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Design, synthesis and relational biological researches of novel acetyl-
contained sulfanilamide tertiary amine thiol azole compounds and
sulfanilamide tertiary amine amino azole compounds

FENG Dan-yang, ZHU Liu-xue, YANG Shi-ju, YAN Rui, ZHANG Hui-zhen’, WANG Ying

(School of Medicine, Linyi University, Linyi 276000, China)

Abstract: As an important synthetic antibacterial drug, sulfonamides play an important role in the anti-
infection field. Based on the research and development status of sulfonamides, this paper broke the classical
structure of sulfanilamide, and designed and synthesized a series of acetyl-contained sulfanilamide tertiary amine
thiol azole compounds and sulfanilamide tertiary amine amino azole compounds. The structures were confirmed by
'H NMR, "C NMR and HRMS. The antimicrobial activity of synthesized compounds in vitro was tested. The
antimicrobial activity of amino triazole compound 7a gave stronger activity against Pseudomonas aeruginosa than
that of positive control drug norfloxacin, and its inhibitory activity against Staphylococcus aureus was close to that
of norfloxacin. The interaction between compound 7a and calf thymus DNA was studied, and the docking
experiment between this compound and DNA was also researched.
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Synthetic route of novel acetyl-contained sulfonamide tertiary amine azole compounds. Reagents and reaction conditions: (a)

chlorosulfuric acid, 0 °C; (b) ammonium hydroxide, 0 °C; (c) halobenzyl halide, potassium carbonate, acetone, 60 °C; (d) 1,3-dibromopro-

pane, potassium carbonate, acetone, 60 °C; (e) amino or thiol azole, potassium carbonate, acetonitrile, 70 °C
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Table 1

In vitro antibacterial activities of acetyl-contained sulfonamide tertiary amine azole compounds 6-8 expressed as MIC (umol-mL™).

MIC: Minimal inhibit concentration; S. aureus: Staphylococcus aureus (ATCC25923); B. subtilis: Bacillus subtilis; M. luteus: Micrococcus

luteus (ATCC4698); B. proteus: Bacillus proteus (ATCC13315); P aeruginosa: Pseudomonas aeruginosa; E. coli: Escherichia coli;

S. typhimurium: Salmonella typhimurium; S. dysenteriae: Shigella dysenteriae; C. albicans: Candida albicans (ATCC76615); S. cerevisia:

Saccharomyces cerevisia; C. utilis: Candida utilis; M. Ruber: Monascus Ruber

Compd.

MIC/umol-mL”

MIC/umol-mL"

S. aureus B. subtilis M. luteus B. proteus P. aeruginosa E. coli S. typhimurium S. dysenteriae
6a 0.289 0.578 0.578 0.289 0.144 0.289 0.289 0.578
6b 0.144 0.289 0.578 0.578 0.072 0.144 0.578 0.144
6¢c 0.578 0.289 0.578 0.144 0.144 0.289 0.289 0.289
6d 0.139 0.557 0.278 0.278 0.139 0.139 0.278 0.139
6e 0.278 0.139 0.557 0.278 0.139 0.278 0.139 0.139
6f 0.259 0.130 0.518 0.130 0.259 0.130 0.130 0.259
Ta 0.036 0.072 0.143 0.143 0.036 0.072 0.143 0.143
7b 0.069 0.035 0.069 0.069 0.035 0.276 0.138 0.138
Te 0.134 0.134 0.067 0.033 0.033 0.067 0.134 0.067
7d 0.257 0.129 0.129 0.064 0.129 0.257 0.257 0.129
8a 0.138 0.069 0.035 0.035 0.069 0.069 0.138 0.138
8b 0.267 0.033 0.133 0.133 0.067 0.133 0.033 0.067
8c 0.069 0.069 0.035 0.138 0.035 0.035 0.138 0.138
Sulfanilamide 2.977 >2.977 2.977 >2.977 2.977 2.977 2.977 2.977
Norfloxacin 0.025 0.050 0.025 0.025 0.050 0.050 0.025 0.050
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(MIC = 0.036 pmol-mL") 5 T~ BH ¥4 X} HE 245 4 v 5 Vb 2
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Table 2 /n vitro antifungal activities of acetyl-contained sulfon-

amide tertiary amine azole compounds 6—-8

MIC/pmol-mL"

Compd.

