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benzylthiazol-2-yllaminoacetamides
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Abstract The antitumor activity research of N-(thiazol-2-yl)amide derivatives has been the focus of scholars. Physiologi-
cally active substances containing amines widely exist in nature. A series of novel N-(4-(z-butyl)-5-benzylthiazol-
2-yl)aminoacetamides were synthesized, and their structures were confirmed by 'H NMR, *C NMR and elemental analysis.
These compounds were evaluated for their in vitro anticancer activity on A549, Hela and MCF-7 cells. Most of the investigated
compounds exhibited broad-spectrum antitumor activity. Compound 1t displayed significant activity against Hela cancer cells
with ICs, value of (6.412.2) umol/L. The AO/EB staining and cell cycle experiments were carried out on the preferred com-
pound 1t. The result showed that compound 1t could significantly induce apoptosis of tumor cells and arrest the Hela cells in
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BN a-frAl NG, WIS ] N-(4-50T -5 Bk
W2 YR FE LB iE(1a~1u), E1HEEE I Scheme 1. LA
4,4- "W BE-1-05 36 -3 N R, & 4-RUT BE-5-R
B2 FEMEM3), A LBALAEUR R N A 21 A

K, ROBER I, BRI . R,
RN IMEAL R 4- — 2 ZEMELE (DMAP), 54 BEE 2%
MmN, VKR 4 h, 19 E1E da, 4b, 4¢ F1 4d, JF
35N 85.6%, 92.7%, 44.6%F1 82%.

N-(4-T Fe-5-"R R MEme-2-F0) 5 5k 2B (1), JFEEAT 1A a4 s —Fe. — K. SIRATIRIE, 1E
ShpUMRE PRI L, HARE SIS R M. Scheme VUSRI, e B = Z AR AR, IR N RN, 19
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PL S-S RS E N BHMEXT IR, (L&Y 1a~1u Xt
ASA9(AE /N4 B It Jes 40 B PR )« Hela( = 25095 41 B Ak ) A
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= s)\NJ\/CI t-Bu
H RzNH
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1j~ 1u
2~4: Y =24-Cl,(a): Y = 4-Cl (b); Y = 4-OCHj (c); Y = 3,4-OCH,0 (d)
B2 HirbEW 11046 s
Scheme 2 Synthetic route of title compounds 1
F 1AL 1a~Tu MG ©
Table 1 Data of antitumor activity of compounds 1a~1u
ICso/(umoleL ")
. Y R
Compd RR; A549 Hela MCE-7
la 2,4-Cl, CH; 55.613.4 382%53 36.21+2.2
1b 2,4-Cl, Et 45.61+2.0 46.51+8.3 289405
1c 2,4-Cl, n-Bu 893%1.9 497142 252+1.2
1d 4-Cl CH; 412%+72 51.0+7.4 35.0+2.6
le 4-Cl Et 19.2%8.4 28.0+0.9 30.0%=1.1
1f 4-C1 n-Bu 18.11+5.8 47.6+18.1 11.8+2.0
1g 4-OCH; CH; 45.4410.0 35.7+4.7 33.61+10.0
1h 4-OCH; Et 55.9%6.5 42.1%6.2 523%8.9
1i 4-OCH; n-Bu 264134 1294123 322+12
1j 2,4-Cl, Et, 192.6 8.2 397.2161.1 205.4%0.8
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1Cso/(umoleL ")

Compd. Y RR; A549 Hela MCEF-7
1k 2,4-Cl, n-Bu, NA NA 456.2+14.8
1 4-Cl Et, 261.5+114.4 274.94+10.2 139.4426.8
1m 4-OCH; Et, NA 196.5+0.8 NA
1n 2,4-Cl, (CH,)s 333.8+68.1 NA NA
1o 4-Cl (CH,)s 379.54170.1 136.7+42.9 NA
1p 4-OCH; (CH,)s NA 243.61+26.4 484.8+47.1
1q 2,4-Cl, O(CH,CH,), 188.5%6.1 NA NA
1r 4-Cl O(CH,CH,), 343.2+93.4 51.5+9.8 176.6+13.2
1s 4-OCH; O(CH,CH,), 441.7%7.6 265.1+45.3 379.5+32.9
1t 3,4-0CH,0 O(CH,CH,), 66.616.8 6.4+22 NA
1u 3,4-0CH,0 (CH,)s 256.91+47.4 313+54 NA

5-FUY 26.016.0 56.5+3.4 79.34+5.1

“NA: IC50>500 pmol/L.

