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Synthesis and Antibacterial Activity Evaluation of the Thiouracil
Derivatives Containing Benzothiazole

Cui, Penglei®” Liu, Na“ Chen, Hua™* Li, Xiaoliu™*
(“ Key Laboratory of Chemical Biology of Hebei Province, College of Chemistry and Environmental Science,
Hebei University, Baoding 071002)
(® College of Science, Agricultural University of Hebei, Baoding 071001)

Abstract A series of unreported thiouracil derivatives 7 containing a benzothiazole moiety were synthesized by the reaction
of 4-ox0-6-phenyl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carbonitrile (6) with N-(benzo[d]thiazol-2-yl)-4-(chloromethyl)-
benzamide (5), which was prepared from the amidation of 2-aminobenzothiazole and 4-(chloromethyl)benzoyl chloride. The
newly synthesized compounds 7 were characterized by IR, MS, NMR, and element analysis. All the compounds were
evaluated for their antibacterial activities against Bacillus amyloliquefaciens, Staphylococcus aureus and Bacillus subtilis. The
results of the 24-hour antibacterial test showed that some compounds had good inhibitory activities against the three tested

strains.
Keywords thiouracil; benzothiazole; antibacterial activity
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12.5 pg/mL; Piet BRI 5L T — R 51 S e 5L 41 1)
AR MEME AL W), R ESRMPIRENE, WiEY
4 S 4 0] A BK B AR T T T A I A B A
(MIC fH)4 3.30 pg/mL.

BT, BATRBALAE R A TR -4k alxs BAA ¥
BB AE RINLEI LS9 18 DRSS HEAT B, 723
SR gl NIR IR ZGALA], 53] 15 AR IRIER S
IR FFME M R IR e R A T, B a0 Scheme 1
Frs. WA T A 7 55T AN b 3 20000 R B 408
] %) BK B (Staphylococcus  aureus) I i V€ X 2F £ FF B

(Bacillus amyloliquefaciens) ~ i ¥ % #0 ¥ B (Bacillus

subtilis) AT 4.
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Figure 1 Structures of compounds 1~4
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KPR VR TH BRI TR B S Y A
W, RS MRVE R 2 A B (Bacillus amylo-
liquefaciens)~ 45 t08 & EK & (Staphylococcus aureus)-
W ZE KT 1 (Bacillus subtilis), V&I EAE XTI, B
R R 25 pg/mL, SR NE 1. R RER,
R 7335 AR A B Pt A B R B AT i B 4 o 0
P, 76 24 h #EE IR T, AP Tes Tis Tn RILH)
FIBTRRTE R, XSRS AT . e VA BRI . A
B ZEFRLRT B A R AR L F] 100%, 3X & 10 B
Y B IX =M TE MR . LS Ta. 76 TR, Tm
HRR ZF FEURG AT B B A R R KRS 1, b 7a A0 76
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99%; X DY BP0t <5 8 0 ] %) BR TR - A 5 )4 )
T PE, Ta A 7E S HANE]FALLE 90% LA L, Tk A1 7m X3
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HW) 7a. 76, 7TK); 24 RN 4-Ph i, Gn4b AW Te A To
SRR A AR EE PER E, (&Y 7] AT R 0
il 1.

R1 BT ISR /%, 25 pg/mL)

Table 1 Antibacterial activities of compounds 7 (Inhibitory
rate/%, 25 pg/mL)

e fEE R 2 SO il
TR T BRI AT

7a 53.6 90.0 100

7b 63.1 76.6 50.5

Tc 100 100 100

7d 21.1 66.6 473

Te 0 36.6 26.5

7f 88.1 92.2 100

7g 473 66.8 29.7

7h 31.5 66.7 323

7i 31.5 73.3 38.9

7j 100 100 100

7k 84.2 83.3 99.7

71 57.8 86.6 29.4

7m 63.1 86.6 99.4

7n 100 100 100

70 42.1 0 46.5
Norfloxacin 84.1 78.4 89.3

BE 5, B T 0B I R i 1 NS
(Tb Te. 76, 7j o)X AR MIC B (45 R W&
2). GEREIR, BRALA Y Th M) fFUE R S AT R A 2 1
FhEFF ) MIC 54 50 pg/mL 4b, He ki &%t
Bl =R kI MIC E 55 B S50 B AR, #2
25 pg/mL. 54L& 2 1) MIC BB R, X FHAME
BN 4 5 VR AT BRI MIC ESMR T & 2 1)
HE, XU IR Le A A0 4 v 0 ) 3R B B A S SR 1)
FHIEE, XL SV R TAEY T ] 5 Al
FR I MICH 54659 2 f RS, HeaYxizmbk
(1] MIC fHEE T AW 2 1, S HH Ao (1 400 11 0