C. albicans  S. cerevisia C. utilis M. Ruber
6a 0.289 0.144 0.289 0.578
6b 0.289 0.144 0.578 0.289
6¢ 0.289 0.289 0.144 0.144
6d 0.278 0.139 0.139 0.069
6e 0.557 0.139 0.278 0.139
of 0.259 0.259 0.130 0.065
7a 0.287 0.287 0.143 0.143
7b 0.138 0.276 0.069 0.276
Tc 0.267 0.134 0.134 0.067
7d 0.129 0.257 0.064 0.129
8a 0.138 0.276 0.069 0.276
8b 0.133 0.267 0.267 0.133
8c 0.277 0.069 0.138 0.277
Sulfanilamide >2.977 >2977 >2.977 >2.977
Fluconazole 0.026 0.052 0.052 0.837
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Figure 1 UV absorption spectra of DNA with different concen-

trations of compound 7a (pH = 7.4, room temperature) [c¢ (DNA) =
5.76x10® pmol-mL"', and ¢ (7a) = 0-12x10” umol-mL™" for curves
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Figure2 Comparison of absorption at 260 nm between the 7a-DNA
complex and the sum values of free DNA and free compound 7a
[c (DNA) =5.76x10" umol'mL", and ¢ (7a) = 0-12x10” pmol'mL"

for curves a—g respectively at increment 2x107]
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Figure 4 UV absorption spectra of neutral red (NR) in the

presence of DNA at pH 7.4 and room temperature [¢ (NR) =
2x10® umol-mL”, and ¢ (DNA) = 0-5.76x10® umol-mL" for

curves a—f respectively at increment of 1.15x10™ yumol-mL"]
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Figure 5 UV Absorption spectra of the competitive reaction

between 7a and NR with DNA [¢ (DNA) = 5.76x10® pmol-mL",
¢ (NR) = 2x10™® pmol-mL", and ¢ (7a) = 0-12x10” umol-mL" for

curves a—g respectively at increment 2x10” pmol-mL™"]
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3.73x10" pmol), B T LI B HE A b, 125 I\ Sl R
(25 mL, 1.88x10° pmol), F 5 43 T4 1) J& /< I i 2%
B N A R 55 T NTRI P o AR [ R Joe L ] A
SEASVRIR G, K RS 2 60 °CIR KB Tt E ) B 2 h,
AEEER. TERSHHET RIS RN A 2
75 g WEUK I 250 mL et Hh, FH 35 B4 0 O e ] k48 1
o35 51 1 B BN, hiE, DLb & 2 R,
M T, 73 Bk ([ A4 o K45 3 B [ AR 5% N 250 mL ke
eb, FERERE S 218 N 17.5 mL iR & K, i hnsg B 5
PEFE N3 ho FlJE, VKK PR BR 2 &K, T
KR A3 31 7.550 g E [ 44, 77 %4 75.3%, m.p. 215~
217 °C (3CHRP: m.p. 216~218 °C).

1.2 N-(4-(N,N- -8 &) BB iz E) K &) LR
4afIER WEW4aERSHE %, faA
& 4a, 77 K 34.2%, m.p. 133~135 °C, 'H NMR
(600 MHz, CDCL,) d,: 7.72 (s, 2H), 7.66 (s, 2H), 7.31
(s, 2H), 7.17 (d, J = 20.6 Hz, 2H), 7.01 (s, 2H), 6.88 (d,
J = 9.3 Hz, 2H), 4.45 (s, 4H), 2.23 (s, 3H); "C NMR
(151 MHz, CDCL,) d.: 168.64, 161.55, 159.91, 141.95,
130.68, 129.49, 128.41, 124.09, 122.79, 119.28, 115.03,
45.43, 24.70. HRMS (TOF) caled. for C,,H,,F,N,0,S
[M+Na]’, 453.105 5; found, 453.108 3.

1.3 N-(4-(NV,N-(3-FF &) B e B) K ) OBtz
bHER HEW GRS HE IR T E, fa A
il 14 4b, 7= 3 N 31.6%, m.p. 113~115 °C, 'H NMR
(600 MHz, CDCL,) d,;: 7.79 (s, 2H), 7.72 (s, 2H), 7.20
(d, J=21.7 Hz, 2H), 6.92 (s, 2H), 6.87 (s, 2H), 6.79 (s,
2H), 4.32 (s, 4H), 2.25 (s, 3H); "C NMR (151 MHz,
CDCl) J.: 168.67, 163.62, 161.99, 142.14, 138.11,
130.00, 128.45, 124.04, 119.45, 115.26, 114.72, 50.74,
24.7. HRMS (TOF) calcd. for C,,H,F,N,0,S [M+Na]",
453.105 5; found, 453.107 3.