1 af%n, 5T AS49 FUARINHITEE, (LEY 1e
A FE AR T RS Y 5-FU (1C50=26.0%6.0
umol/L), HARWAEVIEEEMKEE A EYE. X Hela 4H
A M, N-(4-BU T JE-5-"F SE M- 2 ) B e 2 A
R (1a~1i) tLEY) 1r. 16 A 1u (I35 PR T FH 5t
fE84) 5-FU [ICso=(56.5+3.4) pmol/L], H: N-[4-#L T
B S (HAPSRE ) i e -2 - 5 T R 3 7, T e (1) P 9t P A U
(IC5p=6.4£2.2 ymol/L). H R A WNEPEEAREE A I
PE. X} MCF-7 4B RIHmEE T, N-(4-50T 3-5--F L
M- ) B o B 2 Tk i (a~ 1) B0 3% AR T B 42 o e
¥ 5-FU (ICsp=79.3 £5.1 umol/L), H 41t & ¥ %t
MCF-7 JGHiliE 1. N-(4-80 T FE-5-~R Fk e me-2- ) — %
R LT R (1 ~ 1) X = Tl &4 rrg 0 okl 3% 1k A BTG
TEE. A1 PP R ILA 1.
1.3 ik EEEEIEN
1.3.1 AO-EB MU 55

AO-EB XU SZB6 (1) JELFE: 1Y IE 45 (AO) 1T LAHE N 4H
FfE e B2 A, S4HMAZ N DNA TR Sk (L8 1)
REW, B 5E(EB) R A Mo sz 45 i 4n i,
% DNA KRG 50, ik &) 1t %) Hela 41
AO/EB XU G455 WA 2.

Z = NHR, B 3T
Z=NR,, Pk iE EARETC G
{H24Y = 3,4-OCH,0, Z = N5k,
PiHelak bV i i

éi, N t-Bu N o
O\IS»HJV
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Figure 1 Structure-activity relationship of compounds 1

M 2 FIEH, (&Y 1t TR E S Hela 40
T BT IRAM S, &9 16 LL S pmol/L {EH Hela
ML 24 hoi, AIRIBAAR VIR, g0 I E 4,
HHIT G LA TS, BEEY) 1t AERREZE K
2 10 pmol/L I, ZHMIAZHL s [HI 48 W2, R BLl
JeOVE RN 2, HUOUHE 5, 405 e T
W
1.3.2 @R %

AR AGE RS 4N DNA 15 8 Hram g pr
A JEL SR, AL P E (PT) AT 28 i 20 A A 5 4 i ) DNA 255
A, T H DNA & &5 9O6 A 5 B A EAH 5%

Y = 4-CH;0, 4-Cl, 2,4-Cl,,
3,4-OCH,0

B2 {b&Y 1t X Hela 408 AO/EB U445 5. (24 h)
Images of AO/EB double stained HeLa cells after 24 h of treatment with compound 1t

Figure 2
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Figure 3 Cell cycle analysis of HeLa cell lines after 24 h of incubation
The negative control group was treated with DMSO. The experimental groups were treated with compound 1t
=[5l Os o
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Figure 4 Quantitative analysis of the effect of different concen-
trations of compound 1t on cell cycle in HeLa cells compared
with control group

PRIEA AP 16 4 Hela 40 AT 2255 34 15 1w 25 SR 0L P
3 F1HA 4.

&l 3 FTE] 4 00 LU &, A6 1e mT BRI
2 4 L (Hela) 107G 223 24, BCFAPEXTIRAA T &5, 2tk
EW 1t LL 5 umol/L WK FE/EH Hela 411/ 24 h I, S JH4H
Mt 30.72% ETHE 36.98%, G2 4 i L 4 i
10.00%_EF+21 10.07%, 1 G1 #4408 Eb 5] i 59.28% T %
N 52.95%, ULHI1LEW) 1t FTRH Hela ZH0A 225 3411
S HA; MAY) 1 AERWR A K Z 10 pmol/L B, XL S
umol/L, S BN L5 Hi 36.98% L F+4 39.81%, it BE
FHIRFEREK, A& 1t X Hela 40 S BBV AF FH 5.

2 Zhig

WG 21 A N-(4-B0T J=-5- Jk i e -2 - ) s ik
R, 4 "THNMR. C NMR #0EHrifiiFE H 45 4.
PR IR LS SRR, AW 1 X 3 R g A Bl
MG AL 1e FI1LE KT AS549 4 400 s ey 1k 65
=, AP 1% Hela 4R 0 H A0 R B30 H1E . V-(4-
BT HE-5- R R E M2 ) B S 2 W (1a~ 1)+ 1,
1t A1 1u BREVER T FEMEXTREY 5-FU, Hdr N-[4-50T
-5 (AR e e -2 R T IR 356 2, T e (1) 10 9 1P e
AW 1% MCF-7 4 i iE Ve LT, N-(4-50 T 2&-5- % 2k
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I I 2 L ) B e G R 2 T i (1~ 1) PR3 A 1 T B st
W9 5-FU. 85T Hela 4N HE R G A 1t
%7 AO/EB XUAFIZN M AL, (A 16 o] 83515
SR A E T, 40 Hela Z0M0H 22405548 S 1, BA
B I RN A.

