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2-氰基-3-[1-(4-取代苯氧基苯基)乙胺基]烯酸乙氧乙酯的 

合成及除草活性 

杨晓兵    毕常芬    胡方中*    狄红静    程心心 

李  丹    阚晓丽    马嘉雪    邹小毛 
(南开大学元素有机化学国家重点实验室  南开大学元素有机化学研究所 

天津化学化工协同创新中心  天津 300071) 

摘要  以取代苯酚 4和对氟苯乙酮(5)为原料, 经 4步反应合成关键中间体 1-(4-取代苯氧苯基)乙胺(9), 再与 3种中间体

2-氰基-3-乙氧基-2-戊烯酸乙氧乙酯(1)、2-氰基-3,3-二甲硫基丙烯酸乙氧乙酯(2)和 2-氰基-3-氯-4,4,4-三氟丁烯酸乙氧乙

酯(3)分别发生缩合反应, 合成了 3 个系列共 35 个新 2-氰基-3-[1-(4-取代苯氧基苯基)乙胺基]烯酸乙氧乙酯类化合物(10, 

11和12). 所有新化合物的结构均经过 1H NMR, 13C NMR, 19F NMR和HRMS的确证, 并测试了目标化合物的除草活性, 

部分化合物在剂量为 93.75 g/ha 时, 对双子叶植物油菜和苋菜的抑制率为 100%. 

关键词  2-氰基烯酸酯类化合物; 苯氧基苯乙胺; 合成; 除草活性 

Synthesis and Herbicidal Activity of 2-Ethoxyethyl-2-cyano-3-(1-(4- 
(substitued phenoxy)phenyl)ethylamino) Alkenates 

Yang, Xiaobing    Bi, Changfen    Hu, Fangzhong*    Di, Hongjing    Cheng, Xinxin 

Li, Dan    Kan, Xiaoli    Ma, Jiaxue    Zou, Xiaomao 
(State Key Laboratory and Institute of Elemento-Organic Chemistry, Collaborative Innovation Center of Chemical Science 

and Engineering (Tianjin), Nankai University, Tianjin 300071) 

Abstract  Key intermediates, 1-(4-substitutedphenoxyphenyl)ethanamines (9), which were prepared from starting material 
substituted phenols 4 and p-fluoroacetophenone (5), were condensed with 2-ethoxyethyl 2-cyano-3-ethoxypent-2-enoate (1) or 
2-ethoxyethyl-2-cyano-3,3-bis(methylthio)acrylate (2) or 2-ethoxyethyl-3-chloro-2-cyano-4,4,4-trifluorobut-2-enoate (3), giv-
ing three series of 2-ethoxyethyl 2-cyano-3-(1-(substitued phenoxyphenyl)ethylamino) alkenates (10, 11 and 12). All of the 
new compounds have been characterized by 1H NMR, 13C NMR, 19F NMR, IR and HRMS. The herbicidal activities of the title 
compounds were tested, which indicated that some of the title compounds showed 100% inhibition against Brassica campestris
and Amaranthus retroflexus L. at a dose of 93.75 g/ha. 
Keywords  2-cyanoalkenates; phenoxyphenyl ethylamine; synthesis; herbicidal activity 

 

自 1956 年Wessels 等[1]第一次报道抑制光合作用的

除草剂以来, 至今已有 50多年的历史. 光合作用光系统

II (photosystem II, PS II)抑制剂是指抑制或阻碍光合作

用光系统 II 中电子传递的试剂. 人们已经证实有许多除

草剂是 PS II 抑制剂[2～4]. 20 世纪 80 年代, Deisenhorfer

等[5]成功地分离并解析了绿色红假单胞菌(Rps. viridis)

光合反应中心结构. 在众多 PSII 电子传递抑制剂中, 氰

基丙烯酸酯类因其较高的生物活性, 一直受到广大研究

者的重视[5,6]. 1992 年, Buman 等[7]对吡啶甲胺基氰基丙

烯酸酯类化合物 Hill 反应抑制活性进行研究, 发现其比

含苯环类似结构的化合物除草活性要高一些, 由此引起

了一系列关于这类化合物除草活性的研究报道. 1998

年, 杨华铮等[8]用分子模拟法对氰基丙烯酸酯(酰胺)类

化合物的抑制活性进行了研究, 建立了豌豆光合作用反



   
有机化学 研究论文 

 
110      http://sioc-journal.cn/ © 2015 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2015, 35, 109～120 

应中心D1蛋白模型, 考察了化合物和D1蛋白的结合方

式及作用机理, 研究了分子结构各部分间的相互作用及

对其 Hill 反应活性的影响(图 1). 结果表明: (1)酯基侧链

上的氧原子与 SER268 侧链羟基上的氢形成氢键; (2)酯

羰基上的氧原子与 SER264 侧链羟基上氢形成氢键; (3)

氰基上的氮原子与 LEU271 主链酰胺上的氢形成氢键; 

(4)氰基丙烯酸酯类化合物的芳香环靠近 PHE265, 

PHE211, PHE274和PHE255形成的疏水性口袋, 之间产

生范德华力相互作用和 π-π 堆积相互作用. β位 R1基团

的立体效应、Ar 基团的变化、Ar 与 NH 之间亚甲基的

数目, 都能明显地影响氰基丙烯酸酯类化合物的除草活

性. 

CN

N
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O
OC2H4OR2
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图 1  氰基丙烯酸酯类化合物与受体 D1 蛋白结合简图 
Figure 1  The schematic diagram of the binding of cyanoacry-
lates and the receptor D1 proteins 

为了进一步探索上述疏水性口袋的深度和宽度, 我

们设计在芳环A的对位再引入一个取代苯氧基, 得到 2-

氰基-3-(对取代苯氧乙胺基)取代烯酸乙氧乙酯类化合

物, 研究 B 环上取代基的变化对除草活性的影响. 合成

路线如 Scheme 1所示. 取代苯酚 4 与对氟苯乙酮 5 通过

缩合反应得到对取代苯氧基苯乙酮 6, 然后被 NaBH4还

原得到醇 7, 7 与叠氮磷酸二苯酯(DPPA)在 DBU/甲苯体

系中反应得到叠氮化合物 8, 8 在 H2/Pd-C 条件下还原得

到胺 9, 9 分别与原料 3-乙氧基-2-氰基-2-戊烯酸乙氧乙

酯(1), 2-氰基-3,3-二甲硫基丙烯酸乙氧乙酯(2)和 2-氰 

基-3-氯-4,4,4-三氟丁烯酸乙氧乙酯(3)在乙醇中反应得

到目标化合物 10, 11 和 12. 

所有目标化合物均通过 1H NMR, 13C NMR, 19F 

NMR 和 HRMS 等确证. 生物活性测试结果表明, 部分

化合物在剂量为 93.75 g/ha 时, 对双子叶植物油菜和苋

菜的抑制率为 100%. 

1  结果与讨论 

1.1  目标化合物的合成 

1.1.1  Williamson 醚化反应 

在合成取代苯氧苯乙酮 6 过程中, 按照文献[9, 10]

采用 N,N-二甲基乙酰胺(DMAC)回流的方法, 温度较高, 

比较危险. 当用 N,N-二甲基甲酰胺(DMF)作溶剂时, 温

度较高 DMF 会发生热分解, 致使副产物 4-(N,N-二甲基

胺基)苯乙酮会比较多; 反应温度控制在 130 ℃左右时

最好, 副产物较少. 反应结束进行后处理时, 先把 DMF

减压旋除, 再进行提纯, 有利于产率的提高. 另外, 在

除去 DMF 之后加入少量的水搅拌, 有些产物会析出, 

简化了反应的后处理. 

1.1.2  叠氮化反应 

按照文献[19]的方法制备叠氮化合物 8 时, 一般底

物的量不要太大. 因为该反应是一个放热反应, 而温度

的升高会导致副产物 4-取代苯氧基苯乙烯的生成.  

1.1.3  催化氢化反应 

按照文献[20]的方法用 Pd/C 和氢气对叠氮化合物 8

进行还原氨化时发现: 苯环上若有氯原子, 要控制反应

条件, 否则氯很容易被脱除. 对于温度、催化剂的量、

反应时间都要严格的控制: 温度保持室温; 底物为 3 

mmol 时催化剂的量为 0.02 g 10% Pd-C; 反应时间控制

在 1.7～2 h, 时间延长, 氯原子会被脱除. 

1.2  生物活性与构效关系研究 

对目标化合物采用苗后处理(茎叶处理)进行初步活

性测试, 测试对象为双子叶杂草(油菜和苋菜)和单子叶

杂草(稗草和马唐), 以 NK-9717 作对照, 结果见表 1[11]. 

生物活性测试结果表明大多目标化合物具有较好的防

除双子叶杂草的活性, 部分化合物在剂量为 93.75 g/ha

时, 对双子叶植物油菜和苋菜的抑制率为 100%. 对单

子叶杂草的抑制活性一般. 

从表 1 可以看出, R1对于化合物除草活性的影响呈

现一定的规律, R1为 SCH3和 CH2CH3时, 相应的化合物

对油菜和苋菜具有很高的抑制活性. 考虑到 R1 基团在

疏水性口袋的结合位点及本身取代基的特性, 它在整个

药剂分子骨架中, 并不与 D1 蛋白上的残基产生明显相

互作用力, 它的影响主要体现于立体空间的扭转, 直接

影响整个分子骨架的空间立体构象, 从而影响与 D1 蛋

白不同作用位点间的结合力. CF3 的引入使得系列化合

物 12的活性比相应的化合物 10和 11都要低, 可能是由

于 CF3 强拉电子作用使得整个分子的电性特征发生变

化, 致使化合物的活性降低. 

