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新型含咔唑环芳氨基乙酰腙衍生物的合成及其蛋白酪氨酸磷酸酶 1B 
(PTP1B)抑制活性评价 
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摘要  为寻找新型蛋白酪氨酸磷酸酶 1B (PTP1B)抑制剂, 设计并合成了一系列新型含咔唑环芳氨基乙酰腙衍生物. 其
结构和构型用 IR、1H NMR、13C NMR 和 2D NMR(包括 1H-1H COSY、1H-13C HMBC 和 NOESY)谱及元素分析进行了

确证. 通过对 PTP1B 抑制活性的测试发现, 目标化合物对 PTP1B 有较强的抑制作用, 且大多数化合物的 IC50 值低于阳

性对照药物齐墩果酸, 其中 N'-(9-辛基咔唑-3-亚甲基)-2-(4-硝基苯氨基)乙酰肼(3t)活性最高, IC50＝(2.78±0.04) μmol/L. 
利用分子对接研究了化合物 3t 与 PTP1B 酶的结合情况.  
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Abstract  In order to find novel protein tyrosine phosphatase 1B (PTP1B) inhibitors, a series of novel arylaminoacetylhydra-
zone derivatives containing carbazole moiety were designed and synthesized. Their structures and configurations were con-
firmed by IR, 1H NMR, 13C NMR, two-dimensional NMR spectra (including 1H-1H COSY, 1H-13C HMBC and NOESY) and 
elemental analysis. The inhibitory activities of all the target compounds against PTP1B were tested, and it was found that the 
target compounds had potent inhibitory activity against PTP1B, and most of them had lower IC50 value than the positive con-
trol drug oleanolic acid. Among them, N'-(9-octylcarbazol-3-ylmethylene)-2-(4-nitrophenylamino)acetohydrazide (3t) had the 
highest inhibitory activity against PTP1B with IC50 of (2.78±0.04) μmol/L. Molecular docking was used to study the bind of 
compound 3t with PTP1B enzyme. 
Keywords  protein tyrosine phosphatase 1B (PTP1B) inhibitor; carbazole; arylaminoacetylhydrazone; synthesis; molecular 
docking 
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蛋白酪氨酸磷酸酶 1B (PTP1B)是 PTP 超家族的成

员之一, 在催化蛋白酪氨酸脱磷酸化和调节多种信号传

导途径中起着非常重要的作用[1]. 在各种危及人生命疾

病如癌症[2-6]、糖尿病和肥胖[6-10]、心血管疾病[11]及神经

退行性疾病 [12]的发展中起着重要作用 , 这是由于

PTP1B 的过度表达导致了代谢紊乱. 因此, PTP1B 已成

为一种很有前途的治疗危及生命疾病的药物靶点, 已引

起了人们广泛的关注. 近年来虽然已经研究出了大量的

PTP1B 抑制剂[13-15], 但目前尚无临床应用的 PTP1B 抑

制剂[16-17]. 因此, 仍需开发结构新颖的高效、选择性好

且安全的 PTP1B 抑制剂.  
酰腙是药物发现的一类重要化合物, 大量研究表

明, 酰腙衍生物具有抗癌[18-20]、抗菌[21]、抗惊厥[22]、抗

糖尿病[23]及抗炎[24]等广谱的药理活性. 咔唑(Cz)是由两

个苯环稠合在一个吡咯核两侧的三环化合物, 其骨架一

直是许多生物活性化合物的关键结构, 近年来报道的咔

唑衍生物具有抗氧化[25]、抗炎[26]、抗癌[27～29]、抗老年

痴呆[30]、抗病毒[31]、抗糖尿病[32-33]和抗菌[34]等多种生物

活性. 此外, 近年来研究显示, 含有芳氨基甲基骨架的

衍生物具有抗癌[35]、抗菌[35-37]、抗凝血[38]及抗病毒[39-41]

等生物活性. 因此, 含有酰腙、咔唑及芳氨基甲基基团

的化合物已成为研究热点.  
本研究室的前期研究工作证明, 含咔唑环的酰腙衍

生物是潜在的 PTP1B抑制剂[42]. 基于上述事实, 本研究

在前期工作基础上[42], 利用药效团杂交策略, 设计将咔

唑骨架通过酰腙基团与芳氨基甲基基团相连接, 合成出

一系列新型含咔唑环芳氨基乙酰腙衍生物(Scheme 1), 
并测定其对 PTP1B 的抑制活性. 合成路线见 Scheme 2. 

1  结果与讨论 

1.1  目标化合物 3 的合成 

利用药效团杂交的方法, 将自行合成的中间体 9-烷
基咔唑-3-甲醛 1与芳氨基乙酰肼 2在乙醇和催化量冰醋

酸存在下缩合, 得到了含有咔唑环的芳氨基乙酰腙目标

化合物 3.  

1.2  目标化合物 3 的 IR 谱 

目标化合物 3在 3412～3182、1666～1692和 1622～
1630 cm－1区域分别显示出 N—H、C＝O 和 C＝N 键的

伸缩振动特征吸收峰. 这些吸收峰的出现说明含有酰腙

结构.  

1.3  目标化合物 3 的 NMR 谱 

1.3.1  目标化合物 3 的构型及咔唑环的取向确定 
以代表目标化合物 3t 为例进行说明. 观察目标化

合物 3t 的 1H NMR(图 1)和 13C NMR 谱(图 2)发现, 低场

CONH (H-10)和高场 COCH2 (H-12)中的质子以及碳信

号均显示出了两组信号峰, 分子中大部分的质子和碳信

号也显示出了成对的信号峰, 说明目标化合物在室温

下, 氘代二甲基亚砜(DMSO-d6)中存在着两种异构体. 
由于化合物 3t 中的酰胺键(C—N 单键)是具有部分双键

性质的单键[43], C—N 键不能自由旋转, 因此在 DMSO- 
d6 中可能存在如图 3 所示的四种异构体 A～D. 为了确

定出化合物 3t 的两种异构体及其构型, 测试了代表目

标化合物 3t 的 2D NMR 谱(包括 1H-13C HMBC、NOESY
和 1H-1H COSY). 

根据化合物的结构可知, 四种异构体中 C-11/C-11'  

 

图式 1  目标化合物的设计图 
Scheme 1  Design of the target compounds 

 

图式 2  目标化合物 3a～3t 的合成路线 
Scheme 2  Synthetic routes of target compounds 3a～3t 



   
Chinese Journal of Organic Chemistry ARTICLE  

 
Chin. J. Org. Chem. 2021, 41, 3157～3170 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/      3159 

 

图 1  代表目标化合物 3t 的 1H NMR 谱 
Figure 1  1H NMR spectrum of representative target compound 3t 

 

图 2  代表目标化合物 3t 的 13C NMR 谱 
Figure 2  13C NMR spectrum of representative target compound 3t

均在 13C NMR 谱中的最低场出峰. 由 1H-13C HMBC 谱

(图 4)可以清楚地观察到 C-11/C-11'与低场 δH 11.59/ 
11.56 存在着相关峰, δH 11.59/11.56 与 δC 145.1/148.3 存

在着相关峰. 所以, δH 11.59/11.56 和 δC 145.1/148.3 分别

归属为 A 和 B 两种异构体中的 H-10/H-10'和 C-9/C-9'. 

由此可证明, 化合物 3t 在 DMSO-d6中是以 A 和 B 两种

异构体存在的, 而非 C 和 D 烯醇式异构体存在, 因为烯

醇式中的 OH 质子与 C-9/C-9'相隔 5 个化学键, 不可能

存在相关峰. 
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图 3  代表目标化合物 3t 四种可能的异构体 A～D 的结构及相关原子编号 
Figure 3  Structures and relevant atomic labels for the four possible isomers A～D of representative target compound 3t 

 

图 4  代表目标化合物 3t 的 1H-13C HMBC 谱(局部放大图) 
Figure 4  1H-13C HMBC spectrum of representative target 
compound 3t (partial enlarged spectrum) 

由NOESY谱(图5)可清楚地观察到, H-10与H-9 (δH 
8.22)及 H-10'与 H-9' (δH 8.41)存在交叉峰, 说明 H-10 与

H-9 及 H-10'与 H-9'空间上距离较近, 化合物 3t 的 C＝N
双键是以 E 构型存在. H-10'与 H-12'存在明显的 NOE 信

号峰, 而H-10与H-12未观察到NOE信号峰, 说明H-10'
与H-12'空间上距离较近, H-10与H-12空间上距离较远, 
由此可确定 A 异构体为 E 构型, 羰基 O 原子与 H-10 处

于同侧, 而 B 异构体为 Z 构型, 羰基 O 原子与 H-10'处
于异侧. 根据目标化合物 3t的 1H NMR谱中两种异构体

的吸收峰面积比, 可以确定A和B两种异构体的含量分

别为 67.5%和 32.5%, A (E)异构体占优势. A 异构体之所

以占优势, 其原因是酰胺键(C—N 单键)具有部分双键

性质, E 构型异构体 A 比 Z 构型异构体 B 更稳定.  

 

 

图 5  代表目标化合物 3t 的 NOESY 谱的(a)全图和(b)局部放

大图 
Figure 5  (a) Full and (b) partial enlarged NOESY spectrum of 
representative target compound 3t 
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NOESY 谱显示, H-9 与 H-2 (dd, J＝8.5, 1.0 Hz)及
H-9'与 H-2' (dd, J＝8.5, 1.0 Hz)存在着交叉峰, 说明 H-9
与 H-2 (δH7.92)及 H-9'与 H-2' (δH7.87)空间上距离较近, 
由此可确定目标化合物 3t 的 A 和 B 两种异构体中咔唑

环的取向如图 3 所示.  
1.3.2  目标化合物 3 的 1H NMR 谱数据分析 

为了对目标化合物 3 的 1H NMR 谱信号峰归属, 选
择代表目标化合物 3t 进行谱峰分析与全归属.  