3 LIRS
31 B 5EHH

ZF-2 B =HEIMU( BB R S BmTERT), BEE
PTRERAR (IR ST AR T KA BR A F]); R-1002N AUjiE
7R RAN SHB-TT BUEIA K2 B EH 2SR OB 3 Rk
TRRARAT); RY-1G BUE AR R HA A
IRAF); VARIAN INOVA-400 #% i 3ERAX (35 Varian
A7), "H NMR IR A 399.970 MHz, °C NMR
B FEARAIZ A 100 MHz , TMS NP bR, ¥ 77 F17 2
T E ST a Ak 40, VARIO EL 1T 76570 i (48
. LAY 3 A L SCER[19].
32 KEYMERK
3.2.1  WIE4R 4a~4d 495 mk

20.0 mmol fL&%) 3a. 20.0 mmol = Z &AL &
] DMAP T 10 mL & H g, vkig T 185 o 20
mmol S M5, M 0.5 h. JSEE, HATRRER S AHTA
WA, JoKBEREN TR, RS, HEESVCR
WEE) © M(ZBR 2BE)=16 @ 1143 A E K N-[4-50T 3
S5-(2,4- TR FE ) e 2o -2- B 2Bk B (4a), K
85.6%. m.p. 123~125 ‘C; '"H NMR (400 MHz, CDCl;) 6:
1.35 (s, 9H, 3 X CH3), 4.23 (s, 2H, COCH,), 4.27 (s, 2H,
CH,), 7.01 (d, J=8.4 Hz, 1H, C¢H;-6-H), 7.17 (dd, J=8.4,
J=2.0 Hz, 1H, C¢Hs-5-H), 7.40 (d, J=2.0 Hz, 1H,
C¢H3-3-H); >C NMR (100 MHz, CDCls) §: 30.38, 30.77,
36.07, 42.12, 12231, 127.44, 129.43, 130.93, 133.31,

Chin. J. Org. Chem. 2017, 37, 675~682
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134.42, 136.69, 152.11, 154.68, 163.79. Anal. calcd for
Ci6H17C5N,0S: C 49.06, H 4.37, N 7.15, S 8.19; found C
49.26, H 4.56,N 7.24, S 8.11.

4b~4d FH 7% 4a.

N-[4-0T F-5-(4- 5 7F J ) Mg e -2- 6 1-2- S 2 i iz
(4b): ML 0.5 h, HEFEAE, i 92.7%. mp. 153~
155 “C; '"H NMR (400 MHz, CDCly) 6: 1.35 (s, 9H,
3XCHjs), 4.21 (s, 2H, COCH,), 4.22 (s, 2H, CH,), 7.11 (d,
J=8.4 Hz, 2H, C¢H;2,6-H), 7.26 (d, J=8.4 Hz, 2H,
CeH,-3,5-H); >C NMR (100 MHz, CDCl;) d: 30.98, 32.25,
35.93, 42.11, 124.05, 128.83, 129.67, 132.47, 138.89,
152.11, 154.15, 163.89. Anal. caled for C;sH;sCLN,OS: C
53.78, H 5.08, N 7.84, S 8.97; found C 53.90, H 5.06, N
7.71, S 8.96.

N-[4-BUT Fe-5-(4- H AR R 2 i -2 JE )-2- S 4 Tk
[le(4e): R 0.5 h, FIEEE, # 44.6%. mp. 103~
105 ‘C; '"H NMR (400 MHz, CDCly) 6: 1.37 (s, 9H,
3XCHjs), 3.79 (s, 3H, OCH3), 4.18 (s, 2H, COCH),), 4.20
(s, 2H, CH,), 6.82 (d, J=8.4 Hz, 2H, C¢H,-3,5-H), 7.11 (d,
J=8.4 Hz, 2H, C¢H,-2,6-H); *C NMR (100 MHz, CDCl;)
5: 31.03, 32.25, 35.87, 42.15, 55.41, 114.11, 125.89,
129.46, 132.54, 151.95, 153.53, 158.40, 163.69. Anal.
caled for C,7H,;CIN,0,S: C 57.86, H 6.00, N 7.94, S 9.09;
found C 58.12, H 6.24, N 7.80, S 9.13.

N-[4-50T -5-(FAMUS e -2 - -2- 5 2. Bt i (4d):
0.5 h, AEREAMA, IR 82%. mp. 127~129 C, 'H
NMR (400 MHz, CDCl3) 0: 1.38 (s, 9H, 3 X CHj), 4.15 (s,
2H, OCH,), 4.22 (s, 2H, CICH,), 5.94 (s, 2H, CH,), 6.64
(d, J=8.0 Hz, 1H, C¢H,), 6.66 (s, 1H, C¢Hs), 6.74 (d, J=
8.0 Hz, 1H, C¢Hs); *C NMR (100 MHz, CDCl5) 6: 30.80,
32.54, 35.65, 41.91, 100.89, 108.18, 108.75, 121.20,
125.27, 134.03, 146.17, 147.74, 151.86, 153.48, 163.58.
Anal. caled for C;gH,,CIN,0,S: C 59.25, H 5.80, N 7.68, S
8.79; found C 59.39, H 6.01, N 7.52, S 8.72.