®2 WA MIC {EH(ng/mL)

Table 2  The MIC values of some compounds (pg/mL)
wam fRER 2 B A ZF Ak
AT B B BRTA AT

7b 50 25 50

Tc 25 25 25

7f 25 25 25

7j 25 25 25

Tn 25 25 25

2 25 50 50

Norfloxacin 25 25 25

2 #Hig

ASSCR I L2528 A e (BB, o A B T
PUERRAL &Y 1 S5 BEAT I, ARSI T BAY
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Bom PR A RO IFEESE I, 5 R T AR BRI ARAE [
IR I M I RR IR E AL B 7. IR A R R,
KHBIH & BRI S DS AT IR SR A HI R 18, TR
WEW Tev Tjv T MPHKIIMRTEN 2F AT St
RIEIERB Rl o 2 AR 1 R B L AR S (0 AR 12

3 S
3.1 X5

X-4 5 TAUE ROE AL E IS H BR 2 7)),
B TEREHIE; JERtHiFI A = 47 WQF510/520A 14
SLIHAR 4T A% 4% ; BRUKER AC-P600 (600 MHz)%Y
Bt ILIRIL, TMS N AR; Agilent G6300 B BHBAH R
W FH{X; HERAEUS (CHON, rapid)B ot &KL, 2
TR (200~300 H)ATE S, A SO HAh
WA AT, ToKR AR E T R, Ko
IRFETHIK.

32 HEFEUEMTHER
3.2.1 ZRHeEed AR 5 89 Ak

7E 100 mL FHERFEIE I 2 mmol 2-% 38 2K ek
TS 15 mL TR DY SR, FECE =4 100 mL
FREI, HIA 2.2 mmol X & FH AR H S5 15 mL -+
R DU SR, BV RSB N B3 — AN beifi T
I 2 mL = Z(VENERE ), r=E K EEAE, SRR
N, J 85K R NSRBI 150 mL B 7K AR
o, PR E A, T UE, R AR TER(105 °C), FEIE
iV s -V mew=3 1 1~111), {2 EYS.

N-COR FH[d] W -2 5 )-4- (5 R 258 ) 2K F B i (Sa): ¥R
WAOE AR, PPER 792%. mp. 172.52~1743 C; 'H
NMR (DMSO-d,, 600 MHz) 6: 8.15 (d, J=7.8 Hz, 2H,
ArH), 8.03 (d, J=7.8 Hz, 1H, ArH), 7.80 (d, J=7.2 Hz,
1H, ArH), 7.64 (d, J=7.8 Hz, 2H, ArH), 7.48 (t, J=7.8
Hz, 1H, ArH), 7.35 (d, J=7.8 Hz, 1H, ArH), 4.87 (s, 2H,
CH,); *C NMR (DMSO-d,, 150 MHz) J: 155.0, 139.2,
129.5, 129.0, 128.9, 128.8, 128.7, 123.7, 121.7, 115.5,
45.2; MS (ESI) m/z: 302.7 ((IM+H]"). Anal. caled for
CysH,,CIN,0S: C 59.50, H 3.66, N 9.25; found C 59.42, H
3.60,N 9.31.

N-(6-50 K [d] - 1gE -2 -3 )-4- (50 35 ) 28 R e (5b):
WK, P5F 75.0%. mp. 188.5~190.4 C; 'H
NMR (DMSO-ds, 600 MHz) d: 8.17 (s, 1H, ArH), 8.14 (d,
J=17.8 Hz, 2H, ArH), 7.79 (d, J=9.0 Hz, 1H, ArH), 7.63
(d, J=8.4 Hz, 2H, ArH), 7.50 (d, J=8.4 Hz, 1H, ArH),
4.86 (s, 2H, CH,); *C NMR (DMSO-d,;, 150 MHz) §:
166.8, 142.4, 131.4, 129.5, 128.9, 128.8, 128.7, 126.5,
121.4, 45.2; MS (ESI) m/z: 338.6 ((M+H]"). Anal. caled
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for C;sH;oCLLN,OS: C 53.42, H 2.99, N 8.31; found C
53.45,H 2.92, N 8.35.

