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3,4-二芳基-5-芳氧甲基异噁唑的合成 
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摘要  由于异噁唑衍生物具有广泛的除草、杀虫和药物活性, 其合成方法近年来一直引起关注. 以 3-芳基-5-溴甲基异

噁唑为原料, 经溴代、醚化、Suzuki 偶联反应合成了一系列 3,4-二取代芳基-5-芳氧甲基异噁唑化合物, 初步的生物活

性测试结果显示, 部分化合物对粘虫显示出一定的杀虫活性. 
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Abstract  Due to isoxazole derivatives possess a wide range of herbicidal, insecticidal and pharmacological activitives, the 
synthetic methodologies for preparation of isoxazole derivatives have drawn much attention in recent years. Herein, 
3,4-diaryl-5-aryloxymethyl isoxazole derivatives were effectively synthesized from 3-aryl-5-(bromomethyl)isoxazole via con-
secutive bromination, etherification, followed by Suzuki coupling reaction catalyzed by Pd(PPh3)2Cl2. Preliminary bioassay 
data showed that some of the title compounds exhibited certain insecticidal activities against Oriental armyworm. 
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异噁唑类化合物具有非常良好的生物活性, 在农

药、医药等领域具有广阔的应用价值[1～4]. 异噁唑类化

合物不仅被广泛应用于农化产品的研究[5～8], 而且在药

物化学[9]和材料化学[10]上的应用也相当广泛[11], 可显示

多种药物活性, 如抗菌、抗炎、平喘、降血压、抗肿瘤

等. 因此, 其合成方法也引起了许多药物化学家的注意,

很多异噁唑衍生物已被开发成医药产品[12～19]. 研究结

果同时发现, 异噁唑衍生物在治疗帕金森氏病和老年痴

呆症方面也有一定的作用[20,21]. 3,4-二芳基异噁唑作为

药物骨架被广泛应用于生物制药, 例如非甾体抗炎药

物、蛋白激酶抑制剂等[22]. 目前, 在异噁唑 4-位上引入

芳基的方法主要可通过 Suzuki 或 Stille 交叉偶联反应来

制备[22～31], 但 3,4-二取代芳基-5-芳氧甲基异噁唑化合

物少见报道[32], 为了进一步研究多取代异噁唑化合物

的构效关系, 本文在前期研究的基础上[33,34], 以 3-芳 

基-5-溴甲基异噁唑(1)为原料, 经溴代、醚化、Suzuki

偶联反应合成了系列 3,4-二取代芳基-5-芳氧甲基异噁

唑化合物.  

1  结果与讨论 

目标产物 3,4-二芳基-5-芳氧甲基异噁唑衍生物的

合成路线如 Scheme 1 所示. 首先, 我们初步尝试了合成
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化合物 2 的溴化条件, 考虑到如果用液溴或 H2O2/HBr

体系进行溴化时反应不如用 N-溴代丁二酰亚胺(NBS)溴

化的反应条件温和、容易操作[35～37], 所以我们选择了较

为温和的 NBS 作为溴化试剂, 以 3-(4-氰基苯基)-5-溴甲

基异噁唑反应为例, 筛选了不同的溴化反应条件. 当选

择以醋酸为反应溶剂时, 无论是在室温下还是提高反应

温度, 反应均无法进行(表 1, Entry 2); 当以醋酸/三氟醋

酸(V∶V＝10∶1)为反应溶剂, 反应在 25 ℃时亦不能进

行, 只有在 60 ℃时才能得到少量目标产物(表 1, Entries 

3, 4); 而当以三氟醋酸为反应溶剂时, 该溴化反应能够

顺利进行, 并且在 60 ℃下反应 6 h 的收率达到 75% (表

1, Entry 6). 随后我们以此为较优的溴代反应条件, 进一

步考察了以 3-(4-硝基苯基)-5-溴甲基异噁唑、3-(4-甲氧

基苯基)-5-溴甲基异噁唑为底物的溴代反应, 分别以

83%和 86%的产率得到相应的化合物 2. 化合物 2 在碱

性条件下与取代苯酚发生醚化反应得到化合物 3. 具体

反应条件参见文献[35]方法, 反应产率见表 2. 化合物 3

通过与苯硼酸 4 在 Pd(PPh3)2Cl2催化下的 Suzuki 反应得

到一系列的多芳基取代的异噁唑衍生物 5. 
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R1 = p-NO2, p-CN, m-OCH3; R2 = p-NO2, m-NO2, m-CH3,

p-CH3O, p-F; R3 = H, F, CF3  

图式 1  3,4-二芳基-5-芳氧甲基异噁唑的合成路线 
Scheme 1  Synthetic route for preparation of 3,4-diaryl-5-ar- 
yloxy-methyl-isoxazoles 

表 1  化合物 2a 的反应条件优化 a 
Table 1  Optimization of reaction conditions for preparation 2a 

Entry Solvent Temp/℃ T/h Yieldb/%

1 DMF 25 12 —c 
2 AcOH 60 12 —c 
3 AcOH/TFA (V/V＝10/1) 25 12 —c 
4 AcOH/TFA (V/V＝10/1) 60 12 25 
5 TFA 25 12 37 
6 TFA 60 6 75 

a Reaction conditions: 1∶NBS＝1∶2 (molar ratio). b Isolated yield. c No 
product was detected.  

表 2  异噁唑衍生物 3-1～3-10 的合成 a 
Table 2  Synthesis of isoxazole derivatives 3-1～3-10 

Entry R1 R2 Product Yieldb/%

1 4-CN 3-NO2 3-1 87 
2 4-CN 4-CH3O 3-2 85 
3 4-CN 4-F 3-3 84 
4 4-NO, 4-CH3O 3-4 88 
5 4-NO2 3- NO2 3-5 69 
6 4-NO2 3-Me 3-6 85 
7 4-CH3O 4-CH3O 3-7 90 
8 4-CH3O 3-NO2 3-8 75 
9 4-CH3O 4-F 3-9 86 
10 4-CH3O 3-Me 3-10 88 

a Reaction conditions: 25 ℃, 12h; b Isolated yield. 

由表 3 结果可见, 取代基的电子效应对目标产物产

率的影响不是很明显, 该反应的普适性较好. 对目标产

物的结构鉴定, 不仅通过 1H NMR、13C NMR、IR 和

HRMS 进行了表征, 同时还对代表性的化合物 5～16 进

行了单晶培养, 并对所得晶体进行了 X-射线晶体结构

分析[38]. 晶体结构见图 1, 进一步确定了化合物的结构.  

 

图 1  化合物 5-16 的晶体结构 
Figure 1  X-ray crystal structure of 5-16 

化合物 5-16 的晶体结构属正交晶系, 四个芳环都

不在一个平面上, 其中异噁唑环与对硝基苯环的两面角

为 43.3°, 异噁唑环与苯环的两面角为 50.1°, 异噁唑环

与 3-甲基苯环的两面角为－73.0°. 

我们对目标化合物进行了昆虫室内毒力测试, 供试

对象是豆蚜 Aphis crassivora 成蚜和东方粘虫 M. sepa-

rata 2 龄幼虫. 发现目标化合物对豆蚜 Aphis crassivora 

成蚜无活性, 对东方粘虫 M. separata 2 龄幼虫发现测试

三天后目标化合物 5-19 的杀虫率为 23.3%, 5-24 的杀虫

率为 26.7%, 其余样品杀虫率较低, 仅为 0%～13.3%. 