3.22 fubdh 1a~1i 894

1.0 mmol L&) 4a~4ce. 2.0 mmol —Z&fEAN 1.0
mmol MEREE T 5 mL VUSRI, iR 8~14 h, Jk/E
LV, o =&, MR K BE, oK IR ER AN TR,
R, A v BT T AR, B E, TR AT R B ] A
la~1i.

N-[4-BUT 3-5-(2,4- G55 ) EMe-2- 52 ]-2- F 0
LBERZ(1a): M 8 h, IREEEE A, Ii# 88.1%. m.p.
136~137 °C; '"H NMR (400 MHz, CDCl;) d: 1.33 (s, 9H,
3X CHs), 2.53 (s, 3H, CH3), 3.47 (s, 2H, COCH,), 4.26 (s,
2H, CH,), 7.02 (d, J=8.4 Hz, 1H, C¢H;-6-H), 7.16 (dd,

Chin. J. Org. Chem. 2017, 37, 675~682
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J=8.4, 2.0 Hz, 1H, C¢Hs-5-H), 7.39 (d, J=2.0 Hz, 1H,
CeH3-3-H); *C NMR (100 MHz, CDCl5) d: 30.29, 30.82,
35.96, 37.00, 54.25, 120.99, 127.38, 129.33, 130.95,
133.13, 134.36, 136.90, 153.31, 154.20, 169.94. Anal.
caled for Ci;H,CLLN;OS: C 52.85, H 5.48, N 10.88, S
8.30; found C 52.65, H 5.46, N 10.73, S 8.24.

N-[4-FUT 2-5-(2,4- @R 3k a2 56 ]-2- 2
LWERE(b): [ 14 h, RIEEEAK, R 75.0%. m.p.
115~117 °C; "H NMR (400 MHz, CDCl;) 6: 1.18 (t, J=
7.2 Hz, 3H, CH3), 1.34 (s, 9H, 3 X CH;), 2.75 (q, J=7.2
Hz, 2H, CH,), 3.46 (s, 2H, COCH,), 4.26 (s, 2H, ArCH,),
7.02 (d, J=8.4 Hz, 1H, C¢H;-6-H), 7.16 (dd, J=8.4, 2.0
Hz, 1H, C¢H;-5-H), 7.39 (d, J=2.0 Hz, 1H, C¢Hs-3-H);
3C NMR (100 MHz, CDCls) d: 15.26, 30.27, 30.81, 35.97,
4479, 51.96, 120.92, 127.35, 129.29, 130.92, 133.08,
134.33, 136.90, 153.21, 154.25, 170.22. Anal. calcd for
C15sH23CLN;0S: C 54.00, H 5.79, N 10.50, S 8.01; found C
53.97, H 5.68, N 10.45, S 8.00.

N-[4-FUT 2-5-(2,4- @R 3k ) HEme-2- 56 ]-2- T & 4k
LBERE(1e): R 14 h, EEFEAE, Z 46.7%, m.p.
95~97 °C; "H NMR (400 MHz, CDCl;) d: 0.94 (t, J=7.2
Hz, 3H, CH3), 1.34 (s, 9H, 3 X CH3), 1.38~1.41 (m, 2H,
CH,CH3), 1.52~1.59 (m, 2H, CH,C,Hs), 2.72 (t, J=7.2
Hz, 2H, NHCH,)3.51 (s, 2H, COCH,), 4.25 (s, 2H, CH,),
7.02 (d, J=8.4 Hz, 1H, C¢H;-6-H), 7.16 (dd, J=8.4, 2.0
Hz, 1H, C¢Hs-5-H), 7.39 (d, J=2.0 Hz, 1H, C¢Hs-3-H);
C NMR (100 MHz, CDCl3) d: 14.11, 20.41, 30.31, 30.83,
32.14, 36.02, 50.27, 52.17, 120.93, 127.37, 129.31, 130.95,
133.10, 134.35, 136.96, 153.03, 154.39, 170.12. Anal.
calcd for C,oH,7C1,N;0S: C 56.07, H 6.35, N 9.81, S 7.48;
found C 56.00, H 6.23, N 9.72, S 7.45.

N-[4-8U T B:-5-(4- 50 A8 e k-2 - -2 F 2 Bk 2 Tk
f(1d): B8 h, WE G, K 68.2%. mp. 119~
121 ‘C; '"H NMR(400 MHz, CDCl;) J: 1.34 (s, 9H,
3XCHs), 2.51 (s, 3H, CH3), 3.45 (s, 2H, COCH,), 4.21 (s,
2H, CH,), 7.11 (d, J=8.4 Hz, 2H, C¢H,-2,6-H), 7.25 (d,
J=8.4 Hz, 2H, C¢H,-3,5-H); *C NMR (100 MHz, CDCl;)
d: 31.06, 32.24, 35.86, 36.91, 54.26, 122.83, 128.79,
129.70, 132.35, 139.17, 153.34, 153.73, 169.97. Anal.
caled for C17H,,CIN;OS: C 58.02, H 6.30, N 11.94, S 9.11;
found C 57.92, H 6.23, N 11.83, S 9.07.