芳环上质子归属: 根据电子云密度和 1H NMR 谱中

的积分面积可归属 δH 6.79/6.74 为 H-14/H-14' (d, J＝9.0 
Hz), δH 8.04/8.06 为 H-15/H-15' (d, J＝9.0 Hz).  

咔唑环上的质子归属: 由 NOESY 谱可知, H-10 (δH 
11.59)与 H-9 (δH 8.22)、H-9 与 H-2 (δH 7.92)存在着交叉

峰, 由此可确定 H-2. 再根据 1H-1H COSY 谱(图 6), H-2
与 δH 7.65 (d, J＝8.5 Hz)、H-2 与 δH 8.48、H-2'与 δH 8.46
存在着交叉峰, 即可确定出 δH 7.65、8.48 和 8.46 分别为

H-1、H-4 和 H-4'. 至此, 1H NMR 谱中剩余的双峰还有

H-5 和 H-8, 根据电子云密度可知, H-5 较 H-8 在低场, 
由此确定 δH 8.25 为 H-5, δH 7.61 为 H-8. 再根据 1H-1H 
COSY 谱可确定 H-6 (δH 7.24)和 H-7 (δH 7.48).  

咔唑环烷基链上的质子归属: 根据电子云密度可确

定 H-16 (δH 4.40), H-17 (δH 1.69～1.83), H-18～H-22 (δH 
1.09～1.32)和 H-23 (δH 0.80).  

H-12/H-12'和 H-13/H-13'的归属 : 高场双峰 δH 
4.51/4.04 可归属为 H-12/H-12' (d, J＝6.0 Hz). 由 1H-1H 
COSY 谱可知, H-12/H-12'与 H-13/H-13'存在着交叉峰, 
由此可确定出 H-13 (δH 7.47)/H-13' (与 H-8 重叠). 

 

图 6  代表目标化合物 3t 的 1H-1H COSY 谱(局部放大图) 
Figure 6  1H-1H COSY spectrum of representative target com-
pound 3t (partial enlarged spectrum) 

代表目标化合物 3t 的 1H NMR 谱部分归属数据见

表 1. 根据代表目标化合物 3t的 1H NMR谱数据的归属, 
对目标化合物3a～3s的 1H NMR谱进行了归属. 由目标

化合物 3a～3t 的 1H NMR 谱数据可以看出, CONH 中的

质子吸收峰出现在低场 δH 11.30～11.59; H-4 吸收峰出

现在 δH 8.42～8.48; CH＝N 中的质子吸收峰出现在 δH 
8.18～8.41; COCH2 中的质子吸收峰出现在 δH 3.76～
4.51. CONH、CH＝N 和 COCH2的质子吸收峰均成对出

现. 
根据目标化合物 3的 1H NMR谱中两种异构体的吸

收峰面积的平均值, 确定了A和B两种异构体的含量分

别为 54.1%～67.5%和 32.5%～45.9%, A 异构体占优势.  

表 1  目标化合物 3t 的 1H NMR 部分归属(DMSO-d6, 500 MHz)a 

Table 1  1H NMR partial data of target compound 3t (DMSO-d6, 500 MHz) 

Position 
δH 1H-1H COSY 

A (B) 
NOESY 

A (B) A B 
1 (1') 7.65 (d, J＝8.5 Hz) — H-2 (—) H-16 (—) 
2 (2') 7.92 (dd, J＝8.5, 1.0 Hz) 7.87 (dd, J＝8.5, 1.0 Hz) H-1,4 (H-4') H-9/H-9' 
3 (3') / / / / 
4 (4') 8.48 8.46 H-2 (—) / 
5 (5') 8.25 (d, J＝7.5 Hz) 8.21 (d, J＝7.5 Hz) H-6 (H-6') / 
6 (6') 7.244 (t, J＝7.5 Hz) 7.237 (t, J＝7.5 Hz) H-5,7 (H-5') / 
7 (7') 7.48 (t, J＝7.0 Hz) — H-6,8 (—) / 
8 (8') 7.61 (d, J＝8.0 Hz) — H-7 (—) H-16 (—) 
9 (9') 8.22 8.41 / H-2/H-2'/H-10/H-10' 
10 (10') 11.59 11.56 / H-9/H-9'/－/H-12' 
11 (11') / / / / 
12 (12') 4.51 (d, J＝6.0 Hz) 4.04 (d, J＝6.0 Hz) H-13 (—) (—)/H-10'/H-14/H-14' 
13 (13') 7.47 — H-12 (—) H-14 (—) 
14 (14') 6.79 (d, J＝9.0 Hz) 6.74 (d, J＝9.0 Hz) H-15 (H-15') H-12/H-12'/H-13 
15 (15') 8.04 (d, J＝9.0 Hz) 8.06 (d, J＝9.0 Hz) H-14 (H-14') / 
16 (16') 4.40 (t, J＝6.5 Hz) 4.38 (t, J＝6.5 Hz) / H-1/H-8 

a “—”: There should be a peak, but it is not observed in the spectrum; “/”: No peak.  
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1.3.3  目标化合物 3 的 13C NMR 谱数据分析  
由目标化合物 3a～3t 的 13C NMR 谱数据可知, 在

低场 δC 169.7～171.4 (A)和 165.0～167.0 (B)之间出现的

峰为 C＝O 的碳吸收峰; 在 δC 144.7～145.1 (A)和
148.0～148.3 (B)之间出现的峰为 CH＝N 的碳吸收峰; 
在 δC 43.6～46.9 (A)和 44.8～47.0 (B)之间出现的峰为

CH2NH 的碳吸收峰; 在 δC 109.4～154.6 处出现的峰为

咔唑环和芳环上的碳吸收峰; 在 δC 55.3～55.3 之间出现

的峰为 OCH3的碳吸收峰; 在 δC 37.1～43.8 处出现的峰

为 NCH2的碳吸收峰; 在 δC 19.7～31.2 处出现的峰为其

它 CH2的碳吸收峰; 在 δC 11.3～13.9 处出现的峰为 CH3

的碳吸收峰.  
上述波谱数据表明化合物 3a～3t 已被成功合成. 

1.4  目标化合物 3 的生物活性研究 

为了研究目标化合物对 PTP1B 的抑制活性以及结

构与活性的关系, 以齐墩果酸为阳性对照药物, 测定目

标化合物 3 对 PTP1B 抑制活性, 结果见表 2.   

表 2  化合物 3a～3t 对 PTP1B 的抑制活性 
Table 2  Inhibitory activities of the compounds 3a～3t against 
PTP1B 

Compd. X R 
PTP1Ba 

Inhibition/%  
at 20 μg/mL IC50/(μmol•L－1) 

3a 4-OCH3 C2H5 93.19±1.27 9.91±1.72 
3b 4-OCH3 n-C3H7 93.92±1.48 9.00±0.63 
3c 4-OCH3 n-C4H9 91.82±0.32 9.31±0.16 
3d 4-OCH3 n-C5H11 81.15±2.86 7.68±1.56 
3e 4-OCH3 n-C6H13 76.38±10.73 5.26±1.66 
3f 4-OCH3 n-C7H15 74.15±1.24 5.38±2.74 
3g 4-OCH3 n-C8H17 53.68±0.33 7.76±0.54 
3h 3-Cl C2H5 90.21±1.19 7.09±1.11 
3i 3-Cl n-C3H7 95.32±0.16 5.80±0.72 
3j 3-Cl n-C4H9 95.24±0.15 3.88±0.02 
3k 3-Cl n-C5H11 96.46±0.24 6.67±0.18 
3l 3-Cl n-C6H13 96.03±1.67 4.14±0.13 

3m 3-Cl n-C7H15 93.34±0.21 4.51±0.23 
3n 3-Cl n-C8H17 83.08±3.72 5.48±2.58 
3o 4-NO2 n-C3H7 77.04±1.71 5.59±0.98 
3p 4-NO2 n-C4H9 74.05±2.13 4.08±1.38 
3q 4-NO2 n-C5H11 73.23±0.85 5.57±1.33 
3r 4-NO2 n-C6H13 95.37±1.33 4.41±1.17 
3s 4-NO2 n-C7H15 96.39±0.24 3.27±0.47 
3t 4-NO2 n-C8H17 96.70±1.63 2.78±0.04 

a Positive control: oleanolic acid, IC50＝(6.63±0.02) μmol•L－1.  

由表 2 可知, 目标化合物 3 对 PTP1B 显示出较强的

抑制作用, IC50达(2.78±0.04)～(9.91±1.72) μmol/L, 其
中化合物 3t 活性最高[IC50＝(2.78±0.04) μmol/L], 大约

是阳性对照药物的 1.4 倍. 此外, 3e～3f、3i～3j 和 3l～
3s的活性也高于对照药物, 3k的活性与阳性对照药物相

当.  
通过构效分析发现, 目标化合物 3对 PTP1B的抑制

活性与苯环上 X 基团的性质以及咔唑环中 N 原子上烷

基链的长度有关 . 当苯环上含有供电子基团时(X＝

4-OCH3), 其活性明显低于含有吸电子基团时的活性 
(X＝3-Cl/4-NO2). 当X＝4-OCH3时, 烷基链R为中等长

度时活性较高(3e 和 3f); 当 X＝3-Cl 时, 烷基链 R 为中

等长度且为偶数碳时活性较高(3j 和 3l); 当 X＝4-NO2

时, 烷基链 R 为长链时活性较高(3s 和 3t).  

