© 1282 - ¢ %% Chinese Traditional and Herbal Drugs 2 473 5 83 201654

FXEEZABNR TG B IR & MR 5]

oA, D B, B 7, MRE, s F
BHE K2 4 T 2RIV 08 ST S 5, B S A R 25 L RS B A R BB P, LR A
264005

# E: By WIEET A RE R 2 BRGT R E ISP-1 45U AR B 2555 R SEEAT 4B G, JEYID SO
PR, Ak DAFRBRE R, SR AR F K 125 RSl itk 2k, 2 o e ib . WAL Sy2
WAR IR N~ BRI TR X5 ) 8 RO 0 I S i 73 H AR A4 . 0 MTT J7ik, Aiilib &%t 3 B NS840 il Siha-
PC-3 fll MKN-45 FIHiMaaiith. 53R fAF sl (1D RHE 18 MY (2~19), & 100 11, 12 BH 55 ksl
MAIIPUR Y. 28 AW 2~10 K 12~19 FRNSCERIGE LG, AL+ 1-BHRINEEE (S1P) ZZIRH5PiE
FATIBC I8 28 ) A IR BEAR A

KRR AREE, ZERRWE; SFREE, AiEM: UM BRI 2 A

PENZES: R2843 XHERFRRRRS: A XEHS: 0253 -2670(2016)08 - 1282 - 07

DOI: 10.7501/j.issn.0253-2670.2016.08.006

Design and synthesis of fingolimod analogues as well as evaluation on their
antitumor activity
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Abstract: Objective To modify the structure of fingolimod which was derived from the extract of medicinal plant Cordyceps ISP-1
and evaluate the antitumor activity of the derivatives. Methods According to the synthesis way developed before, target compounds
were synthesized by using suitable substitued benzenes, through chemical reactions such as Friedel-Crafts reaction, Nitros-substitution
reaction, Carbonyl reduction, Henry reaction, and Nitro-reduction. The cytotoxicities to three cell lines, Siha, PC-3, and MKN-45, were
evaluated through MTT method. Results Fingolinod and 18 fingolimod analogues were synthesized, and compounds 10—12 had the
equal antitumor activities like fingolimod. Conclusion The compounds 2—10, 12—19 are new compounds not reported before. This
study provides the foundation for finding antitumor compounds with S1PRs inhibiting effect.
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Fig. 1 Structures of fingolimod (1) and ISP-1
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Fig. 2 Synthesis route of target compound
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ey X A
PC-3 MKN-45 Siha
1 — 13.224+0.29 13.26+0.86 10.58+1.28
2 (6] CH; >30 >30 >30
3 (6] C,Hs >30 >30 >30
4 NH CH; >30 >30 >30
5 NH C,Hs >30 >30 >30
6 NH Cs;Hy >30 >30 >30
7 NH C¢Hjs >30 >30 >30
8 NH C;Hs >30 >30 >30
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Fig. 3 Synthesis of fingolimod analogues of phenylethyl ether and phenylethylamine amide
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f: DMF, K,COs3, bromoalkane, 100 ‘C
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ey R -
PC-3 MKN-45 Siha
9 CsHs >30 >30 >30
10 CgHi3 17.01+0.98 20.11£1.00 17.71£1.19
11 C7His 13.514+0.77 13.07+1.61 10.571+0.91
12 CgHyy 18.331+0.30 17.661+1.59 14.984+0.47
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Fig. 4 Synthesis of fingolimod analogues of phenyl ether
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WEW 1 CGFRIEED: AR, 7% 9.2%,
EI-MS m/z: 308.27 [M+H]". 'H-NMR (400 MHz,
CDCl;) 6: 7.08 (4H, s, Ar-H), 3.62 (2H, s, -CH,OH),
3.54 (2H, s, -CH,OH), 2.52~2.60 (4H, m, 2 X