N-[4-8U T B:-5-(4- 5 HL e mk -2 - -2 2, 5 Bk 2Tk
fZ(1e): SV 14 h, e (U E AR, YE 79.2%. m.p. 118~
120 ‘C; "H NMR (400 MHz, CDCl;) d: 1.17 (t, J=7.2 Hz,
3H, CH;), 1.35 (s, 9H, 3XCHy), 2.74 (q, J=7.2 Hz, 2H,

http://sioc-journal.cn/ 679
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CH,), 3.45 (s, 2H, COCH,), 4.21 (s, 2H, ArCH,), 7.11 (d,
J=8.4 Hz, 2H, C¢Hs;2,6-H), 7.25 (d, J=8.4 Hz, 2H,
C¢H,-3,5-H); *C NMR (100 MHz, CDCl;) 0: 15.40, 31.10,
32.29, 35.94, 44.85, 52.04, 122.83, 128.80, 129.72, 132.36,
139.24, 15295, 15391, 170.11. Anal. caled for
C1sH24CIN;OS: C 59.08, H 6.61, N 11.48, S 8.76; found C
59.00, H 6.56, N 11.39, S 8.72.

N-[4-FUT Fe-5-(4- 5 2 e mp -2 B8 1-2- T & 2 4 Wk
(D) B 14 h, AGEE, 1E 59.6%. mp. 109~
111 C; "H NMR (400 MHz, CDCl;) 6: 0.94 (t, J=7.2 Hz,
3H, CH;), 1.35 (s, 9H, 3XCH3), 1.36~1.41 (m, 2H,
CH,CH;), 1.49~1.54 (m, 2H, CH,C,Hs), 2.68 (t, J=7.2
Hz, 2H, NHCH,), 3.45 (s, 2H, COCH,), 4.20 (s, 2H,
ArCH,), 7.11 (d, J=8.0 Hz, 2H, C¢H4-2,6-H), 7.25 (d, J=
8.0 Hz, 2H, C¢H,-3,5-H); *C NMR (100 MHz, CDCl;) o:
14.09, 20.40, 31.09, 32.14, 32.30, 35.95, 50.26, 52.19,
122.82, 128.81, 129.73, 132.36, 139.25, 152.92, 153.92,
170.02. Anal. calcd for C,,H,3sCIN;OS: C 60.97, H 7.16, N
10.67, S 8.14; found C 60.87, H 7.09, N 10.52, S 8.06.

N-[4-50 T H5-5-(4- F A R 5k W a2 - K -2 - R A 0t
L (1g): =B 8 h, FLEAGFEAE, F 89.3%. m.p.
145~147 °C; "H NMR(400 MHz, CDCl3) d: 1.36 (s, 9H,
3XCH,), 2.50 (s, 3H, CH;), 3.43 (d, J=4.0 Hz, 2H,
COCH.,), 3.78 (s, 3H, OCHj3), 4.17 (s, 2H, CH,), 6.82 (d,
J=8.8 Hz, 2H, C¢H43,5-H), 7.11 (d, J=8.8 Hz, 2H,
CeH,-2,6-H); >C NMR (100 MHz, CDCl;) d: 31.08, 32.20,
35.79,36.93, 54.28, 55.41, 114.07, 124.57, 129.43, 132.80,
153.09, 153.15, 158.33, 169.80. Anal. calcd for C,sHps-
N;0,S: C 62.22, H 7.25, N 12.09, S 9.23; found C 62.13,
H7.16,N 12.01, S 9.15.

N-[4-0T Be-5-(4-F A BE 0 e e 2 K - 2- £ B 0
LPERE(h): B 14 h, R EAE R, 1R 74.8%. m.p.
125~127 “C; '"H NMR (400 MHz, CDCLy) 6: 1.16 (t, J=
7.2 Hz, 3H, CH3), 1.36 (s, 9H, 3 XCHj3), 2.73 (q, J=7.2
Hz, 2H, CH,), 3.44 (s, 2H, COCH,), 3.78 (s, 3H, OCH,),
4.17 (s, 2H, ArCH,), 6.82 (d, J=8.8 Hz, 2H, C¢H,-3,5-H),
7.11 (d, J=8.8 Hz, 2H, C¢H,-2,6-H); *C NMR (100 MHz,
CDCly) d: 15.30, 31.09, 32.19, 35.81, 44.79, 52.04, 55.40,
114.05, 124.53, 129.42, 132.82, 152.89, 153.22, 158.30,
170.06. Anal. caled for C;oH»7N30,S: C 63.13, H 7.53, N
11.62, S 8.87; found C 63.02, H 7.45,N 11.53, S 8.73.

