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FTY720 (Fingolimod, Gilenya) is a fungal metabolite
derived from the Chinese herb Iscaria sinclarii. It is struc-
turally and biologically similar to sphingosine. FTY720 is
phosphorylated (FTY720-P) by sphingosine kinase 2 (SK2)
and shows immunosuppressive effects. FTY720-P binds to
sphingosine-1-phosphate (S1P) on the lymphocyte surface
for decomposition, isolation of lymphocytes from lymph
nodes and prevents their release into blood.! The mecha-
nism has an immunosuppressive effect in patients with mul-
tiple sclerosis.”> Multiple sclerosis is a major neurological
disorder affecting 2.3 million patients worldwide, and
occurs mainly in young women.> FTY720 is an oral treat-
ment for multiple sclerosis first approved by the US FDA
in 2010. In addition, FTY720 activates protein phosphatase
2A (PP2A), which plays a tumor suppressor role, resulting
in anticancer effects in cancers of blood, liver, bladder,
colon and rectum showing reduced cellular PP2A
activity.*”” FTY720 stimulates beta cell regeneration in
mice and normalizes hyperglycemia.®® Biologically active
lipids, such as sphingolipids have been studied for a long
time in various disease models. In this study, we investi-
gated the role of FTY720, which is structurally and biologi-
cally similar to sphingolipid. A definitive therapeutic agent
is unavailable for multiple sclerosis (MS) underscoring the
need for discovery and development of selective com-
pounds and derivatives with therapeutic activity. FTY720
carries a polar head group, an aromatic backbone, and an
eight-carbon chain. Analysis of the structure—activity rela-
tionship of FTY720 derivatives synthesized and reported
thus far revealed significant activity associated with the
head group.'®!" Structurally, however, the two hydroxyl
groups of FTY720 and the linked fert-amine prevent syn-
thesis of various derivatives.'>'* The polar head group
developed so far shows unique physiological activities that
differ between FT'Y720 and modified FTY720 derivatives
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in stereoselectivity. For example, ROME ((R)-FTY720
methyl ether)'' is known to selectively inhibit SK2. How-
ever, FTY720 derivatives in the chiral head group are diffi-
cult to synthesize and involve multiple synthetic steps.
FTY720 derivatives incorporating serine in the head group
yield chiral products in simple synthetic steps. As shown in
Scheme 2, compounds 1 and 2, which are FTY720 deriva-
tives with a known serine structure, show inhibitory effects
with ICsq values of 5.0 and 4.3 uM for SK1, respectively.'”
Serine-FTY720 derivatives exhibiting such SK1 inhibitory
effects display potential anticancer properties. Thus, this
study introduced serine, which is commercially available at
a low price, to synthesize additional derivatives for antican-
cer research (Figure 1).

By introducing serine into aniline, we obtained com-
pounds 1 and 2 from compounds 19 and 20. We obtained
compounds 3 and 4 by using Sonogashira coupling to intro-
duce l-octyne into commercially available 4-iodobenzyla-
mine. The purified product 9 was reduced via hydrogenation
using palladium to obtain compound 10 and the method was
used to obtain compounds 3 and 4 via EDCI coupling and
Boc deprotection. The known compounds 11 and 12 were
synthesized'>™!” and mesyl and azide were introduced with-
out purification to obtain compounds 5-8. Similarly, the
compounds 15 and 16 so obtained were hydrogenated and
reduced to amines. The compounds 17 and 18 were used to
obtain the final FTY720 derivatives 5-8 similarly
(Schemes 1 and 2).

In order to determine the anticancer properties of the
newly synthesized sphingosine-serine hybrid compound,
we analyzed the degree of cell death in HT29 cells (human
colorectal adenocarcinoma cell). Significant cell death was
observed with all compounds when tested at a concentra-
tion of 40 uM. The most lethal effects were observed in
compound 8 (Figure 2(a)). In addition, compound 4 carrying
L-serine showed weak anticancer properties (Figure 2(a)).
To determine whether the cell death induced by FTY720
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Figure 1. Synthesized FTY720 derivatives.
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Scheme 1. Synthesis of compounds 10, 17, and 18. Reagents and
conditions: (a) l-octyne, Pd(PPh3)s, Cul, NEt;, 60 °C, 12 h;
(b) 5% Pd/C, H,, EtOAc, rt., 12 h; (c) MsCl, NEt;, CH,Cl,, rt