¢ £ % Chinese Traditional and Herbal Drugs

a~c
O\/\OH —_ NO,
HO\/\ o)

E47% F 8 2016F4 A + 1285 -
OH
d~e OH
—— NH,
HO\/\O
13
OH
d~e
OH
NH,
RTO\/\O
(6]
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PC-3 MKN-45  Siha
13 H >30 >30 >30
14 CH; >30 >30 >30
15 C,H; >30 >30 >30
16 C;Hy >30 >30 >30
17 C4Hy >30 >30 >30
18 CsH;,  >30 >30 >30
19 CH;s >30 >30 >30
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Fig. 5 Synthesis of fingolimod analogues of 2-phenoxyethanol

Ar-CH»-), 1.69~1.70 (2H, m, Ar-CH,CH,-C-NH,),
1.57 (2H, m, ArCH,CH,CsH,o), 1.20~1.25 (10H, m,
-CsH,CH3), 0.87 (3H, t, J = 6.0 Hz, -CH,CH3); “C-
NMR (100 MHz, CDCl3) d: 139.6, 131.1, 71.5, 54.8,
36.9, 35.8, 32.5, 32.4, 30.3, 30.0, 29.8, 28.5, 23.1,
14.0.

WEY) 2: WA, 772 8.9%, EI-MS m/z:
281.39 [M+H]". 'H-NMR (400 MHz, MeOD) §:
7.24~7.02 (4H, m, Ar-H), 424 (2H, t, J = 7.0 Hz,
ArCH,CH,-0-), 3.70 ~3.44 (4H, m, 2 X NH,-C-
CH,OH), 2.89 (2H, t, J = 7.0 Hz, ArCH,CH,-O-), 2.63
(2H, m, ArCH,CH,-C-NH,), 2.1 (3H, s, O=C-CHa),
1.80~1.65 (2H, m, ArCH,CH,-C-NH,); "“C-NMR
(100 MHz, MeOD) &: 171.6, 140.2, 136.3, 130.5,
129.2, 69.7, 64.9, 56.5, 36.1,29.3, 28.8, 20.6.

&Y 3. AMBER, % 8.6%, EI-MS m/z:
296.29 [M+H] . 'H-NMR (400 MHz, MeOD) 6
7.20~7.03 (4H, m, Ar-H), 425 (2H, t, J = 7.0 Hz,
ArCH,CH,-0-), 3.65~3.44 (4H, m, NH,-C-CH,OH),
2.90 (2H, t, J = 7.0 Hz, ArCH,CH,-O-), 2.63 (2H, m,
ArCH,CH,-C-NH,), 2.41 (2H, s, O=C-CH,CHs), 1.89
(2H, m, ArCH,CH,-C-NH,), 1.25 3H, t, J = 7.5 Hz,
0=C-CH,CH3); “C-NMR (100 MHz, MeOD) o:
171.5, 140.2, 136.3, 130.5, 129.2, 69.7, 64.9, 56.5,

36.1,29.3,28.8,27.2,8.9.

WEw 4: FEOHMPIRY), 7% 6.4%, EI-MS m/z:
281.26 [M+H]'. '"H-NMR (400 MHz, MeOD) 6: 7.17
(4H, m, Ar-H), 3.70 (4H, s, 2 X NH,-C-CH,OH), 3.37
(2H, m, ArCH,CH,-NH-), 2.79 (2H, t, J = 6.9 Hz,
ArCH,CH,-NH-), 2.69~2.60 (2H, m, ArCH,CH,-
C-NH,), 1.99~1.88 (5H, m, O=C-CH3;, ArCH,CH,-
C-NH,); "“C-NMR (100 MHz, MeOD) §: 172.2,
141.3, 138.4, 130.7, 128.7, 69.7, 55.6, 41.8, 35.8, 29.4,
28.8,22.4.,

