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Sphingosine kinase(SK)+= 233 17 X](sphingosine)-2 1 AFS}HA|
A A~ 31 A]-1-32 A 5| o] E(sphingosine-1-phosphate, S1P)2
A stket, S1IPE= A7l 9] S1P-E 0] 4 G-protein-coupled
receptors(GPCRs)2 S| 4] Al|3E =" (cell survival), A%+
(prolification)?} ©]%(migrationys2 Z &35ttt SIP= o3}
erzstolu} g Eaksto] tapet Awe) AEol glof 4l
obre] e Ao Q1 Hojgteh. SKiz K1 SK29]
7}4] isoformo] ). 2. SK1 A 5= 1:}01:6} AA|Z ] AL

A gteh! o]of whal SK2oj th3t 7]5-8 @A 7A] St
5| LA JA] 9o histone acetylation 22 F3 A3

A7 JAISkE p21 AR B S HXTho] Bl
ct? kA o] mse] xfo] wjiEell SKIEE SK29
sl AeiAdE Hol= AAA Y Ago] &5 AL Qi
AA7EA] 7EE SK AA A &2 B2 9ol FTY720
o] 7|2 222 742 1 Qlth(Fig 1). FTY720- 20104 1]
= FDAO|| A 5915 thihd 73k 7+ 2| = A| o]k FTY720
(Fingolimod, Gilenya)*& &=+ & B Iscaria sinclarii®] 2
o] A} AFEQl myriocinel] LRE 7|2 o2 Flo] &
AElQon LA, AESFH O Z AW AT} GAMA]S
H Itk FTY720-2 SK20f| o) 14FSHFTY720-P)%| o] ¥
oA S Holw SIPL} ARtgteh B3 FTY720-P=
9z Lulo] Qi SIpet Atele] #a) Al7o=A o
=75 YEEo)] AeiA A B $EE A 2o o
Tkt o) 2 <19 Welol ) EakE ehul F2 thatal 4
3= (multiple sclerosis) 3+2}o| A E1}E B ¢t} E35FFTY720
L2 SKIL A= Ao zE a3 A Qb FTY7208) &
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A PEE NS S AAASE T T8 T4
=15 W Fejoln . SET AR HikE
HolZrh 9 & 01 RB-0057%= SK1& Mgz o2 x|
3 ((R)-FTY720- OMe(ROME) 9] Lo SK29oj o5t
AeF o] AR aE Belth(Fig 1). Merck, Pfizer Z12] 31
Apogee% & Ak g] Aol A= EA-8EAL Q)= library screening
ol 2= e A3 FE 7t ofd SK oA
Xﬂaa Ziksto] gk, Apogee Biotechnology ol A 7=
4-pyridinemethyl 3-(4’-chlorophenyl)-adamantane-1-carboxamide
(ABC294640) -2 SK2 A 3] T3t Ki Zko] 10 mM=E Al =X
Aoz SK2 A s Holm YAZ] N2 S1PE
s A} TS AAAIF A ABC294640= %13Y
& ¢F(Advanced Solid Tumors) -A}o]| A SIP =& U

1L x
=
O

L
R

K

T W
HFe ATE e Ax7ia) R g geet
Ael &l SK1 AAA| = Pfizerof 4] 7Rt PF-5430]t},
PF-543-2 X AP EHE 7HA 2L A gkom SKI1 A|sfof gt
KiZko] 43nM=E LElGE o 1 SK20] H| 3l 1308} 32 SKI1 Al
AL Holrk!! FTY7200] A A eh2 © 2 vinylphosphate
£ =3 (S)-FTY720 vinylphosphate:= SK190]] tf gt A el 9]
AAgIE Hol= HhH (R)-FTY720 vinylphosphateo]] A=
SK oA B2 Ho| x| 9r=t}b (S)-FTY720 vinylphosphate=
SK19] proteasomal degradationS Z7}A]7] 3L S1Po| &]5
2A 31 = actin®] lamellipodia/membrane ruffles = 2] &
v & A sko] Hlazols-& SA|SHA Hrt. o] M3t A=
(S)-FTY720 vinylphosphate7} &}¢t&kAdof] 5-2]%F SK1 <
AA YL HoJZErh? 3FA e FTY7200] YA Az o=z
vinylphosphate = EI5}7] $la AL B3te BT S
ZHAES wheb A 7hast 34 B © & phosphateE =4
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Figure 1. &2 %] sphingosine kinase & A A&

Shof A1 SKI 4|42 ek it shgiet.