对于同系列的目标化合物, 因(R3)n的不同, 其除草

活性也有差别. 化合物 11 中, (R3)n为 4-Cl, 4-F, 4-Me, H

和 4-MeO 时, 当 B 环 4 位为 H 时, 化合物 11j 的活性最

高, 其在 45 g/ha剂量下, 对油菜和苋菜的抑制率分别为

100%和 95.7%; 而 B 环 4 位为 MeO 时, 化合物 11m 在

45 g/ha 剂量下, 对油菜没有抑制活性, 说明在 B 环的对

位有大基团不利于活性的提高. 当取代基(R2)n为 Cl 时, 

化合物 11a, 11b 和 11c 在 93.75 g/ha 剂量下对油菜和苋 
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a (R2)n＝4-Cl; b (R2)n＝2-Cl; c (R2)n＝3-Cl; d (R3)n＝4-F; e (R2)n＝3-CF3; f (R2)n＝3,4-F2; g (R2)n＝2,4-F2; h (R2)n＝2-Cl-4-F; i (R2)n＝
2-Cl-4-CF3; j (R

2)n＝H; k (R2)n＝4-Me; l (R2)n＝3-Me; m (R2)n＝4-MeO 

图式 1  目标化合物的合成 
Scheme 1  Synthesis of the title compounds 

菜的抑制率变化不明显; 当取代基(R2)n为Me时, 11k和

11l 在 93.75 和 45 g/ha 剂量下对油菜和苋菜抑制率变化

也不明显. 当 B 环 3 位为 Cl, Me 和 CF3时, 它们的除草

活性都不如化合物 11j 当在苯环上引入两个基团时, 化

合物 11f, 11g, 11h, 11i 的除草活性都没有显著提高, 且

都低于 11j. 

综上所述, 标题化合物与 D1 蛋白结合时, B 环的引

入有利于除草活性的提高, 说明由 PHE265, PHE211, 

PHE274 和 PHE255 形成的疏水性口袋(图 1)有一定的深

度; B 环上 4-位小基团的引入有利于活性的提高, B 环上

多取代基团的引入对活性的提高没有贡献, 说明 B 环与

D1 蛋白结合空腔具有一定的宽度.  

2  结论 

本文以取代苯酚 4 和对氟苯乙酮(5)为原料, 对氰基

丙烯酸酯类化合物结合 D1 蛋白的疏水性口袋深度和宽

度进行探索, 合成了 3 个系列 2-氰基-3-[1-(4-取代苯氧

基苯基)乙胺基]烯酸乙氧乙酯类化合物, 并对其进行了

除草活性测试. 生物活性实验表明部分化合物在剂量为

93.75 g/ha 时, 对双子叶植物油菜和苋菜的抑制率为

100%. 通过对化合物结构和除草活性之间关系的分析, 

化合物与D1蛋白结合时, B环的引入有利于除草活性的

提高, 说明 B 环与 D1 蛋白结合的空间(图 1)有一定的深

度; B 环上 4-位小基团的引入有利于活性的提高, B 环上

多取代基团的引入对活性的提高没有贡献, 说明 B 环与

D1 蛋白结合空腔具有一定的宽度. 

3  实验部分 

3.1  仪器与试剂 

Brucker 400M型核磁共振仪(CDCl3为溶剂, TMS为

内标); Varian QFT-ESI型高分辨质谱仪; Thomas-Hoover 

型熔点仪(温度未经校正); 柱层析使用的硅胶为青岛海

洋化工厂生产; 实验试剂和原料均为分析纯或化学纯; 

均经过常规处理后使用. 原料 3-乙氧基-2-氰基-2-戊烯

酸乙氧乙酯(1), 2-氰基-3,3-二甲硫基丙烯酸乙氧乙酯(2)

和 2-氰基-3-氯-4,4,4-三氟丁烯酸乙氧乙酯(3)按照文献  
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表 1  化合物 10, 11 和 12 对油菜和苋菜的生物活性 
Table 1  Biological activity (%) of compounds 10, 11 and 12 against Brassica campestris and Amaranthus retroflexus L. 

a NK-9717:

  

H
N

MeS CN

CO2CH2CH2OC2H5N

Cl

.

[12～15]合成. 

3.2  1-(4-取代苯氧苯基)乙胺(9)的合成 

参照文献[16～20]方法, 将取代苯酚 4 与対氟苯乙

酮 5 经 Williamson 醚化、NaBH4 还原、叠氮化、Pd/C

催化氢化反应制得相应 1-(4-取代苯氧苯基)乙胺(9). 

3.3  2-氰基-3-{1-[4-(4-氯苯氧基)苯基]乙基}胺基-3-戊

烯酸乙氧乙酯(10a)的合成 

在 25 mL 圆底烧瓶中依次加入 0.28 g (1.13 mmol) 

1-[4-(4-氯苯氧)苯基]乙胺、8 mL 重蒸乙醇和 0.22 g (0.96 

mmol) 2-氰基-3-乙氧基戊烯酸乙氧乙酯 , 室温搅拌 , 

TLC 检测至原料点消失, 脱溶, 柱层析[展开剂: V(石油

醚)∶V(乙酸乙酯)＝15∶1]提纯得 0.20 g 淡黄色液体

10a, 产率 47.1%. 1H NMR (CDCl3, 400 MHz) δ: 10.26 (d, 
3JH-H＝7.8 Hz, 1H, NH), 7.29 (d, 3JH-H＝8.2 Hz, 2H, 

Ar-H), 7.19 (d, 3JH-H＝8.0 Hz, 2H, Ar-H), 6.97 (d, 3JH-H＝

8.0 Hz, 2H, Ar-H), 6.93 (d, 3JH-H＝8.2 Hz, 2H, Ar-H), 

4.81～4.70 (m, 1H, CH), 4.29 (t, 3JH-H＝5.0 Hz, 2H, CH2), 

3.69 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.57 (q, 3JH-H＝7.0 Hz, 

2H, CH2), 2.63～2.42 (m, 2H, CH2), 1.59 (d, 3JH-H＝6.7 

Hz, 3H, CH3), 1.20 (t, 3JH-H＝7.0 Hz, 3H, CH3), 1.14 (t, 
3JH-H＝7.6 Hz, 3H, CH3); 

13C NMR (CDCl3, 100 MHz) δ: 

174.34, 169.12, 156.67, 155.40, 137.74, 129.85, 128.67, 

化合物 剂量/(g•ha－1) 
抑制率/% 

化合物 剂量/(g•ha－1)
抑制率/% 

油菜 苋菜 油菜 苋菜 

10a 
375 100 100 

11b 
375 100 100 

    93.75 100 77.4     93.75 100   85.2 

10b 
  187.5 100 96.4 

11c 
375 100   99.0 

    93.75 100 62.6     93.75   98.5   90.5 

10c 
375 100 100 

11d 
    93.75   90.6 100 

    93.75 100 92.3   45   50.2   63.4 

10d 
  187.5 100 100 

11e 
    93.75   38.4 100 

    93.75   96.5 100   45   0   77.0 
  45   52.0 62.7 

11f 
375 100 100 

10e 
  187.5   89.6 100     93.75 100   69.1 

    93.75   41.0 97.9 
11g 

375 100 100 

10f 
375 100 95.2     93.75 100   94.7 

    93.75 100 53.1 
11h 

375 100 100 

10g 
375 100 96.8     93.75 100   76.9 

    93.75 100 57.3 11i 375   90.7   98.4 

10h 
375 100 100 

11j 
    93.75 100   98.6 

    93.75 100 88.7   45 100   95.7 
10i 375   92.1 66.7     22.5   36.7   39.7 

10j 
  187.5   92.9 100 

11k 
     93.75   97.7 100 

    93.75   86.1 99.3   45   31.9   79.2 

10k 
  187.5   98.0 100 

11l 
    93.75   88.6 100 

    93.75   93.4 100   45   44.5   76.3 
  45   48.1 78.5 

11m 
    93.75   74.4 100 

10l 
  187.5 100 100   45   0   72.7 

    93.75   76.9 100 12a 375 100 100 
  45   40.9 41.1 12b 375 100   24.6 

10m 
  187.5 100 100 12d 375   90.0   85.8 

    93.75   75.4 97.2 12e 375 100   84.3 
  45   51.7 74.3 12f 375   99.0   95.3 

11a 
375 100 100 12g 375   78.4   39.7 

    93.75   98.5 97.8 12j 375   25.0   15.0 
  45   40.8 87.8 12k 375   90.0 100 

NK-9717a     93.75   67.7 30.9 12l 375 100   94.2 
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126.96, 120.32, 119.23, 118.58, 71.03, 68.19, 66.87, 63.71, 

53.20, 24.70, 24.58, 15.21, 12.21; HRMS (ESI) calcd for 

C24H27ClN2NaO4 [M＋Na]＋ 465.1552, found 465.1550. 

采用与 10a 相同的路线, 合成目标化合物 10b～

10m 

2-氰基-3-{1-[4-(2-氯苯氧基)苯基]乙基}胺基-3-戊

烯酸乙氧乙酯 (10b): 淡黄色液体 , 产率  37.6%. 1H 

NMR (CDCl3, 400 MHz) δ: 10.25 (d, 3JH-H＝7.8 Hz, 1H, 

NH), 7.45 (dd, 3JH-H＝8.0 Hz, 4JH-H＝1.3 Hz, 1H, Ar-H), 

7.23 (dd, 3JH-H＝7.8 Hz, 4JH-H＝1.2 Hz, 1H, Ar-H), 7.18 (d, 
3JH-H＝8.6 Hz, 2H, Ar-H), 7.11 (td, 3JH-H＝7.7 Hz, 4JH-H＝

1.1 Hz, 1H, Ar-H), 6.99 (d, 3JH-H＝8.1 Hz, 1H, Ar-H), 6.94 

(d, 3JH-H＝8.6 Hz, 2H, Ar-H), 4.81～4.69 (m, 1H, CH), 

4.29 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.70 (t, 3JH-H＝5.1 Hz, 

2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.62～2.38 

(m, 2H, CH2), 1.58 (d, 3JH-H＝6.7 Hz, 3H, CH3), 1.20 (t, 
3JH-H＝7.0 Hz, 3H, CH3), 1.13 (t, 3JH-H＝7.6 Hz, 3H, CH3); 
13C NMR (CDCl3, 100 MHz) δ: 174.36, 169.10, 156.76, 

151.91, 137.36, 130.91, 128.09, 126.87, 126.15, 125.23, 

121.30, 118.59, 118.13, 70.97, 68.20, 66.86, 63.69, 53.21, 

24.69, 24.57, 15.20, 12.18; HRMS (ESI) calcd for 

C24H27ClN2NaO4 [M＋Na]＋ 465.1552, found 465.1545. 

