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含 1,2,4-三唑和 1,3,4-噁二唑硫醚类化合物的合成及结构表征 

王海卫    朱文娟    于知冉    李  静    董保东    廖新成* 
(郑州大学化学与分子工程学院  郑州 450052) 

摘要  在 KOH 溶液中, 芳甲酰肼(2)与 CS2 生成钾盐 3; 然后 3 在水合肼作用下经过环化、取代、肼解得 3-巯基-4-氨    
基-5-苯基-4H-1,2,4-三唑-乙酸酰肼(6), 6 再与 CS2回流成环生成化合物 5-(4-氨基-5-苯基-4H-1,2,4-三唑-3-硫烷基)-1,3,4-
噁二唑-2-硫醇(7), 最后 7与取代苄基氯反应得目标化合物A1～A6, 与芳基甲醛反应得终产物B1～B15. 目标化合物的

结构均经 1H NMR, 13C NMR, IR, MS 或 HRMS 确证结构.  
关键词  1,2,4-三唑; 1,3,4-噁二唑; 硫醚  

Synthesis and Structure Characterization of Sulfur Ethers Containing
1,2,4-Triazole and 1,3,4-Oxadiazole  
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Abstract  Compound 3 was prepared by reaction of benzohydrazide (2) with CS2 in the presence of KOH as solvent. This 
compound converted to (4-amino-5-phenyl-4H-1,2,4-triazol-3-ylsulfanyl)-acetic acid hydrazide (6) by the reactions of cycliza-
tion, substitution and hydrazinolysis in the presence of hydrazine hydrate. Then 5-(4-amino-5-phenyl-4H-1,2,4-triazol-
3-ylsulfanylmethyl)-1,3,4-oxadiazole-2-thiol (7) were obtained by a refluence of compound 6 with CS2. This intermediate 
reacted with several substituted-benzyl chloride to afford a series of new derivatives A1～A6; in the meantime, reacted with 
several substituted-benzaldehyde to afford a series of new derivatives B1～B15. The structures of new products were charac-
terized by means of 1H NMR, 13C NMR, IR, MS or HRMS techniques. 
Keywords  1,2,4-triazole; 1,3,4-oxadiazole; sulfur ether 

 
在分子中同时引入两个或多个杂环活性中心, 能改

善化合物的生物活性, 从而得到活性更好、应用价值更

高的化合物[1,2]. 因此双杂环化合物的合成已经成为杂

环化合物研究的重要方向之一. 1,2,4-三唑类衍生物具

有良好抗肿瘤[3]、除草[4]等多种生物活性, 广泛应用于药

物分子的设计和开发; 1,3,4-噁二唑类杂环化合物也因

其广泛的生物活性, 如抗菌[5]、抗肿瘤[6]、抗炎[7]等, 日
益引起人们重视. 因此, 合成一些新型的 1,2,4-三唑和

1,3,4-噁二唑衍生物不仅具有一定学术价值, 同时也具

有潜在的应用前景. 
一般情况下 1,3,4-噁二唑由苯甲酰肼在二硫化碳中

成环制得[8]; 本文以苯甲酸为原料通过酯化、肼解、成

盐、再环化合成带氨基和巯基的 1,2,4-三唑[9,10,11,12], 然

后让三唑环上的巯基通过取代、肼解、成环而合成含有

1,2,4-三唑和 1,3,4-噁二唑的双杂环化合物. 希望通过化

合物结构的改变, 实现活性成分的优化叠加, 筛选出具

有更高生物活性的化合物. 所得化合物结构均经 1H 
NMR, 13C NMR, IR, MS 或 HRMS 等测试手段加以确认. 
其合成路线如 Scheme 1 所示.  

1  实验部分 

1.1  仪器与试剂 

XTA4 型显微熔点测定仪(温度未经校正); Bruker Es-
quire 3000 型离子阱液相质谱仪; Bruker DPX-400 型超导

核磁共振仪(TMS 作内标); Shimadazuir-408 型红外光谱测

定仪; Waters Micromass 公司 Q-Tof MicroTM高分辨质谱.   
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B9:  R2 = 2,3-(CH3O)2C6H3,
B10: R2 = 2,4-(CH3O)2C6H3,
B11: R2 = 2,4,6-(CH3O)3C6H2,
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B14: R2 = 2,6-Cl2C6H3,
B15: R2 = 3,4-Cl2C6H3
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Scheme 1

二硫化碳(连云港市化学试剂厂); 水合肼(80%)(天津市科

密欧化学试剂有限公司); 其它试剂均为市售分析纯. 

1.2  苯甲酸甲酯(1)的合成 

由参考文献[9]的合成方法制得苯甲酸甲酯为无色

油状液体. 