6 h; (d) NaN3;, DMF, 80 °C, 12 h.
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4-n-octylaniline, n = 0 19, (n = 0, D-serine) 1, (n =0, D-serine)
10,n=1 20, (n = 0, L-serine) 2, (n =0, L-serine)
17,n=2 21, (n =1, D-serine) 3, (n =1, D-serine)
18,n=3 22 (n=1, L-serine) 4, (n =1, L-serine)
23, (n = 2, D-serine) 5, (n = 2, D-serine)
24, (n =2, L-serine) 6, (n =2, L-serine)
25, (n = 3, D-serine) 7, (n = 3, D-serine)

26, (n = 3, L-serine) 8, (n =3, L-serine)

Scheme 2. Synthesis of compounds 1-8. Reagents and conditions:
(a) Boc-p-serine or Boc-L-serine, EDCI, DMAP, CH,Cl,, rt.,
12 h; (b) 1 M HCI, THF, rt., 12 h.

derivatives was a result of increased apoptosis, we used
annexin-V staining. The number of annexin-V stained cells
was significantly increased in HT29 cells treated with com-
pound 8 for 24 h (Figure 2(b)). This result showed that the
L and D forms of serine exhibit distinct anticancer proper-
ties. Our findings highlight the relationship of carbon num-
bers in serine and phenyl groups with anticancer properties.

Experimental

Synthesis in General. All chemicals were reagent grade
and used as purchased. Reactions were run under nitrogen
and were monitored by TLC using silica gel 60 F254
aluminum-backed plates. Flash column chromatography
was performed on silica gel grade 60 (230-400 mesh). All
solvents were of anhydrous quality and were used as
received. '"H NMR and '*C NMR spectra were recorded on
a Bruker Avance I spectrometer (Billerica, MA, USA), and
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Figure 2. Effects of FTY720 derivatives on HT29 cells viability.
(a) HT29 cells were treated with compounds 1-8 at 40 uM for
24 h (FTY720 20 puM), and cell viability was measured by EZ-
CYTOX Kit (n = 11). (b) Cells were stained with annexin-V-
FITC. Apoptotic cells were counted by cytometer. *p < 0.05,
**p < 0.01 compared with control cells.

chemical shifts are reported in O units relative to deuterated
solvents, which served as internal references, at 400 and
100 MHz, respectively. High resolution mass spectra were
recorded on an Agilent Technologies G6520A Q-TOF mass
spectrometer (Santa Clara, CA, USA) using electrospray
ionization (ESI). All compounds were 295% pure as deter-
mined by examining their HRMS and 'H NMR spectra.

(R)-2-Amino-3-Hydroxy-N-(4-Octylphenyl)Propanamide
Hydrochloride 1. To a solution of 19 (100 mg,
0.25 mmol) in THF (5 mL) at 0 °C was added 1 M HCI
(1 mL). After being stirred at room temperature for 12 h,
the reaction mixture was evaporated and was washed with
EtOAc/hexane (1/1), evaporated, and dried. Compound
1 (77 mg, 92%) was obtained as a white solid. '"H NMR
(400 MHz, CDCl;:CD3;0OD = 3:1[v/v]) 6 10.34 (s, NH),
8.43 (s, NH), 7.59 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.2 Hz,
2H), 4.30 (d, J = 4.1 Hz, 1H), 4.19 (dd, J = 12.0, 3.9 Hz,
1H), 4.12 (s, OH), 4.03 (dd, J = 11.8, 6.7 Hz, 1H), 2.66 (t,
J =17.6 Hz, 2H), 1.66 (d, J = 6.2 Hz, 2H), 1.49-1.28 (m,
10H), 0.97 (t, J=6.3 Hz, 3H); '*C NMR (100 MHz,
CDCl;5:CD5;OD = 3:1[v/v]) & 166.6, 141.3, 136.8, 130.5,
121.9, 62.5, 57.3, 37.0, 33.6, 33.2, 31.1, 30.9, 24.3, 15.4;
ESI-HRMS (M + H)" m/z caled for C;7H,oN,0, 293.2229,
found 293.2218.

