% 4“) {& % DOI: 10.6023/cjoc201212026

WRiIL

Chinese Journal of Organic Chemistry

ARTICLE
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5-FAR CU IS AR (SERT) NG P I, IIRZE R Bos il oAb S i e S IR IR SR (i AR Malis k. Hohfb
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Synthesis and Biological Activities of 4-Alkyl-6-aryl-1,3-thiazines
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Abstract A series of 1,3-thiazine derivatives 1la~1p were designed and synthesized by the reaction of aromatic aldehyde
via condensation and cyclization, and their inhibitory activity of nueraminidase (NA) and serotonin reuptake (SERT) were
evaluated in vitro. The pharmacological results showed that compound 1i exhibits good activity of NA with the inhibitory rate
of 68.91% at the concentration of 40 pug/mL, which is similar to oseltamivir (inhibitory rate is 72.6%), moreover, at the con-
centration of 10.0 pg/mL, compounds 1d, 1e and 1f exhibit good serotonin reuptake inhibitory activity with inhibitory rates of

99.5%, 99.6% and 99.8%, respectively.

Keywords synthesis; 1,3-thiazine; neuraminidase inhibitors; serotonin transportor inhibitors
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MFBEZ T, ol hdtmims. FIK. FoRsm et
TSy, BT ORI JEE A R AP 55 55 Th
TS B 3-MERR AL AN AR, AR
DL 1,3-BERR R BERZ, 10 22 S IR i 4 — v 37 R BT
430-loop A1 150-loop""® Y, Hil-fr i T — R4 4-8 T HE-
6- 75 3 -2- B H-1,3-WEMR AL G ). DAWE R IR O 3 4 14,
B K5 IR FBCT 25433 55 430-1oop F1 150-1oop 1EH.
FiAb, 1,3-BEWE REIR 1 ¥ 2 AR A8 L5 MR VR R (SA) TG A
MR PR E IR G . ARSCUUS B RN R, S4iG

BN AERT 16 A 1,3-u3;§ﬂ%%‘<<4£%%(1a~1p,
Scheme 1), X HIEAT TAESN NA (HINT)A v P .
I RIVZ RIS YN 5-F2 I8 R (SERT) A

TR B B E 1
e CHO, gucocH, o NN OB HNGsNH,
N NaOH, EtoOH L _~ W3R, EtOH
2a~2p
Bu-t
R —
S N -HCl
=/ s
1a~1p NH

a: R=3-NOy b: R = 3-C¢HsCH,0-4-MeO; c: R = 2-CI-5-NO;
d: R=4-Me; e: R=4-F; f: R=2-EtO; g: R=3,5-(CF;);; h: R=
4-NOy; it R=3,4-(MeQ),; j: R=4-MeO; k: R=2-CI; I: R=4-Cl; m:
R=2,4-Cl,; n: R=2-MeO; o: R=3-CF;; p: R=H

Scheme 1
1 ZR51HE
G5 Ry a7 B0 0 A I FOBE I 4 JsURE, 22 Adol 4

FAFR) T AE 4,4- T HURE-1-05 Bk 1 -3 [ (22~
2p)P Llﬁc?ﬁifc ﬁ(79%~ 5%). 2a~2p SHiRE
“Atwal” N, FRETEE] 4-50T Fe-6-75 F-2-5 HE-1,3-
WEE £h R h 1a~1p, JH '"H NMR F1 MS #iil T & 945
F, FERHEA 1R 20 EAT T 85 XS AT 24

&9 1a~1p X} NA Fil SERT [K4& &M v W
F 1. NFE 1 ATLLAEH, 75 40 pg/mL MRIE T, &
la~1p LAY NA (Ramdl g, H, 6-fr
55 A e PR B LA 1f, 1, 1A In (O35 PR 2L
T H I AL A 1a, 1g, 1k R 1L 6-07 0558 |
i ARSI EEE T I E Y. a1
TG PEfe i, AR 1Cs 2090 68.91%F1 23.54
pmol/mIL( [F] 253 B T FH P %) Ha A BRI oK 35 AR 4016 A
72.6%). HEILJGERIBER IR 6-17 K FF L1 3,4- F A IR AE
G P KAVE IG5, 15 430-loop 1 150-loop 45 &4
Ut

AW 1a~1p TS H%T SERT il vG e
Uf. Horp, 64 55 IR AR RN XA B R Ak A4 (R 35
e PR EUR I A, 6-07 75 38 L R LR HIAL &4
PR T 60 5 R E4). 75 10.0 pg/mL (1)
WHES, 1d, 1e 1 Af FHIZE D50 99.5%, 99.6%F
99.8%.