1.4 N-(4-(V,N-X (4- 5.7 55) B Bt e B5) K £L) S Bk Bz
4cER EWAcE KNS % LR 7%, e A
[l & 4c, 7% F N 33.4%, m.p. 117~119 °C, 'H NMR
(600 MHz, CDCL,) 6,: 7.78 (s, 2H), 7.71 (s, 2H), 7.03 (s,
4H), 6.91 (s, 4H), 4.27 (s, 4H), 2.24 (s, 3H); °C NMR
(151 MHz, CDCI,) d.: 168.68, 163.13, 161.49, 142.03,
131.31, 130.17, 128.42, 115.41, 50.37, 29.29. HRMS
(TOF) caled. for C,,H,,F,N,0,S [M+Na]", 453.105 5;
found, 453.106 7.

1.5 N-(4-(V,N-W 3-8 F &) E B E) K ) OBtz
4dWER HEWAARIE RS HE IR E, HE A
[ 4 4d, 7 2 38.9%, m.p. 155~157 °C, 'H NMR
(600 MHz, CDCL,) 6,;: 7.79 (s, 2H), 7.72 (s, 2H), 7.18 (d,

J=30.5 Hz, 4H), 7.00 (s, 4H), 4.29 (s, 4H), 2.26 (s, 3H);
C NMR (151 MHz, CDCL,) d.: 168.52, 142.12, 137.52,
134.78, 134.42, 129.73, 128.55, 128.44, 128.03, 126.60,
119.45, 24.75. HRMS (TOF) calcd. for C,,H,,CL,N,0,S
[M+Na]', 485.046 4; found, 485.045 9.

1.6 N-(4-(N,N-B(4-F°F £)E Ot b £ ) K E) C B L de
BIERR LG de G S TR 7%, 13 H 6k
de, F7H N 35.6%, m.p. 177~179 °C, 'H NMR (600 MHz,
CDCL,) d,;: 7.81~7.77 (m, 2H), 7.71 (s, 2H), 7.03 (s,
4H), 6.91 (s, 4H), 4.27 (s, 4H), 2.24 (s, 3H); *C NMR
(151 MHz, CDCI,) d.: 168.77, 142.09, 134.84, 131.29,
130.22, 128.40, 119.46, 115.27, 50.40, 24.68. HRMS
(TOF) caled. for C,,H,,CLLN,0,S [M+Na]", 485.046 4;
found, 485.046 1.

1.7 N-(4-(N,N-X (3,4-— & F )L L 2) K E) B
R4t E R EMAiE ks ik, 5 A
[ 44 4f, 77 3 N 31.7%, m.p. 183~185 °C, 'H NMR
(600 MHz, CDCL,) 6,: 7.78 (d,J= 8.7 Hz, 1H), 7.76 (s, 2H),
7.60 (s, 2H), 7.33 (d, J= 18.6 Hz, 1H), 7.30 (d,J=9.3 Hz,
1H), 4.52 (s, 1H), 4.25 (s, 2H), 2.21 (s, 3H); *C NMR
(151 MHz, CDCL,) 6.: 169.15, 142.72, 133.80, 130.65,
130.38, 129.77, 129.57, 128.37, 127.14, 125.94, 119.23,
45.25, 24.75. HRMS (TOF) calcd. for C ;H,,CLLN,O,S
[M+Na]', 394.999 4; found, 394.999 6.

1.8 N-@4-(N-Q-BFE)EB R E) K E) B L 5a iy
B WEYISall & %S % SO 52, 19 G 14 Sa,
7% %9 40.2%, m.p. 122~124 °C, 'H NMR (600 MHz,
CDCL,) d,: 7.79 (s, 2H), 7.64 (s, 2H), 7.24 (s, 2H), 7.08
(s, 1H), 6.98 (s, 1H), 4.74 (s, 1H), 4.24 (s, 2H), 2.24 (s,
3H). HRMS (TOF) caled. for C,;H ,FN,0,S [M+Na]",
345.067 9; found, 345.068 8.