2  结论 

以 3-芳基-5-溴甲基异噁唑(1)为原料, 经溴代、醚

化、Suzuki 偶联反应高效地合成了一系列 3,4-二取代芳

基-5-芳氧甲基异噁唑化合物 5, 并测试了化合物 5-16 的

单晶结构, 为进一步研究多芳基取代的异噁唑化合物的  
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表 3  异噁唑衍生物 5-1～5-30 的合成 a 
Table 3  Synthesis of isoxazole derivatives 5-1～5-30 

Entry R1 R2 R3 Product Yieldb/%

1 4-CN 4-NO2 H 5-1 88 
2 4-CN 4-NO2 F 5-2 86 
3 4-CN 3-NO2 4-CF3 5-3 91 
4 4-CN 4-CH3O H 5-4 82 
5 4-CN 4-CH3O 4-F 5-5 91 
6 4-CN 4-CH3O 4-CF3 5-6 92 
7 4-CN 4-F H 5-7 89 
8 4-CN 4-F 4-F 5-8 82 
9 4-CN 4-F 4-CF3 5-9 85 

10 4-NO2 4-CH3O H 5-10 85 
11 4-NO2 4-CH3O 4-F 5-11 83 
12 4-NO2 4-CH3O 4-CF3 5-12 86 
13 4-NO2 3-NO2 H 5-13 84 
14 4-NO2 3-NO2 4-F 5-14 81 
15 4-NO2 3-NO2 4-CF3 5-15 84 
16 4-NO2 3-Me H 5-16 83 
17 4-NO2 3-Me 4-F 5-17 83 
18 4-NO2 3-Me 4-CF3 5-18 85 
19 3-CH3O 4-CH3O H 5-19 89 
20 3-CH3O 4-CH3O 4-F 5-20 91 
21 3-CH3O 4-CH3O 4-CF3 5-21 88 
22 3-CH3O 3-NO2 H 5-22 85 
23 3-CH3O 3-NO2 4-F 5-23 85 
24 3-CH3O 3-NO2 4-CF3 5-24 82 
25 3-CH3O 4-F H 5-25 90 
26 3-CH3O 4-F 4-F 5-26 88 
27 3-CH3O 4-F 4-CF3 5-27 82 
28 3-CH3O 3-Me H 5-28 91 
29 3-CH3O 3-Me 4-F 5-29 84 
30 3-CH3O 3-Me 4-CF3 5-30 86 

a Reaction conditions: 90 ℃,12 h. b Isolated yield. 

生物活性和构效关系奠定了基础. 

3  实验部分 

3.1  仪器和试剂 

Brucker AV-500 核磁共振光谱仪, TMS内标, CDCl3

或 DMSO-d6 作为溶剂; LCMS 2020 低分辨质谱仪; 

Bruker Daltonics APEXIII 7.0 TESALA FTMS 高分辨质

谱仪; WRS-1A 数字熔点仪; 柱层析硅胶为 H 型(青岛海

洋化工厂); 所用试剂均为市售分析, 用前未作处理. 3-

芳 基 -5- 溴 甲 基 异 噁 唑 (1) 均 从 APICHEMICAL 

SHANGHAI CO. LTD 公司购买. 

3.2  实验方法 

3.2.1  化合物 2 的合成 

称取 4-氰基苯基-5-溴甲基异噁唑(1) (1.0 g, 3.58 

mmol)于 50 mL 圆底烧瓶中, 加入 20 mL 三氟醋酸, 室

温搅拌至完全溶解后加入 NBS (0.96 g, 7.19 mmol), 

60℃下反应约 6 个 h, 薄层色谱(TLC)检测至反应完全. 

混合物冷却后倒入盛有 10 mL 水的 100 mL 烧杯中, 用

Na2CO3调 pH 值至中性后用乙酸乙酯萃取, 萃取液用无

水 MgSO4 干燥后浓缩得粗产物, 粗产物用 V(乙酸乙

酯)∶V(石油醚)＝1∶10 为淋洗剂, 经柱层析分离得到

4-氰基苯基-4-溴-5-溴甲基异噁唑(2-1) 910 mg, 产率为

75 %. 化合物 2-2～2-3 按上述方法合成.  

3-(4-氰基苯基)-4-溴-5-溴甲基异噁唑(2-1): 白色固

体, 产率 65.2%. m.p. 112.5～113.1 ℃; 1H NMR (500 

MHz, CDCl3) δ: 7.93 (dd, J＝6.5, 2.0 Hz, 2H), 7.77 (dd,  

J＝6.5, 2.0 Hz, 2H), 4.54 (s, 2H).  

3-(4-硝基苯基)-4-溴-5-溴甲基异噁唑(2-2): 白色固

体, 产率 74.3%. m.p. 121.3～122.9 ℃; 1H NMR (500 

MHz, CDCl3) δ: 8.37 (dd, J＝9.0, 2.0 Hz, 2H), 8.09 (dd,  

J＝9.0, 2.0 Hz, 2H), 4.72 (s, 0.9H), 4.56 (s, 1.1H). 

3-(3-甲氧基苯基)-4-溴-5-溴甲基异噁唑(2-3): 白色

固体, 产率 57.8%. m.p. 104.7～105.9 ℃; 1H NMR (500 

MHz, CDCl3) δ: 7.93 (t, J＝2.0 Hz, 1H),7.72 (d, J＝9.0 

Hz, 1H), 6.96 (d, J＝9.0 Hz, 1H), 6.57 (s, 1H), 4.65 (s, 0.7 

H), 4.50 (s, 1.4H), 3.95 (s, 3H). 

3.2.2  化合物 3 的合成 

称取 3-硝基苯酚(0.19 g, 1.39 mmol)于 25 mL 圆底

烧瓶中, 加入 10mL N,N-二甲基甲酰胺(DMF)溶解, 室

温条件下加入 NaOH (0.06 g, 1.52 mmol), 反应 1 h 后加

入 4-氰基苯基-4-溴-5-溴甲基异噁唑(2) (0.5 g, 1.39 

mmol), 室温下反应 12 h, TLC 检测反应完全. 将反应液

倒入 30 mL 水中, 混合液用乙酸乙酯(30 mL×3)萃取, 

收集有机相, 用无水MgSO4干燥后浓缩得粗产物, 粗产

物用 V(乙酸乙酯)∶V(石油醚)＝1∶8 为淋洗剂, 经柱层

析分离得 3-(4-氰基苯基)-4-溴-5-(3-硝基苯氧甲基)异噁

唑(3-1) 480 mg, 产率为 87%. 化合物 3-2～3-10 按上述

方法合成.  

3-(4-氰基苯基)-4-溴-5-(3-硝基苯氧甲基)异噁唑

(3-1): 白色固体, 产率 86.1%. m.p. 149.4～149.8 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.02～8.00 (m, 2H), 7.94～

7.92 (m, 1H), 7.89 (t, J＝2.5 Hz, 1H), 7.82～7.80 (m, 2H), 

7.51 (t, J＝8.0 Hz, 1H), 7.37～7.34 (m, 1H), 5.32 (s, 2H); 
13C NMR (126 MHz, CDCl3) δ: 165.15, 159.39, 158.04, 

149.23, 132.58, 131.55, 130.45, 128.85, 121.96, 118.11, 

117.23, 114.34, 109.32, 94.08, 59.91. 

3-(4-氰基苯基)-4-溴-5-(4-甲氧基苯氧甲基)异噁唑

(3-2): 白色固体, 产率 83.7%. m.p. 110.8～111.3 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.02～8.00 (m, 2H), 7.81～

7.79 (m, 2H), 6.97～6.95 (m, 2H), 5.17 (s, 2H), 3.78 (s, 

3H); 13C NMR (126 MHz, CDCl3) δ: 166.58, 159.21, 

154.97, 151.77, 132.52, 131.85, 128.85, 118.17, 116.44, 
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114.81, 114.18, 93.34, 60.69, 55.71. 

3-(4-氰基苯基)-4-溴-5-(4-氟苯氧甲基)异噁唑(3-3): 

白色固体, 产率 79.9%. m.p. 106.5～106.7 ℃; 1H NMR 

(500 MHz, CDCl3) δ: 8.00 (d, J＝8.0 Hz, 2H), 7.79 (d, J＝

8.0 Hz, 2H), 7.10～6.88 (m, 4H), 5.18 (s, 2H); 19F NMR 

(471 MHz, CDCl3) δ: －121.61～－121.64 (m); 13C NMR 

(126 MHz, CDCl3) δ: 166.17, 159.20, 158.04 (d, 1JC－F＝

240.8 Hz, ArF), 153.79, 132.53, 131.70, 128.80, 118.18, 

116.44, (d, 3JC－F＝8.1 Hz, ArF) 116.17 (d, 2JC－F＝23.2 Hz, 

ArF), 114.17, 93.50, 60.44. 

3-(4-硝基苯基)-4-溴-5-(4-甲氧基苯氧甲基)异噁唑

(3-4): 白色固体, 产率 85.2%. m.p. 104.1～104.7 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 9.09～8.19 (m, 2H), 8.18～

7.98 (m, 2H), 7.07～6.92 (m, 2H), 6.94～6.80 (m, 2H), 

5.18 (s, 2H), 3.78 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 

166.70, 159.01, 154.98, 151.76, 148.93, 133.59, 129.24, 

123.95, 116.44, 114.82, 93.41, 60.69, 55.70. 