2 %

05 B S R A A A AR 2 T R AR 4,4- -1
75 He- 147533 il (2a~2p), WCERAE 79%~95% ).

#F1 ALt 1a~1p X NA I SERT [FHH] i 1
Table 1 The inhibitory activities of compounds 1a~1p to NA and SERT

Compd. R NA SERT
Inhibitory rate/% (40 pg/mL) ICso/(ugemL ") Inhibitory rate/% (10.0 pg/mL)
la 3-NO, 11.7 50.2
1b 3-C¢Hs;CH,0-4-MeO 4.2 —0.2
1lc 2-Cl-5-NO, 6.0 —21.0
1d 4-Me 0.7 99.5
le 4-F —4.2 99.6
1f 2-EtO 13.8 99.8
1g 3,5-(CF;), —2.0 21.4
1h 4-NO, —0.5 293
1i 3,4-(MeO), 68.9 23.54 17.2
1j 4-MeO 9.9 85.9
1k 2-Cl 2.6 37.4
11 4-Cl —0.9 16.1
1m 2,4-Cl, 19.4 24.8
1n 2-MeO 31.5 16.2
1o 3-CF, 7.8 20.4
1p H 17.2 8.5
Oseltamivir 72.6 0.434
Fluoxetine 55.0 (2.3 pg/mL)
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2a~2p SERELE “Atwal” RN, 53 HEE
Y 1a~1p, BCRAE 30%~92%Z 18], [N 4AHEA, #
(EES

BRI 4-0 ] e -6- 07 HE-2- B Kk -1,3-WE R R 1R £h
la~1p. &K NA S TENRK, KI5 )
NA 5 RAF I HMEIETE, £E 40 pg/mL (FIKE N, &Y
1 VA PRSI (2 68.91%).

& 1a~1p 34 G905 SERT 0GP
Bhf; 46 10.0 pg/mL [FIRET, 1d~1f $H1 550
99.5%, 99.6%F1 99.8%. Gk Itk G IMEAFHE—P (1)
5T,

3 ZEIH
3.1 UEHIKF

RY-1 45 BRI IECRIEER AR ), 2 2 bk
JRHR (JH 65 T 2 A S IR Al 7)) ), R AM(E
Wz B ) G, VARIAN INOVA-400 #% i LR
(GE[H), "H NMR Bf@g LR Jy 399.970 MHz, TMS 4
Whx; VARIO EL I JG % 73 BT (#5H); Brucker SMART
APEX-CCD #RMA% X 5 26 5 d AT A (1 [, Lol
B kR IR A (spectramax M5) (F[H). W HIARRFIL Ay i
> M Sl sl Ak 2F 4l
32 HEMHERK
32,1 44- =P H-1-35 A 16 B34 R B (2a~2p) B9
B

Y SCHR[22] 771545 AL 54 2a~2p, R 79%~
95%.