& s iRy, 7% 7.9%, EI-MS m/z:
295.26 [M-+H]". '"H-NMR (400 MHz, MeOD) 6: 7.19
(4H, m, Ar-H), 3.70 (4H, s, 2 X NH,-C-CH,OH), 3.38
(2H, m, ArCH,CH,-NH-), 2.79 (2H, m, ArCH,CH,-
NH-), 2.70~2.60 (2H, m, ArCH,CH,-C-NH,), 2.25
(2H, m, O=CCH,), 2.00~1.89 (2H, m, ArCH,CH,-
C-NH,), 1.04 (3H, t, J = 7.4 Hz, O=CCH,CHj3);
BC-NMR (100 MHz, MeOD) §: 172.2, 141.3, 138.4,
130.7, 128.8, 69.7, 55.6, 41.9, 35.8, 29.7, 29.3, 28.8,
10.1.

WEY 6: HEIMRY, =% 10.9%, EI-MS m/z:
310.46 [M—+H] . '"H-NMR (400 MHz, MeOD) &: 7.19
(4H, m, Ar-H), 3.70 (4H, s, 2 X NH,-C-CH,OH), 3.38
(2H, m, ArCH,CH,-NH), 2.79 (2H, m, ArCH,CH,-
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NH-), 2.70~2.60 (2H, m, ArCH,CH,-C-NH,), 2.15
(2H, m, O=CCH,), 2.00~1.89 (2H, m, ArCH,CH,-
C-NH,), 1.34 (2H, m, O=CCH,CH,CHj3), 0.91 (3H, t,
J=7.0 Hz, O=CCH,CH,CH3); "*C-NMR (100 MHz,
MeOD) d: 172.2, 141.3, 138.4, 130.7, 128.7, 69.7,
55.6,41.8,38.7,35.8,29.7,29.3, 28.8, 19.1, 13.1.

W& 7. BEMRY, 773 8.9%, EI-MS m/z:
351.44 [M+H]". 'H-NMR (400 MHz, MeOD) §:
7.23~7.11 (4H, m, Ar-H), 3.77~3.64 (4H, m, 2 X
NH,-C-CH,OH), 3.39 (2H, m, ArCH,CH,-NH), 2.79
(2H, m, ArCH,CH,-NH-), 2.70 ~ 2.60 (2H, m,
ArCH,CH,-C-NH,), 2.15 (2H, t, J = 7.5 Hz, O=C-CH,),
2.00~1.89 (2H, m, ArCH,CH,-C-NH,), 1.67~1.49
(2H, m, O=CCH,CH,), 141 ~ 122 (6H, m,
0=CCH,CH,C;H,CH3), 091 (3H, t, J = 6.7 Hz,
0=CCH,CH,C;HsCHs); "*C-NMR (100 MHz, MeOD)
5: 172.2, 141.2, 138.4, 130.7, 128.8, 69.7, 55.6, 41.8,
38.7, 36.3, 35.8, 31.1, 29.7, 28.5, 28.3, 25.6, 22.7,
14.1.

&) 8: AEMARY), 775 13.9%, EI-MS m/z:
365.38 [M+H]". "H-NMR (400 MHz, MeOD) 8: 7.16
(4H, m, Ar-H), 3.77~3.54 (4H, m, 2 X NH,-C-
CH,OH), 3.39~3.35 (2H, m, ArCH,CH,-NH), 2.77
(2H, m, ArCH,CH,-NH-), 2.65 (2H, s, ArCH,CH,-C-
NH,), 2.15 (2H, m, O=C-CH,) 1.92 (2H, s,
ArCH,CH,-C-NH,), 1.59 (2H, m, O=CCH,CH,), 1.31
(8H, m, O=CCH,CH,C4HsCHj3), 0.90 (3H, t, J = 6.1
Hz, O=CCH,CH,C,HsCH;); "“C-NMR (100 MHz,
MeOD) d: 1722, 141.2, 138.4, 130.7, 128.8, 69.7,
55.6, 41.9, 38.7, 36.3, 35.8, 31.18, 29.7, 28.6, 28.4,
25.6,22.7,14.2.