1.5  分子对接研究 

研究目标化合物与 PTP1B 酶的结合能及相互作用

对于合理解释构效关系及进一步优化配体是非常有用

的. 选择对 PTP1B 具有最佳抑制活性的目标化合物 3t, 
利用 Dockingserver 软件对其进行了分子对接研究, 结
果见图 7 及表 3.  

 

 

图 7  化合物 3t 与 PTP1B 酶的 3D 对接模式(A)及 3t 附近结合

位点的关键相互作用残基(B) 
Figure 7  3D docking mode of compound 3t with PTP1B en-
zyme (A) and key interaction residues in binding site surrounding 
3t (B)   

B 

A 
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表 3  目标化合物 3t 与 PTP1B 的结合能及相互作用 
Table 3  Binding energy and interactions between the target compound 3t with PTP1B (PDB ID: 1NNY) 

Est. free energy/ 
(kJ/mol) of binding 

No. of 
H-bond H-bond (length/nm) Polar (length/nm) Hydrophobic (length/nm) π-π (length/nm) 

－25.75 5 

N(2)-VAL184 (0.349) H(26)-GLU186 (0.245) C(9)-PRO180 (0.352) C(4)-TYR152 (0.382) 
N(3)-VAL184 (0.300) O(2)-ARG268 (0.370) C(10)-PRO180 (0.314)  
N(4)-VAL184 (0.306) O(3)-ARG268 (0.336) C(11)-PRO180 (0.355)  
N(2)-GLU186 (0.265) N(5)-ARG268 (0.387) C(21)-PRO180 (0.324)  
N(3)-GLU186 (0.267)    

 

由图 7可以看出, 目标化合物 3t的咔唑环和芳环不

在同一平面内, 3t 与 PTP1B 酶的 α3 和 α6 螺旋形成的活

性位点相互作用, 具有较高的结合能(－25.75 kJ/mol). 
酰腙基团中的两个氮原子[N(2)和 N(3)]和芳氨基基团中

的氮原子[N(4)]与 α6 螺旋周围的 VAL184 和 GLU186 氨

基酸残基形成了 5 个氢键. 此外, 酰腙基团的氢原子

[H(26)]及硝基中的氮和氧原子与 GLU186 和 ARG268
还存在着极性作用. 咔唑环和席夫碱(CH＝N)基团位于

α3 螺旋边缘, 咔唑环中碳原子[C(4)、C(9)、C(10)和
C(11)]及 CH＝N 中的碳原子[C(21)]还与 α3 螺旋周围的

氨基酸残基存在着 π-π 和疏水作用. 由此可以看出, 酰
腙骨架对化合物抑制 PTP1B 的活性起着主要作用, 而
引入的芳氨基基团可增加其活性, 咔唑基团对化合物的

脂溶性起着主要作用. 目标化合物对 PTP1B 的强抑制

性可归因于其嵌入到由 α3 和 α6 螺旋形成的活性腔中.  

2  结论 

设计并合成了一系列新型含咔唑环芳氨基乙酰腙

衍生物 3a～3t, 利用 2D NMR (1H-1H COSY、1H-13C 
HMBC 和 NOESY)技术确定了其构型. 测定了它们对

PTP1B 的抑制活性. 实验结果显示, 所合成的目标化合

物 3 对 PTP1B 均有较强的抑制活性, 且大多数化合物

(3e～3f、3i～3j、3l～3t)的活性高于阳性对照药物齐墩

果酸, 其中化合物 3t 的活性最高, IC50＝(2.78±0.04) 
μmol/L. 通过对化合物 3t 的分子对接研究表明, 酰腙、

芳氨基甲基和咔唑基团是化合物 3a～3t 抑制 PTP1B 活

性的关键骨架, 其中酰腙基团起着非常重要的作用. 设
计并合成出的新型含咔唑环芳氨基乙酰腙衍生物是潜

在的 PTP1B 抑制剂, 本研究结果有助于设计并开发出

治疗与 PTP1B 相关疾病的 PTP1B 抑制剂.  

3  实验部分 

3.1  仪器与试剂 

德国 BRUKER 500 MHz 核磁共振仪, TMS 为内标, 
DMSO-d6 为溶剂; 德国 TENSOR 27 型 FT-IR 光谱仪

(KBr 压片); 德国 Elementar 公司 Vario EL 型元素分析

仪; X-5 显微熔点测定仪(温度计未经校正). 所用试剂均

购置于试剂公司且为分析纯.  

3.2  中间体化合物的合成 

中间体化合物 1 和 2 按照文献[16, 44]的方法合成.  

3.3  目标化合物 3 的合成通法 

向 50 mL 反应瓶中加入 0.5 mmol 中间体 9-烷基咔

唑-3-甲醛 1 和 4 mL 无水乙醇, 室温搅拌至其完全溶解, 
再加入 6 滴冰醋酸(约 10 μL), 继续搅拌 0.5 h 后加入 0.5 
mmol 中间体芳氨基乙酰肼 2, 回流反应 6～7 h. 反应结

束后, 待反应瓶冷却至室温, 抽滤出固体粗产物, 用少

量冰乙醇淋洗滤饼, 将粗产物用乙醇加热至沸, 冷却至

室温, 抽滤, 干燥得到纯的目标化合物 3.  
N'-(9-乙基咔唑-3-亚甲基)-2-(4-甲氧基苯氨基)乙酰

肼(3a): 米白色固体 , 产率 85.1%. Isomer A: 54.2%, 
Isomer B: 45.8%. m.p. 175.3～175.8 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.42, 11.31 (s, 1H, CONH, CONH'), 
8.46, 8.42 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.40 (s, 1H, CH＝

N, CH'＝N), 8.26, 8.22 (d, J＝8.0 Hz, 1H, Cz-H5, Cz-H5'), 
7.90, 7.84 (d, J＝8.5 Hz, 1H, Cz-H2, Cz-H2'), 7.68, 7.67 (d, 
J＝8.5 Hz, 1H, Cz-H1, Cz-H1'), 7.64 (d, J＝8.0 Hz, 1H, 
Cz-H8), 7.49 (t, J＝7.5 Hz, 1H, Cz-H7), 7.25, 7.24 (t, J＝
7.5 Hz, 1H, Cz-H6, Cz-H6'), 6.75, 6.76 (d, J＝8.5 Hz, 2H, 
ArH, ArH'), 6.65, 6.59 (d, J＝9.0 Hz, 2H, ArH, ArH'), 
5.33, 5.62 (t, J＝6.0 Hz, 1H, NH, NH'), 4.40～4.54 (m, 
2H, NCH2), 4.25, 3.76 (d, J＝6.0 Hz, 2H, COCH2, 
COCH'2), 3.65, 3.64 (s, 3H, OCH3, OCH'3), 1.27～1.39 (m, 
3H, CH3); 13C NMR (DMSO-d6, 125 MHz) δ: 171.4, 166.8  
(C＝O, C'＝O), 151.2, 150.9, 144.7, 148.0 (CH＝N,   
C'H＝N), 142.7, 142.5, 140.6, 140.5, 140.0, 126.2, 125.2, 
125.1, 124.6, 124.2, 122.3, 122.11, 122.08, 120.7, 120.6, 
120.1, 120.0, 119.31, 119.25, 114.6, 114.5, 113.5, 113.4, 
109.6, 109.5, 109.4, 55.3 (OCH3), 44.6, 46.9 (CH2NH, 
C'H2NH), 37.1 (NCH2), 13.7; IR (KBr) ν: 3381, 3313, 
3277, 3215, 3049, 2971, 2898, 1692, 1626, 1598, 1515, 
1505, 1487, 1473, 1238 cm－1. Anal. calcd for C24H24N4O2: 
C 71.98, H 6.04, N 13.99; found C 71.77, H 6.22, N 13.74. 

N'-(9-丙基咔唑-3-亚甲基)-2-(4-甲氧基苯氨基)乙酰

肼(3b): 米白色固体 , 产率 87.9%. Isomer A: 54.4%, 
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Isomer B: 45.6%. m.p. 186.3～186.9 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.42, 11.31 (s, 1H, CONH, CONH'), 
8.45, 8.42 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.40 (s, 1H, CH＝

N, CH'＝N), 8.26, 8.22 (d, J＝8.0 Hz, 1H, Cz-H5, Cz-H5'), 
7.89, 7.83 (dd, J＝8.5, 1.5 Hz, 1H, Cz-H2, Cz-H2'), 7.69, 
7.68 (d, J＝8.5 Hz, 1H, Cz-H1, Cz-H1'), 7.65 (d, J＝8.5 Hz, 
1H, Cz-H8), 7.48 (t, J＝7.8 Hz, 1H, Cz-H7), 7.242, 7.235 
(t, J＝7.5 Hz, 1H, Cz-H6, Cz-H6'), 6.746, 6.754 (d, J＝9.0 
Hz, 2H, ArH, ArH'), 6.64, 6.58 (d, J＝8.5 Hz, 2H, ArH, 
ArH'), 5.33, 5.62 (t, J＝5.8 Hz, 1H, NH, NH'), 4.33～4.40 
(m, 2H, NCH2), 4.24, 3.76 (d, J＝6.0 Hz, 2H, COCH2, 
COCH'2), 3.65, 3.64 (s, 3H, OCH3, OCH'3), 1.75～1.86 (m, 
2H, NCH2CH2), 0.88 (t, J＝7.3 Hz, 3H, CH3); 13C NMR 
(DMSO-d6, 125 MHz) δ: 171.4, 166.9 (C＝O, C'＝O), 
151.3, 151.0, 144.8, 148.1 (CH＝N, C'H＝N), 142.6, 
142.4, 141.14, 141.05, 140.52, 140.50, 126.1, 125.08, 
125.06, 124.5, 124.1, 122.2, 122.0, 121.9, 120.6, 120.5, 
120.0, 119.9, 119.3, 119.2, 114.56, 114.55, 113.48, 113.47, 
109.8, 109.7, 109.6, 55.3 (OCH3), 44.7, 47.0 (CH2NH, 
C'H2NH), 43.8 (NCH2), 21.8, 11.3; IR (KBr) ν: 3391, 
3318, 3282, 3210, 3049, 2961, 2873, 1687, 1622, 1595, 
1515, 1501, 1487, 1473, 1235, 1224 cm－1. Anal. calcd for 
C25H26N4O2: C 72.44, H 6.32, N 13.52; found C 72.68, H 
6.12, N 13.39. 

