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Synthesis and Anti-toxoplasma Activity in Vitro of Chrysin Derivatives
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Abstract In this paper, 18 novel chrysin derivatives were designed and synthesized. All target compounds were tested for
anti-Toxoplasma activity by methyl thiazolyl tetrazolium (MTT) colorimetric method. The chemical structures were character-
ized by '"H NMR, "*C NMR and HRMS spectra. The selectivity index of 5-hydroxy-7-methoxy-4-oxo0-N,2-diphenyl-4H-chro-
mene-8-sulfonamide (D2) was 1.76, indicating that the anti-toxoplasma activity of compound D2 was significantly higher than
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that of the lead compound chrysin and the positive control drug sulfadiazine.
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Figure 1  Compound containing sulfonyl group for an-
ti-toxoplasmosis in vitro
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Scheme 1 Synthesis of target compounds

Chin. J. Org. Chem. 2019, 39, 2574~2580

© 2019 Chinese Chemical Society & SIOC, CAS

2575

http://sioc-journal.cn/



BIHE

R

E1 WEMEINT ST dOE

Table 1 [n vitro anti-toxoplasma activity of compounds

Compd. R CCso/(umoleL™") in RAW 264.7 cells ICso/(umolsL™") in 7. gondii ~ Selectivity index
Al 4-H 0.12 0.85 0.14
A2 4-Cl 3.25 5.08 0.64
A3 3,4-Cl, 0.80 0.97 0.83
A4 4-Br 0.35 0.47 0.74
A5 4-CH; 0.06 0.08 0.67
B1 4-H 1.14 1.62 0.70
B2 4-F 2531 31.16 0.81
B3 2-Cl 2.67 3.18 0.84
B4 4-Cl 18.38 20.16 0.89
B5 2-Br 14.34 16.46 0.87
B6 4-Br 6.39 10.14 0.63
B7 4-OCH; 0.66 0.84 0.78
C1 H 45.33 55.29 0.82
C2 CH; 3231 44.00 0.73
D1 §-NJ 435.00 674.00 0.65

N—
OH
D2 §—N’J 647.69 368.50 1.76
\—OH
H
D3 AN~ 147.03 192.31 0.77
H
D4 N~op 101.17 141.35 0.72
Chrysin — 54.68 66.37 0.82
Sulfadiazine — 1702.67 1865.67 0.91
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(0.42 g, 4.2 mmol) AN A M Z(1.4 mmol), VKRB —
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7- AR -8-(IV-(1- 2R 258 )~ T %% iz 355 ) - T # R (A1):
KA EE, R 65.3%. mp. 222~224 C; 'H NMR
(DMSO-ds, 300 MHz) J: 14.00 (s, 1H, ArOH), 10.19 (s,
1H, SO,NH), 8.39~8.36 (m, 2H, ArH), 7.67~7.59 (m,
3H, ArH), 7.26 (s, 1H, ArH), 7.17~7.09 (m, 4H, ArH),
6.95 (t, J=6.7 Hz, 1H, ArH), 6.62 (s, 1H, ArH), 3.97 (s,
3H, ArOCH;); >C NMR (75 MHz, DMSO-d) : 182.63,
165.90, 164.70, 163.81, 156.06, 138.45, 133.05, 130.58,
129.65 (2C), 129.54 (2C), 127.55 (2C), 124.16, 119.51
(2C), 106.38, 105.69, 104.79, 96.59, 57.97; ESI-HRMS
caled for CnH;sNOGS [M + H] " 424.0849, found
424.0848.

7- FH A L -8-(V-(4- SR 38—l It i %) - T M R (A2):
KA EE, R 67.1%. mp. 242~244 C; 'H NMR
(DMSO-ds, 300 MHz) J: 14.04 (s, 1H, ArOH), 10.40 (s,
1H, SO,NH), 8.37 (d, J=6.6 Hz, 2H, ArH), 7.67~7.60
(m, 3H, ArH), 7.28~7.24 (m, 3H, ArH), 7.16~7.13 (m,
2H, ArH), 6.63 (s, 1H, ArH), 3.97 (s, 3H, ArOCH;); "*C
NMR (75 MHz, DMSO-dg) J: 182.09, 165.54, 164.21,
163.18, 155.66, 136.96, 132.53, 130.05, 129.13 (2C),
129.05 (2C), 127.62, 127.02 (2C), 120.43 (2C), 105.51,
105.21, 104.37, 96.07, 57.50; ESI-HRMS caled for
C,,H,7,CINOS [M+H]" 458.0460, found 458.0461.