N-[4-BUT Fe-5-(4- AR R 5 e -2k - 2- T 2 Ak
LW RE): R 14 h, FEREE, IR 21.4%. mop.
73~75 “C; "H NMR (400 MHz, CDCl3) 6: 0.93 (t, J=7.2
Hz, 3H, CH3), 1.36 (s, 9H, 3 X CH3), 1.35~1.40 (m, 2H,
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CH,CH3), 1.49~1.54 (m, 2H, CH,C,Hs), 2.68 (t, J=7.2
Hz, NHCH,), 3.45 (s, 2H, COCH,), 3.78 (s, 3H, OCH3),
4.17 (s, 2H, ArCH,), 6.82 (d, J=8.4 Hz, 2H, C¢H,-3,5-H),
7.10 (d, J=8.4 Hz, 2H, C¢H,-2,6-H); *C NMR (100 MHz,
CDCly) 6: 14.09, 20.41, 31.10, 32.12, 32.22, 35.85, 50.22,
52.21, 55.42, 114.06, 124.53, 129.43, 132.84, 152.89,
153.21, 158.31, 169.96. Anal. caled for CyH;N;0,S: C
64.75, H 8.02, N 10.79, S 8.23; found C 64.68, H 7.96, N
10.70, S 8.12.

3.2.4 A& 1j~1m 495 %

1.0 mmol &4 4a~4c¢ 5 2.0 mmol — &A1 1.0
mmol MEBE, 7E 5 mL PUERRIEF, FiE <M 10 h, &M
He, JUE ML, N A B, A KV, TEKERR
BT, i, FEENT, ZEEELE S, Wik, LmEE, T
EEAAL A 1j~1m.

N-[4-FUT 2-5-(2,4- @RI EME-2- 36 ]-2- — 2%
B OB ): W AR, R 76.7%. mp. 109~
111 ‘C; '"H NMR (400 MHz, CDCl5) d: 1.10 (t, J=7.2 Hz,
6H, 2 X CH3), 1.34 (s, 9H, 3 XCH3), 2.66 (q, J=7.2 Hz,
4H, 2X CH,), 3.22 (s, 2H, COCH,), 4.26 (s, 2H, ArCH,),
7.02 (d, J=8.4 Hz, 1H, C¢H;-6-H), 7.16 (dd, J=8.4, 2.0
Hz, 1H, C¢H;-5-H), 7.39 (d, J=2.0 Hz, 1H, C¢H;-3-H).
Anal. calcd for C,0H,;CLLN;0S: C 56.07, H 6.35, C1 16.55,
N 9.81, S 7.48; found C 56.01, H 6.23, Cl1 16.45, N 9.75, S
7.39.

N-[4-FUT FE-5-2,4- G R ) MEmE 2 F6]-2- =T &
B OB (Kk): RO E AR, IE 86.8%, m.p. 84~
86 ‘C; "H NMR(400 MHz, CDCl;) 6: 0.93 (t, J=8.0 Hz,
6H, 2XCH3), 1.34 (s, 9H, 3XCH;), 1.35~1.41 (m, 4H,
2X CH,CHs), 1.44~1.49 (m, 4H, 2 X CH,), 2.54 (t, J=7.2
Hz, 4H, 2XNCH,), 3.22 (s, 2H, COCH,), 4.26 (s, 2H,
ArCH,), 7.03 (d, J=8.4 Hz, 1H, C¢Hs-6-H), 7.16 (dd, J=
8.4, 2.0 Hz, 1H, C¢H;s-5-H), 7.39 (d, J=2.0 Hz, 1H,
C¢Hs-3-H). Anal. caled for C,,H3sCLN;OS: C 59.49, H
7.28, N 8.67, S 6.62; found C 59.35, H 7.15, N 8.61, S
6.58.

N-[4-80T F-5-(4- 5 R AW E-2-381-2- — 27 4
BEfzD): A B, WK 33.0%. mp. 101~103 C; 'H
NMR (400 MHz, CDCly) 6: 1.09 (t, J=7.2 Hz, 6H,
2XCHs), 1.35 (s, 9H, 3XCHs), 2.66(q, J=7.2 Hz, 4H,
2X CH,), 3.22 (s, 2H, COCH,), 4.21 (s, 2H, ArCH,), 7.12
(d, J=8.4 Hz, 2H, C¢H,-2,6-H), 7.25 (d, J=8.4 Hz, 2H,
Ce¢H, 3,5-H). Anal. caled for C,oHosCIN;OS: C 60.97, H
7.16, N 10.67, S 8.14; found C 60.90, H 7.11, N 10.60, S
8.09.