1.3  苯甲酰肼(2)的合成 

由参考文献[11]的合成方法制得苯甲酰肼为白色片

状晶体 25.0 g, 产率 91.9%, m.p. 113～114 ℃(文献值[11] 
112～114 ℃).  

1.4  钠盐 3 的制备 

由参考文献[12]的合成方法制得钠盐为黄色固体, 
抽滤, 烘干直接进行下一步反应.  

1.5  3-芳基-4-氨基-5-巯基-1,2,4-均三唑(4)的合成 

由参考文献[1, 12]的合成方法制得 3-芳基-4-氨基- 
5-巯基-1,2,4-均三唑为白色粉末 16.1 g, 产率 83.9%. m.p. 
201～203 ℃(文献值[12]: 203～204 ℃). 

1.6  2-(3-芳基-4-氨基-1,2,4-均三唑)巯基乙酸乙酯(5)
的合成 

称取14.4 g (0.075 mol) 4和3 g (0.075 mol)氢氧化钠

置于250 mL烧瓶中, 加水约100 mL, 搅拌溶解, 在冰水

浴中缓慢滴加12 mL (0.1 mol)氯乙酸乙酯和20 mL乙醇

的混合液, 约3 h滴完, 室温搅拌反应4～5 h, 有白色固

体生成. 抽滤, 滤饼水洗3次, 用无水乙醇重结晶, 得白

色固体粉末5 13.6 g, 产率79.6%. m.p. 201～203 ℃(文献

值[8]: 203～204 ℃). 

1.7  3-巯基-4-氨基-5-苯基-4H-1,2,4-三唑-乙酸酰肼

(6)的合成 

称取 10.82 g (0.04 mol) 5 于烧瓶中, 加入约 80 mL
甲醇, 搅拌溶解, 冰水浴下加入 80%水合肼(ρ＝1.032 
g/cm－3, 50.06 g/mol) 12 mL, 回流 6 h, 旋去部分溶剂, 
冷却结晶, 抽滤, 滤饼用无水甲醇重结晶得白色片状晶

体 6a 6.9 g, 产率 65.3%; m.p. 168～170 ℃(文献植[13]: 
166～167 ℃).  

1.8  5-(4-氨基 -5-苯基 -4H-1,2,4-三唑 -3-硫烷基 )- 
1,3,4-噁二唑-2-硫醇(7)的合成 

称取 2.64 g (0.01 mol) 6, 加入 0.84 g (0.015 mol)氢
氧化钾和 30 mL 乙醇, 搅拌溶解. 室温下滴加含 2 mL 
CS2的乙醇溶液 10 mL, 约 0.5 h 滴完, 加热回流 7 h. 反
应结束后, 旋去部分溶剂, 残留物倒入冰水中, 用盐酸

调 pH 到 3～4, 有白色沉淀生成, 静置后抽滤, 滤饼用

甲醇/DMF (V/V＝3/1)重结晶, 得黄色针状晶体 7 2.2 g, 
产率 71.9%. m.p. 192～194 ℃; 1H NMR (CDCl3, 400 
MHz) δ: 14.52 (s, 1H, SH), 8.01～7.99 (m, 2H, Ph-H), 
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7.53～7.62 (m, 3H, Ph-H), 6.25 (s, 2H, NH2), 4.56 (s, 2H, 
CH2), 4.42 (s, 2H, CH2); 13C NMR (CDCl3, 400 MHz) δ: 
178.35, 161.19, 154.89, 152.02, 130.41, 129.05, 128.29, 
126.90, 25.54; 13C-dept135 NMR (CDCl3, 400 MHz) δ: 
130.42, 129.45, 128.30, 25.53; IR (KBr) ν: 3030, 2938, 
2572, 1610, 1501, 1475, 1340, 1138, 936, 771, 707 cm－1; 
ESI-MS m/z: 307.1 [M＋H]＋, 329.1 [M＋Na]＋; HRMS 
calcd for C11H11N6OS2 [M ＋ H] ＋  307.0436, found 
307.0432. 