7- A L -8-(N-(3,4- 5 R BT i 3 ) - A &=
(A3): WEMEA, WE 64.7%. mp. 238~240 C; 'H
NMR (DMSO-dq, 300 MHz) d: 14.05 (s, 1H, ArOH), 10.68
(s, 1H, SO,NH), 8.35 (dd, J=6.9, 0.6 Hz, 2H, ArH),
7.67~7.58 (m, 3H, ArH), 7.44 (d, J=9.0 Hz, 1H, ArH),
7.35 (d, J=2.1 Hz, 1H, ArH), 7.27 (s, 1H, ArH), 7.10 (dd,
J=9.0, 2.1 Hz, 1H, ArH), 6.63 (s, 1H, ArH), 3.96 (s, 3H,
ArOCH3); “C NMR (75 MHz, DMSO-d;) 6: 182.15,
165.82, 164.29, 163.34, 155.78, 138.36, 132.62, 131.32,
131.23, 130.08, 129.22 (2C), 127.05 (2C), 125.28, 119.66,
118.39, 105.38, 105.24, 104.43, 96.29, 57.63; ESI-HRMS
caled for CpH;cCLNOS [M -+ H]" 492.0069, found
492.0069.

7- FH A L -8-(V-(4- TR 2R 38— Tl Ik i 5% - L R (A):
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WO, E 59.6%. m.p. 240~242 ‘C; '"H NMR
(DMSO-ds, 300 MHz) d: 14.01 (s, 1H, ArOH), 10.38 (s,
1H, SO,NH), 8.34 (d, J=6.6 Hz, 2H, ArH), 7.67~7.58
(m, 3H, ArH), 7.36 (d, J=8.7 Hz, 2H, ArH), 7.23 (s, 1H,
ArH), 7.08 (d, J=8.7 Hz, 2H, ArH), 6.60 (s, 1H, ArH),
3.95 (s, 3H, ArOCH3); °C NMR (75 MHz, DMSO-d) o:
182.06, 165.54, 164.24, 163.19, 155.65, 137.37, 132.53,
131.92 (2C), 130.02, 129.12 (2C), 127.00 (2C), 120.83
(2C), 115.70, 105.53, 105.19, 104.36, 96.05, 57.49;
ESI-HRMS caled for C,,H;7;BrNO¢S [M—|—H]+ 501.9955,
found 501.9954.

7- A L -8-(V-(4- I 2R B8 ) - Tl I Jle 58 - 1 1 25 (AS):
FKAMEE, BE 60.3%. mp. 220~222 C; '"H NMR
(DMSO-ds, 300 MHz) d: 14.00 (s, 1H, ArOH), 10.04 (s,
1H, SO,NH), 8.39~8.36 (m, 2H, ArH), 7.67~7.60 (m,
3H, ArH), 7.25 (s, 1H, ArH), 7.05~6.95 (m, 4H, ArH),
6.63 (s, 1H, ArH), 4.00 (s, 3H, ArOCH3), 2.13 (s, 3H,
ArOCH;); “C NMR (75 MHz, DMSO-d;) &: 182.63,
165.83, 164.68, 163.79, 156.01, 135.74, 133.43, 133.04,
130.57, 129.97 (2C), 129.65 (2C), 127.54 (2C), 119.98
(2C), 106.38, 105.65, 104.78, 96.58, 57.96, 20.69;
ESI-HRMS caled for Cp3HyoNOgS [M+H]" 438.1006,
found 438.1006.