A Ql 2}HE 45 o] -8-5fo] thFgt cyclic amines =<
o] H7 JAAE A I = 1FS =T 5= ek
8= IE 45 A e R st o] F o]
&3}o] piperidinol¥} pyrrlidinolS =<3k ch " A
3}SHE 5-79 methyl2 X 3 % phosphate”7| & =9 5}¢]
SIHE 8102 Ut FEA OS2 bromotrimethylsilane2-
0]8&-3}o] methyl & 7|2 A A3} phosphate”} &=
Alat SRR 135 U th(Scheme 1). FojX 3HE 9]
SK A &7}E dolr 7] ¢5to] SPHK assay kitS A&
sto] AR BaE SHelstdit. Ad A3t pyrrlidinylo] &=
ol% 3}3HE 2 9} 30)| 4] phosphate] A&l L9}
Alglo] H5F SKlof| gt A &3S B Gt Piperidinylo]
EAE 3hehE 12 SKIE 74% A A|5HH A SK29] A&
T+ 10| 7] oo} RB-005(SK2 40% A 3l]) 2.t} SK1o] of
gt AEA S ol 2TE Helth(Fig 2).

Al2F S 7171
Hhg-ofl o] 85 AloFE2 AL

Tt AREE AT WSS A °
] TLC(silica gel 60 F254)& o|g35}o] Hh-2-o] 2L 3+
sttt A A 20 E T2 1] = silica gel grade 60(230-400
mesh)of| 4] 2 =] Qlct. vhg-of] AREH HE Sl AddH
o & ghjEl= §a= guf S AHg-5EIT 'H NMR2ZH PC NMR
2 Bruker Avance I spectrometer(Billerica, MA, USA)E A}
&t on F4a G S ARE-ste] 4002+ 100 MHzo| A
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Figure 2.3}3F5]| 23 SK1 % SK2 84 93] &3} SK 1% SK2
<] 442 100 mM sphingosine 2! 10 mM 2] ATPE- A3l =
A8k 3L 50 mMO] =52 X2|8h(n = 3, A7 HF RS
+SDe 7 EAgh.

Z}Z} 223} ch. High resolution mass spectrai= electrospray
ionization(ESI)E- ©]-8-3}o] Agilent Technologies G6520A Q-TOF
mass spectrometer(Santa Clara, CA, USA) 7] 7] & A}-8-3} o]
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Z7HA] 1-(4-octylphenethyl)piperidin-4-ol (5), (R)-1-(4-octyl-
phenethyl)-pyrrolidin-3-ol (6)} (S)-1-(4-octylphenethyl)pyrrolidin-
3-o (1) &3l el o stk
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Dimethyl (1-(4-octylphenethyl)piperidin4-yl) phosphate (8)2]
A A0 4 3FHE 5(70 mg, 0.22 mmol)S- pyridine(3 mL)
of &=0]31 6] 7]9] CBrs(91 mg, 0.28 mmol)S E o] 0°C=2
WZbel wwkskth. o] 7] 9 trimethyl phosphite(38 mg,
031 mmo)& Yl Ao % 255 &3 12A|7F uHt
AT HF-S-Eof IM HCIS ¥ 17 ethylacetate 2 W52
F=3 F MgSO.2 =3l vhs a2 24Y 2
ZulE 718 3] (CH,ClL:MeOH=10:1)2 2] 3}%] 48%2] 4=
£ = 3FE 8= &9t 'H NMR (400 MHz, CDCl3) § 7.10
(s, 4H), 4.50-4.42 (m, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 2.91-2.72
(m, 4H), 2.66-2.50 (m, 4H), 2.43-2.32 (m, 2H), 2.08-2.00 (m,
2H), 1.95-1.78 (m, 2H), 1.58 (dt, J=14.8, 7.2 Hz, 2H), 128 (d,
J=15.5Hz, 10H), 0.87(t, J=6.8 Hz, 3H); ®C NMR (100 MHz,
CDCL) & 140.8, 137.2, 1289, 604, 54.2, 50.3, 35.6, 33.2, 32.2,
31.6, 29.5, 29.4, 293, 22.7, 14.1; ESI-HRMS (M+H)" m/z calcd
for Co3H4iNO4P 426.2773, found 426.2788.