N-(6- 58 I [ ] BEME-2-F5E )-4-( 52 T 38 ) 4% H B i (Se):
WO E AR, PPER 76.5%. mp. 179.5~181.6 C; 'H
NMR (DMSO-dg, 600 MHz) ¢: 8.11 (d, J=8.4 Hz, 2H,
ArH), 7.93 (d, J=7.8 Hz, 1H, ArH), 7.74~7.77 (m, 1H,
ArH), 7.58 (d, J=7.8 Hz, 2H, ArH), 7.54 (d, J=7.8 Hz,
1H, ArH), 4.82 (s, 2H, CH,); *C NMR (DMSO-d, 150
MHz) J: 166.8, 165.7, 165.2, 159.5, 157.9, 142.3, 129.5,
129.4, 129.3, 128.9, 128.8, 128.6, 114.3, 114.1, 108.2,
108.0, 45.2; MS (ESI) m/z: 320.7 ((M~+H]"). Anal. caled
for C;sH;¢CIFN,OS: C 56.17, H 3.14, N 8.73; found C
56.12, H3.19, N 8.67.

3.2.2  BRTET P AR 6 69Hn%

T v g o ) A 6 R SCHR[6] 6 K.
323 BARLA T 0E R

B 100 mL FEEEEHE, AN 1 mmol (k&% 5 5 1
mmol L&) 6 & 3 mmol K,COs, TN 25 mL ZJiE,
HRGRHE, Ny ORET T RIS, )2 (3% (TLC) Ml e
Ri. RS S, TRAAEFIISH M, FKEE%, g, T
i, ARV oom - Vaee=15 1 1~10 . 1), 1§15
.

N-C I [d] Ve M -2- 3 )-4- { [ (5- Tk -6- S AR -4- T -
1,6- S g -2- 5 ) i 6 ] FP 3L ) 2K F B i (Ta): 3R 3 (0 [
#, % 65.1%. mp. 2312~2338 ‘C; 'H NMR
(DMSO-ds, 600 MHz) J: 8.07 (d, J=8.4 Hz, 2H, ArH),
8.01 (d, J/=7.8 Hz, 1H, ArH), 7.75~7.77 (m, 3H, ArH),
7.58 (d, J=7.8 Hz, 2H, ArH), 7.44~7.47 (m, 3H, ArH),
7.32 (d, J=7.8 Hz, 1H, ArH), 4.38 (s, 2H, CH,); *C NMR
(DMSO-ds, 150 MHz) §: 172.1, 171.3, 168.0, 145.6, 138.5,
132.3, 130.5, 129.9, 129.2, 129.0, 127.0, 124.4, 122.5,
121.1, 120.8, 34.3; IR (KBr) v: 3394 (N—H), 1645, 1680
(2C=0), 2363 (CN) cm'; MS (ESI) m/z: 493.9 ((M—
H]+). Anal. caled for C,cH7NsO,S,: C 63.01, H 3.46, N
14.13; found C 63.12, H 3.52, N 14.20.

N-CE I [d)MEME-2-FE)-4- {[(5-FIL-6- A -4-- 5 F
H)-1,6- S g -2- 58 ) B 5L ) RS ) 2K HBE K2 (Tb): TR B
tE A, 2R 60.6%. mp. 238.2~241.3 C; 'H NMR
(DMSO-ds, 600 MHz) o: 8.04 (d, J=7.8 Hz, 2H, ArH),
7.98 (d, J=7.8 Hz, 1H, ArH), 7.75 (d, J=8.4 Hz, 1H,
ArH), 7.55 (d, J=7.8 Hz, 2H, ArH), 7.50 (d, J=7.8 Hz,
1H, ArH), 7.42 (d, J=7.2 Hz, 1H, ArH), 7.40~7.41 (m,
1H, ArH), 7.38 (d, J=6.6 Hz, 1H, ArH), 7.35 (dd, J=1.8
Hz, J=7.8 Hz, 1H, ArH), 7.29 (t, J=7.8 Hz, 1H, ArH),
431 (s, 2H, CH,); “C NMR (DMSO-d;, 150 MHz) ¢:

Chin. J. Org. Chem. 2018, 38, 2784~2790

© 2018 Chinese Chemical Society & SIOC, CAS

1712, 169.9, 169.2, 167.0, 162.2, 144.4, 137.2, 131.5,
130.9, 130.2, 130.0, 129.3, 129.0, 128.3, 127.0, 126.0,
123.4, 121.6, 120.1, 118.7, 35.7; MS (ESI) m/z: 528.2
(IM—H]"); IR (KBr) v: 3391 (N—H), 1636, 1682 2C=
0), 2365 (CN) cm . Anal. caled for CogHisCIN5O,S,: C
58.92, H 3.04, N 13.21; found C 58.98, H 3.11, N 13.29.