7- G- 8-(V-(1-"F 58—l i i 3 ) - T = (B1): 7%
B EE, UE 57.3%. mp. 216~218 C; 'H NMR
(DMSO-d, 300 MHz) d: 13.92 (s, 1H, ArOH), 8.38 (d, J=
9.0 Hz, 2H, ArH), 7.98 (t, J=6.0 Hz, 1H, SO,NH), 7.63~
7.61 (m, 3H, ArH), 7.23 (s, 1H, ArH), 7.18~7.07 (m, 5H,
ArH), 6.50 (s, 1H, ArH), 4.14 (d, J=6.0 Hz, 2H, NHCH,),
3.94 (s, 3H, ArOCH3); °C NMR (75 MHz, DMSO-d) o:
182.15, 164.76, 164.06, 163.01, 154.12, 137.02, 132.41,
130.20, 129.07 (2C), 127.74 (2C), 127.69 (2C), 127.06
(2C), 126.89, 108.33, 104.88, 104.15, 95.87, 57.28, 46.57;
ESI-HRMS caled for Cp3H,oNOgS [M+H]" 438.1006,
found 438.1005.

7- FF AR - 8- (V-(4- 35 588 ) T It i 2% - L 7 2R (B2):
KA M, JE 70.5%. mp. 236~238 C; 'H NMR
(DMSO-dg, 300 MHz) d: 13.93 (s, 1H, ArOH), 8.37 (d, J=
7.2 Hz, 2H, ArH), 7.99 (t, J=6.3 Hz, 1H, SO,NH), 7.67~
7.58 (m, 3H, ArH), 7.24 (s, 1H, ArH), 7.17 (dd, J=8.4, 5.7
Hz, 2H, ArH), 6.93 (t, 2H, J=9.0 Hz, ArH), 6.52 (s, 1H,
ArH), 4.12 (d, J=6.3 Hz, 2H, NHCH,), 3.94 (s, 3H,
ArOCH3); “C NMR (75 MHz, DMSO-dg) o: 182.11,
164.82, 163.51 (d, J=83.16 Hz, 2C), 162.83, 159.61,
154.06, 133.30, 133.26, 129.70 (d, J=8.16 Hz, 2C),

http://sioc-journal.cn/ 2577
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129.05 (2C), 127.05 (2C), 114.42 (d, J=21.21 Hz, 20),
108.32, 104.89, 104.11, 95.84, 57.30, 45.81; ESI-HRMS
caled for ChH;)FNOGS [M + H] © 456.0911, found
456.0912.

7- F AR L - 8- (IV-(2- 5L 368 ) - Tt i 55 ) - 1 7 2. (B3):
KA E A, R 64.7%. mp. 206~206 C; 'H NMR
(DMSO-dj, 300 MHz) 6: 13.94 (s, 1H, ArOH), 8.37 (d, J=
6.3 Hz, 2H, ArH), 8.06 (t, J=6.3 Hz, 1H, SO,NH), 7.65~
7.57 (m, 3H, ArH), 7.41~7.38 (m, 1H, ArH), 7.23 (s, 1H,
ArH), 7.18~7.10 (m, 3H, ArH), 6.47 (s, 1H, ArH), 4.28
(d, J=6.3 Hz, 2H, NHCH,), 3.93 (s, 3H, ArOCH;); "*C
NMR (75 MHz, DMSO-dy) J: 182.12, 164.86, 164.10,
163.01, 154.14, 134.33, 132.39, 132.11, 130.38, 130.18,
129.04 (2C), 128.83, 128.66, 127.08 (2C), 126.54, 107.91,
104.90, 104.10, 95.73, 57.20, 43.81; ESI-HRMS calcd for
C,3H,4CINOS [M+H]" 472.0616, found 472.0616.

7- FH AR L -8-(N-(4- SR 8- Tt i 525 ) - 1 % % (B4):
WO E A, R 64.3%. mp. 252~254 C; 'H NMR
(DMSO-d, 300 MHz) 6: 13.96 (s, 1H, ArOH ), 8.39~8.32
(m, 2H, ArH), 8.01 (t, J=6.3 Hz, 1H, SO,NH), 7.67~7.57
(m, 3H, ArH), 7.24 (s, 1H, ArH), 7.15 (s, 4H, ArH), 6.54
(s, 1H, ArH), 4.13 (d, J=6.6 Hz, 2H, NHCH,), 3.96 (s,
3H, ArOCH;); >C NMR (75 MHz, DMSO-d) 6: 182.12,
164.91, 164.02, 162.97, 154.02, 136.02, 132.40, 131.74,
130.18, 129.54 (2C), 129.07 (2C), 127.63 (2C), 127.05
(2C), 108.30, 104.90, 104.12, 95.87, 57.34, 45.87; ESI-
HRMS calcd for Co3HsCINOGS [M+H]" 472.0616, found
472.0619.