1.9  3-(5-苄基-1,3,4-噁二唑-2-基甲基硫基)-5-苯基-4-
胺基-4H-1,2,4-三唑(A1)的合成 

称取 0.2 g化合物 7, 加入氢氧化钠 0.02611 g, 水 15 
mL, 搅拌溶解, 冰水浴下滴加含 0.18 mL 间甲基苄氯的

乙醇溶液 2 mL, 室温搅拌下产生沉淀, 抽滤, 滤饼用无

水甲醇重结晶得白色针状晶体 A1, A2～A6 用类似方法

制得. 
A1: 产率 81%, 白色针状晶体. m.p. 176～181 ;℃  

1H NMR (CDCl3, 400 MHz) δ: 8.32 (d, J＝7.4 Hz, 2H, 
Ph-H), 7.57～7.52 (m, 3H, Ph-H), 7.29 (s, 3H, Ph-H), 
7.16～7.14 (m, 1H, Ph-H), 4.54 (s, 2H, NH2), 3.50 (s, 4H, 
CH2), 2.36 (s, 3H, CH3); 13C NMR (CDCl3, 400 MHz) δ: 
166.13, 138.80, 134.25, 130.42, 129.88, 129.27, 128.91, 
128.86, 126.39, 126.20, 125.60 50.81, 38.39, 21.36; IR 
(KBr) ν: 3036, 2965, 1526, 1436, 1408, 1368, 1286, 1116, 
991, 791, 706 cm－1; ESI-MS m/z: 411.1 [M＋H]＋, 433.1 
[M＋Na] ＋ ; HRMS calcd for C9H19N6OS2 [M＋H] ＋ 
411.1062, found 411.1059. 

A2: 产率 74%, 米白色晶体. m.p. 133～135 ;℃  1H 
NMR (CDCl3, 400 MHz) δ: 8.05～8.04 (m, 2H, Ph-H), 
7.47～7.34 (m, 3H, Ph-H), 7.28～7.11 (m, 4H, Ph-H), 5.48 
(s, 2H, NH2), 4.40～4.38 (s, 2H, CH2), 3.99 (s, 2H, CH2), 
2.32 (s, 3H, CH3); 13C NMR (CDCl3, 400 MHz) δ: 165.60, 
164.47, 138.07, 131.98, 130.38, 129.51, 129.08, 129.00, 
128.59, 128.37, 126.36, 125.99, 36.57, 28.07, 21.15; IR 
(KBr) ν: 3338, 3184, 1584, 1481, 1451, 1207, 1156, 977, 
747, 722 cm－1; ESI-MS m/z: 411.1 [M＋H]＋, 433.1 [M＋

Na]＋; HRMS calcd for C9H19N6OS2 [M＋H]＋ 411.1062, 
found 411.1059. 

A3: 产率 81%, 白色粉末. m.p. 119～122 ;℃  1H 
NMR (CDCl3, 400 MHz) δ: 8.31～8.05 (m, 2H, Ph-H), 
7.47～7.40 (m, 3H, Ph-H), 7.34 (d, J＝7.6 Hz, 1H, Ph-H), 
7.43～7.13 (m, 3H, Ph-H), 5.47 (s, 2H, NH2), 4.45 (s, 2H, 
CH2), 4.42 (s, 2H, CH2), 2.40 (s, 3H, CH3); 13C NMR 
(CDCl3, 400 MHz) δ: 165.62, 164.52, 155.01, 137.12, 
132.57, 130.78, 130.40, 130.24, 128.66, 128.38, 126.42, 

126.39, 126.01, 35.11, 28.22, 19.17; IR (KBr) ν: 3317, 
3193, 1579, 1480, 1456, 1407, 1200, 1152, 966, 770, 729 
cm－1; ESI-MS m/z: 411.1 [M＋H]＋, 433.1 [M＋Na]＋. 
HRMS calcd for C19H19N6OS2 [M＋H]＋ 411.1062, found 
411.1059. 

A4: 产率 84%, 黄色晶体. m.p. 161～163 ℃; 1H 
NMR (CDCl3, 400 MHz) δ: 8.05～8.03 (m, 2H, Ph-H), 
7.47～7.45 (m, 3H, Ph-H), 5.46 (s, 2H, NH2), 4.42 (s, 2H, 
CH2), 4.42 (s, 2H, CH2), 2.66 (s, 3H, CH3); 13C NMR 
(CDCl3, 400 MHz) δ: 166.65, 164.52, 130.30, 128.33, 
128.16, 126.31, 126.17, 28,16, 14.52; 13C-dept135NMR 
(CDCl3, 400 MHz) δ: 125.55, 123.82, 123.58, 23.41, 9.77; 
IR (KBr) ν: 3248, 3116, 1579, 1479, 1453, 1321, 1146, 
974, 767, 693 cm－1; ESI-MS m/z: 321.1 [M＋H]＋, 343.1 
[M＋Na] ＋ . HRMS calcd for C12H13N6OS2 [M＋H] ＋ 
321.0592, found 321.0590. 