1.9 N-(4-(N-G-8FE) BB pZ &) R E) ZBEiZ 5b #Y
AR HEYSb GRS R TTE, 1918 6 4 Sb,
7 H N 29.8%, m.p. 126~128 °C, '"H NMR (600 MHz,
CDCL,) d,;: 7.83 (s, 2H), 7.69 (s, 2H), 7.39 (s, 1H), 6.98
(d, J = 54.0 Hz, 3H), 4.72 (s, 1H), 4.17 (s, 2H), 2.25 (s,
3H). HRMS (TOF) caled. for C,;H ,FN,0,S [M+Na]",
345.067 9; found, 345.068 9.

1.10  N-(4-(N-(4-F T E) BB IE E) R ) ZELEZ Sc B9
AR AV S RS2 TR, 19 18 G 4 Se,
7% 2K 33.4%, m.p. 120~122 °C, 'H NMR (600 MHz,
CDCL,) d,;: 7.83 (s, 2H), 7.69 (s, 2H), 7.20 (s, 2H), 7.00
(s, 2H), 4.63 (s, 1H), 4.14 (s, 2H), 2.26 (s, 3H). HRMS
(TOF) caled. for C,,H,,FN,0,S [M+Na]", 345.067 9;
found, 345.068 7.
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111 N-(4-(N-G-8FE)FEEE L E) R E) Z Btz 5d B9
B WEVISANE RS % SO %, 19 A ElE 4 5,
72 N 37.2%, m.p. 145~147 °C, 'H NMR (600 MHz,
CDCL,) 6,;: 7.82 (s, 2H), 7.69 (s, 2H), 7.55 (d, J = 9.1 Hz,
1H), 7.24 (d, J = 3.4 Hz, 1H), 7.19 (s, 1H), 7.12 (s, 1H),
4.14 (s, 2H), 2.26 (s, 3H)s HRMS (TOF) caled. for
C,,H,,CIN,0,S [M+Na]", 361.038 4; found, 361.039 4.
1.12  N-(4-(N-4-8FE) BB iR 2T E) LB R Se 1Y
B AV Se MG S T, 153 At 14 Se,
7 28 30.2%, m.p. 190~192 °C, 'H NMR (600 MHz,
CDCL,) 6, 7.83 (s, 2H), 7.69 (s, 2H), 7.20 (s, 2H), 7.00
(s, 2H), 5.37 (s, 1H), 4.14 (s, 2H), 2.26 (s, 3H). HRMS
(TOF) calcd. for C H,.CIN,0,S [M+Na]", 339.056 5;
found, 339.056 2.

113 N-(4-(N-3.4-Z— S E) Bt b ) K E) OBt bz
STHAER WEWSIHE RS E R 5%, e f
1A 5f, 7 R 27.3%, m.p. 184~186 °C, '"H NMR
(600 MHz, CDCL,) d,: 7.78 (d, J = 8.7 Hz, 1H), 7.76
(s, 2H), 7.60 (s, 2H), 7.33 (d, J = 18.6 Hz, 1H), 7.30 (d,
J = 9.3 Hz, 1H), 4.52 (s, 1H), 4.25 (s, 2H), 2.21 (s,
3H); "C NMR (151 MHz, CDCl,) d.: 169.15, 142.72,
133.80, 130.65, 130.38, 129.77, 129.57, 128.37, 127.14,
125.94, 119.23, 45.25, 24.75. HRMS (TOF) calcd. for
C,,H,,C1,N,0,S [M+Na]’, 394.999 4; found, 394.999 6.
1.14  N-(4-(N-B-RAE)-N-Q-BFE)HEEB L E) R
)Rz 6a ISR L EW 6all & S Lk iy
15, 1B R RORI S 6a, 77 %N 70.1%, 'H NMR
(600 MHz, CDCL,) 6,: 7.77 (s, 2H), 7.70 (s, 2H), 7.46 (s,
1H), 7.30 (s, 1H), 7.16 (s, 1H), 7.03 (s, 1H), 4.41 (s, 2H),
3.28 (s, 4H),2.24 (s, 3H), 1.96 (s, 2H); "C NMR (151 MHz,
CDCL) d.: 168.71, 161.65, 160.01, 142.09, 130.95,
129.91, 128.48, 124.57, 123.18, 119.45, 115.41, 47.46,
45.79, 31.52, 30.08, 24.70. HRMS (TOF) calcd. for
C,H,,BrFN,0,S [M+Na]’, 465.025 4; found, 465.025 8.
115 N-4-(N-G-RAE)-N-G-B8FE)E B R E) K
E)ZEiBZ b BIA R 1L&%6b & S 2 Lk 7
%, 19 E @ 4K 6b, 77 %N 73.5%, m.p. 153~155 °C,
'H NMR (600 MHz, CDCL,) 6,: 7.79 (s, 2H), 7.72 (s,
2H), 7.31 (d, J = 21.5 Hz, 1H), 7.10 (s, 1H), 7.02 (d,
J =259 Hz, 2H), 4.31 (s, 2H), 3.25 (d, J = 22.6 Hz,
4H), 2.25 (s, 3H), 1.93 (d, J = 27.1 Hz, 2H); °C NMR
(151 MHz, CDCI,) d.: 168.68, 163.80, 162.17, 142.13,
138.83, 130.34, 128.46, 123.86, 119.53, 115.12, 114.98,
52.51,47.40,31.55,30.10,24.70. HRMS (TOF) calcd. for
C,H,,BrFN,0,S [M+Na]’, 465.025 4; found, 465.025 1.