7- A - 8- (V-(2-TR R IS - T L 55 - T M 3R (BS): 2K
HoE A, IR 62.9%. m.p. 208~210 ‘C; 'H NMR
(DMSO-dj, 300 MHz) 6: 13.95 (s, 1H, ArOH), 8.36 (d, J=
6.3 Hz, 2H, ArH), 8.07 (t, J=6.3 Hz, 1H, SO,NH), 7.66~
7.56 (m, 3H, ArH), 7.43 (dd, J=7.5, 1.5 Hz, 1H, ArH),
737 (dd, J=7.8, 0.9 Hz, 1H, ArH), 7.23~7.22 (m, 1H,
ArH), 7.20~7.17 (m, 1H, ArH), 7.07 (td, J=7.5, 1.5 Hz,
1H, ArH), 5.76 (s, 1H, ArH), 4.27 (d, J=6.3 Hz, 2H,
NHCH,), 3.94 (s, 3H, ArOCH;); *C NMR (75 MHz,
DMSO-dg) 0: 182.15, 164.89, 164.16, 163.03, 154.22,
136.11, 132.40, 131.98, 130.30, 130.20, 129.05 (3C),
127.18, 127.12 (2C), 122.40, 107.92 , 104.96, 104.17,
95.80, 57.26, 46.25; ESI-HRMS calcd for Ca3H sBrNOGS
[M+H]" 516.0111, found 516.0114.

7- F A L -8-(N-(4- 7R 8-l Tt 11 55 ) - 1 % % (B6):
WO E K, R 72.4%. mp. 244~246 C; 'H NMR
(DMSO-d, 300 MHz) &: 13.96 (s, 1H, ArOH), 8.40~8.33

2578 http://sioc-journal.cn/
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(m, 2H, ArH), 8.00 (t, J=6.6 Hz, 1H, SO,NH), 7.67~7.56
(m, 3H, ArH), 7.29 (s, 1H, ArH),7.26 (s, 1H, ArH), 7.24 (s,
1H, ArH), 7.12~7.01 (m, 2H, ArH), 6.54 (s, 1H, ArH),
4.11 (d, J=6.6 Hz, 2H, NHCH,), 3.96 (s, 3H, ArOCH,);
C NMR (75 MHz, DMSO-dg) : 182.13, 164.94, 164.01,
162.97, 153.99, 136.40, 132.40, 130.57 (2C), 130.19,
129.89 (2C), 129.07 (2C), 127.05 (2C), 120.25, 108.32,
104.92, 104.13, 95.87, 57.35, 45.95; ESI-HRMS calcd for
Ca3H 1sBrNOGS [M+H]" 516.0111, found 516.0111.

7- AR 8- (N-(4- FR AU R 2 - Tl Bt e B - F i &%
(B7): KEAMGEE, WE 58.2%. mp. 222~224 C; 'H
NMR (DMSO-ds, 300 MHz) 6: 13.92 (d, J=2.4 Hz, 1H,
ArOH), 8.39 (d, J=7.8 Hz, 2H, ArH), 7.83 (t, J=6.3 Hz,
1H, SO,NH), 7.67~7.59 (m, 3H, ArH),7.23 (brs, 1H,
ArH), 6.99 (d, J=9.0 Hz, 2H, ArH), 6.57 (dd, J=8.7, 2.1
Hz, 2H, ArH), 6.48 (d, J=1.8 Hz, 1H, ArH), 4.08 (d, J=
6.3 Hz, 2H, NHCH,), 3.95 (s, 3H, ArOCH3), 3.61 (d, J=
2.4 Hz, 3H, ArOCH;); *C NMR (75 MHz, DMSO-d) o:
182.13, 164.67, 164.00, 162.96, 158.29, 153.82, 132.39,
130.24, 129.07 (4C), 128.51, 127.06 (2C), 112.89 (2C),
108.68, 104.83, 104.10, 95.83, 57.29, 54.86, 46.27,
ESI-HRMS caled forCpH,,NO,S [M+H] " 468.1112,
found 468.1113.