A5: 产率 77.3%, 白色针状晶体. m.p. 156～157 ℃; 
1H NMR (CDCl3, 400 MHz) δ: 8.05～8.03 (m, 2H, Ph-H), 
7.52～7.46 (m, 3H, Ph-H), 5.48 (s, 2H, NH2), 4.42 (s, 2H, 
SCH2), 4.20 (q, J＝10.6 Hz, 2H, CH2CH3), 3.99 (s, 2H, 
CH2CO), 1.27 (t, J＝7.1 Hz, 3H, CH3); 13C NMR (CDCl3, 
400 MHz) δ: 167.34, 164.86, 164.51, 130.44, 128.92, 
128.62, 128.37, 126.25, 125.86, 67.99, 62.53, 34.21, 27.93, 
25.61, 14.06; IR (KBr) ν: 2981, 2934, 1734, 1561, 1487, 
1473, 1190, 782, 706 cm－1; ESI-MS m/z: 393.0 [M＋H]＋, 
415.0 [M＋Na]＋. HRMS calcd for C15H17N6O3S2 [M＋H]＋ 
393.0804, found 393.0800. 

A6: 产率 79.8%, 黄色晶体. m.p. 171～172 ℃; 1H 
NMR (CDCl3, 400 MHz) δ: 8.07～8.05 (m, 2H, Ph-H), 
7.55～7.48 (m, 2H, Ph-H), 7.40 (s, 1H, Ph-H), 7.38～7.34 
(m, 2H, Ph-H), 7.33 (s, 1H, Ph-H), 7.30 (d, J＝9.1Hz, 2H, 
Ph-H), 5.46 (s, 2H, NH2), 4.42 (s, 2H, SCH2Ph), 4.41 (s, 
2H, SCH2); 13C NMR (CDCl3, 400 MHz) δ: 165.54, 
164.52, 135.09, 130.51, 129.14, 129.10, 129.00, 128.90, 
128.84, 128.64, 128.43, 128.20,3 6.74, 28.21; IR (KBr) ν: 
3303, 3170, 1578, 1478, 1454, 1153, 767, 693 cm－1; 
ESI-MS m/z: 397.0 [M＋H]＋, 419.0 [M＋Na]＋. HRMS 
calcd for C18H17N6OS2 [M ＋ H] ＋  397.0905, found 
397.0903. 

1.10  5-(4-苄基氨基-5-苯基-4H-1,2,4-三唑-3-硫烷基)- 
1,3,4-噁二唑-2-硫醇(B1)的合成 

称取 0.2 g 化合物 7, 加入苯甲醛约 0.1 g, 加入乙酸

15 mL, 加热回流 1.5 h. 冷却析出固体, 抽滤, 滤饼用甲

醇/DMF (V/V＝2/1)重结晶得白色固体 B1, B2～B15 用

类似方法制得.  
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B1: 产率 85%, 米白色固体. m.p. 165～167 ;℃  1H 
NMR (DMSO-d6, 400 MHz) δ: 14.52 (s, 1H, SH), 9.72 (s, 
1H, N＝CH), 7.66～7.60 (m, 2H, Ph-H), 7.58～7.56 (m, 
2H, Ph-H), 7.55～7.53 (m, 2H, Ph-H), 7.53～7.52 (m, 2H, 
Ph-H), 7.51 (d, J＝1.6 Hz, 2H, Ph-H), 4.46 (s, 2H, CH2); 
13C NMR (DMSO-d6, 400 MHz) δ: 178.41, 170.28, 
167.39, 162.84, 160.66, 134.01, 129.80, 129.72, 129.33, 
129.19, 128.72, 128.339, 27.867; IR (KBr) ν: 3056, 2737, 
1572, 1541, 1451, 1339, 1159, 937, 757, 687 cm－1; ESI- 
MS m/z: 395.1 [M＋H]＋, 417.1 [M＋Na]＋. HRMS calcd 
for C18H15N6OS2 [M＋H]＋ 395.0749, found 395.0745. 

B2: 产率 79%, 橘红色针状晶体. m.p. 205～208 ;℃  
1H NMR (DMSO-d6, 400 MHz) δ: 14.49 (s, 1H, SH), 8.89 
(s, 1H, N＝CH), 7.87～7.79 (m, 6H, Ph-H), 7.53～7.51 
(m, 3H, Ph-H), 4.44 (s, 2H, CH2); 13C NMR (DMSO-d6, 
400 MHz) δ: 178.38, 169.08, 160.64, 151.83, 145.01, 
132.95, 131.44, 130.91, 130.72, 129.35, 128.37, 127.88, 
126.56, 27.97; IR (KBr) ν: 3032, 2564, 1586, 1504, 1460, 
1341, 1134, 937, 775, 696 cm－1; ESI-MS m/z: 473.0 [M＋

H]＋, 495.0 [M＋Na]＋. HRMS calcd for C18H14BrN6OS2 
472.9854, found 472.9853. 

