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2,3-二取代喹唑啉-4(3H)-酮化合物的合成及生物活性研究 
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摘要  设计合成了一系列 2,3-二取代喹唑啉-4(3H)-酮化合物, 并研究了常用无机干燥剂对目标化合物合成的影响, 发
现无水硫酸镁能够促进 2,3-二取代喹唑啉-4(3H)-酮化合物的形成. 所有化合物通过核磁共振氢谱、核磁共振碳谱、高

分辨质谱等方法进行结构表征, 并首次报道了 6-氯-3-苄氨基-2-新戊基-8-甲基喹唑啉-4(3H)-酮的单晶结构. 通过生物

活性测试发现部分化合物在 200 mg/L 浓度下对小麦白粉病(Blumeria graminis)具有较好的活体防效. 
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Abstract  In this research, a series of new 2,3-disubstituted quinazolin-4(3H)-ones were designed and synthesized. The in-
fluence of common drying agents on the formation of 2,3-disubstituted quinazolin-4(3H)-ones was investigated and firstly 
reported. It is found that the anhydrous magnesium sulfate can increase the yield of 2,3-disubstituted quinazolin-4(3H)-ones 
significantly. The structures of new compounds were all confirmed via 1H NMR, 13C NMR and HRMS. At the same time, the 
crystal structure of 3-(benzylamino)-6-chloro-8-methyl-2-neopentyl-quinazolin-4(3H)-one was firstly reported. The results of 
bioactivity assay showed that some of these new compounds have some control effects on wheat powdery mildew (Blumeria 
graminis) in vivo at a concentration of 200 mg/L. 
Keywords  2,3-disubstituted quinazolin-4(3H)-ones; synthesis; bioactivities; crystal structure 

 

结构多变性和活性多样性的喹唑啉酮类化合物在

医药的抗癌[1]、抗菌[2]、抗炎[3]、抗病毒[4]、抗惊厥[5]、

降血压[6]等方面都具有良好的生物活性, 例如目前在临

床上使用的抗癌药物吉非替尼(Gefitinib)[7]和厄洛替尼

(Erlotinib)[8]都具有喹唑啉酮的结构; 一些结构表现出杀

螨、杀菌农药活性, 如已经商业化的喹唑啉酮类农药有

氟喹唑(Fluquinconazole)、灭螨猛(Chinomethionate)等[9]. 

鉴于该类结构具有优异的生物活性, 近年许多课题组研

究该类化合物新的农药活性, 发现不同结构的化合物分

别具有较好抗病毒活性[10]、杀虫[11]和杀菌活性[12].  
随着微波、超声波、金属催化剂等在有机合成中的

应用, 促进了喹唑啉酮类化合物的合成和相应活性化合

物的发现[13]. 文献中报道的喹唑啉酮类化合物的合成

多以邻氨基苯甲酰胺、靛红酸酐、邻氨基苯甲酸、邻卤
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苯甲酸、邻氨基苯甲腈、邻硝基苯甲腈等[14]为起始原料, 
在以靛红酸酐为原料合成喹唑啉酮类化合物的文献中, 
为了提高原料转化率及底物扩展性, 反应中加入了金属

催化剂(三氟甲磺酸镓、三氟甲磺酸锡等)或脱水剂(硫
酸、硝酸铈铵等)促进喹唑啉酮环[15]的形成.  

我们课题组设计了以取代靛红酸酐为原料, 通过酰

基化、开环及环化反应合成了一系列 2,3-二取代喹唑  
啉-4(3H)-酮类化合物, 旨在发现新型的杀菌活性化合

物.在目标产物的合成反应中, 研究了无机干燥剂对反

应的影响, 发现在反应体系中加入一定量的无水硫酸

镁, 可以促进目标产物的生成. 同时, 对所有合成的化

合物进行了抗肿瘤、杀虫、杀菌等生物活性的测试, 发
现合成的系列化合物具有一定的杀菌活性. 化合物结构

信息见表 1, 合成路线见 Scheme 1. 
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Scheme 1 