7- S - 8- (1 H-TK M- 1- 38 ) B ik e 528 ) - A B 25 (C1):
WO, B 73.1%. mp. 200~202 C; 'H NMR
(DMSO-d, 300 MHz) d: 14.38 (s, 1H, ArOH), 8.35~8.29
(m, 3H, ArH), 7.67~7.60 (m, 4H, ArH), 7.35 (s, 1H, ArH),
7.09 (d, J=9.0 Hz, 1H, ArH), 6.70 (s, 1H, ArH), 3.90 (s,
3H, ArOCH;); >C NMR (75 MHz, DMSO-d,) 0: 182.24,
167.66, 164.58, 164.23, 155.55, 137.84, 132.62, 131.50,
129.99, 129.80, 129.16 (3C), 128.63, 105.60, 104.77,
103.59, 96.41, 57.71; ESI-HRMS calcd for CjoH;sN,O6S
[M+H]" 399.0645, found 399.0649.

7- F A - 8-((2- F 25 - | H-POK M- 1 22 L A& 25 ) - 1
R(C2): KAMMEER, U 62.5%. m.p. 184~186 C;'H
NMR (DMSO-d,, 300 MHz) d: 14.39 (s, 1H, ArOH), 8.34
(dd, J=7.5, 1.2 Hz, 2H, ArH), 7.67~7.60 (m, 4H, ArH),
7.37 (s, 1H, ArH), 6.87 (d, J=1.8 Hz, 1H, ArH), 6.72 (s,
1H, ArH), 3.89 (s, 3H, ArOCH;), 2.39 (s, 3H, ArH); "°C
NMR (75 MHz, DMSO-dg) J: 182.15, 167.68, 164.40,
164.09, 155.48, 145.20, 132.65, 129.95, 129.22 (2C),
126.97 (2C), 126.32, 120.73, 105.85, 104.83, 103.65,
96.56, 57.73, 14.55; ESI-HRMS calcd for CyoH;7N,0¢S
[M+H]" 413.0801, found 413.0804.

7- F 48 FE -8-(V,N- . 2, F: Tk Ik i 3% ) - 1 4% 2= (D1):
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WA, K 53.4%. mp. 158~160 C; '"H NMR
(DMSO-d, 300 MHz) d: 13.99 (s, 1H, ArOH), 8.35 (d, J=
6.6 Hz, 2H, ArH ), 7.67~7.58 (m, 3H, ArH), 7.24 (s, 1H,
ArH), 6.70 (s, 1H, ArH), 4.01 (s, 3H, ArOCH3), 3.30~
3.27 (m, 4H, CH,NCH,), 1.09 (t, J=6.9 Hz, CH,CHj3, 6H,
CH,CH;); C NMR (75 MHz, DMSO-ds) &: 182.25,
164.94, 16422, 163.21, 155.11, 132.45, 130.21, 129.07
(2C), 127.07 (2C), 108.48, 105.09, 104.54, 96.19, 57.31,
42.20 (2C), 14.58 (2C); ESI-HRMS caled for CooH,,NOgS
[M+H]" 404.1162, found 404.1163.

7-FE 8- (N N-XU (. LR )T B i 25 ) - M R
(D2): K AMEE, WE 62.3%. mp. 202~204 C; 'H
NMR (DMSO-ds, 300 MHz) 6: 13.99 (brs, 1H, ArOH),
8.35 (d, J=6.3 Hz, 2H, ArH), 7.64~7.59 (m, 3H, ArH),
726 (s, 1H, ArH), 6.71 (s, 1H, ArH), 4.01 (s, 3H,
ArOCHj), 3.89 (brs, 2H, CH,OH, CH,OH), 3.52 (t, J=6.0
Hz, 4H, CH,OH, CH,OH), 3.32 (t, J=6.0 Hz, 4H,
CH,NCH,); C NMR (75 MHz, DMSO-d;) &: 182.22,
164.92, 164.18, 163.13, 155.31, 132.45, 130.16, 129.07
(2C), 127.04 (2C), 107.95, 105.07, 104.57, 96.17, 59.94
(2C), 57.37, 51.20 (2C); ESI-HRMS calcd for C,0H2,NOgS
[M+H]" 436.1060, found 436.1064.

