.12 (d, J = 15.8 Hz, 1H), 4.19
(q, J = 7.1 Hz, 2H), 2.35 (td, J = 7.0, 2.2 Hz, 2H), 1.66-1.46 (m, 2H),
1.43-1.32 (m, 2H), 1.32-1.17 (m, 21H), 0.87 (t, J = 6.8 Hz, 3H). 13C
NMR (100 MHz, CDCl3) 6 166.3, 129.4, 126.3, 101.0, 78.0, 60.7, 32.1,
29.8, 29.6, 29.5, 29.2, 29.0, 28.5, 22.8,19.9, 14.4, 14.3. HR ESI-TOF MS
for [M + Na'] CgoHssNaOo" (m/z): 329.2451; found: 329.2458.

4.1.36. Ethyl rac-(2R,3S)-[1-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-y)- 3-
(pentadec-1-yn-1-ylagziridine]-2-carboxylate (6c¢)

Compound 4c (1278.1 mg, 4.17 mmol) was treated with N-amino-
phthalimide (1352 mg, 8.34 mmol) and (diacetoxy)iodobenzene (2014
mg, 6.26 mmol) following the general procedure for aziridination. After
the work-up, the crude was purified) to afford 6c as a mixture of
invertomers (78:22) (1128.6 mg, 2.41 mmol, 88 %) as a white solid. M.
p. 63 °C. IR (neat): 2924, 2853, 2360, 2290, 1724, 1373, 1222, 1190,
891, 708, 632 cm L. 'H NMR (400 MHz, CDCls) 5 7.80 (major, dd, J =
5.5, 3.0 Hz, 1.56H), 7.75 (minor, dd, J = 5.5, 3.0 Hz, 0.44H), 7.70
(major, dd, J = 5.5, 3.0 Hz, 1.56H), 7.66 (minor, dd, J = 5.5, 3.0 Hz,
0.44H), 4.34-4.23 (major, m, 1.56H), 4.13 (minor, q, J = 7.1 Hz,
0.44H), 3.94 (major, d, J = 4.8 Hz, 0.78H), 3.79 (minor, dt, J =4.9, 1.8
Hz, 0.22H3), 3.42 (major, dt, J = 4.8, 1.9 Hz, 0.78H), 3.35 (minor, d, J =
4.9 Hz, 0.22H), 2.22 (minor, td, J = 7.1, 1.8 Hz, 0.44H), 2.01 (major, tt,
J =6.9, 1.9 Hz, 1.56H), 1.50 (minor, m, 0.44H), 1.43-0.93 (m, 35H),
0.86 (m, 4H). 3¢ NMR (100 MHz, CDCl3) 6 166.6, 165.4, 164.6, 164.3,
134.2,134.1,130.1,123.2,87.7,85.3,73.9,71.9, 62.2, 62.1, 45.7, 45.5,
37.3, 37.1, 31.9, 29.7, 29.6, 29.5, 29.4, 29.1, 29.0, 28.9, 28.6, 28.2,
28.0, 22.7, 18.8, 18.6, 14.1, 13.9. HR ESI-TOF MS calculated for [M +
Na™] CagH3gNoNaO4 ™t (m/2): 489.2724; found: 489.2728.

4.1.37. Ethyl rac-(2R,3R)-2-((1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)
amino)-3-hydroxy-octadec-4-ynoate (8c)