1  结果与讨论 

1.1  合成 

反应中间体需要脱去一分子水转化为目标产物 Q, 

通常情况下, 选用合适溶剂通过共沸脱水及时将生成的

水从反应体系中移走, 可以促进目标产物的生成和提高

反应产率. 然而有些反应由于溶剂或者反应温度的限

制, 无法采用共沸蒸馏. 本文利用无机干燥剂的强吸水

作用, 尝试研究了四种常规干燥剂对由 2-丁基-4H-苯并

[d][1,3]噁嗪-4-酮与 2-氨甲基吡啶合成 2-丁基-3-(吡 啶
-2-基甲基)喹唑啉-4(3H)-酮(Q-01)的影响, 发现 4 种干

燥剂皆能不同程度提高反应产率(表 2). 
其中以无水硫酸镁为脱水剂时, 可将产率由 49%提

高至 87%. 而无水氯化钙和无水硫酸钠对产率提高较

小, 产率仅分别提高至 65%和 56%. 可能的原因是氯化

钙在 40 ℃左右能溶解在 0.6 倍量的水中, 而十水硫酸

钠在 32.4 ℃时容易失去全部结晶水[16], 二者在高温下

均无法形成稳定的结晶水合物而达到脱水目的. 此外, 
以无水硫酸铜为脱水剂时, 产率虽然达到了 73%, 但在

反应过程中苄胺的用量需要增加到 3 倍. 原因在于铜离

子在加热条件下易与苄胺先形成稳定络合物, 而影响苄

胺参与反应. 
本文中反应用四氢呋喃作溶剂, 以无水硫酸镁为脱

水剂, 反应结束后只需要将反应液过滤后, 在滤液中加

入一定量的石油醚进行结晶就能得到产物. 同文献[17]
报道的类似方法用甲苯或 N,N-二甲基甲酰胺作溶剂、对

甲苯磺酸作催化剂相比, 操作容易、后处理简单、收率

较高. 
文献[18]报道的 3-苄氨基取代喹唑啉酮化合物的合

成方法主要是通过水合肼与苯并噁嗪酮反应生成 3-氨
基取代喹唑啉酮, 与芳香醛反应生成亚胺后氢化还原得

3-苄氨基取代喹唑啉酮. 该反应路线长, 总收率不高. 

表 1  化合物 Q-01～Q-31 一览表 
Table 1  The structure information of compounds Q-01～Q-31 

Compd. R1 R2 R3 Compd. R1 R2 R3 
Q-01 H n-Butyl 2-Pyridyl Q-17 H Cyclopropyl 2-FC6H4 
Q-02 H n-Butyl 4-ClC6H4 Q-18 H n-Pentyl 3-ClC6H4 
Q-03 H n-Butyl 3-BrC6H4 Q-19 H n-Pentyl 4-FC6H4 
Q-04 H n-Butyl 4-BrC6H4 Q-20 H n-Pentyl 3-FC6H4 
Q-05 H n-Butyl 4-CH3C6H4 Q-21 H n-Pentyl 2-FC6H4 
Q-06 H n-Butyl 2-CH3C6H4 Q-22 H n-Butyl 3-ClC6H4 
Q-07 H n-Butyl 3-OCH3C6H4 Q-23 H n-Butyl 4-FC6H4 
Q-08 H n-Butyl 4-OCH3C6H4 Q-24 H n-Butyl 3-FC6H4 
Q-09 H n-Butyl C6H5 Q-25 H n-Butyl 2-FC6H4 
Q-10 H n-Butyl 4-tert-Butyl-C6H4 Q-26 8-CH3 n-Butyl 3-ClC6H4 
Q-11 H n-Butyl 3-Pyridyl Q-27 8-CH3 n-Butyl 4-FC6H4 
Q-12 H Cyclopropyl 4-FC6H4 Q-28 8-CH3 n-Butyl 3-FC6H4 
Q-13 H Cyclopropyl 4-OCH3C6H4 Q-29 6-Cl Cyclohexyl 4-FC6H4 
Q-14 H Cyclopropyl 4-ClC6H4 Q-30 6-Cl Cyclohexyl 2-FC6H4 
Q-15 H Cyclopropyl 4-BrC6H4 Q-31 6-Cl Cyclohexyl 3-FC6H4 
Q-16 H Cyclopropyl 4-tert-Butyl-C6H4     
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表 2  脱水剂的筛选 
Table 2  Screening of dehydrate agents 

脱水剂 a 反应时间/h 产率 b/% 
无 12 49 

无水氯化钙 12 65 
无水硫酸钠 12 56 
无水硫酸镁 12 87 
无水硫酸铜 12 73c 

a脱水剂用量为原料摩尔量的 1.2倍, 在回流条件下进行反应; b均为分离产

率; c 苄胺用量增加至取代苯并[d][1,3]噁嗪-4-酮的 3 倍. 