1.16 N-(4-(N-G-RAHE)-N-G-B8FEH)HEE R E)E
)R 6c IERR L& 6cfH RS LY 7
%, 15 B A E K 6c, 77 F N 72.4%, m.p. 91~93 °C,
'H NMR (600 MHz, CDCL,) 6,;: 7.76 (s, 2H), 7.70 (s, 2H),
7.29~7.25 (m, 2H), 7.01 (s, 2H), 4.26 (s, 2H), 3.21 (d,
J=16.0 Hz, 4H), 2.22 (s, 3H), 1.88 (d, J = 27.1 Hz, 2H);
“C NMR (151 MHz, CDCl,) J.: 168.70, 161.73, 142.08,
134.02, 131.91, 130.10, 128.44, 119.53, 115.61, 52.32,
47.18, 31.61, 30.15, 24.70. HRMS (TOF) calcd. for
C,.H,,BrFN,0,S [M+Na]", 465.025 4; found, 465.025 8.
1.17 N-(4-(N-G-RAE)-N-G-8FE)BEE IR E) R
)RR 6d AR L&Y 6d 1A S5 SR 77
5, B AR A 6d, PF RN 75.7%, m.p. 88~
90 °C, '"H NMR (600 MHz, CDCL,) d,;: 7.78 (s, 2H), 7.72
(s, 2H), 7.63 (s, 1H), 7.28 (d, J = 6.1 Hz, 2H), 7.22 (s,
1H), 4.30 (s, 2H), 3.25 (d, J = 17.1 Hz, 4H), 2.25 (s,
3H), 1.93 (d, J = 27.0 Hz, 2H); *C NMR (151 MHz,
CDCl) d.: 168.64, 142.13, 138.29, 134.67, 133.99,
130.03, 128.46, 128.37, 128.27, 126.44, 119.52, 52.40,
4735, 31.56, 30.10, 24.72. HRMS (TOF) calcd. for
C,H,,BrCIN,0,S [M+Na]", 480.995 9; found, 480.996 7.
1.18 N-4-(N-G-RAR)-N-@-SFEH)EEIRE)E
BBz 6e IE R &) 6e 1) G S TP 77
%, 159 A K 6e, 77 %A 78.3%, m.p. 102~104 °C,
'H NMR (600 MHz, CDCL,) d,: 7.81 (s, 2H), 7.74 (s, 2H),
7.31 (s, 2H), 6.94 (s, 2H), 4.26 (s, 4H), 2.27 (s, 3H),
2.23 (s, 4H); "C NMR (151 MHz, CDCL,) 6.: 168.45,
135.67, 132.71, 132.15, 130.36, 129.79, 128.45, 127.71,
119.47, 50.64, 46.13, 31.86, 30.34, 24.79. HRMS (TOF)
caled. for C H, BrCIN,0O,S [M+Na]", 480.995 9; found,
480.997 7.