N-CE I [d] e -2-F5)-4- {[(5- B -6 MR -4-(4- 5
H6)-1,6- AU -2- ) B i ) RO ) O R B (Te): VRO
@ EA, 77 61.1%. m.p. 236.4~239.1 C; 'H NMR
(DMSO-ds, 600 MHz) ¢: 8.01 (d, J=8.4 Hz, 2H, ArH),
7.87 (d, J=7.2 Hz, 1H, ArH), 7.73 (d, J=8.4 Hz, 2H,
ArH), 7.64 (d, J=7.8 Hz, 1H, ArH), 7.47 (s, 2H, ArH),
7.46 (s, 2H, ArH), 7.33 (t, J=7.2 Hz, 1H, ArH), 7.18 (t,
J=72 Hz, 1H, ArH), 430 (s, 2H, CH,); *C NMR
(DMSO-d, 150 MHz) 6: 171.4, 170.3, 165.7, 162.3, 148.6,
143.7, 136.3, 134.4, 131.7, 131.4, 129.9, 129.1, 128.8,
128.6, 128.3, 128.1, 125.7, 122.8, 121.4, 119.8, 119.7,
35.7; IR (KBr) v: 3397 (N—H), 1632, 1677 (2C=0), 2361
(CN) cm™'; MS (ESI) m/z: 528.1 (M—H]"). Anal. calcd
for C6H16CIN5O,S,: C 58.92, H 3.04, N 13.21; found C
59.02, H 3.09, N 13.28.

N-CE I [d]EME-2-FE )-4- {[(5-F = -6- A -4-(2,4- —
FUA T )-1,6- S g -2- 5 ) i 2 ) FFY R ) O HH B i (74):
WK, P2F 572%. mp. 224.5~2262 C; 'H
NMR (DMSO-d,, 600 MHz) &: 8.02 (d, J=8.4 Hz, 2H,
ArH), 7.95 (d, J=7.8 Hz, 1H, ArH), 7.89 (s, 1H, ArH),
7.72 (d, J=7.8 Hz, 1H, ArH), 7.67 (d, J=4.8 Hz, 1H,
ArH), 7.61 (d, J=7.8 Hz, 2H, ArH), 7.45 (t, J=6.6 Hz,
1H, ArH), 7.36~7.39 (m, 1H, ArH), 7.26~7.28 (m, 1H,
ArH), 4.27 (s, 2H, CH,); *C NMR (DMSO-d;, 150 MHz)
5: 171.3 169.9, 169.0, 166.0, 162.2, 144.4, 136.1, 134.0,
132.1, 131.4, 129.0, 128.9, 128.8, 128.3, 127.3, 126.0,
123.5, 121.6, 118.5, 35.7; IR (KBr) v: 3385 (N—H), 1635,
1682 (2C=0), 2364 (CN) cm '; MS (ESI) m/z: 562.6
(IM—H]"). Anal. calcd for CoeH;sCLNsO,S,: C 55.32, H
2.68, N 12.41; found C 55.39, H 2.74, N 12.49.

N-CE I [d]BEmE-2-3E)-4- {[ (5-F Ik -6- AR -4-(1,1'- BE
TR -4-FE)-1,6- A5 e -2- 38 ) A 36 ) R 3 ) 2K I i (Te):
WE AR, P5F 49.6%. mp. 245.5~2482 C; 'H
NMR (DMSO-d,, 600 MHz) 6: 8.08 (d, J=8.4 Hz, 2H,
ArH), 8.01 (d, J=7.8 Hz, 1H, ArH), 7.89 (d, J=7.8 Hz,
2H, ArH), 7.78 (d, J=8.4 Hz, 3H, ArH), 7.77 (d, J=7.2
Hz, 3H, ArH), 7.60 (d, J=7.8 Hz, 2H, ArH), 7.49 (t, J=
7.8 Hz, 2H, ArH), 7.40 (t, J=7.2 Hz, 1H, ArH), 7.32 (t,
J=72 Hz, 1H, ArH), 439 (s, 2H, CH,); C NMR
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(DMSO-d, 150 MHz) 6: 171.5, 170.3, 165.8, 162.3, 148.7,
143.8, 136.4, 134.5, 131.7, 129.9, 129.1, 128.8, 128.4,
128.2, 125.7, 122.9, 121.4, 119.8, 119.8, 35.8; IR (KBr) v:
3382 (N—H), 1631, 1684 (2C=0), 2361 (CN) cm '; MS
(ESI) m/z: 569.8 ((M—H]"). Anal. caled for CsH, -
N;0,S,: C 67.23, H 3.70, N 12.25; found C 67.34, H 3.75,
N 12.30.