而本文报道的合成方法同样适用于 3-苄氨基取代喹唑

啉酮化合物的合成. 6-氯-3-苄氨基-2-新戊基-8-甲基喹

唑啉-4(3H)-酮经此方法以苯并噁嗪酮与苄肼在无水硫

酸镁为脱水剂条件下反应, 经过简单后处理, 直接得块

状单晶, 收率达到 88%. X 光单晶衍射实验对其结构进

行了测定, 得到的分子晶胞结构如图 1 所示, 晶胞内两

分子间有两个氢键相互作用而形成稳定的晶体.  

1.2  生物活性 

对所有目标化合物分别测试了杀虫活性 ( 6 0 0 
mg/L)、抗肿瘤活性(5 mg/L)以及离体(200 mg/L)和活体 

 

图 1  化合物 6-氯-3-苄氨基-2-新戊基-8-甲基喹唑啉-4(3H)-酮
晶胞及氢键作用中心图 
Figure 1  Crystal cell and hydrogen bond of 6-chloro-3- ben-
zylamino-2-neopentyl-8-methylquinazolin-4(3H)-one 
A: Crystal unit cell. B: One molecule in the unit cell is shown as molecu-
lar surfaces. C: Surfaces of the unit cell. D: Hydrogen bond (in purple) 
between the two molecules in the unit cell 

(200 mg/L)杀菌活性. 其中杀虫及抗肿瘤活性列于表 3, 
离体杀菌活性列于表 4, 活体杀菌活性列于表 5.

表 3  化合物的杀虫和抗癌活性 
Table 3  Insecticidal and anti-tumor activities of compounds 

对不同试虫致死率 a/% 对不同癌细胞抑制率 b/% 
化合物 

瓜蚜 小菜蛾 A-549 Bel7402 HCT-8 
Q-01 41.1 33.3 9.56 5.05 5.6 
Q-02 11.0 15.1 9.27 8.72 3.29 
Q-03 52.2 18.2 5.22 1.53 3.51 
Q-04 47.6 25.1 10.13 1.2 12.12 
Q-05 30.7 23.8 8.45 2.26 4.4 
Q-06 22.5 32.7 12.57 5.75 6.99 
Q-07 65.9 24.6 7.44 2.81 7.48 
Q-08 46.4 19.2 7.71 1.44 2.5 
Q-09 14.2 11.3 2.96 4.69 15.51 
Q-10 31.1 26.3 4 7.11 9.51 
Q-11 14.2 21.5 18.08 15.2 0.77 
Q-12 3.6 21.8 14.67 4.44 20.26 
Q-13 44.4 33.5 －3.58 3.74 30.62 
Q-18 37.0 47.6 13.54 0.56 11.88 
Q-19 15.1 32.5 5.25 10.38 0.68 
Q-20 14.1 33.3 15.07 13.93 11.42 
Q-21 14.1 14.2 11.07 －1.67 3.55 
Q-22 18.1 12.3 11.54 －0.12 16.85 
Q-23 28.4 24.1 10.86 －3.76 5.79 
Q-24 50.0 29.3 9.32 －2.95 8.28 
Q-25 49.6 37.5 14.53 5.86 2.65 
Q-26 27.2 1.5 8.13 9.98 1 
Q-27 26.2 16.2 9.51 －5.44 6.76 
O-28 14.5 8.9 5.95 －0.19 9.44 
Q-29 49.8 15.2 3.78 4.77 3.24 
Q-30 －2.1 22.8 12.42 －5.38 2.98 
Q-31 42.1 15.9 6.69 －2.32 6.28 
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续表 
对不同试虫致死率 a/% 对不同癌细胞抑制率 b/% 

化合物 
瓜蚜 小菜蛾 A-549 Bel7402 HCT-8 

吡虫啉 100c — — — — 
氯虫苯甲酰胺 — 100d — — — 
5-氟尿嘧啶 — — 65.39e 51.82e 59.32e 

a化合物浓度为 600 mg•L－1; b化合物浓度为 5 mg•L－1; c吡虫啉浓度为 2 mg•L－1; d氯虫苯甲酰胺浓度为 0.2 mg•L－1; e 5-氟尿嘧啶浓度为 5 mg•L－1. 