(R)-Dimethyl (1-(4-octylphenethyl)pyrrolidin-3-yl) phosphate
99 &4: 3= 99 A Z& R o= SghE 6
olgsto] s8%e] & BHeHE 9% AIck H NMR (400
MHz, CDCl) 3 7.10 (s, 4H), 5.02-4.90 (m, 1H), 3.78 (s, 3H), 3.75 (s,
3H), 2.93-2.84 (m, 2H), 2.76 (dd, J=14.4, 3.1 Hz, 4H), 2.56 (t,
J=17.5Hz, 2H), 228 (dd, /=144, 5.5 Hz, 1H), 2.04 (dd, J=11.1,
7.3 Hz, 1H), 1.97-1.83 (m, 2H), 1.65-1.53 (m, 2H), 1.35-1.22 (m,
10H), 0.87 (t, J= 6.7 Hz, 3H); *C NMR (100 MHz, CDCl;)
6 140.2, 137.5, 128.5, 58.5, 54.4, 52.5, 35.8, 34.4, 33.8, 31.7,
29.7, 29.5, 29.3, 22.7, 14.1; ESI-HRMS (M+H)" m/z calcd
for CooH3oNO4P 412.2617, found 412.2654.

(S)-Dimethyl (1{(4-octylphenethyl)pyrrolidin-3-yl) phosphate
(10)9] FA: o}eh= 99| i Z2 e s sijts

2 ol g3kl 209 &= B 102 Uitk 'HNMR
(400 MHz, CDCl3) § 7.10 (s, 4H), 3.78 (s, 3H), 3.75 (s, 3H),
2.87 (t,J=8.2 Hz, 2H), 2.76 (dt, J=15.2, 6.5 Hz, 2H), 2.61-2.52
(m, 2H), 2.26 (dq, J= 14.2, 7.1 Hz, 1H), 2.13-2.00 (m, 1H),
1.62-1.55 (m, 2H), 1.33-1.28 (m, 10H), 0.87 (t, /J=6.4 Hz,
3H); *C NMR (100 MHz, CDCl;) & 140.8, 137.0, 128.5, 60.9,
58.0, 54.4,52.5,33.0, 31.9, 31.6, 30.3, 29.5, 29.4, 22.7, 14.1;
ESI-HRMS (M+H)" m/z caled for CpH3oNO4P 412.2617,
found 412.2691.

1-(4-Octylphenethyl)piperidin-4-yl dihydrogen phosphate
(D2 7H: 20l A 2}5= 8(63 mg, 0.15 mmol)E CH.Cly
(3 mL)°]| 21 3 bromotrimethylsilane (113 mg, 0.74 mmol)-S-
Za R L I U o | P I P B A o) A4 ] g e s A
o17]o]l MeOHG mLYE Fil F-2oflA 147+ arkshich
Sl & ¢ AZX3 & hexane:ethylacetate=1:12] 8-1jj 2
washingdlo] 3}31E 12 89%9] =& 2 9t} 'H NMR

)

(400 MHz, MeOD) 6 7.24 (d, J=17.9 Hz, 2H), 7.17 (d, J =
8.0 Hz, 2H), 4.69-4.65 (m, 1H), 3.71 (dd, /=9.7, 7.1 Hz,
2H), 3.55 (dd, J=19.8, 7.5 Hz, 2H), 3.41-3.30 (m, 4H),
3.15-3.06 (m, 2H), 2.66-2.54 (m, 2H), 2.22 (t, J=15.7 Hz,
2H), 1.68-1.54 (m, 2H), 1.35-1.25 (m, 10H), 0.91 (t, J=6.8 Hz,
3H); *C NMR (100 MHz, MeOD) & 143.1, 135.3, 130.0, 129.8,
68.3, 58.9, 36.5, 33.0, 32.8, 30.6, 30.4, 30.3, 23.8, 14.5; ESI-
HRMS (M+H)" m/z caled for C,;H37NO4P 398.2460, found
398.2431.