322 4-RTH-6-F - 2-RHA-13-E% M (1a~
1p) 896,

4T B -6-(3-fiff B Rk )-2- 2 Ak -1,3- WE R #h 1R
(1a)HI4 % 3.25 g (0.015 mmol) 4,4-— FIHEE-(3-fiHEIK
H)-1-45F-3- R (2a), 1.37 g (0.018 mol)fi [k &2 50 mL
L, 1.5 mL ¥R ER R IEAL S N, TLC YA I s v, [R13E s 1
8 h, YA E A, IR E VKA, B
AR, Hhog, TR 1a, WK 55%. mp. 137~138 'C; 'H
NMR (400 MHz, CDCl3) &: 1.23 (s, 9 H, CH; X 3), 4.89 (d,
J=6.8 Hz, 1 H, WEWRIL 5-H), 5.35 (d, J=6.8 Hz, | H, 1§
IZ3R 6-H), 7.51~8.16 (m, 4H, C¢Hy), 9.53, 10.29 (2s, 2H,
NH,), 11.50 (s, 1H, N'H); EI-MS m/z: 291 (M"). Anal.
calcd for C4H;3sCIN;0,S: C 51.29, H 5.53, N 12.82; found
C51.19,H5.55, N 12.79.

&Y 1b~1e G772 1a; 1£~1p e EHFAL
LH[25, 261514 . 1b~1p A R SN )L ISCK
P45 RIS PR M

4] Fe-6-(3-"F R IR I -4- F A ) -2 F- 1, 3-WE R
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EhERER(1b): W 7 h, WK 78%. m.p. 145~146 C; 'H
NMR (400 MHz, CDCls) 6: 1.30 (s, 9H, CH; X 3), 3.89 (s,
3H, OCH3), 4.92 (q, J=4.4 Hz, 1H, BEEEIL 5-H), 5.16 (s,
2H, CH,), 5.20 (q, J=4.4 Hz, 1H, WEEEIL 6-H), 6.82~
6.83 (m, 3H, C¢H3), 7.29~7.43 (m, 5H, C¢Hs), 8.52, 10.35
(2s, 2H, NH,), 11.66 (s, 1H, N"H). Anal. calcd for
C2,H,;,CIN,0,S: C 63.07, H 6.50, N 6.69; found C 63.17,
H 6.55,N 6.65..

4T HE-6-(2- -5 M FE R I )-2- B4 JE- 1, 3- R £h 1R
Hh(de): SN 8 h, WK 80%. m.p. 248~250 'C; '"H NMR
(400 MHz, CDCl;) 0: 1.41 (s, 9H, CH;X3), 5.20 [s, 2H,
BEWRIR 5,6-H,], 7.00 (q, J=9.2 Hz, 1H, C¢H;-3-H), 8.02
(s, 1H, C¢Hs-6-H), 8.25 (q, J=9.2 Hz, 1H, C¢Hs-4-H),
10.72, 11.93 (2s, 2H, NH,;). Anal. caled for C;4H;;Cl,-
N;0,S: C 46.42, H 4.73, N 11.60; found C 46.28, H 4.75,
N 11.56.

4-BU T -6-(4- HBE K3 )-2- S ik -1,3-E R R R £
(1d): M 8 h, WF 58%. m.p. 200~201 ‘C; 'H NMR
(400 MHz, CDCL3) J: 1.28 (s, 9H, CH;X3), 2.35 (s, 3H,
CH,), 4.96 (q, J=4.4 Hz, 1H, WEWRIR 5-H), 5.19 (q, J=
4.4 Hz, 1H, WEWRILR 6-H), 7.16~7.21 (m, 4H, C4H,), 9.16,
10.15 (2s, 2H, NH,), 11.45 (s, 1H, N"H); EI-MS m/z: 260
(M"). Anal. caled for CisH, CIN,S: C 60.69, H 7.13, N
9.44; found C 60.54, H 7.15, N 9.42.

AT F-6-(4- T R HE)-2- B -1, 3-ER R IR Eh (Te):
KT h, W 89%. m.p. 223~225 C; '"H NMR (400
MHz, CDCl5) 6: 1.30 (s, 9H, CH;X3), 5.03, 5.20 [2s, 2 H,
BEWRIR 5.6-H,], 7.05~7.33 (m, 4H, C¢H,), 9.15, 10.22
(2s, 2H, NH,), 11.51 (s, 1H, N "H). Anal. caled for
Ci4H5CIFN,S : C 55.90, H 6.03, N 9.31; found C 55.75, H
6.05,N 9.28.