WEY 9: FEHPIRY), 7% 9.6%, EI-MS m/z:
288.34 [M+H] . 'H-NMR (400 MHz, MeOD) 6
7.36~7.29 (2H, m, H-ArCH,CH,-C-NH,), 7.26 (2H,
t, J = 7.1 Hz, Ar-H), 7.09 (1H, t, J = 7.4 Hz, Ar-H),
6.98~6.86 (4H, m, O-Ar-H), 3.81~3.65 (4H, m, 2 X
NH,-C-CH,0H), 2.76 ~2.59 (2H, m, ArCH,CH,-
C-NH,), 2.05~1.88 (2H, m, ArCH,CH,-C-NH,);
BC-NMR (100 MHz, MeOD) §: 156.9, 154.7, 136.0,
128.9, 128.4, 123.4, 120.8, 119.1, 66.6, 55.6, 29.7,
28.8.

EY 10 B E, 772 9.1%, EI-MS m/z:
296.41 [M+H] . '"H-NMR (400 MHz, MeOD) 4: 7.08

(2H, d, J = 8.3 Hz, Ar-H), 6.86 (2H, d, J = 8.3 Hz,
O-Ar-H), 3.89 (2H, t, J = 6.6 Hz, OCH,), 3.54 (4H, s,
2 X NH,-C-CH,OH), 2.53 (2H, m, ArCH,CH,-
C-NH,), 2.16 (2H, m, ArCH,CH,-C-NH,), 1.76 (2H,
m, OCH,CH,), 1.42 (2H, m, OCH,CH,CH,), 1.30
(4H, m, OCH,CH,CH,C,H,CH3), 0.89 (3H, t, J = 6.4
Hz, OCH,CH,CH,C,H,CH;); “C-NMR (100 MHz,
CD;OD) §: 157.6, 1342, 129.9, 116.1, 69.6, 66.7,
55.5,31.7,29.7, 28.8,26.9, 23.1, 14.0.

e 1. a2 9.4%, EI-MS m/z:
310.43 [M+H] . '"H-NMR (400 MHz, MeOD) &: 7.08
(2H, d, J = 8.3 Hz, Ar-H), 6.86 (2H, d, J = 8.3 Hz,
O-Ar-H), 3.89 (2H, t, J = 6.6 Hz, OCH,), 3.54 (4H, s,
2 X NH,-C-CH,OH), 2.53 (2H, m, ArCH,CH,-C-
NH,), 2.16 (2H, m, ArCH,CH,-C-NH,), 1.76 (2H, m,
OCH,CH,), 1.42 (2H, m, OCH,CH,CH,), 1.30 (6H,
m, OCH,CH,CH,C;HcCH3), 0.89 (3H, t, J = 6.4 Hz,
OCH,CH,CH,C,H,CH;); "*C-NMR (100 MHz, MeOD)
5. 157.6, 134.1, 130.1, 116.1, 69.5, 66.7, 55.6, 31.7,
29.7,29.1,28.8,23.1, 14.0.

Ew12: Btk 772 9.8%, EI-MS m/z:
324.45 [M+H] . '"H-NMR (400 MHz, MeOD) 6: 7.08
(2H, d, J = 8.3 Hz, Ar-H), 6.86 (2H, d, J = 8.3 Hz, O-
Ar-H), 3.89 (2H, t, J = 6.6 Hz, OCH,), 3.54 (4H, s, 2X
NH,-C-CH,OH), 2.53 (2H, m, ArCH,CH,-C-NH,),
2.16 (2H, m, ArCH,CH,-C-NH,), 1.76 (2H, m,
OCH,CH,), 1.42 (2H, m, OCH,CH,CH,), 1.30 (8H,
m, OCH,CH,CH,C,HsCHs), 0.89 (3H, t, J = 6.4 Hz,
OCH,CH,CH,C;HsCHs); “C-NMR (100 MHz, MeOD)
5: 157.6, 134.1, 130.2, 116.2, 69.5, 66.7, 55.6, 31.7,
29.7,29.1,28.8,26.5,23.1, 14.1.