2-氰基-3-{1-[4-(3-氯苯氧基)苯基]乙基}胺基-3-戊

烯酸乙氧乙酯(10c): 淡黄色液体, 产率 39.8%. 1H NMR 

(CDCl3, 400 MHz) δ: 10.28 (d, 3JH-H＝7.8 Hz, 1H, NH), 

7.27～7.18 (m, 3H, Ar-H), 7.09 (dd, 3JH-H＝8.0 Hz,   
4JH-H＝2.0 Hz, 1H, Ar-H), 7.01 (d, 3JH-H＝8.6 Hz, 2H, 

Ar-H), 6.98 (d, 4JH-H＝2.0 Hz, 1H, Ar-H), 6.89 (dd, 3JH-H＝

8.2 Hz, 4JH-H＝2.2 Hz, 2H, Ar-H), 4.83～4.71 (m, 1H, 

CH), 4.31 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.71 (t, 3JH-H＝5.1 

Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.65～

2.42 (m, 2H, CH2), 1.61 (d, 3JH-H＝6.7 Hz, 3H, CH3), 1.21 

(t, 3JH-H＝7.0 Hz, 3H, CH3), 1.16 (t, 3JH-H＝7.6 Hz, 3H, 

CH3); 
13C NMR (CDCl3, 100 MHz) δ: 174.36, 169.12, 

157.78, 156.13, 138.14, 135.13, 130.62, 127.02, 123.65, 

119.73, 119.07, 118.55, 116.96, 71.09, 68.19, 66.87, 63.72, 

53.22, 24.71, 24.59, 15.20, 12.20; HRMS (ESI) calcd for 

C24H27ClN2NaO4 [M＋Na]＋ 465.1552, found 465.1552. 

2-氰基-3-{1-[4-(4-氟苯氧基)苯基]乙基}胺基-3-戊

烯酸乙氧乙酯(10d): 桔黄色液体, 产率 39.6%. 1H NMR 

(CDCl3, 400 MHz) δ: 10.26 (d, 3JH-H＝7.8 Hz, 1H, NH), 

7.19 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 7.07～6.97 (m, 4H, 

Ar-H), 6.95 (d, 3JH-H＝8.7 Hz, 2H, Ar-H), 4.81～4.70 (m, 

1H, CH), 4.30 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.71 (t, 3JH-H＝

5.1 Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 

2.60～2.44 (m, 2H, CH2), 1.59 (d, 3JH-H＝6.8 Hz, 3H, 

CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3), 1.15 (t, 3JH-H＝7.6 

Hz, 3H, CH3); 
19F NMR (CDCl3, 376 MHz) δ: －119.39; 

13C NMR (CDCl3, 100 MHz) δ: 174.33, 169.12, 159.04 (d, 
1JC-F＝243.3 Hz), 157.50, 152.36 (d, 4JC-F＝2.3 Hz), 

137.21, 126.86, 120.83 (d, 3JC-F＝8.4 Hz), 118.56, 116.44 

(d, 2JC-F＝23.5 Hz), 71.03, 68.19, 66.87, 63.70, 53.21, 

24.68, 24.57, 15.19, 12.18; HRMS (ESI) calcd for 

C24H27FN2NaO4 [M＋Na]＋ 449.1847, found 449.1841. 

2-氰基-3-{1-[4-(3-三氟甲基苯氧基)苯基]乙基}胺 

基-3-戊烯酸乙氧乙酯(10e): 淡黄色液体, 产率 38.4%. 
1H NMR (CDCl3, 400 MHz) δ: 10.29 (d, 3JH-H＝7.7 Hz, 

1H, NH), 7.46 (t, 3JH-H＝7.9 Hz, 1H, Ar-H), 7.37 (d,  
3JH-H＝7.7 Hz, 1H, Ar-H), 7.26～7.21 (m, 3H, Ar-H), 7.16 

(d, 3JH-H＝8.1 Hz, 1H, Ar-H), 7.02 (d, 3JH-H＝8.2 Hz, 2H, 

Ar-H), 4.86～4.71 (m, 1H, CH), 4.31 (t, 3JH-H＝5.0 Hz, 

2H, CH2), 3.71 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.58 (q,   
3JH-H＝7.0 Hz, 2H, CH2), 2.69～2.30 (m, 2H, CH2), 1.62 

(d, 3JH-H＝6.7 Hz, 3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, 

CH3), 1.16 (t, 3JH-H＝7.6 Hz, 3H, CH3); 
19F NMR (CDCl3, 

376 MHz) δ: －62.71; 13C NMR (CDCl3, 100 MHz) δ: 

174.36, 169.12, 157.33, 155.96, 138.36, 132.34 (q, 2JC-F＝

32.8 Hz), 130.44, 127.13, 123.64 (q, 1JC-F＝273.5 Hz), 

121.85, 120.08 (q, 3JC-F＝3.7 Hz), 119.76, 118.52, 115.57 

(q, 3JC-F＝3.7 Hz), 71.15, 68.19, 66.87, 63.73, 53.21, 

24.71, 15.18, 12.17; HRMS (ESI) calcd for C25H27F3- 

N2NaO4 [M＋Na]＋ 499.1815, found 499.1815. 

2-氰基-3-{1-[4-(3,4-二氟苯氧基)苯基]乙基}胺基-3-

戊烯酸乙氧乙酯(10f): 黄色液体, 收率 58.5%. 1H NMR 

(CDCl3, 400 MHz) δ: 10.27 (d, 3JH-H＝7.9 Hz, 1H, NH), 

7.22 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 7.17～7.08 (m, 1H, 

Ar-H), 6.99 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 6.88～6.78 (m, 

1H, Ar-H), 6.75～6.69 (m, 1H, Ar-H), 4.85～4.70 (m, 1H, 

CH), 4.31 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.71 (t, 3JH-H＝5.1 

Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.65～

2.44 (m, 2H, CH2), 1.61 (d, 3JH-H＝6.7 Hz, 3H, CH3), 1.22 

(t, 3JH-H＝7.0 Hz, 3H, CH3), 1.16 (t, 3JH-H＝7.6 Hz, 3H, 

CH3); 
19F NMR (CDCl3, 376 MHz) δ: －134.17 (d, 3JF-F＝

20.8 Hz, 1F), －144.01 (d, 3JF-F＝20.8 Hz, 1F); 13C NMR 

(CDCl3, 100 MHz) δ: 174.34, 169.13, 156.47, 152.84 (dd, 
3JC-F＝8.5 Hz, 4JC-F＝2.9 Hz,), 150.63 (dd, 1JC-F＝251.0 

Hz, 2JC-F＝14.1 Hz,), 146.79 (dd, 1JC-F＝244.8 Hz, 2JC-F＝

12.9 Hz), 138.09, 127.04, 119.28, 118.54, 117.68 (d,   
2JC-F＝18.8 Hz), 114.58 (dd, 3JC-F＝5.8 Hz, 4JC-F＝3.7 

Hz,), 108.64 (d, 2JC-F＝19.8 Hz), 71.12, 68.19, 66.88, 
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63.73, 53.18, 24.71, 24.59, 15.20, 12.21; HRMS (ESI) 

calcd for C24H26F2N2NaO4 [M＋Na]＋  467.1753, found 

467.1751. 

2-氰基-3-{1-[4-(2,4-二氟苯氧基)苯基]乙基}胺基-3-

戊烯酸乙氧乙酯(10g): 黄色固体 , 产率 45.0%. m.p. 

64～66 ℃; 1H NMR (CDCl3, 400 MHz) δ: 10.24 (d,  
3JH-H＝7.8 Hz, 1H, NH), 7.17 (d, 3JH-H＝8.6 Hz, 2H, 

Ar-H), 7.11～7.02 (m, 1H, Ar-H), 6.99～6.82 (m, 4H, 

Ar-H), 4.79～4.69 (m, 1H, CH), 4.29 (t, 3JH-H＝5.1 Hz, 

2H, CH2), 3.69 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.57 (q,   
3JH-H＝7.0 Hz, 2H, CH2), 2.62～2.38 (m, 2H, CH2), 1.57 

(d, 3JH-H＝6.7 Hz, 3H, CH3), 1.20 (t, 3JH-H＝7.0 Hz, 3H, 

CH3), 1.13 (t, 3JH-H＝7.6 Hz, 3H, CH3); 
19F NMR (CDCl3, 

376 MHz) δ: － 114.22 (d, 4JF-F ＝ 5.1 Hz, 1F),         

－125.26 (d, 3JF-F＝4.8 Hz, 1F); 13C NMR (CDCl3, 100 

MHz) δ: 174.35, 169.11, 159.04 (dd, 1JC-F＝247.3 Hz,  

3JC-F＝10.3 Hz,), 157.32, 154.42 (dd, 1JC-F＝253.3 Hz, 
3JC-F＝12.2 Hz,), 139.31 (dd, 2 JC-F＝11.7Hz, 4JC-F＝3.9 

Hz), 137.25, 126.84, 123.15 (dd, 3JC-F＝9.7 Hz, 3JC-F＝1.8 

Hz), 118.55, 117.08, 115.54 (dd, 2JC-F＝22.9 Hz, 4JC-F＝4.0 

Hz), 105.59 (d, 2JC-F＝26.9 Hz, 2JC-F＝22.1 Hz), 71.01, 

68.19, 66.86, 63.70, 53.16, 24.67, 24.56, 15.19, 12.16; 

HRMS (ESI) calcd for C24H26F2N2NaO4 [M ＋ Na] ＋ 

467.1753, found 467.1752. 