4B HE-6-(2- LA FE IR -2- 5 -1, 3-WE R Eh R 5
(af): & 30%. m.p. 162~164 C; '"H NMR (400 MHz,
CDCly) 6: 1.35 (s, 9H, CH; X 3), 1.45~1.46 (m, 3H, CH,),
4.07~4.13 (m, 2H, OCH,), 5.17 (d, J=6.4 Hz, 1H, gl
I8 5-H), 5.26 (d, J=6.4 Hz, 1H, WEWRIL 6-H), 6.88 (d, J=
7.8 Hz, 1H, C¢H,-3-H), 7.30 (t, J=7.6 Hz, 1H, C¢H,-4-H),
6.94 (t, J=7.8 Hz, 1H, C¢H,-5-H), 7.13 (d, J=7.6 Hz, 1H,
CeH,-6-H), 7.65, 10.45 (2s, 2H, NH,), 11.75 (s, 1H, N"H);
EI-MS m/z: 290 (M"). Anal. caled for C;¢H,;CIN,OS: C
58.79, H 7.09, N 8.57; found C 58.69, H 7.12, N 8.55.

AT HE-6-[3,5- (o L) R ] -2- 2 k-1, 3- 1
EERR T (1g): WK 63%. mp. 176~178 'C; 'H NMR
(400 MHz, CDCl3) d: 1.27 (s, 9H, CH;X3), 5.03 (d, J=
5.6 Hz, 1H, BEWRIR 5-H), 5.21 (d, J=5.6 Hz, 1H, BEWRIR
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6-H), 6.85~6.92 (m, 3H, C¢H;), 9.33, 10.09 (2s, 2H,
NH,), 11.40 (s, 1H, N"H). Anal. calcd for C;¢H;,CIF¢N,S:
C 45.88, H4.09, N 6.69; found C 45.74, H 4.07, N 6.68.

4- 50T e -6-(4-TiF 36 R J )-2- 5 Kk -1,3- WE R £R 1R £6
(1h): W# 93%. m.p. 198~200 C; '"H NMR (400 MHz,
CDCly) d: 1.3 (s, 9H, CH; X 3), 5.19 (d, J=5.6 Hz, 1H, W
IBZFF 5-H), 5.28 (d, J=5.6 Hz, 1H, BEHEEIL 6-H), 7.61~
8.22 (m, 4H, C¢Hy), 9.30, 10.27 (2s, 2H, NH,), 11.52 (s,
1H, N "H); EI-MS m/z: 291 (M "). Anal. caled for
C4H5CIN;0,S : C 51.29, H 5.53, N 12.82; found C 51.35,
H 5.55, N 12.80.

4-5U T H-6-(3,4- — F AR HE R )-2- 2 -1, 3- WE R 2
TR (10): W 42%. mp. 191~193 C; 'H NMR (400
MHz, CDCl;) : 1.29 (s, 9H, CH;X3), 3.88 (s, 6H, CH3),
5.00 (d, J=5.6 Hz, 1H, WEWEIL 5-H), 5.19 (d, J=5.6 Hz,
1H, WEWRIR 6-H), 6.85~6.92 (m, 3H, C¢Hs), 9.33, 10.09
(2s, 2H, NH,), 11.40 (s, 1H, N"H); *C NMR (100 MHz,
CDCly) 6: 28.08 (3C, CH;X3), 35.1 (1C, CH3X3), 56.0,
56.1 (2C, OCH;X2), 43.0 (1C, WEWEIF 6-C), 100.7 (1C,
WEBEIR 5-C), 110.9, 111.5 (2C, C¢H3-2,5-C), 120.4 (1C,
CeH;-6-C), 130.1 (1C, C¢Hs-1-C), 146.7 (1C, MEMEIR
4-C), 149.4, 149.6 (2C, C¢H;-3,4-C), 167.8 (1C, WEMEIL
4-C); EI-MS m/z: 306 (M+). Anal. calcd for C;gH,;CIN,-
0,S: C 56.05, H 6.76, N 8.17; found C 55.94, H 6.78, N
8.19.