AP 13: FE AR, 775 9.1%, EI-MS m/z:
256.25 [M+H]". '"H-NMR (400 MHz, MeOD) 6: 7.17
(2H, d, J = 8.6 Hz, Ar-H), 6.88 (2H, d, J = 8.6 Hz,
O-Ar-H), 4.06 ~3.98 (2H, m, Ar-OCH,CH,OH),
3.89~3.83 (2H, m, Ar-OCH,CH,OH), 3.77~3.69
(4H, m, 2 X NH,-C-CH,OH), 2.66~2.56 (2H, m,
ArCH,CH,-C-NH,), 1.98~1.88 (2H, m, ArCH,CH,-
C-NH,): "“C-NMR (100 MHz, MeOD) d: 157.6,
134.0, 130.2, 116.2, 69.8, 66.7, 60.8, 55.5, 29.7, 28.8.

&) 14: TR AR, 72 9.1%, EI-MS m/z:
298.27 [M+H]'. '"H-NMR (400 MHz, MeOD) 6: 7.17
(2H, d, J = 8.6 Hz, Ar-H), 6.88 (2H, d, J = 8.6 Hz,
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O-Ar-H), 4.41 (2H, m, Ar-O-CH,CH,0), 4.21 (2H, m,
Ar-OCH,CH,0), 3.74 ~3.64 (4H, m, 2 X NH,-C-
CH,OH), 2.66~2.56 (2H, m, ArCH,CH,-C-NH),),
2.15 (3H, s, O=C-CHs) 1.98~1.88 (2H, m, ArCH,
CH,-C-NH,); "“C-NMR (100 MHz, MeOD) &: 171.7,
157.6, 134.2,130.2, 116.1, 67.4, 66.7, 60.2, 55.5, 29.7,
28.8,20.6.

5P 15: TR, 773 9.4%, EI-MS m/z:
31227 [M+H]". 'H-NMR (400 MHz, MeOD) &:
7.23~7.07 (2H, m, Ar-H), 6.89~6.79 (2H, m, O-Ar-
H), 439 (2H, m, Ar-OCH,CH,0), 4.16 (2H, m,
Ar-OCH,CH,0), 3.81 ~3.59 (4H, m, 2 X NH,-C-
CH,OH), 2.68~2.55 (2H, m, ArCH,CH,-C-NH),),
2.37 (2H, q, J = 7.6 Hz, O=C-CH,CHj), 2.00~1.87
(2H, m, ArCH,CH,-C-NH,), 1.11 (3H, t, J = 7.6 Hz,
0=C-CH,CH3); “C-NMR (100 MHz, MeOD) o&:
175.9, 157.6, 134.0, 130.2, 116.1, 67.3, 66.7, 60.8,
55.6,29.7,28.8,27.1,8.9.

&Y 16: T ta b4, 772 9.1%, EI-MS m/z:
326.21 [M+H]". 'H-NMR (400 MHz, MeOD) ¢:
722~7.10 (2H, m, Ar-H), 6.95~6.69 (2H, m,
O-Ar-H), 4.46~4.23 (2H, m, Ar-OCH,CH,0), 4.22~
4.02 (2H, m, Ar-OCH,CH,0), 3.80~3.57 (4H, m, 2 X
NH,-C-CH,0H), 2.61 (2H, m, ArCH,CH,-C-NH,),
2.34 (2H, t, J = 7.3 Hz, O=C-CH,CH,), 1.96~1.80
(4H, m, O=C-CH,CH,, ArCH,CH,-C-NH,), 0.99 (3H,
t, J = 7.2 Hz, O=C-CH,CH,CH3);: "“C-NMR (100
MHz, MeOD) d: 174.0, 157.6, 134.1, 130.2, 116.1,
67.3,66.7, 60.8, 55.5, 34.92,29.7, 28.8, 18.7, 13.5.