1.19 N-(4-(N-G-RAHE)-N-G4-—FFE)EE L E)
AE)CELRZ 6f AR LA 6f (1) B S 5 SR
Tk, B EAPERORA S 6f, 77 % N 80.1%, 'H NMR
(600 MHz, CDCL,) 6,;: 7.79 (s, 2H), 7.72 (s, 2H), 7.36 (d,
J=14.0 Hz, 1H), 7.24 (d, J = 79.6 Hz, 2H), 4.48 (s, 1H),
4.27 (s, 1H), 3.27 (d, J = 39.2 Hz, 4H), 2.24 (s, 3H),
1.93 (d, J = 31.3 Hz, 2H); "C NMR (151 MHz, CDCl,)
d.: 168.74, 142.16, 136.63, 133.81, 132.88, 130.33,
129.64, 128.50, 127.25, 119.54, 51.89, 49.90, 47.91,
30.52, 24.70. HRMS (TOF) calcd. for C,H,,BrCL,N,0,
S [M+Na]’, 514.956 9; found, 514.957 5.

1.20  N-(4-(NV-(3-((1H-1,2,4- =W -3-F) i B 7R £5)- V-
G-BFE)VEBARE) R E)CEBR Tali &R A
M B 8 JES I AR N 3-= 2 -1,2,4- = (0.050 g,
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5.89x10% pmol) F14k & ¥ 6b (0.256 g, 5.77x10* umol)
60 °CHi £ 5 7 30 min, ¥ #1425 i 5 )OSR Z o
ATRERER (0.095 g, 6.88x10% umol), T i 2= 70 °C 4k 4E
P FE N, T2 Bk (TLC R —d e H i =
20:1) BREEI L. [RONEE RIS, e T T, K
ZHP AR, &R (3x30 mL), & IAHIAH,
TCIK R BR AN T, e 4a, K1 JE T [BEMi A & ket B
g =20:1 (vv)] 1B ERERORE D) Ta, 725N 67.2%,
'H NMR (600 MHz, DMSO-d,) d,;: 14.03 (s, 1H), 10.35
(s, 1H), 7.78 (s, 2H), 7.76 (s, 2H), 7.41 (s, 1H), 7.36~
7.32 (m, 1H), 7.17 (d, J = 29.8 Hz, 2H), 5.75 (s, 1H), 4.34
(s, 2H), 3.17 (t, J = 7.3 Hz, 2H), 2.90 (t, 6.: J = 7.0 Hz,
2H), 2.11 (s, 3H), 1.65 (d, J = 28.6 Hz, 2H); "C NMR
(151 MHz, DMSO-d,) d.: 169.52, 161.53, 159.90, 143.73,
132.75, 131.11, 130.21, 128.62, 124.95, 124.28, 119.22,
115.70, 55.35, 47.74, 45.91, 28.61, 24.62. HRMS (TOF)
caled. for C,)H,,FN,O,S [M+Na] ", 469.142 8; found,
469.144 6.

1.21 N-(4-(N-GB-8FE)-N-G-((Em-2-E) IR H) A
BB IR E) R E) B TDIER LEW T INE
S A G W) Ta ] 2% 07 1%, UL G 9 6d (0.450 g,
9.79%x10% pmol). 2- 24 F& & (0.083 g, 9.89x10° pmol)
AR R AT (0.164 g, 1.19x10° pmol) A JE &L, 75 3 (0 4
AR AL AW Tb, 77K N 65.1%,'H NMR (600 MHz,
DMSO-d,) d,: 10.35 (s, 1H), 7.80 (s, 2H), 7.79 (s, 2H),
7.48~7.09 (m, 6H), 6.49 (s, 1H), 4.31 (s, 2H), 3.30~
3.16 (m, 2H), 3.14 (s, 2H), 2.11 (s, 3H), 1.40 (s, 2H);
“C NMR (151 MHz, DMSO-d,) d.: 169.51, 161.98,
143.71, 140.75, 133.53, 133.22, 131.98, 130.74, 128.56,
127.99, 127.80, 126.97, 119.25, 58.57, 51.24, 46.50,
31.61, 24.62. HRMS (TOF) caled. for C,H,,CIN,0,S
[M+H]', 463.120 2; found, 463.120 9.