3-(4-硝基苯基)-4-溴-5-(3-硝基苯氧甲基)异噁唑

(3-5): 白色固体, 产率 93.1%, m.p. 148.7～149.1 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.38～8.36 (m, 2H), 8.10～

8.07 (m, 2H), 7.90 (t, J＝2.5 Hz, 1H), 7.51 (t, J＝8.0 Hz, 

1H), 7.49～7.37 (m, 1H), 5.33 (s, 2H); 13C NMR (126 

MHz, CDCl3) δ: 165.27, 159.18, 158.04, 149.23, 149.02, 

133.29, 130.46, 129.26, 124.00, 121.96, 117.24, 109.31, 

94.14, 59.90.  

3-(4-硝基苯基)-4-溴-5-((3-甲基苯氧甲基)异噁唑

(3-6): 白色固体, 产率 89.3%. m.p. 95.8～96.3 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.36 (d, J＝9.0 Hz, 2H), 8.09 

(d, J＝9.0 Hz, 2H), 7.22 (t, J＝8.0 Hz, 1H), 6.87～6.82 

(m, 3H), 5.22 (s, 2H), 2.36 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ: 166.58, 159.03, 157.70, 148.93, 139.94, 133.59, 

129.48, 129.25, 123.95, 123.05, 115.80, 111.68, 93.45, 

59.55, 21.54. 

3-(3-甲氧基苯基)-4-溴-5-(4-甲氧基苯氧甲基)异噁

唑(3-7): 白色固体, 产率 91.6%. m.p. 116.5～117.1 ℃; 
1H NMR (500 MHz, CDCl3) δ: 7.99 (d, J＝2.0 Hz, 1H), 

7.73 (dd, J＝8.5, 2.0 Hz, 1H), 6.95 (d, J＝8.5 Hz, 1H), 

6.94～6.90 (m, 2H), 6.87～6.83 (m, 2H), 6.56 (s, 1H), 

5.13 (s, 2H), 3.94 (s, 3H), 3.77 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ: 168.95, 161.01, 157.25, 154.69, 151.89, 

131.76, 127.18, 122.62, 116.04, 114.80, 112.17, 111.96, 

101.00, 62.29, 56.36, 55.70. 

3-(3-甲氧基苯基)-4-溴-5-(3-硝基苯氧甲基)异噁唑 

(3-8): 白色固体, 产率 82.8%. m.p. 171.4～173.7 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.00 (d, J＝2.0 Hz, 1H), 7.91 

(d, J＝8.0, 1H), 7.85 (t, J＝2.0 Hz, 1H), 7.75 (dd, J＝8.5, 

2.0 Hz, 1H), 7.49 (t, J＝8.0 Hz, 1H), 7.32 (dd, J＝8.5, 2.0 

Hz, 1H), 6.97 (d, J＝8.5 Hz, 1H), 6.64 (s, 1H), 5.28 (s, 

2H), 3.95 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 165.22, 

159.49, 154.80, 151.89, 148.49, 135.00, 129.80, 129.40, 

129.15, 128.84, 128.26, 123.80, 119.36, 116.40, 114.75, 

60.62, 55.71. 

3-(3-甲氧基苯基)-4-溴-5-(4-氟苯氧甲基)异噁唑 

(3-9): 白色固体, 产率 88.5%. m.p. 115.5～116.0 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 7.99 (d, J＝2.0 Hz, 1H), 7.74 

(dd, J＝8.5, 2.0 Hz, 1H), 7.04～6.98 (m, 2H), 6.96 (d, J＝

8.5 Hz, 1H), 6.95～6.91 (m, 2H), 6.58 (s, 1H), 5.16 (d, J＝

0.5 Hz, 2H), 3.95 (s, 3H). 19F NMR (471 MHz, CDCl3) δ: 

－122.11～－122.27 (m); 13C NMR (126 MHz, DMSO-d6) 

δ: 168.87, 161.01, 157.48 (d, 1JC—F＝237.5 Hz, ArF), 

157.31, 154.32, 131.37, 127.95, 122.51, 116.70 (d, 3JC—F＝

8.1 Hz, ArF), 116.42 (d, 2JC—F＝23.3 Hz, ArF), 113.40, 

111.76, 102.63, 61.54, 56.86. 

3-(3-甲氧基苯基)-4-溴-5-(3-甲基苯氧甲基)异噁唑 

(3-10): 白色固体, 产率 84.9%. m.p. 107.7～108.3 ℃; 
1H NMR (500 MHz, CDCl3) δ: 8.00 (d, J＝2.0 Hz, 1H), 

7.74 (dd, J＝8.5, 2.0 Hz, 1H), 7.20 (t, J＝8.0 Hz, 1H), 6.96 

(d, J＝8.5 Hz, 1H), 6.85～6.77 (m, 3H), 6.58 (s, 1H), 5.18 

(s, 2H), 3.95 (s, 3H), 2.35 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ: 168.85, 161.02, 157.82, 157.24, 139.87, 131.73, 

129.45, 127.21, 122.76, 122.60, 115.66, 112.17, 111.97, 

111.56, 100.99, 61.34, 56.35, 21.56. 

3.2.3  化合物 5 的合成  

称取 3-氰基苯基-4-溴-5-(3-硝基苯氧甲基)异噁唑

(0.4 g, 1.00 mmol)、苯硼酸 (0.18 g, 1.50 mmol)、K2CO3 

(0.20 g, 2.00 mmol)、Pd(PPh3)2Cl2 (0.07 g, 0.10 mmol)于

25 mL 圆底烧瓶中, 加入 10 mL 甲苯和 1mL 水, 在氮气

保护下, 90 ℃反应 12 h, 停止反应冷却至室温. 将反应

液倒入水中并用乙酸乙酯萃取(30 mL×3), 收集有机相, 

用无水 MgSO4 干燥后浓缩得粗产物, 粗产物用 V(乙酸

乙酯)∶V(石油 醚)＝1∶8 为淋洗剂, 经柱层析分离得

4-氰基苯基-4-苯基-5-(3-硝基苯氧甲基)异噁唑(5-1) 344 

mg, 产率为 88 %. 化合物 5-2～5-30 按上述方法合成.  

3-(4-氰基苯基)-4-苯基-5-(4-硝基苯氧甲基)异噁唑

(5-1): 白色固体, 产率 88%. m.p. 155.9～157.0 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.21 (dd, J＝7.0, 2.0 Hz, 2H), 

7.63 (d, J＝8.0 Hz, 2H), 7.58 (d, J＝8.0 Hz, 2H), 7.45～

7.41 (m, 3H), 7.21 (dd, J＝7.0, 2.0 Hz, 2H), 7.00 (dd, J＝

7.5, 2.0 Hz, 2H), 5.21 (s, 2H); 13C NMR (126 MHz, 

CDCl3) δ: 163.40, 162.42, 159.91, 142.38, 132.77, 132.43, 
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129.68, 129.33, 129.15, 129.04, 127.92, 125.99, 119.97, 

118.20, 114.84, 113.66, 59.87; IR (KBr) ν: 3078, 2930, 

2836, 2224, 1592, 1502, 1334, 1249, 1107, 1012, 845   

cm－1. HRMS (ESI) calcd for C23H16N3O4 [(M＋H)＋]: 

398.1133, found 398.1133. 

3-(4-氰基苯基)-4-(4-氟苯基)-5-(4-硝基苯氧甲基)异

噁唑(5-2): 白色固体, 产率 86%. m.p. 164.0～165.3 ℃; 
1H NMR (500 MHz, CDCl3) δ: 8.22 (dd, J＝7.0, 2.0 Hz, 

2H), 7.65 (d, J＝9.0 Hz, 2H), 7.57 (d, J＝8.5 Hz, 2H), 7.21 

(dd, J＝9.0, 5.0 Hz, 2H), 7.13 (t, J＝8.5 Hz, 2H), 7.02 (d,  

J＝8.5 Hz, 2H), 5.19 (s, 2H); 19F NMR (471 MHz, CDCl3) 

δ: －111.82. 13C NMR (126 MHz, CDCl3) δ: 163.55, 

163.06 (d, 1JC—F＝250.7 Hz, ArF), 162.07, 159.91, 142.40, 

132.61, 132.51, 131.57(d, 3JC—F＝8.3 Hz, ArF), 129.01, 

126.01, 123.89, 123.86, 119.01, 118.14, 116.55(d, 2JC—F＝

21.7 Hz, ArF), 114.83, 113.75, 59.89; IR (KBr) ν: 3084, 

2925, 2850, 2228, 1596, 1509, 1340, 1257, 1105, 842   

cm－1. HRMS (ESI) calcd for C23H15FN3O4 [(M＋H)＋]: 

416.1044, found 416.1041. 