N'-(9-丁基咔唑-3-亚甲基)-2-(4-甲氧基苯氨基)乙酰

肼(3c): 米白色固体 , 产率 88.3%. Isomer A: 54.3%, 
Isomer B: 45.7%. m.p. 191.6～192.4 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.42, 11.31 (s, 1H, CONH, CONH'), 
8.45, 8.42 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.40 (s, 1H, CH＝

N, CH'＝N), 8.26, 8.21 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.90, 7.83 (d, J＝8.5 Hz, 1H, Cz-H2, Cz-H2'), 7.68, 7.67 (d, 
J＝8.5 Hz, 1H, Cz-H1, Cz-H1'), 7.63 (d, J＝8.0 Hz, 1H, 
Cz-H8), 7.49 (t, J＝7.5 Hz, 1H, Cz-H7), 7.242, 7.235 (t,   
J＝7.3 Hz, 1H, Cz-H6, Cz-H6'), 6.75, 6.76 (d, J＝8.5 Hz, 
2H, ArH, ArH'), 6.64, 6.59 (d, J＝8.5 Hz, 2H, ArH, ArH'), 
5.33, 5.62 (t, J＝5.8 Hz, 1H, NH, NH'), 4.37～4.47 (m, 
2H, NCH2), 4.24, 3.76 (d, J＝6.0 Hz, 2H, COCH2, 
COCH'2), 3.65, 3.64 (s, 3H, OCH3, OCH'3), 1.71～1.81 (m, 
2H, NCH2CH2), 1.24～1.36 (m, 2H, NCH2CH2CH2), 0.88 
(t, J＝7.3 Hz, 3H, CH3); 13C NMR (DMSO-d6, 125 MHz) 
δ: 171.4, 166.9 (C＝O, C'＝O), 151.3, 151.0, 144.8, 148.1 
(CH＝N, C'H＝N), 142.6, 142.5, 141.1, 141.0, 140.5, 
140.4, 126.1, 125.12, 125.10, 124.6, 124.1, 122.2, 122.01, 
121.98, 120.6, 120.5, 120.1, 119.9, 119.3, 119.2, 114.6, 
113.49, 113.45, 109.74, 109.65, 109.6, 55.3 (OCH3), 44.7, 

47.0 (CH2NH, C'H2NH), 42.2 (NCH2), 30.7, 19.7, 13.7; IR 
(KBr) ν: 3381, 3344, 3282, 3183, 3065, 2956, 2873, 1671, 
1626, 1598, 1515, 1491, 1470, 1249, 1238 cm－1. Anal. 
calcd for C26H28N4O2: C 72.87, H 6.59, N 13.07; found C 
72.58, H 6.44, N 13.29. 

N'-(9-戊基咔唑-3-亚甲基)-2-(4-甲氧基苯氨基)乙酰

肼(3d): 米黄色固体 , 产率 86.0%. Isomer A: 54.7%, 
Isomer B: 45.3%. m.p. 164.3～164.6 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.43, 11.31 (s, 1H, CONH, CONH'), 
8.45, 8.42 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.40 (s, 1H, CH＝

N, CH'＝N), 8.26, 8.21 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.90, 7.83 (dd, J＝8.5, 1.0 Hz, 1H, Cz-H2, Cz-H2'), 7.67, 
7.66 (d, J＝8.5 Hz, 1H, Cz-H1, Cz-H1'), 7.63 (dd, J＝8.0, 
1.5 Hz, 1H, Cz-H8), 7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 7.241, 
7.235 (t, J＝7.3 Hz, 1H, Cz-H6, Cz-H6'), 6.75, 6.76 (d, J＝
9.0 Hz, 2H, ArH, ArH'), 6.65, 6.59 (d, J＝8.5 Hz, 2H, ArH, 
ArH'), 5.35, 5.62 (s, 1H, NH, NH'), 4.34～4.48 (m, 2H, 
NCH2), 4.25, 3.76 (s, 2H, COCH2, COCH'2), 3.65, 3.64 (s, 
3H, OCH3, OCH'3), 1.72～ 1.84 (m, 2H, NCH2CH2), 
1.22～1.35 [m, 4H, NCH2CH2(CH2)2], 0.81 (t, J＝6.8 Hz, 
3H, CH3); 13C NMR (DMSO-d6, 125 MHz) δ: 171.4, 167.0 
(C＝O, C'＝O), 151.3, 151.1, 144.9, 148.2 (CH＝N,   
C'H＝N), 142.4, 142.3, 141.1, 141.0, 140.42, 140.40, 
126.2, 125.0, 124.6, 124.1, 122.2, 122.0, 121.9, 120.6, 
120.5, 120.0, 119.9, 119.3, 119.2, 114.6, 114.5, 113.6, 
113.5, 109.7, 109.6, 109.5, 55.3 (OCH3), 46.9, 44.8 
(CH2NH, C'H2NH), 42.3 (NCH2), 28.6, 28.2, 21.8, 13.8; IR 
(KBr) ν: 3381, 3354, 3183, 3059, 2956, 2857, 1666, 1629, 
1595, 1515, 1491, 1470, 1238 cm－ 1. Anal. calcd for 
C27H30N4O2: C 73.28, H 6.83, N 12.66; found C 73.09, H 
7.09, N 12.83. 

N'-(9-己基咔唑-3-亚甲基)-2-(4-甲氧基苯氨基)乙酰

肼(3e): 米黄色固体 , 产率 86.0%. Isomer A: 54.5%, 
Isomer B: 45.5%. m.p. 147.6～148.2 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.42, 11.30 (s, 1H, CONH, CONH'), 
8.45, 8.42 (s, 1H, Cz-H4, Cz-H4'), 8.18, 8.40 (s, 1H, CH＝

N, CH'＝N), 8.25, 8.21 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.90, 7.83 (d, J＝9.0 Hz, 1H, Cz-H2, Cz-H2'), 7.67, 7.66 (d, 
J＝8.5 Hz, 1H, Cz-H1, Cz-H1'), 7.63 (d, J＝8.0 Hz, 1H, 
Cz-H8), 7.48 (t, J＝7.5 Hz, 1H, Cz-H7), 7.24, 7.23 (t, J＝
7.3 Hz, 1H, Cz-H6, Cz-H6'), 6.745, 6.753 (d, J＝9.0 Hz, 
2H, ArH, ArH'), 6.64, 6.58 (d, J＝9.0 Hz, 2H, ArH, ArH'), 
4.34～4.51 (m, 2H, NCH2), 5.33, 5.62 (t, J＝6.0 Hz, 1H, 
NH, NH'), 4.24, 3.76 (d, J＝5.5 Hz, COCH2, COCH'2), 
3.65, 3.64 (s, 3H, OCH3, OCH'3), 1.69～1.86 (m, 2H, 
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NCH2CH2), 1.15～1.36 [m, 6H, NCH2CH2(CH2)3], 0.80 (t, 
J＝7.0 Hz, 3H, CH3); 13C NMR (DMSO-d6, 125 MHz) δ: 
171.4, 166.8 (C＝O, C'＝O), 151.2, 150.9, 144.7, 148.0 
(CH＝N, C'H＝N), 142.7, 142.5, 141.1, 140.9, 140.44, 
140.42, 126.1, 125.10, 125.07, 124.5, 124.1, 122.2, 121.99, 
121.96, 120.7, 120.5, 120.1, 119.9, 119.3, 119.2, 114.6, 
114.5, 113.5, 113.4, 109.8, 109.7, 109.6, 55.3 (OCH3), 
44.6, 46.9 (CH2NH, C'H2NH), 42.4 (NCH2), 30.9, 28.5, 
26.1, 22.0, 13.8; IR (KBr) ν: 3381, 3183, 3054, 2956, 
2852, 1671, 1626, 1598, 1515, 1491, 1470, 1241 cm－1. 
Anal. calcd for C28H32N4O2: C 73.66, H 7.06, N 12.27; 
found C 73.49, H 6.87, N 12.16. 