N-(6-5 A FF [ e ML -2-FE)-4- {[(5-F L -6- AR -4- K
FE-1,6- A MR IE -2-F ) B Bk ) HH R ) OR B R IIZ (716): VR T £
B4R, 723 62.3%. mp. 2352~238.1 ‘C; 'H NMR
(DMSO-d,, 600 MHz) 6: 8.13 (s, 1H, ArH), 8.04 (d, J=7.8
Hz, 2H, ArH), 7.74 (d, J=8.4 Hz, 1H, ArH), 7.72 (d, J=
3.6 Hz, 2H, ArH), 7.56 (d, J=8.4 Hz, 2H, ArH), 7.43~
7.45 (m, 4H, ArH), 4.35 (s, 2H, CH,); °*C NMR (DMSO-
de, 150 MHz) 6: 171.1, 170.3, 167.1, 144.9, 137.6, 133.2,
129.6, 129.0, 128.3, 128.0, 127.6, 126.4, 121.5, 121.3,
119.9, 33.3; IR (KBr) v: 3386 (N—H), 1634, 1682 (2C=
0), 2364 (CN) cm '; MS (ESI) m/z: 528.1 ((IM—H]").
Anal. caled for CaH 6CIN5O,S,: C 58.92, H 3.04, N 13.21;
found C 58.99, H 3.13, N 13.33.

N-(6-F R I [d] WML -2-FE )-4-{[(5-F L -6- A AR -4-(2-
AR IE)-1,6- A s g -2- 56 ) B Ik | PR RE ) 2K FR B B (7g):
WHEOE K, 7% 53.6%. mp. 230.2~233.8 C; 'H
NMR (DMSO-ds, 600 MHz) &: 8.16 (s, 1H, ArH), 8.05 (d,
J=7.8 Hz, 2H, ArH), 7.94 (s, 1H, ArH), 7.58 (d, J=7.2
Hz, 2H, ArH), 7.53 (s, 2H, ArH), 7.48 (d, J=8.4 Hz,
1H ,ArH), 7.41 (d, J=6.6 Hz, 1H , ArH), 7.37 (d, J=7.2
Hz, 1H , ArH), 4.33 (s, 2H, CH,); °C NMR (DMSO-d,
150 MHz) §: 171.0, 167.0, 162.2, 144.8, 137.2, 130.9,
130.2, 130.0, 129.6, 129.3, 129.1, 129.1, 128.3, 127.0,
127.0, 126.4, 121.4, 35.7; IR (KBr) v: 3389 (N—H), 1631,
1684 (2C=0), 2365 (CN) cm '; MS (ESI) m/z: 561.5
([M—H]+). Anal. calcd for C,cHsCL,N50,S,: C 55.32, H
2.68, N 12.41; found C 55.41, H 2.73, N 12.49.

N-(6-F R I [d] WMk -2-FE )-4-{[(5-F L -6- AR -4-(4-
AR IE)-1,6- S W g -2- 38 ) B 3 ) 3 ) O R IR % (Th):
WE O, 7% 61.1%. mp. 235.5~238.6 C; 'H
NMR (DMSO-ds, 600 MHz) &: 8.08 (s, 1H, ArH), 8.00 (d,
J=8.4 Hz, 2H, ArH), 7.73 (d, J=8.4 Hz, 2H, ArH), 7.71
(d, J=8.4 Hz, 1H, ArH), 7.53 (d, J=8.4 Hz, 2H, ArH),
7.46~7.48 (m, 2H, ArH), 7.40~7.42 (m, 1H , ArH), 4.31
(s, 2H, CH,); *C NMR (DMSO-ds, 150 MHz) 6: 171.3,
170.1, 165.8, 165.7, 162.3, 159.6, 144.8, 136.3, 134.4,
133.2, 130.0, 129.9, 129.1, 129.0, 128.3, 128.1, 127.6,
126.4,121.5, 121.3, 119.7, 35.7; IR (KBr) v: 3392 (N—H),
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1636, 1681 (2C=0), 2362 (CN) cm™'; MS (ESI) m/z:
561.9 ([M—H]+). Anal. calcd for C,4H;sCl1N50,S,: C
55.32, H2.68; N 12.41; found C 55.38, H 2.74, N 12.49.