3-(4-氰基苯基)-4-(4-三氟甲基苯基)-5-(3-硝基苯氧

甲基)异噁唑(5-3): 白色固体, 产率 91%. m.p. 131.0～

131.3 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.94 (ddd, J＝

8.0, 2.0, 1.0 Hz, 1H), 7.79 (t, J＝2.0 Hz, 1H), 7.75～7.68 

(m, 4H), 7.59 (dd, J＝8.0, 2.0 Hz, 2H), 7.51 (t, J＝8.0 Hz, 

1H), 7.40 (d, J＝8.0 Hz, 2H), 7.33 (ddd, J＝8.0, 2.0, 1.0 

Hz, 1H), 5.22 (s, 2H); 19F NMR (471 MHz, CDCl3) δ:   

－62.81; 13C NMR (126 MHz, CDCl3) δ: 164.30, 159.87, 

158.01, 149.15, 132.60, 132.37, 131.88, 131.12 (q, 2JC—F＝

32.9 Hz, ArCF3), 130.43, 130.17, 129.09, 126.24 (q,    
3JC—F＝3.6 Hz, ArCF3), 123.74 (q, 1JC—F＝273.4 Hz, CF3), 

121.86, 118.61, 118.08, 117.09, 113.88, 109.16, 60.00; IR 

(KBr) ν: 3101, 2925, 2855, 2228, 1622, 1523, 1331, 1241, 

1115, 844 cm－1. HRMS (ESI) calcd for C24H15F3N3O4  

[(M＋H)＋]: 466.1004, found 466.1009. 

3-(4-氰基苯基)-4-苯基-5-(4-甲氧基苯氧甲基)异噁

唑(5-4): 白色固体, 产率 82%. m.p. 104.1～105.1 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 7.64～7.60 (m, 4H), 7.43～

7.37 (m, 3H), 7.20 (dt, J＝6.0, 2.0 Hz, 2H), 6.88 (dd, J＝

6.0, 2.0 Hz, 2H), 6.82 (dd, J＝6.0, 2.0 Hz, 2H), 5.04 (s, 

2H), 3.77 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 165.11, 

159.73, 154.78, 151.89, 133.20, 132.37, 129.79, 129.11, 

129.08, 128.77, 128.34, 119.26, 118.32, 116.39, 114.74, 

113.41, 60.62, 55.71; IR (KBr) ν: 3051, 2932, 2228, 1640, 

1505, 1448, 1331, 1228, 1028, 837 cm－1. HRMS (ESI) 

calcd for C24H19N2O3 [(M ＋ H) ＋ ]: 383.1351, found 

383.1354. 

3-(4-氰基苯基)-4-(4-氟苯基)-5-(4-甲氧基苯氧甲基)

异噁唑(5-5): 白色固体, 产率 91%. m.p. 85.1～85.7 ℃; 
1H NMR (500 MHz, CDCl3) δ: 7.65 (d, J＝2.0 Hz, 2H), 

7.57 (dd, J＝6.5, 2.0 Hz, 2H), 7.21～7.15 (m, 2H), 7.09 

(dd, J＝6.5, 2.0 Hz, 2H), 6.88 (dd, J＝6.5, 2.5 Hz, 2H), 

6.86 (dd, J＝6.5, 2.5 Hz, 2H), 5.03 (s, 2H), 3.77 (s, 3H); 

19F NMR (471 MHz, CDCl3) δ: －111.97～－111.04 (m); 
13C NMR (126 MHz, CDCl3) δ: 165.24, 162.89 (d, 1JC—F＝

249.8 Hz, ArF), 159.72, 154.84, 151.79, 133.00, 132.45, 

131.65 (d, 3JC—F＝8.7 Hz, ArF), 129.04, 124.32, 118.31, 

118.24, 116.38, 116.27 (d, 2JC—F＝21.9 Hz, ArF), 114.77, 

113.53, 60.64, 55.69; IR (KBr) ν: 3062, 2942, 2826, 2225, 

1507, 1331, 1230, 1050, 829 cm－1. HRMS (ESI) calcd for 

C24H18FN2O3 [(M＋H)＋]: 401.1257, found 401.1259.   

3-(4-氰基苯基)-4-(4-三氟甲基苯基)-5-(4-甲氧基苯

氧甲)异噁唑(5-6): 白色固体, 产率 92%. m.p. 104.2～

105.1 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.68～7.63 (m, 

4H), 7.55 (dd, J＝6.5, 2.5 Hz, 2H), 7.34 (d, J＝8.0 Hz, 

2H), 6.87～6.90 (m, 4H), 5.05 (s, 2H), 3.77 (s, 3H); 19F 

NMR (471 MHz, CDCl3) δ: －62.75; 13C NMR (126 

MHz, CDCl3) δ: 165.75, 159.73, 154.93, 151.67, 132.67, 

132.56, 132.24, 130.85 (q, 2JC — F＝ 32.7 Hz, ArCF3), 

130.15, 129.11, 126.03(q, 3JC—F＝3.6 Hz, ArCF3), 123.81 

(q, 1JC—F＝273.4 Hz, CF3), 118.13, 118.03, 116.36, 114.80, 

113.76, 60.69, 55.68; IR (KBr) ν: 3062, 2938, 2842, 2229, 

1506, 1324, 1231, 1127, 839 cm－1. HRMS (ESI) calcd for 

C25H18F3N2O3 [(M＋H)＋]: 451.1225, found 451.1229. 

3-(4-氰基苯基)-4-苯基-5-(4-氟苯氧甲基)异噁唑

(5-7): 白色固体, 产率 89%. m.p. 103.8～104.5 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 7.64 (d, J＝7.5 Hz, 2H), 7.58 

(d, J＝7.5 Hz, 2H), 7.43～7.38 (m, 3H), 7.20 (ddd, J＝7.0, 

2.0, 1.0 Hz, 2H), 7.00 (dt, J＝7.0, 2.0 Hz, 2H), 6.91～6.83 

(m, 2H), 5.06 (s, 2H); 19F NMR (471 MHz, CDCl3) δ:   

－122.02 (s); 13C NMR (126 MHz, CDCl3) δ: 164.67, 

159.78, 157.95 (d, 1JC — F＝ 240.52 Hz, ArF), 153.87, 

133.08, 132.39, 129.76, 129.17, 129.07, 128.88, 128.23, 

119.43, 118.29, 116.35(d, 3JC—F＝8.19 Hz, ArF), 116.06 (d, 
2JC—F＝23.31Hz, ArF), 113.48, 60.42; IR (KBr) ν: 3070, 

2917, 2864, 2225, 1500, 1331, 1203, 1032, 825 cm－1. 

HRMS (ESI) calcd for C23H16FN2O2 [(M＋H)＋]: 371.1194, 

found 371.1190. 

3-(4-氰基苯基)-4-(4-氟苯基)-5-(4-氟苯氧甲基)异噁

唑(5-8): 白色固体, 产率 82% m.p. 113.7～114.1 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 7.64 (d, J＝8.0 Hz, 2H), 7.57 
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(d, J＝8.0 Hz, 2H), 7.23～7.15 (m, 2H), 7.10 (m, 2H), 

7.02～6.95 (m, 2H), 6.92～6.84 (m, 2H), 5.05 (s, 2H); 19F 

NMR (471 MHz, CDCl3) δ: －111.76～－111.79 (m),  

－121.85～－121.89 (m); 13C NMR (126 MHz, CDCl3) δ: 

164.79, 162.93 (d, 1JC—F＝249.7 Hz, ArF), 159.78, 157.95 

(d, 1JC—F＝240.4 Hz, ArF), 153.80, 132.88, 132.46, 131.63 

(d, 3JC—F＝8.3 Hz, ArF), 129.03, 124.21, 118.47, 118.22, 

116.34 (d, 2JC—F＝21.8 Hz, ArF), 116.30, 116.27(d, 2JC—F＝

21.7 Hz, ArF), 116.01, 113.58, 60.42; IR (KBr) ν: 3076, 

2923, 2857, 2227, 1601, 1501, 1205, 1115, 834cm－1. 