N'-(9-庚基咔唑-3-亚甲基)-2-(4-甲氧基苯氨基)乙酰

肼 (3f): 米黄色固体 , 产率 85.5%. Isomer A: 54.1%, 
Isomer B: 45.9%. m.p. 159.8～160.4 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.41, 11.30 (s, 1H, CONH, CONH'), 
8.45, 8.42 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.41 (s, 1H, CH＝

N, CH'＝N), 8.25, 8.21 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.90, 7.83 (dd, J＝8.5, 1.5 Hz, 1H, Cz-H2, Cz-H2'), 7.66, 
7.65 (d, J＝8.5 Hz, 1H, Cz-H1, Cz-H1'), 7.62 (dd, J＝8.5, 
2.0 Hz, 1H, Cz-H8), 7.48 (t, J＝7.5 Hz, 1H, Cz-H7), 7.24, 
7.23 (t, J＝7.3 Hz, 1H, Cz-H6, Cz-H6'), 6.75, 7.76 (d, J＝
9.0 Hz, 2H, ArH, ArH'), 6.65, 6.59 (d, J＝9.0 Hz, 2H, ArH, 
ArH'), 5.32, 5.61 (t, J＝6.0 Hz, 1H, NH, NH'), 4.35～4.45 
(m, 2H, NCH2), 4.25, 3.77 (d, J＝ 6.0 Hz, COCH2, 
COCH'2), 3.650, 3.645 (s, 3H, OCH3, OCH'3), 1.71～1.82 
(m, 2H, NCH2CH2), 1.12～ 1.32 [m, 8H, NCH2CH2- 
(CH2)4], 0.81 (t, J＝7.0 Hz, 3H, CH3); 13C NMR (DMSO- 
d6, 125 MHz) δ: 171.4, 166.8 (C＝O, C'＝O), 151.3, 
151.0, 144.7, 148.0 (CH＝N, C'H＝N), 142.6, 142.5, 
141.1, 141.0, 140.44, 140.42, 126.1, 125.11, 125.08, 124.5, 
124.1, 122.2, 122.00, 121.97, 120.6, 120.5, 120.1, 119.9, 
119.3, 119.2, 114.6, 114.5, 113.5, 113.4, 109.74, 109.66, 
109.6, 55.3 (OCH3), 44.7, 47.0 (CH2NH, C'H2NH), 42.4 
(NCH2), 31.2, 28.5, 28.4, 26.4, 21.9, 13.8; IR (KBr) ν: 
3396, 3323, 3189, 3054, 2950, 2852, 1671, 1629, 1598, 
1515, 1491, 1470, 1238 cm－1. Anal. calcd for C29H34N4O2: 
C 74.01, H 7.28, N 11.91; found C 74.15, H 7.07, N 12.17. 

N'-(9-辛基咔唑-3-亚甲基)-2-(4-甲氧基苯氨基)乙酰

肼(3g): 米黄色固体 , 产率 85.6%. Isomer A: 54.8%, 
Isomer B: 45.2%. m.p. 168.4～169.0 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.42, 11.30 (s, 1H, CONH, CONH'), 
8.45, 8.42 (d, J＝0.5 Hz, 1H, Cz-H4, Cz-H4'), 8.18, 8.40 (s, 
1H, CH＝N, CH'＝N), 8.25, 8.21 (d, J＝7.5 Hz, 1H, 
Cz-H5, Cz-H5'), 7.89, 7.83 (dd, J＝8.5, 1.5 Hz, 1H, Cz-H2, 

Cz-H2'), 7.67, 7.66 (d, J＝8.5 Hz, 1H, Cz-H1, Cz-H1'), 7.62 
(d, J＝8.0 Hz, 1H, Cz-H8), 7.48 (t, J＝7.5 Hz, 1H, Cz-H7), 
7.24, 7.23 (t, J＝7.3 Hz, 1H, Cz-H6, Cz-H6'), 6.745, 6.753 
(d, J＝9.0 Hz, 2H, ArH, ArH'), 6.64, 6.58 (d, J＝9.0 Hz, 
2H, ArH, ArH'), 5.33, 5.62 (t, J＝5.8 Hz, 1H, NH, NH'), 
4.34～4.50 (m, 2H, NCH2), 4.24, 3.76 (d, J＝5.5 Hz, 
COCH2, COCH'2), 3.65, 3.64 (s, 3H, OCH3, OCH'3), 
1.68～1.85 (m, 2H, NCH2CH2), 1.05～1.41 [m, 10H, 
NCH2CH2(CH2)5], 0.81 (t, J＝7.0 Hz, 3H, CH3); 13C NMR 
(DMSO-d6, 125 MHz) δ: 171.4, 166.8 (C＝O, C'＝O), 
151.2, 150.9, 144.7, 148.0 (CH＝N, C'H＝N), 142.7, 
142.5, 141.04, 140.95, 140.44, 140.42, 126.1, 125.10, 
125.07, 124.5, 124.1, 122.2, 121.99, 121.96, 120.7, 120.5, 
120.1, 119.9, 119.3, 119.2, 114.6, 114.5, 113.44, 113.37, 
109.8, 109.7, 109.6, 44.6, 46.9 (CH2NH, C'H2NH), 42.4 
(NCH2), 55.3 (OCH3), 31.1, 28.7, 28.6, 28.5, 26.4, 22.0, 
13.9; IR (KBr) ν: 3401, 3189, 3059, 2950, 2852, 1671, 
1629, 1598, 1515, 1491, 1470, 1241 cm－1. Anal. calcd for 
C30H36N4O2: C 74.35, H 7.49, N 11.56; found C 74.57, H 
7.65, N 11.37. 

N'-(9-乙基咔唑-3-亚甲基)-2-(3-氯苯氨基)乙酰肼

(3h): 米白色片状固体, 产率 86.6%. Isomer A: 59.2%, 
Isomer B: 40.8%. m.p. 227.5～228.0 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.46, 11.40 (s, 1H, CONH, CONH'), 
8.47, 8.44 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.39 (s, 1H, CH＝

N, CH'＝N), 8.26, 8.22 (d, J＝8.0 Hz, 1H, Cz-H5, Cz-H5'), 
7.91, 7.85 (dd, J＝8.5, 1.0 Hz, 1H, Cz-H2, Cz-H2'), 7.68 (d, 
J＝8.5 Hz, 1H, Cz-H1), 7.64 (d,  J＝8.5 Hz, 1H, Cz-H8), 
7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 7.25 (t, J＝7.5 Hz, 1H, 
Cz-H6), 7.10, 7.11 (t, J＝8.0 Hz, 1H, ArH, ArH'), 6.52～
6.74 (m, 3H, ArH), 6.17, 6.38 (t,  J＝5.8 Hz, 1H, NH, 
NH'), 4.42～4.53 (m, 2H, NCH2), 4.32, 3.84 (d, J＝5.5 Hz, 
COCH2, COCH'2), 1.34, 1.33 (t,  J＝7.0 Hz, 3H, CH3); 
13C NMR (DMSO-d6, 125 MHz) δ: 170.7, 166.1 (C＝O,  
C'＝O), 150.1, 149.9, 144.9, 148.2 (CH＝N, C'H＝N), 
140.6, 140.5, 140.0, 133.59, 133.56, 130.34, 130.26, 126.2, 
126.1, 125.1, 124.6, 124.2, 122.3, 122.13, 122.10, 120.7, 
120.6, 120.2, 120.0, 119.31, 119.25, 115.7, 115.3, 111.6, 
111.03, 110.98, 109.52, 109.47, 109.4, 43.7, 45.5 (CH2NH, 
C'H2NH), 37.1 (NCH2), 13.7; IR (KBr) ν: 3412, 3360, 
3183, 3069, 2956, 2852, 1677, 1629, 1598, 1508, 1491, 
1473, 1280 cm－1. Anal. calcd for C23H21ClN4O: C 68.23, H 
5.23, N 13.84; found C 68.05, H 5.34, N 13.60. 

N'-(9-丙基咔唑-3-亚甲基)-2-(3-氯苯氨基)乙酰肼

(3i): 米白色片状固体, 产率 84.2%. Isomer A: 59.2%, 
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Isomer B: 40.8%. m.p. 228.4～228.8 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.46, 11.40 (s, 1H, CONH, CONH'), 
8.46, 8.43 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.39 (s, 1H, CH＝

N, CH'＝N), 8.25, 8.22 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.90, 7.84 (dd, J＝8.5, 0.5 Hz, 1H, Cz-H2, Cz-H2'), 7.69 (d, 
J＝8.5 Hz, 1H, Cz-H1), 7.65 (d, J＝8.0 Hz, 1H, Cz-H8), 
7.48 (t, J＝7.8 Hz, 1H, Cz-H7), 7.24 (t, J＝7.3 Hz, 1H, 
Cz-H6), 7.10, 7.11 (t, J＝7.8 Hz, 1H, ArH, ArH'), 6.51～
6.77 (m, 3H, ArH), 6.17, 6.38 (t, J＝5.8 Hz, 1H, NH, NH'), 
4.35～4.44 (m, 2H, NCH2), 4.32, 3.84 (d, J＝5.5 Hz, 
COCH2, COCH'2), 1.75～1.88 (m, 2H, NCH2CH2), 0.88 (t, 
J＝7.3 Hz, 3H, CH3); 13C NMR (DMSO-d6, 125 MHz) δ: 
170.7, 166.1 (C＝O, C'＝O), 150.1, 149.9, 144.9, 148.1 
(CH＝N, C'H＝N), 141.2, 141.1, 140.53, 140.50, 133.6, 
133.5, 130.34, 130.26, 126.13, 126.10, 125.0, 124.5, 124.1, 
122.2, 122.1, 122.0, 121.9, 120.6, 120.5, 120.2, 120.0, 
119.3, 119.2, 115.7, 115.3, 111.6, 111.01, 110.96, 109.80, 
109.75, 109.7, 43.8, 45.5 (CH2NH, C'H2NH), 43.7 (NCH2), 
21.9, 11.3; IR (KBr) ν: 3396, 3354, 3189, 3065, 2961, 
2873, 1677, 1629, 1598, 1508, 1491, 1473, 1280 cm－1. 
Anal. calcd for C24H23ClN4O: C 68.81, H 5.53, N 13.37; 
found C 68.93, H 5.70, N 13.52. 