Compound 8c was prepared following the general procedure for the
ring-opening aziridines, starting from 6¢ (750.0 mg, 1.61 mmol) and p-
toluensulfonic acid (336.0 mg, 1.77 mmol). After the work-up, the crude
was purified by flash chromatography by using hexane/AcOEt (form 9:1
to 4:1). The desired product 8c was obtained (351.1 mg, 0.72 mmol, 45
%) as a yellow solid. M.p. 83 °C. IR (neat): 3444, 3242, 2922, 2852,
2359, 2341, 1746, 1709, 1465, 1200 cm . 'H NMR (400 MHz, CDCl3) 6§
7.85(dd, J=5.4, 3.1 Hz, 2H), 7.75 (dd, J = 5.5, 3.1 Hz, 2H), 5.55 (d, J =
4.3 Hz, 1H), 4.69 (ddt, J = 11.2, 4.1, 2.0 Hz, 1H), 4.40-4.21 (m, 2H),
4.08 (d, J =11.2 Hz, 1H), 3.77 (t, J = 4.2 Hz, 1H), 2.18 (td, J = 7.1, 2.0
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Hz, 2H), 1.55-1.40 (m, 2H), 1.39-1.15 (m, 23H), 0.87 (t, J = 6.9 Hz,
3H). 13C NMR (100 MHz, CDCls) § 169.0, 166.9, 134.7, 130.0, 123.9,
87.6, 76.6, 68.4, 63.2, 62.3, 32.1, 29.8, 29.7, 29.5, 29.3, 28.9, 28.6,
22.8, 18.8, 14.3. HR ESI-TOF MS Calculated for [M + Na']
CogH4oNoNaOs™ (m/z): 507.2829; found: 507.2834.

4.1.38. Ethyl rac-(2R,3R)-3-hydroxy-2-(2-(propan-2-ylidene)hydrazinyl)
octadec-4-ynoate (12c)

The reaction was carried out following the general procedure for the
synthesis of hydrazones starting from 8¢ (161.4 mg, 0.33 mmol) and
methylhydrazine (26.3 uL, 0.50 mmol) in THF (2.5 mL). After filtration,
the resulting crude was redissolved in 3 mL of acetone and the reaction
was stirred until complete consumption of starting material. The crude
was purified by flash chromatography using hexane/AcOEt (9:1 to 4:1)
to give 12¢ (109.2 mg, 0.276 mmol, 83 % over two steps) as a yellowish
oil. IR (neat): 3433 2923, 2854, 2366, 1740, 1466, 1371, 1194, 1026
cm™! 'H NMR (400 MHz, CDCl3) & 5.38 (d, J = 8.8 Hz, 1H), 4.76 (bs,
1H), 4.31-4.12 (m, 3H), 3.69 (bs, 1H), 2.17 (td, J = 7.0, 1.8 Hz, 2H, Hg),
1.92 (s, 3H,), 1.84 (s, 3H), 1.53-1.40 (m, 2H), 1.38-1.21 (m, 23H), 0.87
(t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDClg) § 170.6, 149.9, 87.7,
77.0, 66.6, 63.5, 61.5, 32.1, 29.8, 29.7, 29.5, 29.3, 28.9, 28.7, 25.4,
22.8, 18.8, 16.0, 14.3. HR ESI-TOF MS Calculated for [M + HT]
Ca3H43N203™ (m/2): 395.3268; found: 395.3257.

4.1.39. Ethyl rac-(2R,3R)-2-(2,2-dimethylhydrazinyl)-3-hydroxyoctadec-
4-ynoate (18c)

The reaction was carried out following the general procedure for the
synthesis of N,N-dimethyl hydrazines starting from 8¢ (156.5 mg, 0.32
mmol) and methylhydrazine (25.5 pL, 0.48 mmol) in THF (2.4 mL).
When the deprotection was complete, the resulting crude was dissolved
in 8.9 mL of MeOH and paraformaldehyde (48.5 mg, 1.61 mmol) was
added. Finally, NaBH3CN (121.8 mg, 1.96 mmol) was added. The crude
was purified by flash chromatography using hexane/AcOEt (95:5 to 4:1)
to give 18¢ (25.2 mg, 0.07 mmol, 20 % over two steps) as a yellowish oil.
IR (neat): 3315, 2923, 2853, 2363, 2328, 1735, 1645, 1457, 1027 em L.
'H NMR (400 MHz, CDCls) § 4.79 (dt, J = 3.9, 2.0 Hz, 1H), 4.31-4.15
(m, 2H), 3.89 (d, J = 3.9 Hz, 1H), 2.51 (s, 6H), 2.20 (td, J = 7.1, 2.0 Hz,
2H), 1.54-1.42 (m, 2H), 1.40-1.20 (m, 23H), 0.89 (t, J = 6.9 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6§ 170.1, 87.1, 77.6, 64.5, 63.9, 61.6, 47.8,
32.1,29.8,29.7,29.5, 29.3, 29.0, 28.8, 22.8, 18.9, 14.3. HR ESI-TOF MS
for [M + H'] CpoH43N203™ (m/z): 383.6238; found: 383.6258.