B3: 产率 70%, 浅黄色粉末. m.p. 242～244 ;℃  1H 
NMR (DMSO-d6, 400 MHz) δ: 14.36 (s, 1H, SH), 10.07 
(s, 1H, N＝CH), 8.39 (s, 1H, Ph-H), 8.37 (s, 1H, Ph-H), 
8.16 (s, 1H, Ph-H), 8.14 (s, 1H, Ph-H), 7.72 (d, J＝5.8 Hz, 
2H, Ph-H), 7.56 (s, 3H, Ph-H), 4.122 (s, 2H, CH2); 13C 
NMR (DMSO-d6, 400 MHz) δ: 163.87, 162.77, 150.08, 
149.36, 138.29, 131.29, 130.27, 129.23, 128.88, 125.73, 
124.79; IR (KBr) ν: 3110, 2736, 1517, 1500, 1446, 1347, 
1270, 964, 765, 685 cm－1; ESI-MS m/z: 440.1 [M＋H]＋, 
462.3 [M＋Na]＋. HRMS calcd for C18H14N7O3S2 [M＋H]＋ 
440.0600, found 440.0598. 

B4: 产率 84%, 黄色片状晶体. m.p. 213～215 ;℃  
1H NMR (DMSO-d6, 400 MHz) δ: 14.32 (s, 1H, SH), 
10.05 (s, 1H, N＝CH), 8.65 (s, 1H, Ph-H), 8.44 (dd,      
J＝1.4, 1.5 Hz, 1H, Ph-H), 8.33 (d, J＝7.8 Hz, 1H, Ph-H), 
7.89～7.83 (m, 3H, Ph-H), 7.57～7.54 (m, 3H, Ph-H), 3.26 
(s, 2H, CH2); 13C NMR (DMSO-d6, 400 MHz) δ: 164.89, 
162.83, 150.96, 150.39, 149.29, 148.79, 134.92, 134.014, 
131.44, 131.28, 129.21, 128.86, 127.35, 125.75, 123.39, 
27.876; 13C-dept135 NMR (DMSO-d6, 400 MHz) δ: 
164.20, 134.92, 131.44, 131.28, 129.21, 128.86, 127.36, 
123.40, 27.88; IR (KBr) ν: 3111, 2778, 1539, 1483, 1448, 
1351, 1219, 973, 785, 717 cm－1; ESI-MS m/z: 440.1 [M＋

H]＋, 462.3 [M＋Na]＋. HRMS calcd for C18H14N7O3S2  

[M＋H]＋ 440.0599, found 440.0598. 
B5: 产率 88%, 黄色晶体. m.p. 215～217 ;℃  1H 

NMR (DMSO-d6, 400 MHz) δ: 14.32 (s, 1H, SH), 10.52 
(s, 1H, N＝CH), 8.19 (dd, J＝1.2, 1.4 Hz, 1H, Ph-H), 8.10 
(dd, J＝1.5, 1.4 Hz, 1H, Ph-H), 7.90～7.84 (m, 4H, Ph-H), 
7.56～7.53 (m, 3H, Ph-H), 3.17 (s, 2H, CH2); 13C NMR 
(DMSO-d6, 400 MHz) δ: 163.77, 162.82, 160.96, 150.19, 
149.56, 149.25, 134.62, 133.60, 131.24, 129.52, 129.16, 
129.03, 126.97, 125.72, 125.42, 27.88; 13C-dept135 NMR  
(DMSO-d6, 400 MHz) δ: 160.97, 134.62, 133.60, 131.24, 
129.52, 129.16, 129.03, 125.42, 27.88; IR (KBr) ν: 3105, 
2754, 1600, 1528, 1447, 1341, 1158, 971, 770, 688 cm－1; 
ESI-MS m/z: 440.1 [M＋H]＋, 462.3 [M＋Na]＋. HRMS 
calcd for C18H14N7O3S2 440.0599, found 440.0598. 

B6: 产率 80.5%, 浅黄色固体. m.p. 205～208 ;℃  
1H NMR (DMSO-d6, 400 MHz) δ: 14.49 (s, 1H, SH), 8.89 
(s, 1H, N＝CH), 8.02～7.98 (m, 2H, Ph-H), 7.85 (d, J＝
3.6 Hz, 2H, Ph-H), 7.51 (s, 3H, Ph-H), 7.43 (t, J＝2.6 Hz, 
2H, Ph-H), 4.428 (s, 2H, CH2); 13C NMR (DMSO-d6, 400 
MHz) δ: 178.38, 169.12, 160.64, 151.82, 144.99, 132.47, 
132.38, 130.70, 129.36, 128.34, 126.57, 117.22, 116.99, 
18.989; 13C-dept135 NMR (DMSO, 400 MHz) δ: 169.12, 
132.47, 130.70, 129.35, 128.34, 117.23, 18.99; IR (KBr) ν: 
3063, 2730, 1600, 1509, 1453, 1341, 1157, 937, 768, 690 
cm－1; ESI-MS m/z: 412.9 [M＋H]＋, 434.9 [M＋Na]＋. 
HRMS calcd for C18H14FN6OS2 [M＋H] ＋  413.0655, 
found 413.0651. 