(R)-1-(4-Octylphenethyl)pyrrolidin-3-yl dihydrogen phosphate
@9 B4 352 19] Tk e I o R BlgkE 92
olg-ato] 91%0] $&% FEHE 28 AUk 'H NMR
(400 MHz, MeOD) 6 7.23 (d, J=28.0 Hz, 2H), 7.17 (d, J =
8.0 Hz, 2H), 3.78 (s, OH), 3.76 (s, OH), 3.55 (t, J=11.6 Hz,
1H), 3.37 (dd, J=6.9, 5.2 Hz, 2H), 3.24 (t, J=11.5 Hz, 2H),
3.11 (dt, J=8.1, 5.0 Hz, 2H), 2.64-2.57 (m, 2H), 2.32 (d, J
= 13.2 Hz, 2H), 2.10 (dd, J=23.4, 11.3 Hz, 2H), 1.61 (dd, J
=13.6, 6.8 Hz, 2H), 1.38-1.26 (m, 10H), 0.91 (t, J=6.8 Hz, 3H);
3C NMR (100 MHz, MeOD) § 143.2, 134.7, 130.0, 129.8,
72.2,59.5, 36.9, 36.5, 33.0, 32.7, 31.1, 30.6, 30.4, 30.3, 23.7,
14.5; ESI-HRMS (M+H)" m/z caled for CaoH3sNOsP 384.2304,
found 384.2364.

(5)-1-(4-Octylphenethyl)pyrrolidin-3-yl dihydrogen phosphate
39 FA4: o= 19 T L PR r IRkE
102 o]-83te] 91%0] =& 2 3I5HE 35 A9tk 'H NMR
(400 MHz, MeOD) 6 7.06 (d, J=7.6 Hz, 2H), 7.01 (d, J=
7.6 Hz, 2H), 3.65-3.62 (m, 1H), 3.38-3.28 (m, 4H), 3.20-3.18 (m,
2H), 2.91-2.84 (m, 2H), 2.43 (t, J="7.5 Hz, 2H), 2.19-2.10
(m, 2H), 1.45-1.41 (m, 2H), 1.20-1.12 (m, 10H), 0.73 (t, J =
6.9 Hz, 3H); 3*C NMR (100 MHz, MeOD) & 143.6, 132.6,
1292, 743, 579, 36.9, 32.9, 309, 30.3, 23.6, 14.2; ESI-HRMS
(M+H)" m/z caled for CoH3sNO4P 384.2304, found 384.2312.

3I2t= 1-32| sphingosine kinase 2M| &1} S

3}eHE 1-32 50 mME * 2]3}al sphingosine kinase 1
4l gphingosine kinase 25 #| 2] 5} o] Echelon’s Sphingosine
Kinase Activity Assay kitof| 4] A|A| gt Wl of] whe} dA15S

=9

b
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Q1 o Merck, Pfizer 12|31 ApogeeE E 33 A
o] A Folm AAVIA TEAE dAl HFEE
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EAFO|E D5 M= 2334 7IvolAl 1 AR A

Zlolt), B o FLof| A acetic acid-2-phenylethyl esterS <3
EA R sto] F THA 9] &/ O F phosphate 3| &= 1E-
7hA = Al SK1 AslEd 133 14-19%2] =& & T4
skt A E IAgES e 15 dAAQ 2}
Al SKIo] vt HeiHel oA FIE noon &
5| 3FetE 12> 74%9] SK1 A aytE HolwHA SK2E
Hel Aafoba e &S AEAS Bk ojal Aol
ueh S SRS o] §to] 27hH AIBA AT
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