N-(6- 5 7K I [d] WE M -2- FE )-4- {[(5- 3 3 -6- A A -
4-(2,4- R R TE)-1,6- S IE -2 ) B 2k ] P O ) O PR
fE(7i): R E AR, 7% 52.6%. m.p. 230.2~233.1 C;
'H NMR (DMSO-ds, 600 MHz) 6: 8.15 (s, 1H, ArH), 8.05
(d, J=7.2 Hz, 1H, ArH), 7.94 (s, 1H, ArH), 7.77 (d, J=9.0
Hz, 1H, ArH), 7.71 (s, 1H, ArH), 7.57 (d, J=7.8 Hz, 2H,
ArH), 7.51 (d, J=7.8 Hz, 2H, ArH), 7.42 (d, J=7.8 Hz,
1H, ArH), 4.32 (s, 2H, CH,); "C NMR (DMSO-dj, 150
MHz) 6: 171.1, 170.3, 167.1, 165.8, 144.9, 137.6, 133.2,
129.6, 129.0, 128.3, 128.0, 127.6, 126.4, 121.5, 121.3,
119.9, 33.3; IR (KBr) v: 3394 (N—H), 1632, 1685 (2C=
0), 2365 (CN) cm™'; MS (ESI) m/z: 596.6 ((M—H]").
Anal. caled for C,sH4C13NsO,S,: C 52.14, H 2.36, N
11.69; found C 52.21, H 2.40, N 11.76.

N-(6- 50 7K I [d] WE M -2- FE )-4- {[(5- F 3 -6- A A -
4-(1,1"-BRIR-4-55)-1,6- — S g -2-J5 ) B Jik ] FH 5k ) 2 R
W(7j): IRFE AR, 723 46.5%. m.p. 241.5~243.9 C;
'H NMR (DMSO-ds, 600 MHz) d: 8.12 (d, J=1.8 Hz,, 1H,
ArH), 8.04 (d, J=8.4 Hz, 2H, ArH), 7.91 (s, 1H, ArH),
7.85 (d, J=7.8 Hz, 2H, ArH), 7.74 (d, J=8.4 Hz, 1H,
ArH), 7.70 (d, J=7.8 Hz, 1H, ArH), 7.57 (d, J=8.4 Hz,
2H, ArH), 7.46 (s, 1H, ArH), 7.45 (d, J=7.8 Hz, 2H, ArH),
7.37 (t, J=7.2 Hz, 1H, ArH), 4.36 (s, 2H, CH,); *C NMR
(DMSO-dg, 150 MHz) d: 171.2, 170.3, 166.4, 162.2, 144.9,
141.3, 139.3, 136.6, 133.2, 129.0, 128.9, 128.7, 128.4,
127.8, 127.6, 126.7, 126.4, 126.3, 121.5, 121.3, 120.0,
35.7; IR (KBr) v: 3396 (N—H), 1636, 1681 (2C=0), 2362
(CN) cm™'; MS (ESI) m/z: 603.8 (M—H]"). Anal. calcd
for C3,H,CINsO,S,: C 63.41, H 3.33, N 11.55; found C
63.52, H 3.38, N 11.61.

N-(6- 38 FF [ e WL -2- 55 )-4- { [ (5-F I -6- AR -4- 7K
FE-1,6- A MENE -2-Jh) Bl ) P DR I i (TK): R B (R
B4R, P23 58.3%. mp. 226.7~229.1 ‘C; 'H NMR
(DMSO-dg, 600 MHz) &: 8.05 (d, J=8.4 Hz, 2H, ArH),
7.90~7.93 (m, 1H, ArH), 7.75~7.78 (m, 1H, ArH),
7.73~7.74 (m, 2H, ArH), 7.58 (d, J=8.4 Hz, 2H, ArH),
7.45 (t, J=3.0 Hz, 3H, ArH), 7.28~7.31 (m, 1H, ArH),
436 (s, 2H, CH,); "C NMR (DMSO-d,, 150 MHz) §:
171.1, 170.2, 167.0, 1622, 158.9, 158.5, 157.8, 144.8,
137.6, 129.6, 128.9, 128.3, 128.0, 121.4, 120.0, 114.2 (d,
2Jer=24.3 Hz), 108.1 (d,%Jcr=26.8 Hz), 33.3; IR (KBr) v:
3390 (N—H), 1631, 1685 (2C=0), 2365 (CN) cm™'; MS
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(ESI) m/z: 511.9 ((M—H]"). Anal. caled for CysHcF-
N;0,S,: C 60.81, H 3.14, N 13.64; found C 60.93, H 3.23,
N 13.52.