HRMS (ESI) calcd for C23H15F2N2O2 [(M ＋ H) ＋ ]: 

389.1100, found 389.1102.   

3-(4-氰基苯基)-4-(4-三氟甲基苯基) -5-(4-氟苯氧甲

基)异噁唑(5-9): 白色固体 , 产率 85%. m.p. 114.6～

115.1 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.70～7.61 (m, 

4H), 7.59～7.51 (m, 2H), 7.34 (d, J＝2.0 Hz, 2H), 6.96 (t, 

J＝8.0 Hz, 2H), 6.90～6.85 (m, 2H), 5.07 (s, 2H); 19F 

NMR (471 MHz, CDCl3) δ: －62.77 (s), －121.63～

121.69 (m); 13C NMR (126 MHz, CDCl3) δ: 165.29, 

159.79, 158.04 (d, 1JC—F＝240.2 Hz, ArF), 153.69, 132.58, 

132.14, 130.95 (q, 2J＝32.7 Hz, ArCF3), 130.14, 129.10 , 

126.10 (q, 3J＝3.6 Hz, ArCF3), 123.79, (q, 1JC—F＝273.4 

Hz, CF3), 118.19, 118.11, 116.30(d, 3JC—F＝8.2 Hz, ArF), 

116.16 (d, 2JC—F＝23.3 Hz, ArF), 113.82, 60.46; IR (KBr) 

ν: 3076, 2923, 2857, 2227, 1601, 1501, 1205, 1115, 834 

cm－1. HRMS (ESI) calcd for C24H15F4N2O2 [(M＋H)＋]: 

439.1062, found 439.1064. 

3-(4-硝基)-4-苯基-5-(4-甲氧基苯氧甲基)异噁唑 

(5-10): 白色固体, 产率 85%. m.p. 121.6～122.3 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.19 (d, J＝9.0 Hz, 2H), 7.68 

(d, J＝9.0 Hz, 2H), 7.43～7.39 (m, 3H), 7.21 (dd, J＝8.0, 

2.0 Hz, 2H), 6.91 (dd, J＝4.0, 2.0 Hz, 2H), 6.86～6.83 (m, 

2H), 5.05 (s, 2H), 3.77 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ: 165.23, 159.49, 154.78, 151.88, 148.48, 135.00, 

129.81, 129.41, 129.16, 128.84, 128.27, 123.80, 119.36, 

116.38, 114.74, 60.61, 55.70; IR (KBr) ν: 3063, 2933, 

2848, 1603, 1511, 1350, 1226, 1027, 846 cm－1. HRMS 

(ESI) calcd for C23H19N2O5 [(M＋H)＋]: 403.1249, found 

403.1251. 

3-(4-硝基苯基)-4-(4-氟苯基)-5-(4-甲氧基苯氧甲基)

异噁唑 (5-11): 白色固体 , 产率 83%. m.p. 121.8～

122.6 ℃; 1H NMR (500 MHz, CDCl3) δ: 8.20 (d, J＝9.0 

Hz, 2H), 7.63 (d, J＝9.0 Hz, 2H), 7.08 (dd, J＝9.0, 5.0 Hz, 

2H), 7.10 (t, J＝9.0 Hz, 2H), 6.82～6.81 (m, 4H), 5.04 (s, 

2H), 3.77 (s, 3H); 19F NMR (471 MHz, CDCl3) δ:      

－111.89 (s); 13C NMR (126 MHz, CDCl3) δ: 165.34, 

162.93 (d, 1JC—F＝249.8 Hz, ArF), 159.48, 154.86, 151.78, 

148.55, 134.79, 131.64 (d, 3JC—F＝8.25 Hz, ArF), 129.37, 

124.22, 123.88, 118.41, 116.33 (d, 2JC—F＝21.86 Hz, ArF), 

116.38, 114.78, 60.63, 55.71; IR (KBr) ν: 3078, 2945, 

2834, 1595, 1509, 1350, 1216, 1031, 846 cm－1. HRMS 

(ESI) calcd for C23H18FN2O5 [(M＋H)＋]: 421.1191, found 

421.1194. 

3-(4-硝基苯基)-4-(4-三氟甲基苯基)-5-(4-甲氧基苯

氧甲)异噁唑(5-12): 白色固体, 产率 86%. m.p. 120.8～

121.7 ℃; 1H NMR (500 MHz, CDCl3) δ: 8.20 (d, J＝9.0 

Hz, 2H), 7.63 (d, J＝8.5 Hz, 2H), 7.20 (dd, J＝9.0, 5.0 Hz, 

2H), 7.10(t, J＝8.5 Hz, 2H), 6.87 (d, J＝9.5 Hz, 2H), 6.83 

(d, J＝9.5 Hz, 2H), 5.04 (s, 2H), 3.77 (s, 3H); 19F NMR 

(471 MHz, CDCl3) δ: －62.76 (s); 13C NMR (126 MHz, 

CDCl3) δ: 165.84, 159.48, 154.95, 151.65, 148.67, 134.45, 

132.14, 130.96 (q, 2JC—F＝33.0 Hz),130.15, 129.45, 126.08 

(q, 3JC—F＝3.7 Hz) , 124.00, 123.78 (q, 1JC—F＝270.9 Hz) , 

118.13, 116.35, 114.81, 60.67, 55.70; IR (KBr) ν: 3074, 

2915, 2843, 1607, 1513, 1333, 1230, 1116, 850 cm－1. 

HRMS (ESI) calcd for C24H18F3N2O5 [(M ＋ H) ＋ ]: 

471.1123, found 471.1125. 

3-(4-硝基苯基)-4-苯基-5-(3-硝基苯氧甲基)异噁唑

(5-13): 白色固体, 产率 84%. m.p. 137.9～138.8 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.18 (d, J＝9.0 Hz, 2H), 7.88 

(dd, J＝8.0, 1.0 Hz, 1H), 7.75 (d, J＝2.5 Hz, 1H), 7.66 (d, 

J＝8.5 Hz, 2H), 7.47～7.41 (m, 4H), 7.28 (dd, J＝8.0, 2.0 

Hz, 1H), 7.24～7.22 (m, 2H), 5.21 (s, 2H); 13C NMR (126 

MHz, CDCl3) δ: 163.80, 159.61, 158.16, 149.15, 148.54, 

134.68, 130.32, 129.75, 129.39, 129.35, 129.15, 127.86, 

123.84, 121.91, 119.95, 116.94, 109.31, 60.01; IR (KBr) ν: 

3074, 2915, 2843, 1607, 1513, 1333, 1230, 1116, 850   

cm－1. HRMS (ESI) calcd for C22H16N3O6 [(M＋H)＋]: 

418.1005, found 418.1009. 

3-(4-硝基苯基)-4-(4-氟苯基)-5-(3-硝基苯氧甲基)异

噁唑(5-14): 白色固体, 产率81%. m.p. 130.4～131.3 ℃; 
1H NMR (500 MHz, CDCl3) δ: 8.22～8.20 (m, 2H), 

7.90～7.88 (m, 1H), 7.76 (t, J＝2.5 Hz, 1H), 7.65～7.63 

(m, 2H), 7.48 (t, J＝8.0 Hz, 1H),7.30～7.28 (m, 1H), 

7.24～7.21 (m, 2H), 7.16～7.12 (m, 2H), 5.19 (s, 2H); 19F 

NMR (471 MHz, CDCl3) δ: －111.15～－111.21 (m); 13C 

NMR (126 MHz, CDCl3) δ: 163.95, 163.06 (d, 1JC—F＝

250.6 Hz, ArF), 159.61, 158.10, 149.13, 148.57, 134.51, 

131.68 (d, 3JC—F＝8.3 Hz, ArF), 130.39, 129.37, 123.89, 

121.88, 118.99, 116.97, 116.53 (d, 2JC—F＝21.8 Hz, ArF), 
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109.21, 59.97; IR (KBr) ν: 3095, 2940, 2861, 1612, 1526, 

1343, 1242, 1118, 854 cm－ 1. HRMS (ESI) calcd for 

C22H15FN3O6 [(M＋H)＋]: 436.0934, found 436.0939. 