Chin. J. Org. Chem. 2017, 37, 675~682



Chinese Journal of Organic Chemistry

N-[4-BUT H=-5-(4-H A BT 2 e -2 3K 1-2- - 2V
B Wi (Im): A AE A, eF 14.4%. mp. 88~90 C;
'H NMR (400 MHz, CDCLy) d: 1.08 (t, J=6.8 Hz, 6H,
2XCHs), 1.37 (s, 9H, 3XCHs), 2.65 (q, J=6.8 Hz, 4H,
2XCH,), 3.21 (s, 2H, COCH,), 3.78 (s, 3H, OCH3), 4.18
(s, 2H, ArCH,), 6.82 (d, J=8.8 Hz, 2H, C¢H,-3,5-H),
7.11(d, J=28.8 Hz, 2H, C¢H4-2,6-H). Anal. calcd for
C,H3N;0,S: C 64.75, H 8.02, N 10.79, S 8.23; found C
64.70, H 7.92, N 10.71, S 8.18.

3.2.5 b4 In~1u ¥4 %

1.0 mmol tLEY) 4a~4d 5 2.0 mmol JRIE/M AN
1.0 mmol MIEE =2 1%, 7E 5 mL UM, FiE&
Ri 10 h, RMZWRJE, BORBE, =& F b, Wi
EROKVE, ToKBREREN T4, Wi, 0 v kA [ A,
g, AERE, TREEY In~1u.

N-[4-50T 5:-5-(2,4- SR 5 ) e -2 - FE IR g 5 &
Bz (In): AR, R 68.2%. m.p. 184~185 C; 'H
NMR (400 MHz, CDCl3) 0: 1.34 (s, 9H, 3 X CH3), 1.50 (s,
2H, WRMEIA 4-H), 1.70 (s, 4H, WRMEIA 3,5-H), 2.55 (s,
4H, WRIEIR 2,6-H), 3.16 (s, 2H, COCH,), 4.26 (s, 2H,
CH,), 7.02 (d, J=8.4 Hz, 1H, C¢H;-6-H), 7.16 (dd, J=8.4,
2.4 Hz, 1H, C¢H;-5-H), 7.39 (d, J=2.4 Hz, 1H, C¢H;-3-
H). Anal. caled for C,H,,CI,N;0S: C 55.38, H 6.20, N
12.30, S 7.04; found C 55.32, H 6.17, N 12.26, S 7.01.

N-[4-80 T HE-5-(4- 5 Fh ) g e -2 - FE TR g 5 2, 1 fi
(1o): WA, WE 39.4%. mp. 143~145 C; 'H
NMR (400 MHz, CDCl3) 6: 1.36 (s, 9H, 3 X CH3), 1.49 (s,
2H, WRBEFR 4-H), 1.68 (s, 4H, WRBEFR 3,5-H), 2.55 (s, 4H,
WRAEIA 2,6-H), 3.16 (s, 2H, COCH,), 4.21 (s, 2H, CH,),
7.11 (d, J=8.0 Hz, 2H, C¢H,-2,6-H), 7.25 (d, J=8.0 Hz,
2H, C¢Hy4-3,5-H). Anal. caled for C,;HygCIN;OS: C 59.91,
H 6.94, N 13.31, S 7.62; found C 59.82, H 6.87, N 13.26, S
7.56.

N-[4-80T FHe-5-(4- H AR R0 ) e -2 - 6 R g 2 2,
MEfc(1p): ¥R B ELlEA, WF 82.6%. m.p. 130~132 C;
'H NMR (400 MHz, CDCl5) 0: 1.38 (s, 9H, 3 X CH3), 1.49
(s, 2H, WRNEFF 4-H), 1.69 (s, 4H, WRIEFR 3,5-H), 2.56 (s,
4H, WRIEIE 2,6-H), 3.17 (s, 2H, COCH,), 3.78 (s, 3H,
OCHs), 4.17 (s, 2H, CH,), 6.82 (d, J=8.4 Hz, 2H, C¢H,-
3,5-H), 7.10 (d, J=8.4 Hz, 2H, C¢H4-2,6-H). Anal. calcd
for C»,Hy N;0,S: C 63.43, H 7.74, N 13.45, S 7.70; found
C 63.36, H7.67,N 13.37, S 7.68.

N-[4-BUT 3-5-(2,4- G R I8 ) e mp -2 JE i bk 3 2,
BEi(1q): FREE M, 1% 79.2%. mp. 188~190 C; 'H
NMR (400 MHz, CDCl5) d: 1.35 (s, 9H, 3 X CH3), 2.61 (t,
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J=4.4 Hz, 4H, CH,NCH,), 3.20 (s, 2H, COCH,), 3.81 (t,
J=4.4 Hz, 4H, CH,0OCH,), 4.26 (s, 2H, CH,), 7.02 (d, J=
8.4 Hz, 1H, C¢H; 6-H), 7.16 (dd, J=8.4, 1.6 Hz, 1H,
C¢Hs-5-H), 7.39 (d, J=1.6 Hz, 1H, C4Hs-3-H), 9.97 (s,
1H, NH). Anal. calcd for CyHpsClLN;0,S: C 52.52, H
5.73, N 12.25, S 7.01; found C 52.47, H 5.68, N 12.18, S
6.95.