N-(6-F5 75 - [d] WEME-2- 3 )-4- {[(5-F FE-6- A fR-4-(2-
FURTE)-1,6- M E-2-J ) B B Y L L DR I Jiz (71): ¥k
WO E K, 2% 51.8%. mp. 215.3~217.6 C; '"H NMR
(DMSO-ds, 600 MHz) J: 8.05 (d, J=8.4 Hz, 2H, ArH),
7.94 (s, 1H, ArH), 7.78 (q, J=4.8 Hz, 1H, ArH), 7.58 (d,
J=8.4 Hz, 2H, ArH), 7.53 (d, J=7.8 Hz, 1H, ArH),
7.42~7.44 (m, 2H, ArH), 7.37 (d, J=7.8 Hz, 1H, ArH),
7.29~7.31 (m, 1H, ArH), 4.32 (s, 2H, CH,); C NMR
(DMSO-d, 150 MHz) 6: 171.1, 169.1, 167.0, 165.7, 162.2,
157.9, 144.7, 137.2, 130.9, 130.5, 130.2, 130.0, 129.3,
129.1, 129.0, 128.3, 127.0, 118.7, 114.1 (d, “Jc=24.3 Hz),
108.0 (d,%Jcr=27.0 Hz), 35.7; IR (KBr) v: 3393 (N—H),
1633, 1681 (2C=0), 2361 (CN) cm '; MS (ESI) m/z:
546.1 (IM—H]"). Anal. caled for CasH;sCIFN5O,S,: C
56.98, H2.76, N 12.78; found C 57.08, H 2.81, N 12.85.

N-(6-38 K I [d] W M -2-FE )-4- { [ (5-F 2 -6- A AR -4-(4-
SR FE)-1,6- A g -2- 3 )i L ] 3R ) 2K R IR (Tm):
WEOE K, P7F 51.9%. mp. 2345~237.1 C; 'H
NMR (DMSO-d,, 600 MHz) &: 8.02 (d, J=8.4 Hz, 2H,
ArH), 7.85~7.87 (m, 1H, ArH), 7.74 (d, J=9.0 Hz, 2H,
ArH), 7.71~7.72 (m, 1H, ArH), 7.53 (d, J=8.4 Hz, 2H,
ArH), 7.49 (d, J=9.0 Hz, 2H, ArH), 7.23~7.26 (m, 1H,
ArH), 4.32 (s, 2H, CH,); *C NMR (DMSO-d;, 150 MHz)
5: 171.3, 170.2, 165.9, 165.7, 162.2, 157.8 (d, 'Jep=238.5
Hz), 145.1, 144.6, 136.3, 134.4, 132.7, 129.9, 128.9, 128.3,
128.1, 126.6, 121.4, 121.3, 119.7, 114.0 (d, “Jcr=24.3 Hz),
108.1 (d,%Jcr=26.3 Hz), 33.4; IR (KBr) v: 3390 (N—H),
1631, 1685 (2C=0), 2365 (CN) cm '; MS (ESI) m/z:
5459 (IM—H]"). Anal. calcd for C,sH;sCIFN;O,S,: C
56.98, H2.76, N 12.78; found C 57.08, H 2.80, N 12.85.