N'-(9-丁基咔唑-3-亚甲基)-2-(3-氯苯氨基)乙酰肼

(3j): 米白色片状固体, 产率 86.6%. Isomer A: 60.2%, 
Isomer B: 39.8%. m.p. 229.8～230.3 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.46, 11.40 (s, 1H, CONH, CONH'), 
8.46, 8.43 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.40 (s, 1H, CH＝

N, CH'＝N), 8.25, 8.22 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.91, 7.84 (dd, J＝8.5, 1.0 Hz, 1H, Cz-H2, Cz-H2'), 7.68 (d, 
J＝8.5 Hz, 1H, Cz-H1), 7.63 (d, J＝8.0 Hz, 1H, Cz-H8), 
7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 7.24 (t, J＝7.3 Hz, 1H, 
Cz-H6), 7.10, 7.11 (t, J＝7.5 Hz, 1H, ArH, ArH'), 6.48～
6.79 (m, 3H, ArH), 6.18, 6.38 (t, J＝5.8 Hz, 1H, NH, NH'), 
4.37～4.48 (m, 2H, NCH2), 4.32, 3.84 (d, J＝5.5 Hz, 
COCH2, COCH'2), 1.70～1.81 (m, 2H, NCH2CH2), 1.24～
1.35 (m, 2H, NCH2CH2CH2), 0.88 (t, J＝7.3 Hz, 3H, CH3); 
13C NMR (DMSO-d6, 125 MHz) δ: 170.7, 166.1 (C＝O,  
C'＝O), 150.1, 149.9, 144.9, 148.1 (CH＝N, C'H＝N), 
141.1, 141.0, 140.5, 140.4, 133.6, 133.5, 130.34, 130.26, 
126.14, 126.11, 125.0, 124.5, 124.1, 122.19, 122.16, 
122.00, 121.97, 120.6, 120.5, 120.2, 120.0, 119.3, 119.2, 
115.7, 115.3, 111.6, 111.01, 110.96, 109.74, 109.69, 109.6, 
43.7, 45.5 (CH2NH, C'H2NH), 42.2 (NCH2), 30.7, 19.7, 
13.7; IR (KBr) ν: 3396, 3354, 3189, 3065, 2956, 2867, 
1681, 1629, 1598, 1491, 1473, 1280 cm－1. Anal. calcd for 

C25H25ClN4O: C 69.35, H 5.82, N 12.94; found C 69.58, H 
5.68, N 13.17. 

N'-(9-戊基咔唑-3-亚甲基)-2-(3-氯苯氨基)乙酰肼

(3k): 米白色片状固体, 产率 87.4%. Isomer A: 60.2%, 
Isomer B: 39.8%. m.p. 212.4～212.8 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.46, 11.40 (s, 1H, CONH, CONH'), 
8.46, 8.43 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.40 (s, 1H, CH＝

N, CH'＝N), 8.25, 8.22 (d, J＝8.0 Hz, 1H, Cz-H5, Cz-H5'), 
7.91, 7.84 (dd, J＝8.8, 1.3 Hz, 1H, Cz-H2, Cz-H2'), 7.67 (d, 
J＝9.0 Hz, 1H, Cz-H1), 7.63 (d,  J＝8.0 Hz, 1H, Cz-H8), 
7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 7.24 (t, J＝7.5 Hz, 1H, 
Cz-H6), 7.10, 7.11 (t, J＝8.0 Hz, 1H, ArH, ArH'), 6.53～
6.75 (m, 3H, ArH), 6.18, 6.38 (t, J＝6.0 Hz, 1H, NH, NH'), 
4.37～4.47 (m, 2H, NCH2), 4.32, 3.84 (d, J＝6.0 Hz, 
COCH2, COCH'2), 1.71～1.84 (m, 2H, NCH2CH2), 1.21～
1.35 [m, 4H, NCH2CH2(CH2)2], 0.81 (t, J＝7.0 Hz, 3H, 
CH3); 13C NMR (DMSO-d6, 125 MHz) δ: 170.7, 166.2  
(C＝O, C'＝O), 150.1, 149.9, 144.9, 148.2 (CH＝N,   
C'H＝N), 141.1, 141.0, 140.44, 140.41, 133.6, 133.5, 
130.4, 130.3, 126.2, 126.1, 125.0, 124.6, 124.1, 122.18, 
122.16, 121.99, 121.96, 120.6, 120.5, 120.1, 120.0, 119.3, 
119.2, 115.7, 115.3, 111.5, 111.02, 110.97, 109.72, 109.66, 
109.6, 43.7, 45.5 (CH2NH, C'H2NH), 42.3 (NCH2), 28.6, 
28.2, 21.9, 13.8; IR (KBr) ν: 3412, 3360, 3189, 3065, 
2956, 2867, 1677, 1629, 1598, 1508, 1491, 1473, 1280   
cm－1. Anal. calcd for C26H27ClN4O: C 69.87, H 6.09, N 
12.53; found C 69.69, H 5.84, N 12.67. 

N'-(9-己基咔唑-3-亚甲基)-2-(3-氯苯氨基)乙酰肼

(3l): 米白色片状固体, 产率 87.4%. Isomer A: 59.7%, 
Isomer B: 40.3%. m.p. 206.0～206.8 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.46, 11.40 (s, 1H, CONH, CONH'), 
8.46, 8.43 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.39 (s, 1H, CH＝

N, CH'＝N), 8.25, 8.22 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.91, 7.84 (dd, J＝8.5, 1.0 Hz, 1H, Cz-H2, Cz-H2'), 7.67 (d, 
J＝8.5 Hz, 1H, Cz-H1), 7.63 (d, J＝8.5 Hz, 1H, Cz-H8), 
7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 7.24 (t, J＝7.5 Hz, 1H, 
Cz-H6), 7.10, 7.11 (t, J＝8.0 Hz, 1H, ArH, ArH'), 6.53～
6.73 (m, 3H, ArH), 6.17, 6.38 (t, J＝5.8 Hz, 1H, NH, NH'), 
4.37～4.45 (m, 2H, NCH2), 4.32, 3.84 (d, J＝6.0 Hz, 
COCH2, COCH'2), 1.71～1.83 (m, 2H, NCH2CH2), 1.17～
1.33 [m, 6H, NCH2CH2(CH2)3], 0.80 (t, J＝7.0 Hz, 3H, 
CH3); 13C NMR (DMSO-d6, 125 MHz) δ: 170.7, 166.2  
(C＝O, C'＝O), 150.0, 149.9, 144.9, 148.2 (CH＝N,   
C'H＝N), 141.1, 141.0, 140.43, 140.41, 133.58, 133.55, 
130.4, 130.3, 126.14, 126.12, 125.0, 124.6, 124.1, 122.18, 
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122.15, 121.98, 121.95, 120.6, 120.5, 120.1, 120.0, 119.3, 
119.2, 115.8, 115.3, 111.6, 111.5, 111.01, 110.97, 109.71, 
109.65, 109.6, 43.7, 45.5 (CH2NH, C'H2NH), 42.3 (NCH2), 
30.9, 28.4, 26.0, 21.9, 13.8; IR (KBr) ν: 3401, 3354, 3194, 
3059, 2950, 2867, 1677, 1629, 1598, 1491, 1473, 1280  
cm－1. Anal. calcd for C27H29ClN4O: C 70.34, H 6.34, N 
12.15; found C 70.07, H 6.12, N 11.96. 

N'-(9-庚基咔唑-3-亚甲基)-2-(3-氯苯氨基)乙酰肼

(3m): 米白色片状固体, 产率 85.3%. Isomer A: 60.2%, 
Isomer B: 39.8%. m.p. 205.6～206.2 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.46, 11.40 (s, 1H, CONH, CONH'), 
8.46, 8.43 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.39 (s, 1H, CH＝

N, CH'＝N), 8.25, 8.22 (d, J＝8.0 Hz, 1H, Cz-H5, Cz-H5'), 
7.91, 7.84 (dd, J＝8.5, 1.5 Hz, 1H, Cz-H2, Cz-H2'), 7.67 (d, 
J＝9.0 Hz, 1H, Cz-H1), 7.63 (d, J＝8.5 Hz, 1H, Cz-H8), 
7.48 (t, J＝7.5 Hz, 1H, Cz-H7), 7.24 (t, J＝7.3 Hz, 1H, 
Cz-H6), 7.10, 7.11 (t, J＝8.0 Hz, 1H, ArH, ArH'), 6.52～
6.74 (m, 3H, ArH), 6.18, 6.38 (t,  J＝5.8 Hz, 1H, NH, 
NH'), 4.37～4.47 (m, 2H, NCH2), 4.32, 3.84 (d, J＝5.5 Hz, 
COCH2, COCH'2), 1.69～1.83 (m, 2H, NCH2CH2), 1.12～
1.32 (m, 8H, NCH2CH2(CH2)4), 0.81 (t, J＝7.0 Hz, 3H, 
CH3); 13C NMR (DMSO-d6, 125 MHz) δ: 170.7, 166.1  
(C＝O, C'＝O), 150.1, 149.9, 144.9, 148.2 (CH＝N,   
C'H＝N), 141.1, 141.0, 140.5, 140.4, 133.57, 133.55, 
130.3, 130.2, 126.12, 126.09, 125.1, 124.5, 124.1, 122.20, 
122.18, 122.02, 121.99, 120.6, 120.5, 120.1, 120.0, 119.3, 
119.2, 115.7, 115.3, 111.58, 111.56, 111.02, 110.97, 
109.71, 109.65, 109.6, 43.7, 45.5 (CH2NH, C'H2NH), 42.4 
(NCH2), 31.1, 28.5, 28.4, 26.4, 21.9, 13.8; IR (KBr) ν: 
3396, 3354, 3189, 3065, 2950, 2867, 1677, 1629, 1598, 
1491, 1473, 1280 cm－1. Anal. calcd for C28H31ClN4O: C 
70.80, H 6.58, N 11.79; found C 70.65, H 6.84, N 12.00. 