N-[4-F0] F-5-(4- 50 J ) M M- 2 5 | el ik Bk 2 7 fig
(Ir): AR, KR 73.5%, mp. 115~116 C; 'H
NMR (400 MHz, CDCls) ¢: 1.36 (s, 9H, 3 X CH3), 2.61 (t,
J=4.4 Hz, 4H, CH,NCH,), 3.20 (s, 2H, COCH,), 3.81 (t,
J=4.4 Hz, 4H, CH,OCH,), 4.21 (s, 2H, CH,), 7.11 (d, J=
84 Hz, 2H, C¢H4-2,6-H), 7.25 (d, J=8.4 Hz, 2H,
CgsH4-3,5-H). Anal. calcd for CyHpCIN3;O,S: C 56.79, H
6.43, N, 13.25, S 7.58; found C 56.71, H 6.37, N 13.17, S
7.53.

N-[4-FUT H-5-(4-F AU BE R 3 ) e -2 L TR ik 5t 2,
Mefec(1s): LA AR, R 95.5%, mp. 143~144 C;
'H NMR (400 MHz, CDCl5) 6: 1.38 (s, 9H, 3 X CH3), 2.60
(t, J=4.0 Hz, 4H, CH,NCH,), 3.18 (s, 2H, COCH,), 3.79
(s, 3H, OCH3), 3.80 (t, /=4.0 Hz, 4H, CH,OCH,), 4.18 (s,
2H, CH,), 6.82 (d, J=28.0 Hz, 2H, C4H;-3,5-H), 7.10 (d,
J=28.0 Hz, 2H, C4H4-2,6-H). Anal. calcd for C;;H,9N;05S:
C 60.26, H 7.22, N 13.39, S 7.66; found C 60.17, H 7.17,
N 13.35,S 7.61.

N-[4-0 T FHk -5-(H BRUE ) g 1o -2 St T e ik 56 2, 7 i
aty: A, B 90%. mp. 160~162 C; 'H NMR
(400 MHz, CDCl;) d: 1.40 (s, 9H, 3XCHj3;), 2.59~2.63
(m, 4H, morpholine ring), 3.21 (s, 2H, COCH,), 3.83 (s,
4H, morpholine ring), 4.15 (s, 2H, CH,), 5.94 (s, 2H,
OCH,0), 6.64~6.66 (m, 2H, C¢H;), 6.73 (d, J=8.0 Hz,
1H, C¢Hs), 9.91(s, 1H, NH); *C NMR (100 MHz, CDCl5)
0:30.89, 32.55, 35.65, 53.83, 61.60, 66.70, 100.95, 108.24,
108.81, 121.26, 124.45, 134.08, 146.21, 147.79, 152.30,
152.95, 167.89. Anal. calcd for CyyHyoN305S: C 60.41, H
6.52, N 10.06, S 7.68; found C 60.25, H 6.41, N 9.89, S
7.55.

N-[4-0 T Fik -5-(H PO ) g 1o -2- S TR g 6k 2 Tk i
(1u): AMFEE, WK 88%. mp. 126~128 C; 'H NMR
(400 MHz, CDCl;) ¢: 1.38 (s, 9H, 3 X CHj;), 1.50 (s, 2H,
piperidine ring 4-CH,), 1.70 (s, 4H, piperidine ring), 2.54
(s, 4H, piperidine ring), 3.15 (s, 2H, COCH,), 4.15 (s, 2H,
CH,), 5.93 (s, 2H, OCH,0), 6.63~6.67 (m, 2H, C¢H3),
6.72 (d, J=8.0 Hz, 1H, C¢Hs), 10.12 (s, 1H, NH); "°C
NMR (100 MHz, CDCl3) ¢: 22.49, 28.21, 30.93, 32.60,
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35.66, 43.24, 54.70,

100.95, 108.23, 108.86, 121.28,

124.11, 134.31, 146.19, 147.80, 152.73, 153.40, 168.25.
Anal. caled for C3H3N30,S: C 63.59, H 7.03, N 10.11, S
7.72; found C 63.43, H 6.88, N 9.92, S 7.58.

3.3

PUbh R E M
DN e 2 A Al /N PR o 4 L PR A549 < BT

JeE 4N MUk Hela A3 RS UM PR MCF-7(H B KSR A=
22RO E ALY, MR v B 1Cso B 5 7 v 0 ik

[21].

zLl“ﬁﬁjJﬁii‘«‘P(Supporting Information) H[a]{& 4a~4c A1k
4 1a~1u [f1 'H NMR. 3C NMR . X LR AT B4
i AT I 335 (http://sioc-journal.cn/)_E T %K.
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