2-氰基-3-{1-[4-(2-氯-4-氟苯氧基)苯基]乙基}胺基- 

3-戊烯酸乙氧乙酯(10h): 桔黄色液体, 产率 44.2%. 1H 

NMR (CDCl3, 400 MHz) δ: 10.24 (d, 3JH-H＝7.9 Hz, 1H, 

NH), 7.21 (dd, 3JH-F＝8.0 Hz, 4JH-H＝2.8 Hz, 1H, Ar-H), 

7.17 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 7.04～6.94 (m, 2H, 

Ar-H), 6.88 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 4.80～4.71 (m, 

1H, CH), 4.29 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.69 (t, 3JH-H＝

5.1 Hz, 2H, CH2), 3.57 (q, 3JH-H＝7.0 Hz, 2H, CH2), 

2.62～2.39 (m, 2H, CH2), 1.58 (d, 3JH-H＝6.7 Hz, 3H, 

CH3), 1.20 (t, 3JH-H＝7.0 Hz, 3H, CH3), 1.13 (t, 3JH-H＝7.6 

Hz, 3H, CH3); 
19F NMR (CDCl3, 376 MHz) δ: －116.05; 

13C NMR (CDCl3, 100 MHz) δ: 174.34, 169.10, 158.85 (d, 
1JC-F＝247.8 Hz), 156.99, 148.03 (d, 4JC-F＝3.3 Hz), 

137.33, 127.25 (d, 3JC-F＝10.8 Hz), 126.91, 122.56 (d,  
3JC-F＝9.0 Hz), 118.55, 117.97 (d, 2JC-F＝26.0 Hz), 117.55, 

115.01 (d, 2JC-F＝23.0 Hz), 71.02, 61.19, 66.86, 63.70, 

53.17, 24.68, 24.55, 15.19, 12.17; HRMS (ESI) calcd for 

C24H25ClFN2O4 [M－H]－ 459.1487, found 459.1489. 

2-氰基-3-{1-[4-(2-氯-4-三氟甲基苯氧基)苯基]乙

基}胺基-3-戊烯酸乙氧乙酯(10i): 淡黄色液体 , 产率

37.0%. 1H NMR (CDCl3, 400 MHz) δ: 10.29 (d, 3JH-H＝7.9 

Hz, 1H, NH), 7.75 (d, 4JH-H＝1.6 Hz, 1H, Ar-H), 7.47 (dd, 
3JH-H＝8.6 Hz, 4JH-H＝1.3 Hz, 1H, Ar-H), 7.27 (d, 3JH-H＝

8.6 Hz, 2H, Ar-H), 7.03 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 

6.99(d, 3JH-H＝8.6 Hz, 1H, Ar-H), 4.86～4.75 (m, 1H, 

CH), 4.31 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.71 (t, 3JH-H＝5.1 

Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.64～

2.42 (m, 2H, CH2), 1.62 (d, 3JH-H＝6.7 Hz, 3H, CH3), 1.22 

(t, 3JH-H＝7.0 Hz, 3H, CH3), 1.16 (t, 3JH-H＝7.6 Hz, 3H, 

CH3); 
19F NMR (CDCl3, 376 MHz) δ: －62.10; 13C NMR 

(CDCl3, 100 MHz) δ: 174.34, 169.11, 155.48, 155.29, 

138.90, 128.22 (q, 3JC-F＝3.6 Hz), 127.21, 126.65 (q,  
2JC-F＝33.9 Hz), 125.72, 125.17 (q, 3JC-F＝3.6 Hz), 123.27 

(q, 1JC-F＝273.2 Hz), 119.56, 119.41, 118.48, 71.20, 68.18, 

66.86, 63.74, 53.15, 24.70, 24.56, 15.18, 12.20; HRMS 

(ESI) calcd for C25H25ClF3N2O4 [M－H] －  509.1455, 

found 509.1466. 

2-氰基-3-[1-(4-苯氧基苯基)乙基]胺基-3-戊烯酸乙

氧乙酯(10j): 淡黄色液体, 产率41.9%. 1H NMR (CDCl3, 

400 MHz) δ: 10.26 (d, 3JH-H＝7.8 Hz, 1H, NH), 7.35 (t, 
3JH-H＝7.9 Hz, 1H, Ar-H), 7.19 (d, 3JH-H＝8.6 Hz, 2H, 

Ar-H), 7.13 (t, 3JH-H＝7.4 Hz, 1H, Ar-H), 7.06～6.88 (m, 

4H, Ar-H), 4.80～4.71 (m, 1H, CH), 4.30 (t, 3JH-H＝5.1 

Hz, 2H, CH2), 3.71 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.58 (q, 
3JH-H＝7.0 Hz, 2H, CH2), 2.65～2.40 (m, 2H, CH2), 1.60 

(d, 3JH-H＝6.8 Hz, 3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, 

CH3), 1.16 (t, 3JH-H＝7.6 Hz, 3H, CH3); 
13C NMR (CDCl3, 

100 MHz) δ: 174.35, 169.09, 157.10, 156.70, 137.22, 

129.84, 126.79, 123.66, 119.14, 118.60, 70.95, 68.18, 

66.86, 63.67, 53.26, 24.67, 24.55, 15.14, 12.14; HRMS 

(ESI) calcd for C24H28N2NaO4 [M＋Na]＋ 431.1941, found 

431.1935. 

2-氰基-3-{1-[4-(4-甲基苯氧基)苯基]乙基}胺基-3-

戊烯酸乙氧乙酯(10k): 淡黄色液体, 产率 33.5%. 1H 

NMR (CDCl3, 400 MHz) δ: 10.25 (d, 3JH-H＝8.2 Hz, 1H, 

NH), 7.20～7.09 (m, 4H, Ar-H), 6.96 (d, 3JH-H＝8.2 Hz, 

2H, Ar-H), 6.91 (d, 3JH-H＝8.1 Hz, 2H, Ar-H), 4.80～4.69 

(m, 1H, CH), 4.30 (t, 3JH-H＝5.1Hz, 2H, CH2), 3.70 (t, 
3JH-H＝5.1 Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 

2.62～2.44 (m, 2H, CH2), 2.34 (s, 3H, Ar-CH3) 1.59 (d, 
3JH-H＝6.7 Hz, 3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3), 

1.15 (t, 3JH-H＝7.6 Hz, 3H, CH3); 
13C NMR (CDCl3, 100 

MHz) δ: 174.35, 169.12, 157.66, 154.19, 136.80, 133.41, 

130.35, 126.73, 119.35, 118.61, 70.94, 68.20, 66.88, 63.69, 

53.27, 24.69, 15.19, 12.17; HRMS (ESI) calcd for 

C25H30N2NaO4 [M＋Na]＋ 445.2098, found 445.2093. 
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2-氰基-3-{1-[4-(3-甲基苯氧基)苯基]乙基}胺基-3-

戊烯酸乙氧乙酯(10l): 淡黄色液体 , 产率 31.9%. 1H 

NMR (CDCl3, 400 MHz) δ: 10.26 (d, 3JH-H＝7.8 Hz, 1H, 

NH), 7.22 (t, 3JH-H＝7.9 Hz, 1H, Ar-H), 7.18 (d, 3JH-H＝8.6 

Hz, 2H, Ar-H), 6.97 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 6.94 (d, 
3JH-H＝7.6 Hz, 2H, Ar-H), 6.83 (s, 1H, Ar-H), 6.80 (d, 
3JH-H＝8.1 Hz, 1H, Ar-H), 4.80～4.71 (m, 1H, CH), 4.30 

(t, 3JH-H＝5.1 Hz, 2H, CH2), 3.70 (t, 3JH-H＝5.1 Hz, 2H, 

CH2), 3.58 (t, 3JH-H＝7.0 Hz, 2H, CH2), 2.63～2.44 (m, 

2H, CH2), 2.33 (s, 3H, Ar-CH3), 1.59 (d, 3JH-H＝6.8 Hz, 

3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3), 1.15 (t, 3JH-H＝

7.6 Hz, 3H, CH3); 
13C NMR (CDCl3, 100 MHz) δ: 174.36, 

169.13, 157.22, 156.63, 140.09, 137.08, 129.56, 126.79, 

119.85, 119.07, 118.61, 116.16, 70.96, 68.21, 66.87, 63.69, 

53.27, 24.69, 24.58, 21.40, 15.20, 12.18; HRMS (ESI) 

calcd for C25H30N2NaO4 [M ＋Na] ＋  445.2098, found 

445.2089. 

2-氰基-3-{1-[4-(4-甲氧基苯氧基)苯基]乙基}胺基- 

3-戊烯酸乙氧乙酯(10m): 淡黄色液体, 产率 32.9%. 1H 

NMR (CDCl3, 400 MHz) δ: 10.24 (d, 3JH-H＝7.8 Hz, 1H, 

NH), 7.15 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 6.97 (d, 3JH-H＝

9.1 Hz, 2H, Ar-H), 6.92 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 6.89 

(d, 3JH-H＝9.1 Hz, 2H, Ar-H), 4.80～4.67 (m, 1H, CH), 

4.30 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.81 (s, 3H, Ar-OCH3), 

3.70 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 

2H, CH2), 2.64～2.42 (m, 2H, CH2), 1.58 (d, 3JH-H＝6.8 

Hz, 3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3), 1.14 (t, 
3JH-H＝7.6 Hz, 3H, CH3); 

13C NMR (CDCl3, 100 MHz) δ: 

174.34, 169.12, 158.33, 156.17, 149.63, 136.46, 126.70, 

121.02, 118.62, 117.91, 114.95, 70.92, 68.20, 66.87, 63.68, 

55.67, 53.25, 24.68, 24.58, 15.19, 12.17; HRMS (ESI) 

calcd for C25H30N2NaO4 [M ＋Na] ＋  461.2047, found 

461.2041. 

3.4  2-氰基-3-甲硫基-3-{1-[4-(4-氯苯氧基)苯基]乙基}

胺基丙烯酸乙氧乙酯(11a)的合成 

在 100 mL 圆底烧瓶中依次加入 1.03 g (4.17 mmol) 

1-[4-(4-氯苯氧基)苯基]乙胺、25 mL 无水乙醇和 0.91 g 

(3.47 mmol) 2-氰基-3,3-二甲硫基丙烯酸乙氧乙酯, 室温

搅拌, TLC 检测至原料反应完全, 脱溶, 柱层析提纯得

1.52 g 淡黄色液体 11a, 产率 95.2%. 1H NMR (CDCl3, 

400 MHz) δ: 10.38 (d, 3JH-H＝7.2 Hz, 1H, NH), 7.29 (d, 
3JH-H＝8.3 Hz, 2H, Ar-H), 7.21 (d, 3JH-H＝8.0 Hz, 2H, 

Ar-H), 6.97 (d, 3JH-H＝8.2 Hz, 2H, Ar-H), 6.93 (d, 3JH-H＝

8.5 Hz, 2H, Ar-H), 5.35～5.08 (m, 1H, CH), 4.30 (t,  
3JH-H＝4.9 Hz, 2H, CH2), 3.70 (t, 3JH-H＝4.9 Hz, 2H, CH2), 

3.57 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.59 (s, 3H, SCH3), 1.59 

(d, 3JH-H＝6.8 Hz, 3H, CH3), 1.20 (t, 3JH-H＝7.0 Hz, 3H, 

CH3); 
13C NMR(CDCl3, 100 MHz) δ: 172.00, 168.44, 

156.54, 155.47. 137.65, 129.83, 128.62, 127.37, 120.31, 

119.12, 118.19, 74.85, 68.12, 66.89, 64.10, 55.17, 23.81, 

18.41, 15.19; HRMS (ESI) calcd for C23H25ClN2NaO4S  

[M＋Na]＋ 483.1116, found 483.1107. 