3-(4-硝基苯基)-4-(4-三氟甲基苯基)-5-(3-硝基苯氧

甲基)异噁唑(5-15): 白色固体, 产率 84%. m.p. 132.2～

133.1 ℃; 1H NMR (500 MHz, CDCl3) δ: 8.23 (d, J＝8.5 

Hz, 2H), 7.90 (d, J＝7.5 Hz, 1H), 7.76 (d, J＝2.0 Hz, 1H), 

7.70 (d, J＝7.5 Hz, 2H), 7.64～7.62 (m, 2H), 7.49 (t, J＝

8.0 Hz, 1H), 7.39 (d, J＝7.5 Hz, 2H), 7.29 (d, J＝8.0 Hz, 

1H), 5.22 (s, 2H); 19F NMR (471 MHz, CDCl3) δ:      

－62.82; 13C NMR (126 MHz, CDCl3) δ: 164.34, 159.61, 

157.97, 149.22, 148.76, 134.11, 131.77, 131.34 (q, 2JC—F＝

33.1 Hz, CF3), 130.44, 130.13, 129.44, 126.33 (q, 3JC—F＝

3.6 Hz, ArCF3), 124.06, 123.67 (q, 1JC—F＝272.5 Hz, 

ArCF3), 121.87, 118.72, 117.20, 109.10, 59.96; IR (KBr) ν: 

2900, 1620, 1527, 1343, 1247, 1164, 855 cm－1. HRMS 

(ESI) calcd for C23H15F3N3O6 [(M＋H)＋]: 486.0902, found 

486.0907. 

3-(4-硝基苯基)-4-苯基-5-(3-甲基苯氧甲基)异噁唑 

(5-16): 白色固体, 产率 83%. m.p. 99.8～100.3 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 8.21 (d, J＝9.0 Hz, 2H), 7.66 

(d, J＝9.0 Hz, 2H), 7.44～7.39 (m, 3H), 7.22 (dt, J＝6.0, 

2.0 Hz, 2H), 7.15 (dd, J＝9.0, 8.0 Hz, 1H), 6.83 (d, J＝7.5 

Hz, 1H), 6.75～6.74 (m, 2H), 5.09 (s, 2H), 2.31 (s, 3H); 
13C NMR (126 MHz, CDCl3) δ: 165.09, 159.51, 157.79, 

148.50, 139.80, 135.00, 129.83, 129.43, 129.39, 129.20, 

128.87, 128.27, 123.82, 122.77, 119.43, 115.69, 111.84, 

59.47, 21.52; IR (KBr) ν: 3085, 2918, 2860, 1597, 1520, 

1346, 1252, 1166, 1028, 851 cm－1. HRMS (ESI) calcd for 

C23H19N2O4 [(M＋H)＋]: 387.1331, found 387.1338. 

3-(4-硝基苯基)-4-(4-氟苯基)-5-(3-甲基苯氧甲基)异

噁唑(5-17): 白色固体, 产率 83%. m.p. 94.3～95.7 ℃; 
1H NMR (500 MHz, CDCl3) δ: 8.22 (dd, J＝8.0, 2.0 Hz, 

2H), 7.65 (d, J＝9.0 Hz, 2H), 7.23～7.16 (m, 3H), 7.12 (t, 

J＝8.5 Hz, 2H), 6.84 (d, J＝7.5 Hz, 1H), 6.75～6.74 (m, 

2H), 5.08 (s, 2H), 2.32 (s, 3H); 19F NMR (471 MHz, 

CDCl3) δ: －111.84～111.89 (m); 13C NMR (126 MHz, 

CDCl3) δ: 165.24, 162.96 (d, 1JC—F＝250.0 Hz, ArF), 

159.51, 157.72, 148.55, 139.86, 134.80, 131.69 (d, 3JC—F＝

8.2 Hz, ArF), 129.43, 129.40, 124.26, 123.89, 122.88, 

118.47, 116.36 (d, 2JC—F＝21.4 Hz, ArF), 116.28, 115.70, 

111.80, 59.51, 21.50; IR (KBr) ν: 3083, 2924, 2864, 1597, 

1514, 1348, 1227, 1164, 1028, 848 cm－1. HRMS (EI) 

calcd for C23H18FN2O24 [(M＋H) ＋ ]: 405.1246, found 

405.1245. 

3-(4-硝基苯基)-4-(4-三氟甲基苯基)-5-((3-甲基苯氧

甲基)异噁唑(5-18): 白色固体, 产率 85%. m.p. 92.5～

93.3 ℃; 1H NMR (500 MHz, CDCl3) δ: 8.23 (dd, J＝7.0, 

2.0 Hz, 2H), 7.66 (d, J＝8.0 Hz, 2H), 7.63 (dd, J＝7.0, 2.0 

Hz, 2H), 7.36 (d, J＝8.0 Hz, 2H), 7.20 (t, J＝7.5 Hz, 1H), 

6.85 (d, J＝8.0 Hz, 1H), 6.74 (t, J＝7.5 Hz, 2H), 5.09 (s, 

2H), 2.31 (s, 3H); 19F NMR (471 MHz, CDCl3) δ:      

－62.77. 13C NMR (126 MHz, CDCl3) δ: 165.73, 159.52, 

157.59, 148.67, 139.93, 134.46, 132.18, 130.95 (q, 2JC—F＝

32.7 Hz, ArCF3), 130.20, 129.47, 126.10 (q, 3JC—F＝3.7 

Hz, ArCF3), 124.00, 123.81 (q, 1JC—F＝273.4 Hz, CF3) , 

123.00, 118.18, 115.69, 111.72, 59.58, 21.47; IR (KBr) ν: 

3074, 2928, 2863, 1598, 1521, 1333, 1260, 1117, 851   

cm－1. HRMS (ESI) calcd for C24H18F3N2O4 [(M＋H)＋]: 

455.1217, found 455.1213. 

3-(3-甲氧基苯基)-4-苯基-5-(4-甲氧基苯氧甲基)异

噁唑(5-19): 白色固体, 产率89%. m.p. 104.5～105.4 ℃; 
1H NMR (500 MHz, CDCl3) δ: 7.77 (dd, J＝8.5, 2.0 Hz, 

2H), 7.55 (d, J＝8.5 Hz, 2H), 7.42～7.38 (m, 2H), 7.14～

7.08 (m, 1H), 7.04 (d, J＝8.5 Hz, 1H), 6.92 (dd, J＝7.0, 

2.0 Hz, 2H), 6.84 (dd, J＝7.0, 5.0 Hz, 2H), 6.60 (s, 1H), 

5.14 (s, 2H), 3.86 (s, 3H), 3.77 (s, 3H); 19F NMR (471 

MHz, CDCl3) δ: －110.33～－118.43 (m); 13C NMR (126 

MHz, CDCl3) δ: 168.67, 162.10, 158.03, 154.70, 152.03, 

137.81, 131.28, 129.62, 129.48, 128.18, 127.42, 127.36, 

121.51, 116.10, 114.84, 111.58, 101.01, 62.30, 56.38, 

55.70; IR (KBr) ν: 3060, 2931, 2838, 1610, 1511, 1448, 

1231, 1030, 815 cm－1. HRMS (ESI) calcd for C24H22NO4 

[(M＋H)＋]: 388.1538, found 388.1543. 

3-(3-甲氧基苯基)-4-(4-氟苯基)-5-(4-甲氧基苯氧甲

基)异噁唑(5-20): 白色固体, 产率 91%. m.p. 101.3～

102.2 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.80 (dd, J＝8.5, 

2.5 Hz, 1H), 7.74 (d, J＝2.0 Hz, 1H), 7.52 (dd, J＝9.0, 5.5 

Hz, 2H), 7.11 (t, J＝9.0 Hz, 2H), 7.04 (d, J＝8.5 Hz, 1H), 

6.92 (d, J＝9.0 Hz, 2H), 6.85 (d, J＝9.0 Hz, 2H), 6.60 (s, 

1H), 5.14 (s, 2H), 3.86 (s, 3H), 3.77 (s, 3H); 19F NMR (471 

MHz, CDCl3) δ: 115.19～115.17 (m); 13C NMR (126 

MHz, CDCl3) δ: 168.71, 162.20 (d, 1JC—F＝246.9 Hz, ArF), 

161.99, 157.87, 154.68, 151.96, 133.63, 131.19 (d, 3JC—F＝

7.8 Hz, ArF), 130.23, 129.31, 127.40, 121.53, 116.06, 

115.02 (d, 2JC—F＝21.3 Hz, ArF), 114.80, 111.49, 101.09, 

62.36, 55.73, 55.69; IR (KBr) ν: 3071, 2935, 2834, 1605, 

1510, 1448, 1231, 1164, 1027, 814 cm－1. HRMS (ESI) 

calcd for C24H21FNO3 [(M ＋ H) ＋ ]: 406.1443, found 

406.1449. 
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3-(3-甲氧基苯基)-4-(4-三氟甲基苯基)-5-(4-甲氧基

苯氧甲基)异噁唑(5-21): 白色固体 , 产率  88%. m.p. 