G 17: T A fEAE, 7% 8.9%, EI-MS m/z:
340.27 [M+H] . 'H-NMR (400 MHz, MeOD) ¢:
7.22~7.10 (2H, m, Ar-H), 6.95~6.69 (2H, m, O-Ar-
H), 4.46~4.23 (2H, m, Ar-OCH,CH,0), 4.22~4.02
(2H, m, Ar-OCH,CH,0), 3.80~3.57 (4H, m, 2 X
NH,-C-CH,0H), 2.61 (2H, m, ArCH,CH,-C-NH,),
2.34 (2H, t, J = 7.3 Hz, COCHy,), 1.96~1.80 (2H, m,
ArCH,CH,-C-NH,), 1.60 (2H, m, O=CCH,CH,), 1.30
(2H, m, O=CCH,CH,CH,CH3) 0.89 (3H, t, J = 6.9
Hz, O=CCH,CH,CH,CH3): “C-NMR (100 MHz,
MeOD) 6: 174.2, 157.6, 134.1, 130.2, 116.1, 67.3,
66.7,60.8, 55.5,34.1,29.7, 28.8, 26.4, 22.4, 14.0.

&) 18: s ta b 44, 772 8.4%, EI-MS m/z:
35527 [M+H] . 'H-NMR (400 MHz, MeOD) &:

7.22~7.10 (2H, m, Ar-H), 6.95~6.69 (2H, m, O-Ar-
H), 4.46~4.23 (2H, m, Ar-OCH,CH,0), 4.22~4.02
(2H, m, Ar-OCH,CH,0), 3.80~3.57 (4H, m, 2 X
NH,-C-CH,OH), 2.61 (2H, m ArCH,CH,-C-NH,), 2.34
(2H, t, J = 7.3 Hz, O=C-CH,CH,), 1.96~1.80 (2H, m,
ArCH,CH,-C-NH,), 1.60 (2H, m, O=CCH,CH,), 1.43~
1.18 (4H, m, O=CCH,CH, C,H,CH;), 0.89 (3H, t, J =
6.9 Hz, O=CCH,CH, C,H4CH3); >C-NMR (100 MHz,
MeOD) 6: 174.2, 157.6, 134.1, 130.2, 116.1, 67.3,
66.7, 60.8, 55.5, 33.9, 30.9, 29.7, 28.8, 26.2, 23.1,
14.0.

G 19: B ek, =% 8.7%, EI-MS m/z:
382.37 [M+H]. 'H-NMR (400 MHz, MeOD) o:
7.22~7.10 (2H, m, Ar-H), 6.95~6.69 (2H, m, O-Ar-
H), 4.46~4.23 (2H, m, ArOCH,CH,0), 4.22~4.02
(2H, m, ArOCH,CH,0), 3.80~3.57 (4H, m, 2 X
NH,-C-CH,OH), 2.61 (2H, m, ArCH,CH,-C-NH,),
234 (2H, t, J = 7.3 Hz, O=C-CH,CH,), 1.96~1.80
(2H, m, ArCH,CH,-C-NH,), 1.60 (2H, m, COCH,-
CH,), 1.46~1.17 (8H, m, O=CCH,CH,C4HsCH3),
0.88 (3H, t, J = 6.9 Hz, O=CCH,CH,C4HsCH3);
BC-NMR (100 MHz, MeOD) §: 174.1, 157.6, 134.1,
130.2, 116.1, 67.3, 66.7, 60.8, 55.5, 33.9, 31.7, 29.3,
29.0,28.8,25.4,23.1, 14.1.
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