采用与 11a 相同的路线, 合成目标化合物 11b～

11m. 

2-氰基-3-甲硫基-3-{1-[4-(2-氯苯氧基)苯基]乙基}

胺基丙烯酸乙氧乙酯(11b): 淡黄色液体, 产率 92.1%. 
1H NMR (CDCl3, 400 MHz) δ: 10.38 (d, 3JH-H＝7.4 Hz, 

1H, NH), 7.46 (d, 3JH-H＝8.0 Hz, 1H, Ar-H), 7.26～7.17 

(m, 3H, Ar-H), 7.12 (t, 3JH-H＝7.7 Hz, 1H, Ar-H), 7.01 (d, 
3JH-H＝8.1 Hz, 1H, Ar-H), 6.93 (d, 3JH-H＝8.4 Hz, 2H, 

Ar-H), 5.28～5.19 (m, 1H, CH), 4.31 (t, 3JH-H＝5.0 Hz, 

2H, CH2), 3.70 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.58 (q,   
3JH-H＝7.0 Hz, 2H, CH2), 2.58 (s, 3H, SCH3), 1.60 (d,  
3JH-H＝6.8 Hz, 3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
13C NMR (CDCl3, 100 MHz) δ: 171.96, 168.41, 156.61, 

152.00, 137.30, 130.88, 128.07, 127.29, 126.09, 125.15, 

121.24, 118.20, 118.05, 74.88, 68.12, 66.87, 64.08, 55.19, 

23.80, 18.38, 15.20; HRMS (ESI) calcd for C23H25Cl- 

N2NaO4S [M＋Na]＋ 483.1116, found 483.1114. 

2-氰基-3-甲硫基-3-{1-[4-(3-氯苯氧基)苯基]乙基}

胺基丙烯酸乙氧乙酯(11c): 淡黄色液体, 产率 95.2%. 
1H NMR (CDCl3, 400 MHz) δ: 10.41 (d, 3JH-H＝7.3 Hz, 

1H, NH), 7.30～7.21 (m, 3H, Ar-H), 7.10 (d, 3JH-H＝8.0 

Hz, 1H, Ar-H), 7.01 (d, 3JH-H＝8.4 Hz, 2H, Ar-H), 6.99 (s, 

1H, Ar-H), 6.90 (d, 3JH-H＝8.2 Hz, 1H, Ar-H), 5.33～5.17 

(m, 1H, CH), 4.33 (t, 3JH-H＝4.9 Hz, 2H, CH2), 3.72 (t, 
3JH-H＝4.9 Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 

2.61 (s, 3H, SCH3), 1.62 (d, 3JH-H＝6.8 Hz, 3H, CH3), 1.22 

(t, 3JH-H＝7.0 Hz, 3H, CH3); 
13C NMR (CDCl3, 100 MHz) 

δ: 172.01, 168.43, 157.85, 155.97, 138.06, 135.10, 130.61, 

127.43, 123.58, 119.62, 119.04, 118.19, 116.94, 74.90, 

68.12, 66.89, 64.11, 55.19, 23.83, 18.40, 15.20; HRMS 

(ESI) calcd for C23H25ClN2NaO4S [M＋Na]＋ 483.1116, 

found 483.1111. 

2-氰基-3-甲硫基-3-{1-[4-(4-氟苯氧基)苯基]乙基}

胺基丙烯酸乙氧乙酯(11d): 淡黄色液体, 产率 74.1%. 
1H NMR (CDCl3, 400 MHz) δ: 10.38 (d, 3JH-H＝6.6 Hz, 

1H, NH), 7.19 (d, 3JH-H＝8.4 Hz, 2H, Ar-H), 7.08～6.96 

(m, 4H, Ar-H), 6.94 (d, 3JH-H＝8.5 Hz, 2H, Ar-H), 5.28～

5.15 (m, 1H, CH), 4.31 (t, 3JH-H＝4.9 Hz, 2H, CH2), 3.71 
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(t, 3JH-H＝4.9 Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, 

CH2), 2.59 (s, 3H, SCH3), 1.59 (d, 3JH-H＝6.7 Hz, 3H, 

CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
19F NMR (CDCl3, 

376 MHz) δ: －119.42; 13C NMR (CDCl3, 100 MHz) δ: 

171.94, 168.19, 158.76 (d, 1JC-F＝243.2 Hz), 157.11, 

152.24 (d, 4JC-F＝2.5 Hz), 136.95, 127.09, 120.59 (d,  
3JC-F＝8.3 Hz), 118.25, 116.20 (d, 2JC-F＝23.4 Hz), 74.64, 

67.91, 66.63, 63.87, 54.98, 23.58, 18.16, 14.98; HRMS 

(ESI) calcd for C23H24FN2NaO4S [M－H]－  443.1441, 

found 443.1443. 

2-氰基-3-甲硫基-3-{1-[4-(3-三氟甲基苯氧基)苯基]

乙基}胺基丙烯酸乙氧乙酯(11e): 桔红色固体 , 产率 

79.7%. m.p. 53～55 ℃; 1H NMR (CDCl3, 400 MHz) δ: 

10.40 (d, 3JH-H＝7.4 Hz, 1H, NH), 7.46 (t, 3JH-H＝8.0 Hz, 

1H, Ar-H), 7.37 (d, 3JH-H＝7.8 Hz, 1H, Ar-H), 7.29～7.22 

(m, 3H, Ar-H), 7.16 (d, 3JH-H＝8.1 Hz, 1H, Ar-H), 7.02 (d, 
3JH-H＝8.6 Hz, 2H, Ar-H), 5.30～5.18 (m, 1H, CH), 4.32 

(t, 3JH-H＝5.1 Hz, 2H, CH2), 3.71 (t, 3JH-H＝5.1 Hz, 2H, 

CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.60 (s, 3H, 

SCH3), 1.62 (d, 3JH-H＝7.2 Hz, 3H, CH3), 1.21 (t, 3JH-H＝

7.0 Hz, 3H, CH3); 
19F NMR (CDCl3, 376 MHz) δ:      

－62.70; 13C NMR (CDCl3, 100 MHz) δ: 171.99, 168.41, 

157.37, 155.78, 138.26, 132.28 (q, 2JC-F ＝ 32.6 Hz), 

130.39, 127.50, 123.61 (q, 2JC-F＝273.3 Hz), 121.79, 

119.98 (q, 3JC-F＝3.8 Hz), 119.62, 118.11, 115.52 (q,  
3JC-F＝3.8 Hz), 74.96, 68.08, 66.86, 64.09, 55.15, 23.78, 

18.35, 15.14; HRMS (ESI) calcd for C24H25F3N2NaO4S  

[M＋Na]＋ 517.1379, found 517.1371. 

2-氰基-3-甲硫基-3-{1-[4-(3,4-二氟苯氧基)苯基]乙

基}胺基丙烯酸乙氧乙酯(11f): 黄色液体, 产率 84.7%. 
1H NMR (CDCl3, 400 MHz) δ: 10.38 (d, 3JH-H＝7.4 Hz, 

1H, NH), 7.22 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 7.16～7.07 

(m, 1H, Ar-H), 6.96 (d, 3JH-H＝8.5 Hz, 2H, Ar-H), 6.86～

6.78 (m, 1H, Ar-H), 6.75～6.67 (m, 1H, Ar-H), 5.28～5.17 

(m, 1H, CH), 4.30 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.69 (t, 
3JH-H＝5.0 Hz, 2H, CH2), 3.57 (q, 3JH-H＝7.0 Hz, 2H, CH2), 

2.58 (s, 3H, SCH3), 1.59 (d, 3JH-H＝6.87 Hz, 3H, CH3), 

1.20 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
19F NMR (CDCl3, 376 

MHz) δ: －134.22 (d, 3JF-F＝21.5 Hz, 1F), －144.12 (d, 
3JF-F＝21.6 Hz, 1F); 13C NMR (CDCl3, 100 MHz) δ: 

171.98, 168.42, 156.34, 152.95 (dd, 3JC-F＝8.1 Hz, 4JC-F＝

2.8 Hz), 150.55 (dd, 1JC-F＝250.5 Hz, 2JC-F＝14.0 Hz), 

146.76 (dd, 1JC-F＝244.9Hz, 2JC-F＝12.8 Hz), 138.03, 

127.45, 119.17, 118.10, 117.64 (d, 2JC-F＝18.4 Hz), 114.54 

(dd, 3JC-F＝5.8 Hz, 3JC-F＝3.7 Hz), 108.59 (d, 2JC-F＝19.8 

Hz), 74.97, 68.11, 66.87, 64.11, 55.15, 23.79, 18.39, 15.17; 

HRMS (ESI) calcd for C23H24F2N2NaO4S [M＋Na] ＋

485.1317, found 485.1310. 