45T He-6-(4- AL ORI )-2- 2 JE- 1, 3-WE R R R £6
1j): WE 77%. m.p. 167~170 C; 'H NMR (400 MHz,
CDCl;) d: 1.33 (s, 9H, CH; X 3), 3.87 (s, 3H, CH3), 5.15 (d,
J=5.6 Hz, 1H, BEBEIL 5-H), 5.26 (d, J=5.6 Hz, 1H,
BEIE 6-H), 6.90 (d, J=7.6 Hz, 2H, C¢H,-3,5-H), 7.32 (d,
J=17.6 Hz, 2H, C¢H,-2,6-H), 8.24, 10.21 (2s, 2H, NH,),
11.55 (s, 1H, N"H). Anal. caled for C;sH, CIN,OS : C
57.59,H 6.77, N 8.95; found C 57.39, H 6.79, N 8.93.

45T HE-6-(2-FUR L) -2- 5 - 1,3-WE IR B % R (1K):
W 65%. m.p. 149~150 °C; 'H NMR (400 MHz, CDCls)
d: 1.33 (s, 9H, CH3X3), 5.19 (d, J=5.6 Hz, 1H, WEUEIL
5-H), 5.36 (d, J=6.0 Hz, 1H, BEEEIL 6-H), 7.27~7.43
(m, 4H, C¢Hy), 9.03, 10.23 (2s, 2H, NH,), 11.59 (s, 1H,
N'H); EI-MS m/z: 280 (M"). Anal. calcd for Cj,H;5Cl,-
N,S: C 53.00, H 5.72, N 8.83; found C 52.85, H 5.75, N
8.81.

4-B T He-6-(4-F RS )-2- 2 k- 1,3-WEE R R £5 (11):
W 87%. m.p. 228~230 °C; 'H NMR (400 MHz, CDCls)
d: 1.23 (s, 9 H, CH;X3), 5.05 (d, J=6.0 Hz, 1H, WEHEIL
5-H), 5.17 (d, J=6.0 Hz, 1H, WEWEIL 6-H), 7.26 (d, J=
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6.8 Hz, 2H, C¢H4-2,6-H), 7.35 (d, J=6.8 Hz, 2H, C¢H,-
3,5-H), 9.74, 9.99 (2s, 2H, NH,), 11.30 (s, 1H, N"H);
ESI-MS m/z: 292 (M"). Anal. caled for C4H gCLN,S: C
53.00, H 5.72, N 8.83; found C 52.93, H 5.74, N 8.81.

4B T 55-6-(2,4- " FORIE)-2- 5 FE-1,3-WEIE ER R b
(Im): WHE 52%. mp. 105 C; 'H NMR (400 MHz,
CDCly) &: 1.32 (s, 9H, CH;X3), 5.17 (d, J=5.2 Hz, 1H,
BEWRIR 5-H), 5.30 (d, J=4.4 Hz, 1H, WEEEIL 6-H), 7.20~
7.44 (m, 3H, C¢Hj), 9.28, 10.20 (2s, 2H, NH,), 11.54 (s,
1H, N "H); EI-MS m/z: 315 (M"). Anal. calcd for
Ci,H7,C;N,S: C 47.81, H 4.87, N 7.96; found C 47.64, H
4.89, N 7.94.

4-BUT HE-6-(2- AR BRI -2- B k-1, 3-E R 2R R £
(In): WZ 61%. m.p. 140~142 ‘C; 'H NMR (400 MHz,
CDCly) 0: 1.33 (s, 9H, CH; X 3), 3.82 (s, 3H, OCHj3), 5.17
(d, J=6.4 Hz, 1H, MEMEIL 5-H), 5.26 (d, J=6.4 Hz, 1H,
BEBEIR 6-H), 6.88 (d, J=7.8 Hz, 2H, C¢H,-3-H), 7.30 (t,
J=17.6 Hz, 2H, CcH,;4-H), 6.94 (t, J=7.8 Hz, 2H,
CeH,-5-H), 7.13 (d, J=7.6 Hz, 2H, C¢H,-6-H), 7.65, 10.45
(2s, 2H, NH,), 11.75 (s, 1H, N'H); EI-MS m/z: 276 (M").
Anal. caled for C;sH, CIN,OS: C 57.59, H 6.77, N 8.95;
found C 57.47, H 6.79, N 8.94.