N'-(9-辛基咔唑-3-亚甲基)-2-(3-氯苯氨基)乙酰肼

(3n): 米白色片状固体, 产率 86.9%. Isomer A: 59.9%, 
Isomer B: 40.1%. m.p. 196.0～196.6 ℃; 1H NMR (500 
MHz, DMSO-d6) δ: 11.46, 11.40 (s, 1H, CONH, CONH'), 
8.46, 8.43 (s, 1H, Cz-H4, Cz-H4'), 8.19, 8.39 (s, 1H, CH＝

N, CH'＝N), 8.25, 8.22 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.91, 7.84 (d, J＝9.0 Hz, 1H, Cz-H2, Cz-H2'), 7.67 (d, J＝
9.0 Hz, 1H, Cz-H1), 7.62 (d, J＝8.5 Hz, 1H, Cz-H8), 7.48 
(t, J＝7.5 Hz, 1H, Cz-H7), 7.24 (t, J＝7.3 Hz, 1H, Cz-H6), 
7.09, 7.11 (t, J＝7.5 Hz, 1H, ArH, ArH'), 6.53～6.74 (m, 
3H, ArH), 6.18, 6.38 (t, J＝5.8 Hz, 1H, NH, NH'), 4.36～
4.46 (m, 2H, NCH2), 4.31, 3.84 (d, J＝5.5 Hz, COCH2, 
COCH'2), 1.70～1.84 (m, 2H, NCH2CH2), 1.10～1.33 [m, 

10H, NCH2CH2(CH2)5], 0.81 (t, J＝6.8 Hz, 3H, CH3); 13C 
NMR (DMSO-d6, 125 MHz) δ: 170.7, 166.1 (C＝O, C'＝
O), 150.1, 149.9, 144.9, 148.1 (CH＝N, C'H＝N), 141.1, 
141.0, 140.44, 140.41, 133.6, 133.5, 130.33, 130.25, 
126.12, 126.09, 125.0, 124.5, 124.1, 122.19, 122.16, 
122.01, 121.97, 120.6, 120.5, 120.2, 120.0, 119.3, 119.2, 
115.7, 115.3, 111.6, 111.5, 111.01, 110.96, 109.72, 109.67, 
109.6, 43.7, 45.5 (CH2NH, C'H2NH), 42.4 (NCH2), 31.1, 
28.7, 28.6, 28.5, 26.4, 22.0, 13.9; IR (KBr) ν: 3406, 3354, 
3182, 3065, 2956, 2863, 1677, 1629, 1598, 1508, 1491, 
1473, 1280 cm－1. Anal. calcd for C29H33ClN4O: C 71.22, H 
6.80, N 11.46; found C 71.41, H 6.60, N 11.19. 

N'-(9-丙基咔唑-3-亚甲基)-2-(4-硝基苯氨基)乙酰肼

(3o): 黄色粉末, 产率 85.2%. Isomer A: 66.9%, Isomer B: 
33.1%. m.p. 239.6～240.0 ℃ ; 1H NMR (500 MHz, 
DMSO-d6) δ: 11.56, 11.52 (s, 1H, CONH, CONH'), 8.48, 
8.44 (s, 1H, Cz-H4, Cz-H4'), 8.20, 8.39 (s, 1H, CH＝N, CH'
＝N), 8.25, 8.22 (d, J＝8.0 Hz, 1H, Cz-H5, Cz-H5'), 8.03, 
8.04 (d, J＝9.0 Hz, 2H, ArH, ArH'), 7.90, 7.85 (dd, J＝8.5, 
1.5 Hz, 1H, Cz-H2, Cz-H2'), 7.69 (d, J＝8.5 Hz, 1H, 
Cz-H1), 7.65 (d, J＝8.5 Hz, 1H, Cz-H8), 7.46, 7.58 (t, J＝
6.0 Hz, 1H, NH, NH'), 7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 
7.25, 7.24 (t, J＝7.3 Hz, 1H, Cz-H6, Cz-H6'), 6.78, 6.72 (d, 
J＝9.0 Hz, 2H, ArH, ArH'), 4.49, 4.02 (d, J＝6.0 Hz, 
COCH2, COCH'2), 4.33～4.44 (m, 2H, NCH2), 1.76～1.87 
(m, 2H, NCH2CH2), 0.88 (t, J＝7.3 Hz, 3H, CH3); 13C 
NMR (DMSO-d6, 125 MHz) δ: 169.7, 165.0  (C＝O, C'
＝O), 154.6, 154.4, 145.1, 148.3 (CH＝N, C'H＝N), 
141.2, 141.1, 140.53, 140.52, 136.3, 136.1, 126.1, 126.0, 
125.0, 124.5, 124.2, 122.2, 122.0, 121.9, 120.6, 120.5, 
120.13, 120.11, 119.3, 119.2, 111.3, 109.8, 109.7, 43.8, 
44.8 (CH2NH, C'H2NH), 43.6 (NCH2), 21.9, 11.3; IR 
(KBr) ν: 3385, 3318, 3189, 3080, 2966, 2878, 1671, 1626, 
1601, 1525, 1501, 1473, 1325, 1297 cm－1. Anal. calcd for 
C24H23N5O3: C 67.12, H 5.40, N 16.31; found C 67.37, H 
5.58, N 16.44. 

N'-(9-丁基咔唑-3-亚甲基)-2-(4-硝基苯氨基)乙酰肼

(3p): 黄色粉末, 产率84.3%. Isomer A: 66.5%, Isomer B: 
33.5%. m.p. 232.5～232.9 ℃ ; 1H NMR (500 MHz, 
DMSO-d6) δ: 11.56, 11.52 (s, 1H, CONH, CONH'), 8.48, 
8.45 (s, 1H, Cz-H4, Cz-H4'), 8.20, 8.39 (s, 1H, CH＝N, CH'
＝N), 8.25, 8.22 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 8.03, 
8.05 (d, J＝9.0 Hz, 2H, ArH, ArH'), 7.91, 7.86 (d, J＝8.5, 
0.5 Hz, 1H, Cz-H2, Cz-H2'), 7.67 (d, J＝8.5 Hz, 1H, 
Cz-H1), 7.64 (d, J＝8.5 Hz, 1H, Cz-H8), 7.45, 7.58 (t, J＝
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6.0 Hz, 1H, NH, NH'), 7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 
7.25, 7.24 (t, J＝7.5 Hz, 1H, Cz-H6, Cz-H6'), 6.78, 6.72 (d, 
J＝9.0 Hz, 2H, ArH, ArH'), 4.50, 4.02 (d, J＝5.5 Hz, 
COCH2, COCH'2), 4.38～4.47 (m, 2H, NCH2), 1.72～1.82 
(m, 2H, NCH2CH2), 1.25～1.36 (m, 2H, NCH2CH2CH2) 
0.89 (t, J＝7.5 Hz, 3H, CH3); 13C NMR (DMSO-d6, 125 
MHz) δ: 169.7, 165.0 (C＝O, C'＝O), 154.6, 154.4, 145.1, 
148.3 (CH＝N, C'H＝N), 141.1, 141.0, 140.5, 140.4, 
136.4, 136.1, 126.1, 126.02, 126.01, 125.0, 124.5, 124.2, 
122.19, 122.18, 122.00, 121.96, 120.6, 120.5, 120.14, 
120.08, 119.3, 119.2, 111.3, 109.7, 109.6, 43.6, 44.8 
(CH2NH, C'H2NH), 42.2 (NCH2), 30.7, 19.7, 13.7; IR 
(KBr) ν: 3369, 3188, 3075, 2955, 2872, 1681, 1628, 1601, 
1533, 1497, 1471, 1322, 1297 cm－ 1. Anal. calcd for 
C25H25N5O3: C 67.70, H 5.68, N 15.79; found C 67.49, H 
5.56, N 16.01. 

N'-(9-戊基咔唑-3-亚甲基)-2-(4-硝基苯氨基)乙酰肼

(3q): 黄色粉末, 产率87.4%. Isomer A: 66.8%, Isomer B: 
33.2%. m.p. 251.2～251.6 ℃ ; 1H NMR (500 MHz, 
DMSO-d6) δ: 11.56, 11.53 (s, 1H, CONH, CONH'), 8.48, 
8.45 (s, 1H, Cz-H4, Cz-H4'), 8.21, 8.40 (s, 1H, CH＝N, CH'
＝N), 8.25, 8.22 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 8.03, 
8.05 (d, J＝9.0 Hz, 2H, ArH, ArH'), 7.91, 7.86 (dd, J＝9.0, 
1.0 Hz, 1H, Cz-H2, Cz-H2'), 7.67 (d, J＝8.5 Hz, 1H, 
Cz-H1), 7.63 (d, J＝8.5 Hz, 1H, Cz-H8), 7.46, 7.59 (t, J＝
6.0 Hz, 1H, NH, NH'), 7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 
7.25, 7.24 (t, J＝7.3 Hz, 1H, Cz-H6, Cz-H6'), 6.78, 6.73 (d, 
J＝9.0 Hz, 2H, ArH, ArH'), 4.50, 4.03 (d, J＝6.0 Hz, 
COCH2, COCH'2), 4.38～4.47 (m, 2H, NCH2), 1.73～1.84 
(m, 2H, NCH2CH2), 1.21～ 1.36 [m, 4H, NCH2CH2- 
(CH2)2], 0.81 (t, J＝6.8 Hz, 3H, CH3); 13C NMR (DMSO- 
d6, 125 MHz) δ: 169.7, 165.0 (C＝O, C'＝O), 154.6, 
154.4, 145.1, 148.3 (CH＝N, C'H＝N), 141.1, 141.0, 
140.5, 140.4, 136.4, 136.1, 126.1, 126.02, 126.00, 125.0, 
124.6, 124.2, 122.20, 122.18, 122.01, 121.97, 120.6, 120.5, 
120.2, 120.1, 119.3, 119.2, 111.4, 109.7, 109.6, 43.6, 44.8 
(CH2NH, C'H2NH), 42.3 (NCH2), 28.6, 28.2, 21.9, 13.8; IR 
(KBr) ν: 3380, 3333, 3282, 3064, 2955, 2868, 1688, 1630, 
1601, 1528, 1496, 1467, 1311, 1280 cm－1. Anal. calcd for 
C26H27N5O3: C 68.25, H 5.95, N 15.31; found C 68.42, H 
6.20, N 15.15. 