表 4  化合物的离体杀菌活性(200 mg•L－1, %) 
Table 4  Fungicidal activities in vitro of compounds at a concentration of 200 mg•L－1 (%) 

化合物 
油菜菌 
核病 

黄瓜灰 
霉病 

水稻纹 
枯病 

马铃薯晚 
疫病 

黄瓜枯 
萎病 

花生褐 
斑病 

苹果轮 
纹病 

番茄早 
疫病 

小麦赤 
霉病 

辣椒疫 
霉病 

Q-01 30.0 34.8 51.7 33.3 38.9 37.5 36.6 27.8 23.1 25.0 
Q-02 23.3 21.7 24.1 16.7 16.7 12.5 26.8 16.7 34.6 29.2 
Q-03 13.3 21.7 55.2 16.7 16.7 18.8 43.9 22.2 34.6 25.0 
Q-05 46.7 21.7 44.8 25.0 22.2 18.8 12.2 16.7 38.5 33.3 
Q-06 46.7 21.7 41.4 16.7 27.8 25.0 12.2 22.2 30.8 16.7 
Q-07 23.3 26.1 65.5 25.0 33.3 25.0 31.7 16.7 34.6 12.5 
Q-09 26.7 26.1 37.9 25.0 33.3 25.0 24.4 16.7 30.8 20.8 
Q-10 30.0 30.4 41.4 12.5 33.3 25.0 48.8 16.7 46.2 20.8 
Q-13 30.0 21.7 37.9 25.0 11.1 25.0 12.2 22.2 26.9 33.3 
Q-18 30.0 21.7 41.4 12.5 11.1 12.5 12.2 22.2 46.2 12.5 
Q-19 43.3 30.4 44.8 12.5 27.8 18.8 36.6 11.1 38.5 16.7 
Q-20 30.0 13.0 41.4 12.5 16.7 12.5 48.8 11.1 34.6 20.8 
Q-21 43.3 30.4 41.4 12.5 27.8 18.8 41.5 16.7 19.2 20.8 
Q-22 13.3 21.7 34.5 12.5 16.7 25.0 31.7 22.2 34.6 16.7 
Q-23 13.3 17.4 10.3 29.2 22.2 12.5 43.9 11.1 19.2 16.7 
Q-24 26.7 30.4 44.8 25.0 33.3 43.8 12.2 44.4 38.5 29.2 
Q-25 13.3 17.4 27.6 12.5 22.2 25.0 34.1 22.2 26.9 20.8 
Q-27 30.0 30.4 27.6 25.0 38.9 37.5 46.3 33.3 42.3 12.5 
Q-29 13.3 26.1 55.2 25.0 11.1 12.5 26.8 11.1 30.8 20.8 
Q-30 46.7 30.4 41.4 12.5 11.1 12.5 43.9 11.1 34.6 20.8 
Q-31 36.7 21.7 44.8 16.7 16.7 18.8 14.6 22.2 38.5 25.0 

表 5  化合物的活体杀菌活性(200 mg•L－1, %) 
Table 5  Fungicidal activities in vivo of compounds at a concentration of 200 mg•L－1 (%) 

化合物 小麦白粉病 辣椒疫霉病 化合物 小麦白粉病 辣椒疫霉病 
Q-01 30.0 — Q-21 60.0 50.0 
Q-02 50.0 — Q-22 40.0 58.3 
Q-03 50.0 58.3 Q-23 40.0 41.7 
Q-05 50.0 — Q-24 99.0 37.5 
Q-06 75.0 16.7 Q-25 60.0 58.3 
Q-07 60.0 45.8 Q-27 90.0 50.0 
Q-09 70.0 35.0 Q-29 60.0 50.0 
Q-10 50.0 29.2 Q-30 70.0 33.3 
Q-13 30.0 — Q-31 80.0 — 
Q-18 60.0 37.5 苯醚甲环唑 99.0a — 
Q-19 — 58.3 烯酰吗啉 — 100b 
Q-20 55.0 50.0    

a 苯醚甲环唑浓度为 100 mg•L－1; b 烯酰吗啉浓度为 12.5 mg•L－1.

生物活性测试结果表明, 该系列化合物不具有抗癌

和杀虫活性, 但是大部分化合物在200 mg•L－1浓度下对

小麦白粉病具有较好的活体防效, 其中化合物 Q-24, 
Q-27 和 Q-31, 分别达到了 99%, 90%和 80%. 

从杀菌活性初筛结果分析, 化合物 8-位的甲基取代

(R1)能稍微增加化合物防治小麦白粉病的活性, 如化合

物 Q-23 与化合物 Q-27 相比较, 化合物 Q-23 的活性仅

为 40%, 而Q-27为 50%. R2位置的取代基为正丁基时活
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性最高, 如化合物 Q-20 与 Q-24 相比, R2基团仅由正丁

基变为正戊基时, 化合物活性从 99%降低至 55%; 将 R2

基团变换为环丙基或环己基取代时化合物活性亦有不

同程度的降低. 在 R3 基团的间位引入氟原子能提高化

合物活性, 而邻位或对位氟原子取代对活性没有贡献. 
如化合物 Q-29, Q-30 和 Q-31, 其中化合物活性最高的

是在苯环上间位引入氟原子的化合物 Q-31, 达到了

90%, 在苯环邻和对位引入氟原子时, Q-30与Q-29活性

分别仅为 70%与 60%. 