(5)-2-Amino-3-Hydroxy-N-(4-Octylphenyl)Propanamide
Hydrochloride 2. Compound 2 was prepared from 20
according to the same reaction procedure to that described
for 1. Yield = 94%; 'H NMR (400 MHz, CDCl;:CD;0D =
3:1[v/v]) & 10.20 (s, NH), 8.38 (s, NH), 7.46 (d,
J =84 Hz, 2H), 7.10 (d, J=28.4 Hz, 2H), 4.11 (dt,
J=17.1,3.5 Hz, 1H), 4.03 (dd, J = 11.9, 4.2 Hz, 1H), 3.88
(dd, J=11.8, 6.8 Hz, 1H), 2.59 (t, J=7.2 Hz, 2H),
1.62-1.46 (m, 2H), 1.20-1.12 (m, 10H), 0.84 (t,
J =6.9 Hz, 3H); >*C NMR (100 MHz, CDCl;:CD;0OD =
3:1[v/v]) & 165.5, 140.2, 135.7, 129.4, 120.8, 61.3, 58.0,
56.2, 35.9, 32.5, 32.2, 30.0, 29.9, 29.8, 23.2, 14.3; ESI-
HRMS (M + H)" m/z caled for C;;HyoN,0, 293.2229,
found 293.2299.
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(R)-2-Amino-3-Hydroxy-N-(4-Octylbenzyl)Propanamide
Hydrochloride 3. Compound 3 was prepared from 21
according to the same reaction procedure to that described
for 1. Yield = 88%; 'H NMR (400 MHz, CDCl5:CD;0D =
3:1[v/v]) 6 7.00 (d, J = 8.0 Hz, 2H), 6.94 (d, J = 8.0 Hz,
2H), 4.20 (s, 2H), 3.92-3.88 (m, 1H), 3.82 (d, J = 12.0 Hz,
1H), 3.63 (dd, J = 11.8, 6.8 Hz, 1H), 2.38 (t, / = 7.6 Hz,
2H), 1.45-1.31 (m, 2H), 1.17-0.99 (m, 10H), 0.69 (t,
J = 6.9 Hz, 3H); >C NMR (100 MHz, CDCl;:CD;OD =
3:1[v/v]) & 142.7, 134.9, 128.0, 127.9, 61.1, 55.4, 43.7,
35.9, 322, 319, 29.8, 29.5, 229, 14.3; ESI-HRMS
M + H)* m/z caled for C;gH3N,O, 307.2386, found
307.2324.
(S)-2-Amino-3-Hydroxy-N-(4-Octylbenzyl)Propanamide
Hydrochloride 4. Compound 4 was prepared from 22
according to the same reaction procedure to that described
for 1. Yield = 89%; 'H NMR (400 MHz, CDCl5:CD;0D =
3:1[v/v]) 6 7.00 (d, J = 8.0 Hz, 2H), 6.94 (d, J = 8.0 Hz,
2H), 4.17 (s, 2H), 3.90-3.87 (m, 1H), 3.85 (d, J = 12.7 Hz,
1H), 3.65 (d, J =7.5 Hz, 1H), 2.37 (t, J = 7.3 Hz, 2H),
1.43-1.34 (m, 2H), 1.19-1.02 (m, 10H), 0.68 (t,
J = 6.2 Hz, 3H); >*C NMR (100 MHz, CDCl;:CD;0D =
3:1[v/v]) & 142.7, 134.8, 129.0, 128.0, 61.2, 55.5, 43.7,
35.8, 322, 31.8, 29.7, 29.5, 229, 14.2; ESI-HRMS
M + H)* m/z caled for C;gH3;N,O, 307.2386, found
307.2372.
(R)-2-Amino-3-Hydroxy-N-(4-Octylphenethyl)Propana-
mide Hydrochloride 5. Compound 5 was prepared from
23 according to the same reaction procedure to that
described for 1. Yield = 92%; 'H NMR (400 MHz, CDCls:
CD;0D = 3:1[v/v]) & 7.11 (d, J = 3.0 Hz, 4H), 3.87-3.80
(m, 2H), 3.71 (dd, J = 12.4, 7.9 Hz, 1H), 3.56-3.37 (m,
2H), 2.86-2.73 (m, 2H), 2.56 (t, J=7.6 Hz, 2H),
1.62-1.54 (m, 2H), 1.37-1.23 (m, 10H), 0.89 (t,
J = 6.8 Hz, 3H); >°C NMR (100 MHz, CDCl;:CD;OD =
3:1[v/v]) 8 168.0, 142.2, 137.3, 129.7, 129.6, 61.8, 56.3,
423, 36.5, 36.0, 33.1, 30.6, 30.4, 23.7, 14.4; ESI-HRMS
M + H)" m/z caled for CioH33N,0, 321.2542, found
321.2533.
(S)-2-Amino-3-Hydroxy-N-(4-Octylphenethyl)Propana-
mide Hydrochloride 6. Compound 6 was prepared from
24 according to the same reaction procedure to that
described for 1. Yield = 95%; "H NMR (400 MHz, CDCl5:
CD;0D = 3:1[v/v]) 6 7.11 (d, J = 3.5 Hz, 4H), 3.85 (dt,
J =10, 42 Hz, 2H), 3.71 (dd, J=12.5, 8.0 Hz, 1H),
3.56-3.37 (m, 2H), 2.87-2.75 (m, 2H), 2.56 (t, J = 7.6 Jz,
2H), 1.63-1.54 (m, 2H), 1.35-1.27 (m, 10H), 0.89 (t,
J = 6.8 Hz, 1H); >*C NMR (100 MHz, CDCl;:CD;0D =
3:1[v/v]) & 168.0, 142.2, 137.5, 129.8, 129.6, 61.8, 56.3,
42.3, 36.6, 36.0, 33.0, 32.8, 30.6, 30.4, 23.7, 14.4; ESI-
HRMS (M + H)* m/z caled for CjoH33N,0, 321.2542,
found 321.2502.
(R)-2-Amino-3-Hydroxy-N-(3-(4-Octylphenyl)Propyl)
Propanamide Hydrochloride 7. Compound 7 was pre-
pared from 25 according to the same reaction procedure
to that described for 1. Yield = 87%; "H NMR (400 MHz,
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CDCl;5:CD3;OD = 3:1[v/v]) & 7.08 (d, J=4.3 Hz, 4H),
393 (dd, J=17.7, 44 Hz, 2H), 3.87-3.76 (m, 1H), 3.25
(t, J =17.0 Hz, 2H), 2.62 (dd, J = 14.4, 7.0 Hz, 2H), 2.55
(t, J=7.6 Hz, 2H), 1.83 (dt, J=14.6, 7.2 Hz, 2H),
1.63-1.53 (m, 2H), 1.34-126 (m, 10H), 0.89 (t,
J = 6.9 Hz, 3H); >*C NMR (100 MHz, CDCl;:CD;0OD =
3:1[v/v]) & 168.1, 141.6, 140.0, 129.5, 129.3, 61.8, 56.3,
40.3, 36.5, 33.7, 33.1, 32.8, 32.2, 30.6, 30.4, 23.7, 14.5;
ESI-HRMS (M + H)* m/z caled for CyH3sN,0,
335.2699, found 335.2621.
(S)-2-Amino-3-Hydroxy-N-(3-(4-Octylphenyl)Propyl)
Propanamide Hydrochloride 8. Compound 8 was pre-
pared from 26 according to the same reaction procedure to
that described for 1. Yield = 84%; '"H NMR (400 MHz,
CDCl;5:CDsOD = 3:1[v/v]) & 7.00 (s, 4H), 4.01-3.93 (m,
1H), 3.90 (dd, J =11.9, 4.0 Hz, 1H), 3.70 (dd, J = 11.8,
7.0 Hz, 1H), 3.17 (t, J = 7.1 Hz, 2H), 2.53 (t, J = 7.2 Hz,
2H), 2.46 (t, J = 7.6 Hz, 2H), 1.82-1.70 (m, 2H), 1.48 (dd,
J =148, 7.3 Hz, 2H), 1.24-1.13 (m, 10H), 0.79 (t,
J =6.9 Hz, 3H); >*C NMR (100 MHz, CDCl;:CD;0OD =
3:1[v/v]) & 166.6, 140.5, 138.2, 128.3, 128.0, 60.7, 55.0,
39.3, 35.4, 32.4, 31.7, 31.4, 29.4, 29.3, 29.0, 22.4, 13.4;
ESI-HRMS (M + H)" m/z caled for CpoH3sN,0, 335.2699,
found 335.2662.

Cell Culture and Proliferation Assays. HT29 cells were
maintained in Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum, 100 U/mL penicillin,
and 100 pg/mL streptomycin at 37 °C in a humidified 5%
CO,/95% air atmosphere. HT29 cells were seeded in 96-
well plates at a density of 3 x 10° cells/100 pL/well and
incubated for 24 h. The cells were then incubated in culture
medium containing synthetic compounds (40 pM). Follow-
ing 24 h of incubation, the cell viability was determined
using a EZ-CYTOX kit according to the manufacturer’s
protocol.

Annexin-V Staining. Apoptosis was determined using an
annexin-V FITC apoptosis detection kit, according to the
manufacturer’s instructions. Briefly, the cells were washed
with ice-cold PBS and resuspended in binding buffer. The
cell suspension was incubated with annexin-V-FITC and
propidium iodide at room temperature. After incubation,
stained cells were analyzed by Arthur™ Image Based Cell
Analyzer.
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