7-F AR JE-8-(N- T BE-h E e 55 - B &R (D3): 2K H
0 [ & 44 W 57.3%. m.p. 202~204 °‘C; '"H NMR (CDCl;,
300 MHz) 6: 13.93 (s, 1H, ArOH), 8.22~8.18 (m, 2H,
ArH), 7.59~7.51 (m, 3H, ArH), 6.82 (s, 1H, ArH), 6.48 (s,
1H, ArH), 5.11 (t, J=6.0 Hz, 1H, SO,NH), 4.06 (s, 3H,
ArOCH3), 3.01 (q, J=6.9 Hz, 2H, NHCH,), 1.53~1.45
(m, 2H, NHCH,CH,), 1.37~1.27 (m, 2H, CH,CH;), 0.88
(t, J=72 Hz, 3H, CH,CH;); “C NMR (75 MHz,
DMSO-dg) 0: 182.23, 164.78, 164.14, 163.04, 154.77,
132.41, 130.14, 129.02 (2C), 127.03 (2C), 107.68, 104.97,
104.43, 96.06, 57.32, 4230, 30.97, 19.25, 13.46;
ESI-HRMS m/z caled for Co0H»NOgS [M+H]" 404.1162,
found 404.1165.

7-FAE R -8-(N-2-F2 2t 38 ) - T WL i 38 )- B &R
(D4): WEOE A, WE 69.3%. mp. 228~230 C; 'H
NMR (DMSO-ds, 300 MHz) &: 13.99 (s, 1H, ArOH),
8.39~8.32 (m, 2H, ArH), 7.67~7.57 (m, 3H, ArH), 7.29
(d, J=6.0 Hz, 1H, ArH ), 7.26 (s, 1H, ArH), 6.72 (s, 1H,
ArH), 4.67 (t, J=5.4 Hz, 1H, CH,OH ), 4.02 (s, 3H,
ArOCH3), 3.41 (dd, J=12.3, 6.3 Hz, 2H, NHCH,), 2.92
(dd, J=12.3, 6.3 Hz, 2H, CH,0OH); °*C NMR (75 MHz,
DMSO-dg) 0: 18222, 164.87, 164.14, 154.75, 132.40,
130.15, 129.02 (2C), 127.03 (2C), 107.44, 105.01, 104.45,
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96.13, 59.63, 57.43, 45.27; ESI-HRMS calcd for CigHs-
NO-S [M+H]" 392.0799, found 392.0792.

3.3 MRS R ARSI

33.1 FHReEFEHER

5T B RH FRORAT T B30 K 2% 245 2 B A0 a5 77 S
BEEN. TIAT, MR AGE A BCEGRAZE, LRI
37 CKIBHA R IRIE R, HE SR RT RSB,
G Rh T M BN, 3~4 d B0 1 IR, ESHE
RZE 808 Ja WERE K 1) s fk, DLAH 85 7% 5
=, %H.

3.3.2 RAW264.7 it tyds

RAW264.7 20/ BUREREGHAE, $55R7E & 10%
FBS. 100 pg/mL H % %Ml 100 pg/mL %% K 1) DMEM
Bigedah, BT 37 C, & 5% CO, M54 H 1537,
f 2~3 d 48 1 k.

333 4RI F M R EF IR

] FH ERE S (MT T2 X B K RAW264.7
YiH, CAEEFL 1X10° ANMZFF 96 FLIRA, FEE T CO,
BRFRFER R TR 24 h, AR HRAINE; BRI
 10% FBS ) DMEM ¥, Ff4&iaEfLaiffudl © 5Bm
=15 MBI 5 HEE T, #E 24 h, 2800
AR R SZR 259 20 pL, I AR 0E 5 DMSO
43 A R B e ok B e B R, AN IR E 3 AN TAT
L, HFRTAH. T 37 C, 5% CO, I/ N7 24 h,
BN 20 pL O MTT IR, 44850 E 4 h. B0, 7 b
&, HFLIN DMSO 150 uL, fEE#rX BT K 570 nm
A2 OD (L ).

FHIF) S8 264 N0 e 2 iR 25 ) A Bk, B 148
A 5 HU g, HABEAE AR, e oD fH)5
THE & AR B4 2 K 1Cso, BETT A AN 254 1)
IEPEME REL(SD).

ODygpin—ODspimy

eI %(%)z(l— Jxmoo/o

i 46 B (S T)=
IC,
5 Bh#4 8t (Supporting Information) HF5{b& 914
W . RS DL Ay PR X SR AT L 4 2
AT /35 (http://sioc-journal.cn/) I R %K.
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