B7: 产率 80%, 浅黄色固体. m.p. 205～208 ;℃  1H 
NMR (DMSO-d6, 400 MHz) δ: 14.51 (s, 1H, SH), 8.91 (s, 
1H, N＝CH), 7.95 (s, 1H, Ph-H), 7.93 (s, 1H, Ph-H), 7.85 
(s, 2H, Ph-H), 7.67 (s, 1H, Ph-H), 7.65 (s, 1H, Ph-H), 7.51 
(s, 3H, Ph-H), 4.45 (s, 2H, CH2); 13C NMR (DMSO-d6, 
400 MHz) δ: 178.38, 168.93, 160.64, 151.84, 145.01, 
138.77, 131.35, 130.71, 130.59, 130.01, 129.35, 128.37, 
126.56, 27.98; 13C-dept135 NMR (DMSO-d6, 400 MHz) δ: 
168.93, 131.35, 130.71, 130.01, 129.35, 128.37, 27.98; IR 
(KBr) ν: 3035, 2565, 1595, 1505, 1461, 1341, 1135, 937, 
776, 696 cm－1; ESI-MS m/z: 429.0 [M＋H]＋, 451.0 [M＋

Na] ＋ . HRMS calcd for C18H14ClN6OS2 [M ＋ H] ＋ 
429.0359, found 429.0357. 

B8: 产率 76%, m.p. 88～90 ℃, 白色针状晶体; 1H 
NMR (DMSO-d6, 400 MHz) δ: 14.52 (s, 1H, SH), 8.86 (s, 
1H, N＝CH), 7.88～7.86 (m, 2H, Ph-H), 7.52～7.46 (m, 
6H, Ph-H), 7.27～7.24 (m, 1H, Ph-H), 4.46 (s, 2H, CH2), 
3.84 (s, 3H, CH3); 13C NMR (DMSO-d6, 400 MHz) δ: 
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178.19, 169.99, 160.67, 160.15, 151.81, 145.02, 133.07, 
130.98, 130.67, 129.33, 128.34, 126.62, 113.61, 55.89, 
27.88; IR (KBr) ν: 3102, 2578, 1596, 1500, 1463, 1341, 
1137, 937, 785, 702 cm－1; ESI-MS m/z: 425.1 [M＋H]＋, 
447.1 [M＋Na]＋. HRMS calcd for C19H17N6O2S2 [M＋H]＋ 
425.0854, found 425.0856.  

B9: 产率 82%, 黄色固体. m.p. 193～195 ℃; 1H 
NMR (DMSO-d6, 400 MHz) δ: 14.52 (s, 1H, SH), 8.86 (s, 
1H, N＝CH), 7.88～7.86 (m, 2H, Ph-H), 7.52～7.46 (m, 
6H, Ph-H), 7.27～7.24 (m, 1H, Ph-H), 4.46 (s, 2H, CH2), 
3.84 (s, 3H, CH3); 13C NMR (DMSO-d6, 400 MHz) δ: 
178.19, 169.99, 160.67, 160.15, 151.81, 145.02, 133.07, 
130.98, 130.67, 129.33, 128.34, 126.62, 113.61, 55.89, 
27.88; IR (KBr) ν: 2922, 2572, 1578, 1503, 1561, 1382, 
1146, 934, 773, 696 cm－1; ESI-MS m/z: 455.1 [M＋H]＋, 
477.1 [M＋Na]＋. HRMS calcd for C20H19FN6O3S2 [M＋

H]＋ 455.0960, found 455.0956.  
B10: 产率 75%, 黄色粉末. m.p. 196～199 ;℃  1H 

NMR (DMSO-d6, 400 MHz) δ: 14.450 (s, 1H, SH), 8.81 
(s, 1H, N＝CH), 7.96 (d, J＝8.4 Hz, 1H, Ph-H), 7.86～
7.84 (m, 2H, Ph-H), 7.51～7.49 (m, 3H, Ph-H), 6.71 (s, 
0.50H, Ph-H), 6.69 (s, 1.5H, Ph-H), 4.45 (s, 2H, CH2), 3.88 
(s, 3H, CH3), 3.84 (s, 3H, CH3); 13C NMR (DMSO-d6, 400 
MHz) δ: 178.39, 165.99, 164.47, 161.94, 160.72, 151.71, 
144.99, 130.46, 129.41, 129.25, 128.29, 126.87, 112.63, 
107.90, 98.79, 56.62, 56.29, 27.43; IR (KBr) ν: 3006, 
2594, 1595, 1504, 1453, 1434, 1344, 1160, 920, 793, 719 
cm－1; ESI-MS m/z: 455.1 [M＋H]＋, 477.1 [M＋Na]＋. 
HRMS calcd for C20H19FN6O3S2  [M＋H]＋ 455.0960, 
found 455.0956. 