4.2. In vitro SphK inhibitory activity evaluation

For inhibitory activity quantification of the compounds synthesized,
Adapta™ Universal Kinase Assay (Invitrogen, Carlsbad, CA, USA) was
used [53]. Inhibitors were dissolved in 100% DMSO at a final concen-
tration of 50 mM (100X solution). Several dilutions were performed at
20, 15,10, 8, 6,4, 2,1 and 0.5 mM also in DMSO. Compounds were then
pre-diluted to 4X in 1X Kinase Buffer A provided in the kit and plated in
Corning white round-bottom 384 microplates. Each sample was ana-
lysed in triplicate. The assay was performed following strictly the in-
dications provided by the manufacturer. SphK1 and SphK2 were used at
final concentrations of 0.025 ng/ul and 0.8 ng/ul. ATP present in the
reaction was at 1 uM and sphingosine at 5 uM. The reaction was stopped
after 60 min of reaction with 10 mM EDTA, 3.6 nM ADP tracer and 2 nM
anti-ADP antibody.

TR-FRET was read after 30 min in a CLARIOstar microplate reader
(BMG Labtech, Biogen Cientifica SL, Madrid, Spain) using the following
parameters: Ex = 340 nm; Em1 = 620/10; Em2 = 665/10; delay = 100
us; integration time = 200 ps; Focal height = 11 mm. All steps were
developed at room temperature.

Results of each condition were calculated as ratio EMggsnm/EMg20nm
and expressed as % of inhibition using the following expression:
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(Ratiosa,m,le — Ratioomnhibmon)

% Inhibition = - -
(Ratiogozinhibition — Ratiooginnibition )

ICsg of each compound was calculated fitting the data to a sigmoidal
dose-response curve with variable slope.

4.3. Computational studies

4.3.1. Molecular modelling

The co-crystal structure of SphK1 with its substrate sphingosine
(3VZB, chain A, resolution 2 A) was used as a template to build a SphK2
homology model with MOE 2019 software [56] after sequence align-
ment. The latter revealed additional residues 1-170 and 394-513 in
SphK2, from which residues 1 to 170 were deleted due to the absence of
a suitable template. Additional residues 394-513 were also excluded
from the model since they did not directly affect the sphingolipid
binding regions and lacked a suitable template. Subsequently, the ho-
mology model was verified by Ramachandran plots, which showed only
4 outliners far from the binding site, not connecting with it. The three
distinctively different residues in the binding pocket were reproduced by
the homology model and led to essential changes in the J-channel. In this
regard, the replacement of Met272 with Leu553 at the pocket throat also
led to a change in the position of identical residue Phel92, altering the
shape of the J-channel. Further residue difference Ala339 in SphK1,
corresponding to a Thr620 in SphK2, might also be relevant for the
selectivity of potential ligands targeting the J-channel. This residue lies
in the polar region and its variation affects a network of polar in-
teractions that engage with the inhibitors.