122 N-(4-(N-(4-8 T E)-N-3-((Em-2-E) IR 2 A
B)EBRE)FE) B TcER hEWTcE
B2 2 AL G W) Ta ) i £ T 0%, DL & 4 6e (0.500 g,
1.09x10° pumol). 2- % F& BE M (0.112 g, 1.12x10° umol)
FITREEER (0.185 g, 1.34x10° umol) A JF R, 15 11 ¢4 [E 44
7e, FEFR AN 70.3%, m.p. 121~123 °C, H NMR (600 MHz,
DMSO-d,) d,;: 10.39 (s, 1H), 7.85 (s, 2H), 7.84 (s, 2H),
7.55 (s, 2H), 7.43 (s, 2H), 7.11 (s, 2H), 4.39 (s, 1H), 4.31
(s, 2H), 2.90 (s, 2H), 2.74 (s, 2H), 2.12 (s, 3H); *C NMR
(151 MHz, DMSO-d,) d.: 169.55, 162.76, 144.07, 138.27,
132.54, 131.17, 130.69, 130.62, 130.41, 129.02, 128.71,
119.34, 51.81, 36.24, 31.25, 24.64, 23.02. HRMS (TOF)
caled. for C,H,,CIN,O,S, [M+Na] ", 501.079 2; found,

501.078 8.
1.23  N-(4-(N-(3-((1H-P9 e -5- 5 fi B iR £ )-N-(3,4-
“ERTER)EBMESXE)CEBHETANER LH
Y 7d [ & S Ak A& Ta ) & 5k, UL A
6f (0.415 g, 8.40x10° pmol). 5- & & PY M (0.072 g,
8.45x10> umol) A% B2 #F (0.139 g, 1.01x10° pmol) Ky
L, 15 A EUE R 7d, 72 %N 52.4%, m.p. 104~106 °C,
'H NMR (600 MHz, DMSO-d,) d,: 10.37 (s, 1H), 7.81
(d, J=12.7 Hz, 2H), 7.75 (d, J = 15.9 Hz, 2H), 7.46 (d,
J =452 Hz, 2H), 7.32 (d, J = 16.7 Hz, 1H), 6.61 (s, 1H),
6.59 (s, 1H), 4.35 (d, J = 50.6 Hz, 2H), 3.95 (s, 2H),
3.13 (d, J = 28.9 Hz, 2H), 2.11 (s, 3H), 1.76~1.67 (m,
2H); "C NMR (151 MHz, DMSO-d,) d.: 169.55, 167.47,
143.88, 139.10, 134.71, 132.85, 131.14, 130.57, 129.84,
128.63, 127.83, 119.30, 50.93, 49.78, 46.57, 28.26,
24.63. HRMS (TOF) caled. for C,,H,,CLN,O,S [M+Na]",
520.069 6; found, 520.070 4.

1.24  N-(4-(N-(3-((1H-1,2,4- = -3-E) Fi B )R £)-N-
C-AFTE)VEMEE)RE) ML 8aMEM M &
A 20 mL Z 51 100 mL [5 & BE A N 3-3i2E-1,2,4-
= M (0.080 g, 7.96x10% umol). 1k & ¥ 6a (0.350 g,
7.90%10% umol) A1 H% &R 4 (0.132 g, 9.55x10% pmol) /£
70 °C R HEHE N (HHIRIBE I TLC BR IR S B, B IF71): —
AR HEE=2001) REH G, AH 2 51, B2
T o 7K AR S AR 22 rh ) [ A4, — S (30 mLx3)
REHL, A AN, ToKBRER AN T8, W4, Skttt
Al [BEMA): AT b R = 2001 (viv)), (A
1k 8a, 77 R N 53.4%, m.p. 178~180 °C, 'H NMR
(600 MHz, DMSO-d,) d,;: 10.29 (s, 1H), 8.02 (s, 1H),
7.74 (s, 2H), 7.73 (s, 2H), 7.35 (td, J = 7.7, 1.7 Hz, 1H),
7.30 (tdd, J = 7.5, 5.3, 1.7 Hz, 1H), 7.16~7.08 (m, 2H),
4.00 (s, 2H), 3.31 (s, 2H), 2.51 (s, 2H), 2.10 (s, 3H),
1.24 (s, 2H); C NMR (151 MHz, DMSO-d,) d,.: 169.42,
161.18, 159.56, 143.23, 134.60, 130.68, 129.84, 128.10,
124.93, 124.70, 119.04, 115.56, 51.42, 47.78, 30.19,
28.33, 24.59. HRMS (TOF) calcd. for C,,H,,FN,O,S,
[M+Na]’, 486.104 0; found, 486.104 2.