4- 0T F-6-[3-( = FH L) R R )-2- 2 2k 1,3- B R £
1R (10): HFE 52%. m.p. 186~187 C; 'H NMR (400
MHz, CDCl;) §: 1.29 (s, 9H, CH; X 3), 5.16, 5.19 [2s, 2H,
BEWRIR 5,6-H,], 7.52~7.66 (m, 4H, C¢Hy), 9.78, 10.11 (2,
2H, NH,), 11.32 (s, 1H, N'H); EI-MS m/z: 314 (M").
Anal. calcd for C;sHgCIF;N,S: C 51.35, H 5.17, N 7.98;
found C 51.23, H 5.19, N 7.99.

4] He-6-R 2B FE-1,3-WERE R R £h (1p): iR
53%. m.p. 137~140 C; "H NMR (400 MHz, CDCl;) o:
1.27 (s, 9H, CH;X3), 5.02 (q, J=4.8 Hz, 1H, BEWIL
5-H), 5.20 (q, J=4.8 Hz, 1H, WEWEEIL 6-H), 7.33~7.38
(m, 5H, C¢Hs), 9.66, 10.00 (2s, 2H, NH,), 11.32 (s, 1H,
N'H); EI-MS m/z: 246 (M"). Anal. calcd for C,H;4Cl-
N,S: C 59.45, H 6.77, N 9.90; found C 59.50, H 6.79, N
9.91.

3.3 EEMENR
3.3.1  AVZR R BREEIP 4 E MR

LT 4 2 IR (MUNANA) 2 28 I I 1 R o
A, e REAEH T AR AR = I7E 360 nm
PWRKBOE N, L= 450 nm 96, 98GR AR Ak v]
AR BB 5 S0 A 20 e R I 1270,

TEBG R VAR ZR T, — B IR EEAF DAY i 5 B0 7 NA
BIF T RNV (pH 6.5), INIAZEEEY MUNANA
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MR

B NAKZR, 37 CHEE 60 min J&, hn W 2 Rk
SN FEOR B K 360 nm RSN 450 nm (S5
ZATR, M E TR AR, AR DGR k>
AP NA FEHERHEIE. R0 T BANRE S AE
AR Z R 40 pg/mL 4F NA B30 1E .

2 (B — 2 A — (L3 E — 2 FA)
B — = (1

332 S5-AEREHZBRITHE K

SERT s 5-HT BRI DG H L0 i, A1) —4k
PUMAR 254 JLF-3) 2k SERT #1264kl ASP j&—
PR AR S, WS RS IS R g A
HENAIMN, FER BT, AAAAE I v] 5 08 1k
it B WIE ASP BT SES, HEANANHAN T ASP £
kD, BT, P LA e i 1K AR A O
BEAER T SERT [ SEHEEANHIF]. RBL-2H3 41 Jfd & —F
AT DA A RN S-HT (A0 BAR, &40 M /K AR A A
KNP, wT LR IR 3R, 9 L SERT
Al PAHEAT 5-HT BHEHL. CACO-2 40 il & k35 T NNt
R ARk, 20l 8595 % 4 i v] LLRIE 2 Rl is 14
M2 A&, G035 SERT 1532 AA%%.

¥ RBL 4 U I 96 FLAR, £ 40 falfi e 2E K 10
h LAk, DONAEIRE FORE St — BT ), P — e vk
TN ASP, ¥E2ARMENAI MGk, EHRBEK 475
nm, KK 605 nm A iRE AT RS K
CACO-2 ZifhnAN 96 FLEE()RIEHE TR, frtirik,
A 6~7 H Al WA A RN, A KMEE, AR
AR S — B ), PRI — e RN ASP, 763
KK 475 nm, KEPAK 605 nm AbiseH, TSRS
. S RIVER T RESALE 10 pg/mL XS SERT R30S
‘KLL

EUIEH X100%

XM — FE A

1141 22 = — " X100%
= A= A
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