2-氰基-3-甲硫基-3-{1-[4-(2,4-二氟苯氧基)苯基]乙

基}胺基丙烯酸乙氧乙酯 (11g): 淡黄色液体 , 产率

96.7%. 1H NMR (CDCl3, 400 MHz) δ: 10.37 (d, 3JH-H＝7.4 

Hz, 1H, NH), 7.19 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 7.11～

7.03 (m, 1H, Ar-H), 6.99～6.83 (m, 4H, Ar-H), 5.29～5.16 

(m, 1H, CH), 4.31 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.70 (t, 
3JH-H＝5.0 Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 

2.58 (s, 3H, SCH3), 1.59 (d, 3JH-H＝6.8 Hz, 3H, CH3), 1.21 

(t, 3JH-H＝7.0 Hz, 3H, CH3); 
19F NMR (CDCl3, 376 MHz) 

δ: －114.35 (d, 4JF-F＝4.2 Hz, 1F), －125.30 (d, 4JF-F＝

4.9 Hz, 1F); 13C NMR (CDCl3, 100 MHz) δ: 171.96, 

168.41, 158.99 (dd, 1JC-F＝247.1 Hz, 3JC-F＝10.4 Hz), 

157.19, 154.41 (dd,  1JC-F＝253.1 Hz, 3JC-F＝12.4 Hz), 

139.39 (dd, 2JC-F＝11.9 Hz, 4JC-F＝4.0 Hz), 137.16, 127.25, 

123.12 (dd, 3JC-F＝9.8 Hz, 3JC-F＝1.8 Hz), 118.16, 116.98, 

111.51 (dd, 2JC-F＝22.8 Hz, 4JC-F＝4.0 Hz), 105.56 (dd, 
2JC-F＝26.8 Hz, 2JC-F＝22.1 Hz), 74.89, 68.11, 66.87, 

64.08, 55.15, 23.78, 18.36, 15.17; HRMS (ESI) calcd for 

C23H24F2N2NaO4S [M＋Na]＋ 485.1317, found 485.1317. 

2-氰基-3-甲硫基-3-{1-[4-(2-氯-4-氟苯氧基)苯基]乙

基}胺基丙烯酸乙氧乙酯(11h): 白色固体, 收率 95.7%. 

m.p. 64～66 ℃; 1H NMR (CDCl3, 400 MHz) δ: 10.36 (d, 
3JH-H＝7.2 Hz, 1H, NH), 7.25～7.14 (m, 3H, Ar-H), 

7.04～6.93 (m, 2H, Ar-H), 6.88 (d, 3JH-H＝7.9 Hz, 2H, 

Ar-H), 5.27～5.15 (m, 1H, CH), 4.29 (t, 3JH-H＝4.8 Hz, 

2H, CH2), 3.69 (t, 3JH-H＝4.8 Hz, 2H, CH2), 3.56 (q, 3JH-H

＝7.0 Hz, 2H, CH2), 2.57 (s, 3H, SCH3), 1.58 (d, 3JH-H＝

6.7 Hz, 3H, CH3), 1.20 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
19F 

NMR (CDCl3, 376 MHz) δ: －116.17; 13C NMR (CDCl3, 

100 MHz) δ: 171.94, 168.40, 158.80 (d, 1JC-F＝247.8 Hz), 

156.84, 148.11 (d, 4JC-F＝3.3 Hz), 137.25, 127.31, 127.19 

(d,  3JC-F＝10.8 Hz), 122.50 (d, 3JC-F＝9.0 Hz), 118.14, 

117.94 (d, 2JC-F＝26.1 Hz), 117.46, 114.98 (d, 2JC-F＝23.1 

Hz), 74.91, 68.10, 66.86, 64.08, 55.14, 23.76, 18.37, 15.17; 

HRMS (ESI) calcd for C23H23ClFN2NaO4S [M－H] － 

477.1051, found 477.1061. 

2-氰基-3-甲硫基-3-{1-[4-(2-氯-4-三氟甲基苯氧基)

苯基]乙基}胺基丙烯酸乙氧乙酯(11i): 桔红色固体, 产

率 93.7%. m.p. 53～54 ℃; 1H NMR (CDCl3, 400 MHz) δ: 

10.40 (d, 3JH-H＝7.4 Hz, 1H, NH), 7.70 (d, 4JH-H＝1.2 Hz, 

1H, Ar-H), 7.46 (d, 3JH-H＝8.5 Hz, 1H, Ar-H), 7.27 (d, 
3JH-H＝8.5 Hz, 2H, Ar-H), 7.02 (d, 3JH-H＝8.6 Hz, 2H, 
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Ar-H), 6.99 (d, 3JH-H＝8.7 Hz, 1H, Ar-H), 5.33～5.20 (m, 

1H, CH), 4.32 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.71 (t, 3JH-H＝

5.0 Hz, 2H, CH2), 3.58 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.60 

(s, 3H, SCH3), 1.62 (d, 3JH-H＝6.8 Hz, 3H, CH3), 1.22 (t, 
3JH-H＝7.0 Hz, 3H, CH3); 

19F NMR (CDCl3, 376 MHz) δ: 

－62.08; 13C NMR (CDCl3, 100 MHz) δ: 172.06, 168.43, 

155.57, 155.14, 138.86, 128.22 (q, 3JC-F＝3.7 Hz), 127.61, 

126.58 (q, 2JC-F＝33.5 Hz), 125.15 (q, 3JC-F＝3.7 Hz), 

123.63 (q, 1JC-F＝273.2 Hz), 119.48, 119.33, 75.04, 68.11, 

66.89, 64.13, 55.13, 23.79, 18.41, 15.17; HRMS (ESI) 

calcd for C24H23ClF3N2NaO4S [M－H]－ 527.1019, found 

527.1025. 

2-氰基-3-甲硫基-3-[1-(4-苯氧苯基)乙基]胺基丙烯

酸乙氧乙酯(11j): 淡黄色液体, 产率 99.0%. 1H NMR 

(CDCl3, 400 MHz) δ: 10.38 (d, 3JH-H＝7.3 Hz, 1H, NH), 

7.35 (t, 3JH-H＝7.9 Hz, 2H, Ar-H), 7.20 (d, 3JH-H＝8.6 Hz, 

2H, Ar-H), 7.12 (t, 3JH-H＝7.4 Hz, 1H, Ar-H), 7.07～6.91 

(m, 4H, Ar-H), 5.30～5.15 (m, 1H, CH), 4.31 (t, 3JH-H＝

5.1 Hz, 2H, CH2), 3.70 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.58 

(q, 3JH-H＝7.0 Hz, 2H, CH2), 2.59 (s, 3H, SCH3), 1.60 (d, 
3JH-H＝6.8 Hz, 3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
13C NMR (CDCl3, 100 MHz) δ: 171.94, 168.43, 156.98, 

156.81, 137.16, 129.84, 127.23, 123.62, 119.14, 119.06, 

118.18, 74.91, 68.13, 68.88, 64.09, 55.24, 23.81, 18.39, 

15.18; HRMS (ESI) calcd for C23H25N2O4S [M－H]－ 

425.1535, found 425.1533. 

2-氰基-3-甲硫基-3-{1-[4-(4-甲基苯氧基)苯基]乙

基}胺基丙烯酸乙氧乙酯 (11k): 淡黄色液体 , 产率

95.6%. 1H NMR (CDCl3, 400 MHz) δ: 10.37 (d, 3JH-H＝7.4 

Hz, 1H, NH), 7.18 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 7.14 (d, 
3JH-H＝8.3 Hz, 2H, Ar-H), 6.95 (d, 3JH-H＝8.6 Hz, 2H, 

Ar-H), 6.91 (d, 3JH-H＝8.4 Hz, 2H, Ar-H), 5.27～5.18 (m, 

1H, CH), 4.30 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.70 (t, 3JH-H＝

5.0 Hz, 2H, CH2), 3.57 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.58 

(s, 3H, SCH3), 2.33 (s, 3H, ArCH3), 1.59 (d, 3JH-H＝6.8 Hz, 

3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
13C NMR 

(CDCl3, 100 MHz) δ: 171.91, 168.41, 157.51, 154.25, 

136.72, 133.31, 130.34, 127.16, 119.34, 118.49, 118.22, 

74.80, 68.13, 66.86, 64.07, 55.24, 23.81, 20.74, 18.37, 

15.19; HRMS (ESI) calcd for C24H28N2NaO4S [M＋Na]＋

463.1667, found 463.1666. 

2-氰基-3-甲硫基-3-{1-[4-(3-甲基苯氧基)苯基]乙

基 }胺基丙烯酸乙氧乙酯 (11l): 浅粉色液体 , 产率

83.2%. 1H NMR (CDCl3, 400 MHz) δ: 10.38 (d, 3JH-H＝7.5 

Hz, 1H, NH), 7.25～7.14 (m, 3H, Ar-H), 6.97 (d, 3JH-H＝

7.6 Hz, 2H, Ar-H), 6.94 (d, 3JH-H＝7.6 Hz, 1H, Ar-H), 6.83 

(s, 1H, Ar-H), 6.80 (dd, 3JH-H＝8.1 Hz, 4JH-H＝2.2 Hz, 1H, 

Ar-H), 5.28～5.19 (m, 1H, CH), 4.37 (t, 3JH-H＝5.1 Hz, 

2H, CH2), 3.70 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.58 (q,   
3JH-H＝7.0 Hz, 2H, CH2), 2.59 (s, 3H, SCH3), 2.34 (s, 3H, 

ArCH3), 1.60 (d, 3JH-H＝6.8 Hz, 3H, CH3), 1.21 (t, 3JH-H＝

7.0 Hz, 3H, CH3); 
13C NMR (CDCl3, 100 MHz) δ: 171.88, 

168.37, 157.03, 156.64, 140.00, 136.94, 129.50, 127.16, 

124.42, 119.79, 118.90, 118.16, 116.11, 74.80, 68.09, 

66.81, 64.03, 55.20, 23.76, 21.36, 18.33, 15.15; HRMS 

(ESI) calcd for C24H28N2NaO4S [M＋Na]＋  463.1667, 

found 463.1654. 