125 N-(4-(N-(4- 3 F E)-N-(G-(Em 2- K ) F E)
AE)VEBEE)KE)ZBHESHNER LEW
8b (1] & 2% A& 1) 8a I il % 7772, LA 6¢ (0.415 g,
9.36x10> umol). 2- 5 & ME M (0.111 g, 9.45%10° umol)
FIBREZER (0.156 g, 1.13x10° umol) A JE KL, 15 [ ¢4 [E 4
8b, 5% N 64.2%, m.p. 94~96 °C, 'H NMR (600 MHz,
DMSO-d,) d,: 10.34 (s, 1H), 7.79 (s, 2H), 7.78 (s, 2H),
7.69 (s, 1H), 7.63 (s, 1H), 7.35 (s, 2H), 7.15 (s, 2H), 4.27
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(s, 2H), 3.16 (s, 2H), 2.98 (s, 2H), 2.11 (s, 3H), 1.65 (d,
J = 28.8 Hz, 2H); °C NMR (151 MHz, DMSO-d,) d_:
169.51, 163.75, 162.88, 161.27, 143.74, 143.25, 132.91,
130.59, 128.58, 115.78, 51.51, 47.50, 31.23, 28.15,
24.62. HRMS (TOF) calcd. for C,,H,,FN,0,S, [M+H]",
480.088 0; found, 480.087 6.
1.26  N-(4-(N-(3-((1 H-BRME-2- ) B £ 5 E)-V-(3,4-
“RRE)EBMRE)ERE) OB ScHEH LEW
8c & S H LA 1) 8a il % 77 1%, UL 6f (0.419 g,
8.48x10° umol)- 2- % FE K M (0.085 g, 8.53%10° pmol)
MIBRERER (0.141 g, 1.02x10° umol) Ay JFR}, 15 3 ¢4 [ 14
8¢, 7% N 49.2%, m.p. 102~104 °C, '"H NMR (600 MHz,
DMSO-d,) d,;: 10.36 (s, 1H), 7.81 (s, 2H), 7.79 (s, 2H),
7.60 (s, 1H), 7.52 (s, 1H), 7.33 (s, 1H), 7.15 (s, H,
imidazole-4-H), 7.24 (s, H, imidazole-5-H), 4.29 (s, 2H),
3.12 (s, 2H), 2.38 (s, 2H), 2.10 (s, 3H), 1.55 (d, J =
28.7 Hz, 2H); "C NMR (151 MHz, DMSO-d,) J.:
169.52, 143.88, 139.31, 132.67, 131.55, 131.12, 130.57,
130.28, 128.69, 128.62, 125.47, 122.96, 119.29, 51.20,
48.01, 34.90, 27.95, 24.62. HRMS (TOF) calcd. for
C,,H,,CLN,0,S, [M+H]’, 513.058 3; found, 513.058 5.
2 AETEMER

A& W) AR S Ak A A 3 A R FH 5 6 i AR 2
55 bR iE 22 (CLSD) #EFF I 2 Bt i 7 % s
VIR 2 2 25 ) ¥ FH R R (DMSO) ¥ f#, it A%
6.4 mg-mL" R . B 96 FLAR, TEB—FLH InA
0.1 mL # ¥ . H00.1 mL G B P i 0B 4 1) 32 1 24
W 1540, B JEE 0.1 mL T2 54U, Kkt
P2 11 540, 1# % 5L+ DMSO & EIME T 1%, iR
5 711 DMSO % 44 &1 40 41 B $1 35 B3 14 0K 1 52 i
125 LA E 459, FEBI XS ], & 2 URTE 37 °CF T
THIR PR IR L5597 24 h.
3 RitFERE

X A O AT I 3 Ik, S IME + B 2 R OR,
18 origin75 # A4 AF B, J8 I 5 R 56 4 b oh B S
Z5, P<0.05 % RNERA G E Lo

{EZTTEK: 1T T ST B & RS SR B S LX)
TS DB Bl AT MR SME R SE S 126 PR 2
TR RRAN RSN EE S SRS ST, 1R S
WIRIBETE KA K, I SCHME S BER, ER ST AR IR T
FIRS: AR IAAFAER R PR KA
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