N-(6- 9 H I [l] V& WA -2- I )-4- {[(5- 22 -6- AR -
4-(2,4- ZHURTE)-1,6- MmN -2- 5k ) B 56 ] AL ) 0K R
J&(Tn): KB O, 7% 54.9%. m.p. 237.5~239.1 C;
'H NMR (DMSO-d, 600 MHz) d: 8.05 (d, J=7.8 Hz, 1H,
ArH), 7.93 (s, 1H, ArH), 7.77 (q, J=4.2 Hz, 1H, ArH),
7.71 (d, J=4.8 Hz, 1H, ArH), 7.56 (d, J=8.4 Hz, 1H,
ArH), 7.50 (d, J=7.8 Hz, 2H, ArH), 7.40 (d, J=7.8 Hz,
1H, ArH), 7.26~7.30 (m, 1H, ArH), 4.31 (s, 2H, CH,); °C
NMR (DMSO-dg, 150 MHz) d: 171.3, 169.0, 166.0, 162.7,
160.6, 157.8 (d, 'Jor=238.0 Hz), 155.0, 136.1, 134.0,
132.1, 131.4, 129.1, 129.0, 128.9, 128.7, 128.3, 127.3,
118.5, 114.2 (d,*Jer=23.8 Hz), 108.1 (d,*Jcr=26.5 Hz),
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35.7; IR (KBr) v: 3390 (N—H), 1631, 1682 (2C=0), 2362
(CN) cm ™ '; MS (ESI) m/z: 580.5 ((M—H]"). Anal. calcd
for Co6H 4CLEN;0,S,: C 53.61, H 2.42, N 12.02; found C
53.69, H 2.47, N 12.09.

N~(6- 3 2 I [d] W W4 -2- ik )-4- {[(5- . 3 -6- S AR -
A-(1,1"- BRI -4-F5)- 1,6~ S0 0 -2- 5 ) i ok ) PR 8 28 P
(7o) IRIEEA, P25 47.9%. m.p. 234.5~237.4 C;
'H NMR (DMSO-d;, 600 MHz) 6: 8.04 (d, J=7.8 Hz, 2H,
ArH), 7.91 (s, 1H, ArH), 7.85 (d, J=8.4 Hz, 2H, ArH),
7.74 (d, J=8.4 Hz, 2H, ArH), 7.70 (d, J=7.8 Hz, 2H,
ArH), 7.56 (d, J=7.8 Hz, 2H, ArH), 7.45 (t, J=7.2 Hz,
3H, ArH), 7.35 (t, J=7.2 Hz, 1H, ArH), 7.26 (m, 1H,
ArH), 4.36 (s, 2H, CH,); *C NMR (DMSO-d;, 150 MHz)
8: 1712, 170.4, 166.4, 162.2, 157.8 (d, 'Jer=238.2 Hz),
1452, 145.1, 144.6, 1413, 139.3, 136.6, 129.4, 129.2,
129.1, 129.0, 128.9, 128.7, 128.3, 127.8, 126.7, 126.3,
121.3, 120.0, 114.1 (d, “Jep=23.3 Hz), 108.1 (d, Jer=
26.8 Hz), 35.7; IR (KBr) v: 3386 (N—H), 1634, 1685 (2C
=0), 2364 (CN) cm " '; MS (ESI) m/z: 587.8 ((M— H]").
Anal. calced for Cs;,H,0FN;5O,S,: C 65.18, H 3.42, N 11.88;
found C 65.29, H3.47, N 11.95.

3.3 MBEVEMEMIRA A
3.3.1 @ APE FEN R (FRE F T HOR)

R PREOE = Atk 25), /D& DMSO k)G,
TN NA B 35500 3 9K 50 ug/mL, V2151812 AR,
e 5. TR TAEG H, BUw 5 i & —3¢,
A 10 mL JoB 7K, F K BT 28 52 42 0 B S 77 R 3R 1 i B
&, L, WIRIRG ARG Y 5], R pE B, R A
1 mL JIAE] 9 mL EH K, B sIfl 10 Fikk
. FREC T mL10 ' MBSO E] 9 mL EEKH, &
G SIHI L 107 2 BB, DAL HE, 4% RAIER L B =
. SRE 105k 1077 BREE BRI 70 L, A HINAE
YRR INZG ) NA 5533 PRI |, ALK
“AENRAASA, MR, BT 37 ClHEER RS
BiFt24 h 24 h 5, HHTHIE AL BARE = CPTIR
50, 25 R =R A E.

I 2 = Ol B 2H 1 v B — 240 PR VR 0 o) B

2R TEEX 100%

332 SARIPE KL A9 Z

W E R B AN 235 7R 0 R AR BOE 2 it
W25, H/bE DMSO BEG, MAEFRIENRINA)EE T
S BELYREA 504 25, 12.51 6.25. 3. 2 Al 1 pg/mL,
RAE B ZRTR, BEEE&H. ElEET, BUsEr
IR ERRRIE 1 %, N 5 mL E®K, FKETE4
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