B11: 产率 85.7%, 米黄色针状晶体. m.p. 205～207 
;℃  1H NMR (DMSO-d6, 400 MHz) δ: 14.49 (s, 1H, SH), 

8.72 (s, 1H, N＝CH), 8.02 (d, J＝7.2 Hz, 2H, Ph-H), 7.52 
(s, 1H, Ph-H) 7.50 (s, 2H, Ph-H), 6.34 (s, 2H, Ph-H) 4.51 
(s, 2H, CH2), 3.36～3.89 (s, 9H, OCH3); 13C NMR 
(DMSO-d6, 400 MHz) δ: 178.34, 166.04, 163.49, 162.37, 
160.82, 151.31, 144.64, 130.32, 129.12, 128.10, 126.99, 
101.86, 31.67, 56.82, 56.30, 26.780, 19.02; 13C-dept135 
NMR (DMSO-d6, 400 MHz) δ: 163.49, 130.33, 129.12, 
128.10, 91.66, 56.82, 56.30, 26.79; IR (KBr) ν: 3007, 
2559, 1576, 1502, 1467, 1335, 1134, 926, 784, 701 cm－1; 
ESI-MS m/z: 485.1 [M＋H]＋, 507.1 [M＋Na]＋. HRMS 
calcd for C21H21FN6O4S2 [M ＋H] ＋  485.1066, found 
485.1060. 

B12: 产率 74.6%, 黄色粉末. m.p. 188～191 ;℃  1H 

NMR (DMSO-d6, 400 MHz) δ: 14.49 (s, 1H, SH), 9.06 (s, 
1H, N＝CH), 8.04 (d, J＝4.6 Hz, 1H, Ph-H), 7.85～7.82 
(m, 3H, Ph-H), 7.51 (s, 3H, Ph-H), 7.31～7.29 (m, 1H, 
Ph-H), 4.47 (s, 2H, CH2); 13C NMR (DMSO-d6, 400 MHz) 
δ: 178.38, 163.97, 160.65, 151.71, 144.99, 130.46, 129.41, 
129.24, 128.29, 126.87, 126.59, 27.59; 13C-dept135 NMR 
(DMSO, 400 MHz) δ: 151.73, 150.03, 130.46, 129.22, 
129.21, 128.26, 126.83, 126.59, 27.59; IR (KBr) ν: 3111, 
2451, 1586, 1502, 1455, 1344, 1141, 910, 762, 694 cm－1; 
ESI-MS m/z: 401.0 [M＋H]＋, 423.0 [M＋Na]＋. HRMS 
calcd for C16H13N6OS3 [M ＋ H] ＋  401.0313, found 
401.0312. 

B13: 产率 82.6%, 白色棒状晶体. m.p. 116～118 
;℃  1H NMR (DMSO-d6, 400 MHz) δ: 14.49 (s, 1H, SH), 

9.076 (s, 1H, N＝CH), 8.09 (d, J＝8.5 Hz, 1H, Ph-H), 
7.88～7.81 (m, 3H, Ph-H), 7.63 (d, J＝8.5 Hz, 1H, Ph-H), 
7.55～7.53 (m, 3H, Ph-H), 4.48 (s, 2H, CH2); 13C NMR 
(DMSO-d6, 400 MHz) δ: 167.38, 158.03, 157.4, 155.84, 
148.01, 134.77, 134.35, 130.91, 130.19, 130.01, 129.35, 
128.77, 128.56, 128.33, 27.98; 13C-dept135 NMR  
(DMSO-d6, 400 MHz) δ: 168.93, 131.35, 130.71, 130.01, 
129.35, 128.37, 27.93; IR (KBr) ν: 3058, 2569, 1583, 
1471, 1451, 1347, 1155, 936, 770, 715 cm－1; ESI-MS m/z: 
462.9 [M＋H]＋ , 485.0 [M＋Na]＋ . HRMS calcd for 
C18H13Cl2N6OS2 [M＋H]＋ 462.9969, found 462.9967. 