N'-(9-己基咔唑-3-亚甲基)-2-(4-硝基苯氨基)乙酰肼

(3r): 黄色粉末, 产率 87.7%. Isomer A: 67.3%, Isomer B: 
32.7%. m.p. 239.4～239.9 ℃ ; 1H NMR (500 MHz, 
DMSO-d6) δ: 11.56, 11.52 (s, 1H, CONH, CONH'), 8.47, 

8.45 (s, 1H, Cz-H4, Cz-H4'), 8.20, 8.39 (s, 1H, CH＝N,  
CH'＝N), 8.25, 8.22 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
7.91, 7.86 (dd, J＝8.5, 1.0 Hz, 1H, Cz-H2, Cz-H2'), 7.45, 
7.58 (t, J＝7.8 Hz, 1H, NH, NH'), 4.50, 4.02 (d, J＝5.5 Hz, 
COCH2, COCH'2), 8.03, 8.05 (d, J＝9.0 Hz, 2H, ArH, 
ArH'), 7.67 (d, J＝8.5 Hz, 1H, Cz-H1), 7.63 (d, J＝8.5 Hz, 
1H, Cz-H8), 7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 7.243, 7.239 
(t, J＝7.3 Hz, 1H, Cz-H6, Cz-H6'), 6.78, 6.72 (d, J＝9.0 
Hz, 2H, ArH, ArH'), 4.37～4.46 (m, 2H, NCH2), 1.71～
1.83 (m, 2H, NCH2CH2), 1.61～1.34 [m, 6H, NCH2CH2- 
(CH2)3], 0.80 (t, J＝7.0 Hz, 3H, CH3); 13C NMR (DMSO- 
d6, 125 MHz) δ: 169.7, 165.0 (C＝O, C'＝O), 154.6, 
154.4, 145.1, 148.3 (CH＝N, C'H＝N), 141.1, 141.0, 
140.44, 140.42, 136.4, 136.1, 126.1, 126.02, 126.00, 125.0, 
124.5, 124.2, 122.19, 122.18, 122.00, 121.97, 120.6, 120.5, 
120.2, 120.1, 119.3, 119.2, 111.3, 109.7, 109.6, 43.6, 44.8 
(CH2NH, C'H2NH), 42.4 (NCH2), 30.9, 28.5, 26.1, 22.0, 
13.8; IR (KBr) ν: 3381, 3333, 3287, 3065, 2956, 2867, 
1687, 1629, 1601, 1528, 1497, 1466, 1311, 1280 cm－1. 
Anal. calcd for C27H29N5O3: C 68.77, H 6.20, N 14.85; 
found C 68.51, H 6.47, N 14.67. 

N'-(9-庚基咔唑-3-亚甲基)-2-(4-硝基苯氨基)乙酰肼

(3s): 黄色粉末, 产率 89.3%. Isomer A: 67.3%, Isomer B: 
32.7%. m.p. 215.2～215.7 ℃ ; 1H NMR (500 MHz, 
DMSO-d6) δ: 11.56, 11.52 (s, 1H, CONH, CONH'), 8.47, 
8.45 (s, 1H, Cz-H4, Cz-H4'), 8.20, 8.39 (s, 1H, CH＝N, CH'
＝N), 8.25, 8.22 (d, J＝8.0 Hz, 1H, Cz-H5, Cz-H5'), 8.03, 
8.05 (d, J＝9.0 Hz, 2H, ArH, ArH'), 7.91, 7.86 (dd, J＝9.0, 
1.0 Hz, 1H, Cz-H2, Cz-H2'), 7.67 (d, J＝9.0 Hz, 1H, 
Cz-H1), 7.63 (d, J＝8.0 Hz, 1H, Cz-H8), 7.46, 7.58 (t, J＝
6.0 Hz, 1H, NH, NH'), 7.49 (t, J＝7.8 Hz, 1H, Cz-H7), 
7.243, 7.239 (t, J＝7.5 Hz, 1H, Cz-H6, Cz-H6'), 6.78, 6.72 
(d, J＝9.0 Hz, 2H, ArH, ArH'), 4.50, 4.02 (d, J＝5.5 Hz, 
COCH2, COCH'2), 4.36～4.46 (m, 2H, NCH2), 1.69～1.84 
(m, 2H, NCH2CH2), 1.12～ 1.32 (m, 8H, NCH2CH2- 
(CH2)4), 0.81 (t, J＝6.8 Hz, 3H, CH3); 13C NMR (DMSO- 
d6, 125 MHz) δ: 169.7, 165.0 (C＝O, C'＝O), 154.6, 
154.4, 145.1, 148.3 (CH＝N, C'H＝N), 141.1, 141.0, 
140.44, 140.42, 136.4, 136.1, 126.1, 126.01, 125.99, 125.0, 
124.5, 124.2, 122.20, 122.18, 122.00, 121.97, 120.6, 120.5, 
120.2, 120.1, 119.3, 119.2, 111.3, 109.7, 109.6, 43.6, 44.8 
(CH2NH, C'H2NH), 42.4 (NCH2), 31.1, 28.5, 28.4, 26.4, 
21.9, 13.8; IR (KBr) ν: 3365, 3333, 3292, 3189, 3069, 
2956, 2852, 1681, 1629, 1601, 1525, 1494, 1470, 1325, 
1297 cm－1. Anal. calcd for C28H31N5O3: C 69.26, H 6.43, 



   
Chinese Journal of Organic Chemistry ARTICLE  

 
Chin. J. Org. Chem. 2021, 41, 3157～3170 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/      3169 

N 14.42; found C 69.39, H 6.24, N 14.66. 
N'-(9-辛基咔唑-3-亚甲基)-2-(4-硝基苯氨基)乙酰肼

(3t): 黄色粉末, 产率 90.0%. Isomer A: 67.5%, Isomer B: 
32.5%. m.p. 208.1～208.9 ℃ ; 1H NMR (500 MHz, 
DMSO-d6) δ: 11.59, 11.56 (s, 1H, CONH, CONH'), 8.48, 
8.46 (s, 1H, Cz-H4, Cz-H4'), 8.22, 8.41 (s, 1H, CH＝N,  
CH'＝N), 8.25, 8.21 (d, J＝7.5 Hz, 1H, Cz-H5, Cz-H5'), 
8.06, 8.04 (d, J＝9.0 Hz, 2H, ArH, ArH'), 7.92, 7.87 (dd,   
J＝8.5, 1.0 Hz, 1H, Cz-H2, Cz-H2'), 7.65 (d, J＝8.5 Hz, 
1H, Cz-H1), 7.61 (d, J＝8.0 Hz, 1H, Cz-H8), 7.48 (t, J＝
7.0 Hz, 1H, Cz-H7), 7.47 (s, 1H, NH), 7.244, 7.237 (t, J＝
7.5 Hz, 1H, Cz-H6, Cz-H6'), 6.79, 6.74 (d, J＝9.0 Hz, 2H, 
ArH, ArH'), 4.51, 4.04 (d, J＝6.0 Hz, COCH2, COCH'2), 
4.40, 4.38 (t, J＝6.5 Hz, 2H, NCH2), 1.69～1.83 (m, 2H, 
NCH2CH2), 1.09～1.32 [m, 10H, NCH2CH2(CH2)5], 0.80 
(t, J＝6.8 Hz, 3H, CH3); 13C NMR (DMSO-d6, 125 MHz) 
δ: 169.7, 165.0 (C＝O, C'＝O), 154.6, 154.4, 145.1, 148.3 
(CH＝N, C'H＝N), 141.1, 141.0, 140.5, 140.4, 136.4, 
136.1, 126.1, 126.01, 125.99, 125.0, 124.5, 124.2, 122.20, 
122.19, 122.01, 121.98, 120.6, 120.5, 120.14, 120.07, 
119.3, 119.2, 111.3, 109.7, 109.6, 43.6, 44.8 (CH2NH, 
C'H2NH), 42.4 (NCH2), 31.1, 28.7, 28.6, 28.5, 26.4, 22.0, 
13.8; IR (KBr) ν: 3365, 3292, 3194, 3069, 2956, 2852, 
1681, 1629, 1601, 1525, 1494, 1470, 1325, 1297 cm－1. 
Anal. calcd for C29H33N5O3: C 69.72, H 6.66, N 14.02; 
found C 69.46, H 6.43, N 13.85. 

3.4  目标化合物生物活性测试 

按照参考文献[45]的方法进行PTP1B抑制活性筛选

实验.  

3.5  目标化合物 3t 与 PTP1B 的分子对接 

分子对接采用 Dockingserver 软件, 靶标 PTP1B 蛋

白晶体结构 (PDB ID:1NNY) 从 RCSB 的 PDB 库

(http://www.rcsb.org)下载.  
 
辅助材料(Supporting Information)  化合物 3a～3t 的

IR、1H NMR、13C NMR、1H-1H COSY、1H-13C HMBC
和 NOESY 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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