2-氰基-3-甲硫基-3-{1-[4-(4-甲氧基苯氧基)苯基]乙

基}胺基丙烯酸乙氧乙酯 (11m): 淡黄色液体 , 产率

84.3%. 1H NMR (CDCl3, 400 MHz) δ: 10.37 (d, 3JH-H＝7.4 

Hz, 1H, NH), 7.17 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 6.98 (d, 
3JH-H＝9.0 Hz, 2H, Ar-H), 6.91 (d, 3JH-H＝9.0 Hz, 2H, 

Ar-H), 6.89 (d, 3JH-H＝9.0 Hz, 2H, Ar-H), 5.27～5.15 (m, 

1H, CH), 4.31 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.81 (s, 3H, 

OCH3), 3.70 (t, 3JH-H＝5.1 Hz, 2H, CH2), 3.58 (q, 3JH-H＝

7.0 Hz, 2H, CH2), 2.59 (s, 3H, SCH3), 1.57 (d, 3JH-H＝6.8 

Hz, 3H, CH3), 1.21 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
13C NMR 

(CDCl3, 100 MHz) δ: 170.90, 168.42, 158.20, 156.14, 

149.69, 136.36, 127.13, 121.01, 118.22, 117.80, 114.94, 

74.80, 68.13, 66.87, 64.07, 55.67, 55.23, 23.80, 18.38, 

15.19; HRMS (ESI) calcd for C24H28N2NaO4S [M＋Na]＋

479.1617, found 479.1618. 

3.5  2-氰基-4,4,4-三氟-3-{1-[4-(4-氯苯氧基)苯基]乙

基}胺基-2-丁烯酸乙氧乙酯(12a)的合成 

在 50 mL 圆底烧瓶中加入 0.64 g (2.59 mmol) 

1-[4-(4-氯苯氧基)]苯乙胺及 15 mL 重蒸的二氯甲烷, 

冷却至－2 ℃以下, 先后滴加 0.59 g (2.16 mmol) 2-氰 

基-3-氯-4,4,4-三氟丁烯酸乙氧乙酯与 5 mL 二氯甲烷的

混合液, 0.44 g 三乙胺与 5 mL 二氯甲烷的混合液. 维持

在此温度下搅拌 20 min, 然后在室温下搅拌, TLC 检测

至 2-氰基-3-氯-4,4,4-三氟丁烯酸乙氧乙酯反应完全, 饱

和食盐水洗 3 次, 然后再用二氯甲烷萃取水相 1 次, 合

并有机相, 无水硫酸钠干燥, 抽滤, 脱溶, 柱层析[V(石

油醚)∶V(乙酸乙酯)＝10∶1]提纯, 得 0.86 g 桔黄色液

体 12a, 产率 68.9%. 1H NMR (CDCl3, 400 MHz) δ: 

10.65 (d, 3JH-H＝9.1 Hz, 1H, NH), 7.30 (d, 3JH-H＝8.9 Hz, 

2H, Ar-H), 7.22 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 6.98 (d, 
3JH-H＝8.6 Hz, 2H, Ar-H), 6.94 (d, 3JH-H＝8.9 Hz, 2H, 

Ar-H), 5.02～4.87 (m, 1H, CH), 4.36 (t, 3JH-H＝5.0 Hz, 

2H, CH2), 3.71 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.56 (q,   
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3JH-H＝7.0 Hz, 2H, CH2), 1.63 (d, 3JH-H＝6.7 Hz, 3H, CH3), 

1.20 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
19F NMR (CDCl3, 376 

MHz) δ: －61.57; 13C NMR (CDCl3, 100 MHz) δ: 168.56, 

156.99, 155.33, 154.43 (q, 2JC-F ＝ 32.6 Hz), 136.42, 

129.87, 128.80, 127.04, 120.44, 119.13, 118.98 (q, 1JC-F＝

283.6 Hz), 114.20, 72.57 (q, 3JC-F＝1.4 Hz), 67.81, 66.95, 

65.17, 55.68 (q, 4JC-F＝3.2 Hz), 24.42, 15.14; HRMS (ESI) 

calcd for C23H22ClF3N2NaO4 [M＋Na]＋ 505.1112, found 

505.1114. 

采用与 12a相同的路线, 合成目标化合物 12b～12l. 

2-氰基-4,4,4-三氟-3-{1-[4-(2-氯苯氧基)苯基]乙基}

胺基 -2-丁烯酸乙氧乙酯 (12b): 淡黄色液体 , 产率

55.4%. 1H NMR (CDCl3, 400 MHz) δ: 10.67 (d, 3JH-H＝9.0 

Hz, 1H, NH), 7.49 (dd, 3JH-H＝8.0 Hz, 4JH-H＝1.5 Hz, 1H, 

Ar-H), 7.30～7.20 (m, 3H, Ar-H), 7.15 (td, 3JH-H＝14.6 

Hz, 3JH-H＝7.7 Hz, 4JH-H＝1.3 Hz, 1H, Ar-H), 7.04 (dd, 
3JH-H＝8.1 Hz, 4JH-H＝1.4 Hz, 1H, Ar-H), 6.96 (d, 3JH-H＝

8.6 Hz, 2H, Ar-H), 5.01～4.93 (m, 1H, CH), 4.38 (t,  
3JH-H＝5.0 Hz, 2H, CH2), 3.71 (t, 3JH-H＝5.0 Hz, 2H, CH2), 

3.59 (t, 3JH-H＝7.0 Hz, 2H, CH2), 1.65 (d, 3JH-H＝6.6 Hz, 

3H, CH3), 1.22 (t, 3JH-H ＝ 7.0 Hz, 3H, CH3); 
19F 

NMR(CDCl3, 376 MHz) δ: －61.56; 13C NMR (CDCl3, 

100 MHz) δ: 168.56, 157.06, 154.41 (q, 2JC-F＝32.7 Hz), 

151.83, 136.01, 130.92, 128.09, 126.97, 125.30, 121.44, 

118.98 (q, 1JC-F＝282.0 Hz), 118.03, 114.24, 72.49 (q,  
3JC-F＝1.4 Hz), 67.81, 66.94, 65.15, 55.69 (q, 4JC-F＝3.5 

Hz), 24.39, 15.14; HRMS (ESI) calcd for C23H22Cl- 

F3N2NaO4 [M＋Na]＋ 505.1112, found 505.1115. 

2-氰基-4, 4, 4-三氟-3-{1-[4-(4-氟苯氧基)苯基]乙

基}胺基-2-丁烯酸乙氧乙酯(12d): 桔黄色液体, 产率

61.3%. 1H NMR (CDCl3, 400 MHz) δ: 10.65 (d, 3JH-H＝9.0 

Hz, 1H, NH), 7.20 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 7.07～

6.96 (m, 4H, Ar-H), 6.94 (d, 3JH-H＝8.8 Hz, 2H, Ar-H), 

4.99～4.88 (m, 1H, CH), 4.38～4.36 (m, 2H, CH2), 3.71 (t, 
3JH-H＝5.0 Hz, 2H, CH2), 3.57 (q, 3JH-H＝7.0 Hz, 2H, CH2), 

1.62 (d, 3JH-H＝6.7 Hz, 3H, CH3), 1.19 (t, 3JH-H＝7.0 Hz, 

3H, CH3); 
19F NMR (CDCl3, 376 MHz) δ: －61.59 (s, 3F, 

CF3), －119.30 (s, 1F, Ar-F); 13C NMR (CDCl3, 100 

MHz) δ: 168.56, 159.07 (d, 1JC-F＝243.4 Hz), 157.76, 

154.39 (q, 2JC-F＝32.6 Hz), 152.26 (d, 4JC-F＝2.3 Hz), 

135.90, 126.97, 120.94 (d, 3JC-F＝8.2 Hz), 118.45, 118.98 

(q, 1JC-F＝282.8 Hz), 116.46 (d, 2JC-F＝23.3 Hz), 114.26, 

72.48 (q, 3JC-F＝1.8 Hz), 67.81, 66.92, 65.15, 55.70 (q, 
4JC-F＝3.1 Hz), 24.39, 15.13; HRMS (ESI) calcd for 

C23H21F4N2NaO4 [M－H]－ 465.1438, found 465.1439. 

2-氰基-4,4,4-三氟-3-{1-[4-(3-三氟甲基苯氧基)苯

基]乙基}胺基-2-丁烯酸乙氧乙酯(12e): 淡黄色液体, 产

率 52.7%. 1H NMR (CDCl3, 400 MHz) δ: 10.68 (d, 3JH-H＝

9.1 Hz, 1H, NH), 7.46 (t, 3JH-H＝7.9 Hz, 1H, Ar-H), 7.38 

(d, 3JH-H＝7.7 Hz, 1H, Ar-H), 7.28～7.24 (m, 3H, Ar-H), 

7.17 (dd, 3JH-H＝8.1 Hz, 4JH-H＝1.9 Hz, 1H, Ar-H), 7.03 (d, 
3JH-H＝8.6 Hz, 2H, Ar-H), 5.02～4.92 (m, 1H, CH), 4.38 

(t, 3JH-H＝5.0 Hz, 2H, CH2), 3.72 (t, 3JH-H＝5.0 Hz, 2H, 

CH2), 3.57 (q, 3JH-H＝7.0 Hz, 2H, CH2), 1.65 (d, 3JH-H＝6.6 

Hz, 3H, CH3), 1.20 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
19F NMR 

(CDCl3, 376 MHz) δ: －61.590 (s, 3F, CF3), －62.71 (s, 

3F, CF3); 
13C NMR (CDCl3, 100 MHz) δ: 168.56, 157.21, 

156.25, 154.43 (q, 2JC-F＝32.6 Hz), 137.04, 132.33 (q,  
2JC-F＝32.8 Hz), 130.47, 127.21, 123.64 (q, 1JC-F＝273.5 

Hz), 121.97, 120.15 (q, 3JC-F＝3.7 Hz), 119.63, 118.98 (q, 
1JC-F＝282.6 Hz), 115.72 (q, 3JC-F＝3.7 Hz), 114.20, 72.65 

(q, 3JC-F＝1.4 Hz), 67.80, 66.92, 65.18, 55.66 (q, 4JC-F＝3.1 

Hz), 24.42, 15.12; HRMS (ESI) calcd for C24H22F6N2NaO4 

[M＋Na]＋ 539.1376, found 539.1378. 