B14: 产率 89%, 黄色片状晶体. m.p. 136～138 ;℃  
1H NMR (DMSO-d6, 400 MHz) δ: 14.34 (s, 1H, SH), 9.04 
(s, 1H, N＝CH), 8.00～7.98 (m, 1H, Ph-H), 8.09 (dd, J＝
1.5, 1.9 Hz, 2H, Ph-H), 7.83～7.81 (m, 1H, Ph-H), 7.75～
7.65 (m, 2H, Ph-H), 7.63 (s, 2H, Ph-H), 4.545 (s, 2H, 
CH2); 13C NMR (DMSO-d6, 400 MHz) δ: 164.80, 162.58, 
160.73, 159.53, 149.79, 135.20, 135.11, 133.55, 131.22, 
130.21, 130.13, 129.35, 129.29, 128.93, 127.82, 27.56; 
13C-dept135 NMR (DMSO-d6, 400 MHz) δ: 164.81, 
159.53, 133.56, 131.22, 130.21, 129.36, 128.93, 127.82, 
27.55; IR (KBr) ν: 3070, 2744, 1610, 1577, 1475, 1431, 
1339, 1150, 941,778, 690 cm－1; ESI-MS m/z: 462.1 [M＋

H]＋, 484.1 [M＋Na]＋. HRMS calcd for C18H13Cl2N6OS2  
[M＋H]＋ 462.9969, found 462.9967. 

B15: 产率 87.5%, 黄色固体. m.p. 157～159 ;℃  1H 
NMR (DMSO-d6, 400 MHz) δ: 14.29 (s, 1H, SH), 9.86 (s, 
1H, N＝CH), 8.20～8.14 (m, 1H, Ph-H), 8.11 (d, J＝1.8 
Hz, 1H, Ph-H), 8.06 (dd, J＝1.9, 1.4 Hz, 1H, Ph-H), 
7.90～7.87 (m, 3H, Ph-H), 7.85 (s, 2H, Ph-H), 4.55 (s, 2H, 
CH2); 13C NMR (DMSO-d6, 400 MHz) δ: 164.09, 162.84, 
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149.22, 136.67, 135.79, 133.12, 132.69, 132.06, 131.77, 
131.25, 130.71, 129.20, 128.82, 128.44, 127.86, 28.23; 
13C-dept135 NMR (DMSO-d6, 400 MHz) δ: 164.81, 
132.07, 131.26, 130.71, 129.20, 128.82, 128.77, 28.22; IR 
(KBr) ν: 3063, 2740, 1609, 1550, 1472, 1449, 1347, 1131, 
929, 767, 690 cm－1; ESI-MS m/z: 462.1 [M＋H]＋, 484.1 
[M＋Na]＋. HRMS calcd for C18H13Cl2N6OS2 [M＋H]＋ 

462.9969, found 462.9967. 

2  结果与讨论 

在目标化合物 B1～B15 合成的最后一步中很多文

献采用盐酸或醋酸作为催化剂, 乙醇作为反应溶剂, 但
是这种方法的反应时间较长, 本实验用醋酸做溶剂, 大
大缩短了反应的时间. 

化合物A1～A6的 IR谱中, 以化合物A2为例: 3338
和 3184 cm－1 处的宽峰为 NH2的伸缩振动吸收峰; 1584 
cm－1为苯环的骨架振动吸收峰; 1481 和 1451 cm－1为两

个 CH2的弯曲振动吸收峰. 1H NMR 谱中, 以化合物 A4 
(C12H12N6OS2)为例: δ 8.05～7.28 为苯环上氢的化学位

移; δ 5.46 处的单峰为 NH2化学位移值; δ 4.42 处的单峰

是与 SCH2中氢的化学位移值; δ 2.66 处的单峰是 SCH3

上质子的化学位移值. 
化合物 B1～B15 的 IR 谱中, 以化合物 B4 为例: 

3111 cm－1处为 NH 的伸缩振动吸收峰; 2778 cm－1处为

SH 的伸缩振动吸收峰; 1613 cm－1处为 C＝N 的伸缩振

动吸收峰; 1539 cm－1处为苯环的骨架振动吸收峰; 1483 
cm－1处为 CH2的弯曲振动吸收峰. 1H NMR 谱中, 以化

合物 B6 (C18H13FN6OS2)为例: δ 14.50 处的小宽峰为 SH
上氢的化学位移值; δ 8.89 处的单峰为 N＝CH 中氢的化

学位移值; δ 8.02～7.41 为苯环上氢的化学位移; δ 4.43
处的单峰是与 SCH2中氢的化学位移值.  

通过分析目标化合物 A1 的高分辨质谱数据, 由于

其[M＋H]＋峰分子量的计算值为 411.1062, 而测量值为

411.1059, 误差在允许的范围内, 进一步证明了其结构

的正确性. 
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