114.6～114.8 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.81 (dd, 

J＝8.5, 2.5 Hz, 1H), 7.76 (d, J＝2.5 Hz, 1H), 7.65 (dd, J＝

9.0, 2.5 Hz, 4H), 7.07 (d, J＝9.0 Hz, 1H), 6.92 (d, J＝9.0 

Hz, 2H), 6.85 (d, J＝9.0 Hz, 2H), 6.61 (s, 1H), 5.15 (s, 

2H), 3.88 (s, 3H), 3.78 (s, 3H); 19F NMR (471 MHz, 

CDCl3) δ: －62.46; 13C NMR (126 MHz, CDCl3) δ: 

168.82, 161.85, 157.87, 154.69, 151.93, 129.88, 129.80, 

129.33 (q, 2JC—F＝32.4 Hz, ArCF3), 129.32, 128.09, 125.01 

(q, 3JC—F＝3.6 Hz, ArCF3), 124.30 (q, 1JC—F＝273.4 Hz, 

ArCF3), 123.22, 121.68, 116.05, 114.80, 111.60, 101.04, 

62.37, 55.77, 55.70; IR (KBr) ν: 2946, 2840, 1612, 1511, 

1453, 1323, 1234, 1123, 1025, 814 cm－1. HRMS (EI) 

calcd for C25H21F3NO4 [(M ＋ H) ＋ ]: 456.1408, found 

456.1417. 

3-(3-甲氧基苯基)-4-苯基-5-(3-硝基苯氧甲基)异噁

唑(5-22): 白色固体, 产率 85%. m.p. 158.9～159.4℃; 
1H NMR (500 MHz, CDCl3) δ: 7.90～7.88 (m, 1H), 7.85 

(t, J＝2.5 Hz, 1H), 7.79 (dd, J＝8.5, 2.5 Hz, 1H), 7.75 (d,  

J＝2.0 Hz, 1H), 7.55～7.53 (m, 2H), 7.48 (t, J＝8.0 Hz, 

1H), 7.44～7.41 (m, 2H), 7.38～7.34 (m, 1H), 7.33～7.31 

(m, 1H), 7.06 (d, J＝8.5 Hz, 1H), 6.67 (s, 1H), 5.28 (s, 

2H), 3.87 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 166.90, 

162.20, 158.25, 158.11, 149.23, 137.67, 131.31, 130.36, 

129.54, 129.47, 128.14, 127.41, 127.30, 121.63, 121.14, 

116.87, 111.55, 109.43, 101.82, 61.69, 55.75; IR (KBr) ν: 

3106, 2993,2940, 2840, 1609, 1528, 1350, 1242, 1056, 813 

cm－1. HRMS (ESI) calcd for C23H19N2O5 [(M＋H)＋]: 

403.1291, found 403.1288. 

3-(3-甲氧基苯基)-4-(4-氟苯基)-5-(3-硝基苯氧甲基)

异噁唑 (5-23): 白色固体 , 产率 85%. m.p. 166.2～

167.3 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.90 (ddd, J＝

8.0, 2.0, 1.0 Hz, 1H), 7.85 (t, J＝2.5 Hz, 1H), 7.78 (dd, J＝

8.5, 2.5 Hz, 1H), 7.75 (d, J＝8.5Hz, 1H), 7.55 (m, 3H), 

7.35 (dt, J＝8.0, 2.0 Hz, 1H), 7.12 (dd, J＝8.5, 2.0 Hz, 

2H), 7.05 (d, J＝8.5 Hz, 1H), 6.67 (s, 1H), 5.28 (s, 2H), 

3.87 (s, 3H); 19F NMR (471 MHz, CDCl3) δ: －115.03～

－115.09 (m); 13C NMR (126 MHz, CDCl3) δ: 166.93, 

162.24 (d, 1JC—F＝246.9 Hz), 162.12, 158.23, 158.01, 

149.26, 133.52, 131.15 (d, 3JC—F＝7.6 Hz, ArF), 130.36, 

130.34, 129.32, 127.40, 121.65, 121.19, 116.93, 115.03 (d, 

2JC—F＝21.4 Hz, ArF), 111.52, 109.40, 101.75, 61.72, 

55.76; IR (KBr) ν: 3097, 2918, 2851, 1611, 1529, 1355, 

1237, 1164, 1055, 825 cm－ 1. HRMS (ESI) calcd for 

C23H18FN2O5 [(M＋H)＋]: 421.1194, found 421.1194. 

3-(3-甲氧基苯基)-4-(4-三氟甲基苯基)-5-(3-硝基苯

氧甲基 )异噁唑 (5-24): 白色固体 , 产率 82%. m.p. 

157.8～158.0 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.91 (dd, 

J＝8.0, 1.0 Hz, 1H), 7.85 (t, J＝2.5 Hz, 1H), 7.82 (dd, J＝

8.0, 2.0 Hz, 1H), 7.67 (d, J＝2.0 Hz, 1H), 7.71～7.63 (m, 

4H), 7.49 (t, J＝8.0 Hz, 1H), 7.32 (dd, J＝8.5, 2.0 Hz, 

1H), 7.08 (d, J＝8.5 Hz, 1H), 6.67 (s, 1H), 5.29 (s, 2H), 

3.88 (s, 3H); 19F NMR (471 MHz, CDCl3) δ: －62.39; 13C 

NMR (126 MHz, CDCl3) δ: 167.07, 161.97, 158.22, 

158.00, 149.23, 141.33, 130.37, 129.87, 129.85, 129.33 (q, 
2JC — F＝ 32.4 Hz, ArCF3), 129.28, 128.12, 124.30 (q,    
1JC—F＝272.2 Hz, CF3), 125.01 (q, 3JC—F＝3.8 Hz, ArCF3), 

121.63, 121.36, 116.90, 111.66, 109.38, 101.74, 61.68, 

55.78; IR (KBr) ν: 2932, 2849, 1612, 1524, 1330, 1246, 

1119, 1068, 825 cm － 1. HRMS (ESI) calcd for 

C24H18F3N2O5 [(M＋H)＋]: 471.1160, found 471.1162. 

3-(3-甲氧基苯基)-4-苯基-5-(4-氟苯氧甲基)异噁唑 

(5-25): 白色固体, 产率 90%. m.p. 121.5～122.1 ℃; 1H 

NMR (500 MHz, CDCl3) δ: 7.79 (d, J＝8.5 Hz, 1H), 7.75 

(d, J＝2.0 Hz, 1H), 7.55 (d, J＝8.5 Hz, 2H), 7.44 (t, J＝8.0 

Hz, 2H), 7.35 (d, J＝8.5 Hz, 1H), 7.05 (d, J＝8.5 Hz, 1H), 

7.01 (d, J＝8.5 Hz, 2H), 6.96～6.91 (m, 2H), 6.61 (s, 1H), 

5.16 (s, 2H), 3.87 (s, 3H); 19F NMR (471 MHz, CDCl3) δ: 

－122.28～－122.34 (m); 13C NMR (126 MHz, CDCl3) δ: 

168.11, 162.13, 158.03, 157.91 (d, 1JC—F＝240.5 Hz, ArF), 

153.94, 137.72, 131.30, 129.54, 129.51, 128.13, 127.38, 

127.27, 121.34, 116.13 (d, 2JC—F＝23.7 Hz, ArF), 116.11 

(d, 3JC—F＝7.9 Hz, ArF), 111.50, 101.29, 100.00, 62.18, 

55.74; IR (KBr) ν: 3063, 2936, 2840, 1608, 1508, 1446, 

1365, 1241, 1025, 817 cm－ 1. HRMS (ESI) calcd for 

C23H19FNO3 [(M＋H)＋]: 376.1338, found 376.1343. 