2-氰基-4,4,4-三氟-3-{1-[4-(3,4-二氟苯氧基)苯基]乙

基}胺基-2-丁烯酸乙氧乙酯(12f): 桔黄色液体 , 产率

43.4%. 1H NMR (CDCl3, 400 MHz) δ: 10.65 (d, 3JH-H＝8.9 

Hz, 1H, NH), 7.23 (d, 3JH-H＝8.5 Hz, 2H, Ar-H), 7.17～

7.10 (m, 1H, Ar-H), 6.98 (d, 3JH-H＝8.5 Hz, 2H, Ar-H), 

6.88～6.79 (m, 1H, Ar-H), 6.78～6.68 (m, 1H, Ar-H), 

5.05～4.83 (m, 1H, CH), 4.36 (t, 3JH-H＝4.9 Hz, 2H, CH2), 

3.71 (t, 3JH-H＝4.9 Hz, 2H, CH2), 3.56 (q, 3JH-H＝7.0 Hz, 

2H, CH2), 1.63 (d, 3JH-H＝6.6 Hz, 3H, CH3), 1.20 (t,   
3JH-H＝7.0 Hz, 3H, CH3); 

19F NMR (CDCl3, 376 MHz) δ: 

－ 61.59 (s, 3F), － 134.17 (d, 3JF-F ＝ 21.0 Hz, 1F),      

－143.94 (d, 3JF-F＝21.8 Hz); 13C NMR (CDCl3, 100 MHz) 

δ: 168.55, 156.75, 154.42 (q, 2JC-F＝32.5 Hz), 152.76 (dd, 
3JC-F＝8.3 Hz,  4JC-F＝2.6 Hz), 150.56 (dd, 1JC-F＝250.8 

Hz, 2JC-F＝14.0 Hz), 146.84 (dd, 1JC-F＝245.1 Hz, 2JC-F＝

12.7 Hz,), 136.80, 127.12, 119.18, 118.98 (d, 1JC-F＝282.9 

Hz), 117.68 (d, 2JC-F＝19.3 Hz), 114.68 (dd, 3JC-F＝6.0 Hz,  
4JC-F＝3.7 Hz,), 114.17, 108.73 (d, 3JC-F＝19.9 Hz), 72.67, 

67.80, 66.93, 65.18, 55.64 (q, 4JC-F＝3.2 Hz), 24.42, 15.12; 

HRMS (ESI) calcd for C23H21F5N2NaO4 [M ＋ Na] ＋ 

507.1314, found 507.1308. 

2-氰基-4,4,4-三氟-3-{1-[4-(2,4-二氟苯氧基)苯基]乙

基}胺基-2-丁烯酸乙氧乙酯(12g): 桔黄色液体, 产率

50.0%. 1H NMR (CDCl3, 400 MHz) δ: 10.64 (d, 3JH-H＝9.1 

Hz, 1H, NH), 7.19 (d, 3JH-H＝8.7 Hz, 2H, Ar-H), 7.11～

7.03 (m, 1H, Ar-H), 6.99～6.82 (m, 4H, Ar-H), 4.98～4.88 
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(m, 1H, CH), 4.35 (t, 3JH-H＝5.0 Hz, 2H, CH2), 3.70 (t, 
3JH-H＝5.0 Hz, 2H, CH2), 3.56 (q, 3JH-H＝7.0 Hz, 2H, CH2), 

1.61 (d, 3JH-H＝6.7 Hz, 3H, CH3), 1.19 (t, 3JH-H＝7.0 Hz, 

3H, CH3); 
19F NMR (CDCl3, 376 MHz) δ: －61.60 (s, 3F, 

CF3), －114.15 (d, 4JF-F＝5.0 Hz, 1F), －125.24 (d,   
4JF-F＝5.1 Hz); 13C NMR (CDCl3, 100 MHz) δ: 168.54, 

159.07 (dd, 1JC-F＝247.3 Hz, 3JC-F＝10.2 Hz,), 157.56, 

154.44 (dd, 1JC-F＝253.2 Hz, 3JC-F＝12.3 Hz,), 154.39 (q, 
2JC-F＝32.5 Hz), 139.22 (dd, 2JC-F＝11.9 Hz, 4JC-F＝3.9 

Hz,), 135.94, 126.96, 123.23 (dd, 3JC-F＝9.8 Hz, 3JC-F＝1.8 

Hz), 118.97 (q, 1JC-F＝283.0 Hz), 117.00, 114.23, 111.57 

(dd, 2JC-F＝22.9 Hz, 4JC-F＝3.8 Hz,), 105.57 (dd, 2JC-F＝

26.7 Hz, 2JC-F＝22.1 Hz), 72.49 (q, 3JC-F＝1.5 Hz), 67.80, 

66.91, 65.15, 55.63 (q, 4JC-F＝3.4 Hz), 24.37, 15.12; 

HRMS (ESI) calcd for C23H20F5N2NaO4 [M － H] － 

483.1343, found 483.1344. 

2-氰基-4,4,4-三氟-3-[1-(4-苯氧基苯基)乙基]胺基- 

2-丁烯酸乙氧乙酯(12j): 淡黄色液体, 产率 53.4%. 1H 

NMR (CDCl3, 400 MHz) δ: 10.66 (d, 3JH-H＝9.0 Hz, 1H, 

NH), 7.35 (t, 3JH-H＝7.0 Hz, 2H, Ar-H), 7.13 (t, 3JH-H＝7.4 

Hz, 1H, Ar-H), 7.01 (d, 3JH-H＝7.4 Hz, 2H, Ar-H), 6.99 (d, 
3JH-H＝8.5 Hz, 2H, Ar-H), 5.02～4.88 (m, 1H, CH), 4.37 

(t, 3JH-H＝4.9 Hz, 2H, CH2), 3.71 (t, 3JH-H＝4.9 Hz, 2H, 

CH2), 3.57 (q, 3JH-H＝7.0 Hz, 2H, CH2), 1.63 (d, 3JH-H＝6.6 

Hz, 3H, CH3), 1.20 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
19F NMR 

(CDCl3, 376 MHz) δ: －61.56; 13C NMR (CDCl3, 100 

MHz) δ: 168.57, 157.41, 156.61, 154.39 (q, 2JC-F＝32.5 

Hz), 135.91, 129.88, 126.93, 123.77, 119.27, 119.04, 

118.99 (q, 1JC-F＝282.8 Hz), 114.29, 72.45 (q, 3JC-F＝1.7 

Hz), 67.82, 66.93, 65.15, 55.74 (q, 4JC-F＝3.2 Hz), 24.42, 

15.15; HRMS (ESI) calcd for C23H22F3N2NaO4 [M－H]－ 

447.1532, found 447.1534. 

2-氰基-4,4,4-三氟-3-{1-[4-(4-甲基苯氧基)苯基]乙

基}胺基-2-丁烯酸乙氧乙酯(12k): 桔黄色液体, 产率

62.1%. 1H NMR (CDCl3, 400 MHz) δ: 10.66 (d, 3JH-H＝9.1 

Hz, 1H, NH), 7.19 (d, 3JH-H＝8.6 Hz, 2H, Ar-H), 7.15 (d, 
3JH-H＝8.3 Hz, 2H, Ar-H), 6.96 (d, 3JH-H＝8.7 Hz, 2H, 

Ar-H), 6.92 (d, 3JH-H＝8.4 Hz, 1H, Ar-H), 5.01～4.87 (m, 

1H, CH), 4.36 (t, 3JH-H＝4.9 Hz, 2H, CH2), 3.71 (t, 3JH-H＝

4.9 Hz, 2H, CH2), 3.57 (q, 3JH-H＝7.0 Hz, 2H, CH2), 2.34 

(s, 3H, Ar-CH3), 1.62 (d, 3JH-H＝6.7 Hz, 3H, CH3), 1.20 (t, 
3JH-H＝7.0 Hz, 3H, CH3); 

19F NMR (CDCl3, 376 MHz) δ: 

－61.56; 13C NMR (CDCl3, 100 MHz) δ: 168.57, 157.97, 

154.38 (q, 2JC-F ＝ 32.4 Hz), 154.08, 135.45, 133.50, 

130.38, 126.86, 119.48, 119.00 (q, 1JC-F＝283.6 Hz), 

118.49, 114.30, 72.37 (q, 3JC-F＝2.1 Hz), 67.83, 66.93, 

65.14, 55.76 (q, 4JC-F＝3.4 Hz), 24.39, 20.75, 15.16; 

HRMS (ESI) calcd for C24H24F3N2NaO4 [M － H] － 

461.1688, found 461.1690. 

2-氰基-4,4,4-三氟-3-{1-[4-(3-甲基苯氧基)苯基]乙

基}胺基-2-丁烯酸乙氧乙酯(12l): 桔黄色液体 , 产率

60.1%. 1H NMR (CDCl3, 400 MHz) δ: 10.66 (d, 3JH-H＝9.1 

Hz, 1H, NH), 7.25～7.16 (m, 3H, Ar-H), 6.98 (d, 3JH-H＝

8.7 Hz, 2H, Ar-H), 6.96 (d, 3JH-H＝7.6 Hz, 1H, Ar-H), 6.84 

(s, 1H, Ar-H), 6.81 (d, 3JH-H＝8.0 Hz, 1H, Ar-H), 5.01～

4.89 (m, 1H, CH), 4.37 (t, 3JH-H＝4.9 Hz, 2H, CH2), 3.71 

(t, 3JH-H＝4.9 Hz, 2H, CH2), 3.57 (q, 3JH-H＝7.0 Hz, 2H, 

CH2), 2.34 (s, 3H, Ar-CH3), 1.63 (d, 3JH-H＝6.7 Hz, 3H, 

CH3), 1.20 (t, 3JH-H＝7.0 Hz, 3H, CH3); 
19F NMR (CDCl3, 

376 MHz) δ: －61.56; 13C NMR (CDCl3, 100 MHz) δ: 

168.58, 157.54, 156.50, 154.40 (q, 2JC-F ＝ 32.6 Hz), 

140.12, 135.70, 129.58, 126.89, 124.62, 119.99, 119.00 (q, 
1JC-F＝282.9 Hz), 118.93, 116.30, 114.30, 72.41 (q, 3JC-F＝

1.7 Hz), 67.82, 66.94, 65.14, 55.75 (q, 4JC-F＝3.3 Hz), 

24.40, 21.40, 15.15; HRMS (ESI) calcd for C24H24- 

F3N2NaO4  [M－H]－ 461.1688, found 461.1692. 

 

辅助材料(Supporting Information)  化合物 10～12 的
1H NMR, 19F NMR 和 13C NMR 图谱及标题化合物对单

子叶稗草和马唐的除草活性结果. 这些材料可以免费从

本刊网站(http://sioc-journal.cn/)上下载. 
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