4.3.2. Molecular docking

The crystal structure of SphK1 (3vzb) and the SphK2 homology
model were prepared for docking with the MOE software using the
Protein preparation protocol. One water molecule was kept in the SphK1
protein preparation process since it was found in all available X-ray
crystal structures, forming H-bonds with Serl68, Gly342 and the
respective ligand. For the homology model of SphK2, the water molecule
was omitted, considering a difference with respect to SphK1 residue
Ala339 (Thr620 in SphK2), which was found by the homology model to
displace the water molecule from its interactions with Ser334 and the
Gly623. Both enantiomers (2R,3S) and (2S,3R) of the designed com-
pounds were drawn in MOE and underwent ligand preparation using
Corina version 4.3.0 software [60], openbabel 3 version 3.0.0 [61] and
ChemAxon software [62]. Additionally, the corresponding unsynthe-
sized compounds, (13c, 19¢, and 21c¢), with a trisubstituted center at C-
2 were also prepared for docking. After the preparation steps, the rDock
software [63] was used for cavity generation, using the co-crystal
sphingosine substrate as a reference ligand. Subsequently, the
designed molecules were docked in the generated binding pocket with
rDock, using permissive pharmacophoric restraints to ensure that the
polar heads of the ligands remain in the polar region.

4.4. Toxicological studies

4.4.1. Cell culture

Human umbilical vein endothelial cells (HUVEC) were isolated by
collagenase treatment [64] and maintained in human endothelial cell
specific medium (EBM-2, Lonza, Barcelona, Spain), supplemented with
endothelial growth media (EGM-2, Lonza) and containing 10% fetal
bovine serum (FBS, Biowest, Nuaillé, France). Cells were grown to
confluence up to passage 1 to preserve endothelial features. Prior to
every experiment, cells were incubated for 24 h in medium containing
1% FBS for apoptosis and 0.1% for MTT assays.

4.4.2. Cytotoxicity assay
A 100 pL suspension of HUVECs in supplemented RPMI medium (2
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x 10°"cells/mL) was added to each well of a 96-well microtiter plate.
Cells in 0.1% FBS supplemented EBM-2 medium (Lonza, Verviers,
Belgium) were incubated in the absence or presence of compounds 19a
and 19b (10, 30 and 100 pM) at 37 °C for 24 h. 3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma-Aldrich, Saint
Louis, MO) was freshly prepared at 3 mg/mL in PBS, and 100 pL of MTT
solution was added to each well followed by incubation at 37 °C for 3 h.
The supernatants were discarded and 200 pL of DMSO was added to each
well to dissolve the formazan product. The optical density at dual
wavelengths (560 and 630 nm) was determined in a spectrophotometer
(Infinite M200, Tecan, Mannedorf, Switzerland).

4.4.3. Cell apoptosis and survival assay

HUVEC cells were cultured on a 12-well plate and incubated in the
absence or presence of compounds 19a and 19b (10, 30 and 100 pM) for
24 h in 1% FBS supplemented EBM-2 medium (Lonza) as described
previously [65]. Then, cells were detached with StemPro Accutase cell
dissociation reagent (5 min at 37 °C, Gibco, Thermo Fisher Scientific,
Waltham, MA) and recovered by centrifugation (1400 rpm, for 10 min at
4 °C). Cells were resuspended in Annexin V Binding Buffer to obtain 1 x
10° cells in a final volume of 100 pL. Samples were incubated with 5 pL
of FITC-Annexin V and 5 pL of propidium iodide (PI) from FITC Annexin
V Detection Kit I (BD Biosciences, Franklin Lakes, NJ) for 15 min at room
temperature in the dark following the manufacturer instructions and as
previously described [66]. Cells were analyzed in a flow cytometer (BD
Fortessax20, BD Biosciences, San Jose, CA) and differentiated as early
apoptotic (annexin V+ and PI-), late apoptotic and/or necrotic
(annexin V+ and PI+), and viable nonapoptotic (annexin V— and PI-)
cells.. Results are presented as percentage of apoptotic and viable cells.

4.4.4. Statistical analysis

Differences between two groups were determined using an unpaired
Student’s t test. Values were expressed as mean + SEM. Data were
considered statistically significant when p values were <0.05.
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