3-(3-甲氧基苯基)-4-(4-氟苯基)-5-(4-氟苯氧甲基)异

噁唑(5-26): 白色固体, 产率88%. m.p. 105.8～106.1 ℃; 
1H NMR (500 MHz, CDCl3) δ: 7.77 (dd, J＝8.5, 2.5 Hz, 

1H), 7.73 (d, J＝2.0 Hz, 1H), 7.54～7.48 (m, 2H), 7.11 (dt, 

J＝7.0, 2.0 Hz, 2H), 7.05 (d, J＝8.5 Hz, 1H), 7.03～6.98 

(m, 2H), 6.95～6.92 (m, 2H), 6.61 (s, 1H), 5.16 (s, 2H), 

3.87 (s, 3H); 19F NMR (471 MHz, DMSO) δ: －115.12～

－115.15 (m), －122.76～－122.81 (m); 13C NMR (126 

MHz, DMSO) δ: 168.63, 161.98 (d, 1JC—F＝244.9 Hz, 

ArF), 161.97, 158.42, 157.48 (d, 1JC—F＝237.5 Hz, ArF), 

154.36, 134.10, 134.08, 131.77 (d, 3JC—F＝8.07 Hz, ArF), 

129.80, 129.15, 127.93, 121.40, 116.73 (d, 3JC-F＝8.15 Hz, 

ArF), 116.43 (d, 2JC—F＝23.09 Hz, ArF), 115.33 (d, 2JC—F＝
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21.3 Hz, ArF), 112.71, 102.72, 61.56, 56.20; IR (KBr) ν: 

3066, 2956, 2843, 1610, 1512, 1450, 1357, 1220, 1069, 

823 cm－1. HRMS (ESI) calcd for C23H18F2NO3 [(M＋H)＋]: 

394.1243, found 394.1249. 

3-(3-甲氧基苯基)-4-(4-三氟甲基苯基)-5-(4-氟苯氧

甲基)异噁唑(5-27): 白色固体, 产率 82%. m.p. 108.0～

108.7 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.82 (dd, J＝8.0, 

2.0 Hz, 1H), 7.76 (d, J＝2.0 Hz, 1H), 7.68 (d, J＝8.5 Hz, 

2H), 7.65 (d, J＝8.5 Hz, 2H), 7.08 (d, J＝8.5 Hz, 1H), 7.02 

(t, J＝9.0 Hz, 2H), 6.94 (dd, J＝9.0, 4.0 Hz, 2H), 6.62 (s, 

1H), 5.17 (s, 2H), 3.88 (s, 3H); 19F NMR (471 MHz, 

CDCl3) δ: －62.46 (s), －122.22～－122.27 (m); 13C 

NMR (126 MHz, CDCl3) δ: 168.30, 161.90, 157.94, 

157.90 (d, 1JC—F＝239.7 Hz), 153.95, 129.90, 129.31 (q,  
2J＝32.3 Hz, ArCF3), 129.28, 128.12, 125.01 (q, 3JC—F＝

3.7 Hz, ArCF3), 124.35 (q, 1JC—F＝272.0 Hz, CF3), 121.58, 

116.13 (d, 2JC—F＝23.2 Hz, ArF), 116.08 (d, 3JC-F＝8.1 Hz), 

111.63, 101.23, 62.10, 55.74; IR (KBr) ν: 3058, 2941, 

2844, 1613, 1513, 1430, 1357, 1259, 1103, 830 cm－1. 

HRMS (ESI) calcd for C24H18F4NO3 [(M＋H)＋]: 444.1225, 

found 444.1217. 

3-(3-甲氧基苯基)-4-苯基-5-(3-甲基苯氧甲基)异噁

唑(5-28): 白色固体, 产率 91%. m.p. 102.6～103.9 ℃; 
1H NMR (500 MHz, CDCl3) δ: 7.79 (dd, J＝8.5, 2.0 Hz, 

1H), 7.75 (d, J＝2.5 Hz, 1H), 7.55 (dd, J＝8.5, 1.0 Hz, 

2H), 7.43 (t, J＝7.5 Hz, 2H), 7.35 (t, J＝7.5 Hz, 1H), 7.20 

(t, J＝8.0 Hz, 1H), 7.05 (d, J＝8.5 Hz, 1H), 6.83 (d, J＝8.0 

Hz, 3H), 6.85～6.77 (m, 1H), 5.19 (s, 2H), 3.87 (s, 3H), 

2.35 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 168.11, 

162.13, 158.85, 158.03, 156.94, 153.94, 137.72, 131.30, 

129.54, 129.51, 128.13, 127.38, 127.27, 121.34, 116.22, 

116.14, 116.08, 116.04, 111.50, 101.29, 62.18, 55.74; IR 

(KBr) ν: 3052, 2924, 2849, 1601, 1508, 1448, 1349, 1257, 

1174, 776 cm－1. HRMS (ESI) calcd for C24H22NO3 [(M＋

H)＋]: 372.1587, found 372.1594. 

3-(3-甲氧基苯基)-4-(4-氟苯基)-5-(3-甲基苯氧甲基)

异噁唑 (5-29): 白色固体 , 产率  84%. m.p. 103.8～

104.3 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.78 (dd, J＝8.5, 

2.5 Hz, 1H), 7.73 (d, J＝2.0 Hz, 1H), 7.52 (dd, J＝9.0, 5.0 

Hz, 2H), 7.20 (t, J＝7.5 Hz, 1H), 7.11 (t, J＝8.5 Hz, 2H), 

7.04 (d, J＝8.5 Hz, 1H), 6.85～6.78 (m, 3H), 6.62 (s, 1H), 

5.18 (s, 2H), 3.87 (s, 3H), 2.36 (s, 3H); 19F NMR (471 

MHz, CDCl3) δ: －115.06～－115.11 (m); 13C NMR (126 

MHz, CDCl3) δ: 168.62, 162.22 (d, 1JC—F＝246.9 Hz, ArF), 

162.01, 157.87, 157.85, 139.86, 133.61, 131.17 (d, 3JC—F＝

7.6 Hz, ArF), 130.25, 129.41, 129.34, 127.39, 122.72, 

121.52, 115.67, 115.01 (d, 2JC—F＝21.4 Hz, ArF), 111.57, 

111.47, 101.02, 61.48, 55.75, 21.54; IR (KBr) ν: 3023, 

2920, 2849, 1605, 1509, 1453, 1259, 1157, 785 cm－1. 

HRMS (ESI) calcd for C24H21FNO3 [(M＋H)＋]: 390.1494, 

found 390.1500. 

3-(3-甲氧基苯基)-4-(4-三氟甲基苯基) -5-(3-甲基苯

氧甲基 )异噁唑 (5-30): 白色固体 , 产率 86%. m.p. 

109.0～109.1 ℃; 1H NMR (500 MHz, CDCl3) δ: 7.82 (dd, 

J＝8.5, 2.0 Hz, 1H), 7.77 (d, J＝2.0 Hz, 1H), 7.71～7.64 

(m, 4H), 7.20 (t, J＝7.5 Hz, 1H), 7.07 (d, J＝8.5 Hz, 1H), 

6.84～6.78 (m, 3H), 6.62 (s, 1H), 5.19 (s, 2H), 3.88 (s, 

3H), 2.35 (s, 3H); 19F NMR (471 MHz, DMSO) δ:      

－61.12; 13C NMR (126 MHz, DMSO-d6) δ: 168.92, 

161.86, 158.11, 158.03, 141.99, 139.67, 130.56, 129.74, 

129.27, 129.23, 128.65, 128.25 (q, 2JC — F ＝ 31.5 Hz, 

ArCF3), 125.26 (q, 3JC—F＝3.6 Hz, ArCF3), 124.82 (q,   
1JC—F＝272.2 Hz, CF3), 122.63, 121.63, 115.90, 112.74, 

112.09, 102.50, 60.87, 56.15, 21.43; IR (KBr) ν: 3012, 

2928, 2849, 1615, 1456, 1326, 1260, 1117, 842 cm－1. 

HRMS (ESI) calcd for C25H21F3NO3 [(M＋H)＋]: 440.1462, 

found 440.1468. 

 

辅助材料(Supporting Information)  所合成化合物的
1H NMR、13C NMR 及含氟化合物的 19F NMR 谱图. 这

些材料可以免费从本刊网站(http://sioc-journal.cn/)上下

载. 
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