2  结论 

本文优化合成喹唑啉-4(3H)-酮类化合物的反应中, 
发现加入一定量常用干燥剂(无水硫酸钠、无水硫酸镁、

无水硫酸铜和无水氯化钙等)能够提高目标产物的生成, 
相关方法合成喹唑啉酮类化合物未见文献报道. 采用该

方法以取代靛红酸酐为起始原料, 合成了 2,3-二取代喹

唑啉-4(3H)-酮化合物 31 个, 仅有两个已报道化合物(但
均未报道生物活性数据), 其余均为新化合物. 化合物

均通过了核磁共振氢谱、核磁共振碳谱和高分辨质谱等

方法的结构表征. 
获得了 6-氯-3-苄氨基-2-新戊基-8-甲基喹唑啉- 

4(3H)-酮的晶体, 通过 X 衍射对该化合物的晶体结构进

行了检测, 解析的单晶结构数据对喹唑啉酮类化合物构

效关系研究及活性化合物设计具有重要的指导意义. 
对新化合物的杀虫、抗癌以及杀菌等生物活性进行

了测试, 发现大部分化合物在200 mg•L－1浓度下对小麦

白粉病具有一定的活体防效, 其中化合物Q-24, Q-27和
Q-31 的防效分别达到了 99%, 90%和 80%. 通过对化合

物杀菌活性的构效关系初步研究发现, 在化合物 R3 基

团苯基间位的氟原子对化合物杀菌活性有重要影响. 

3  实验部分 

3.1  仪器与试剂 

熔点测定仪: Stuart SMP-3 熔点测定仪(未校正); 核
磁共振仪: Bruker Avance DPX300, CDCl3或 DMSO-d6

为溶剂, TMS 为内标; LC-MS: Agilent G1956B (EI 源); 
HRMS:Agilent G1969A (EI 源). 所有试剂均为市售分析

纯, 从 Alfa-Asear, J&K 或北京偶合科技有限公司购买, 
无水三乙胺和无水四氢呋喃都是通过标准方法[19]进行

无水处理后使用, 其它试剂及溶剂使用前均未经进一步

纯化. 

3.2  化合物的合成 

3.2.1  苯并噁嗪酮中间体 M 的合成 

2-丁基-4H-苯并[d][1,3]噁嗪-4-酮的合成: 100 mL三

口圆底烧瓶中, 依次加入 5.0 g (30 mmol)靛红酸酐(1H-

苯并[d][1,3]噁嗪-2,4-二酮), 50 mL无水四氢呋喃和 9.3 g 
(90 mmol)无水三乙胺. 将反应液搅拌条件下冰浴降温

至 0 ℃, 在 30 min 内用注射泵将 4.4 g (36 mmol)正戊酰

氯缓慢注入反应瓶中, 然后室温搅拌反应 12 h. 反应完

毕后, 旋蒸除去大部分四氢呋喃和三乙胺, 残余油状物

用 50 mL 乙酸乙酯溶解, 水和饱和碳酸氢钠溶液分别洗

涤两次后(50 mL×2), 无水硫酸钠干燥, 蒸干溶剂得白

色固体 5.7 g, 产率 91%. m.p. 75.3～75.9 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.18 (dd, J＝7.9, 1.9 Hz, 1H, Ar-H), 
7.82～7.76 (m, 1H, Ar-H), 7.57～7.46 (m, 2H, Ar-H), 2.69 
(t, J＝7.9 Hz, 2H, CH2), 1.87～1.76 (m, 2H, CH2), 1.50～ 
1.42 (m, 2H, CH2), 0.97 (t, J＝7.4 Hz, CH3); EI-MS m/z 
(%): 203 (M＋, 100). 

中间体 2-戊基-4H-苯并[d][1,3]噁嗪-4-酮, 2-丁基-8-
甲基-4H-苯并[d][1,3]噁嗪-4-酮及 2-环丙基-4H-苯并

[d][1,3]噁嗪-4-酮合成步骤和后处理方法均与 2-丁基- 
4H-苯并[d][1,3]噁嗪-4-酮相同, 相关数据如下: 

2-戊基-4H-苯并[d][1,3]噁嗪-4-酮: 白色固体, 产率

90%. m.p. 76.7～78.3 ℃; 1H NMR (300 MHz, CDCl3) δ: 
8.18 (dd, J＝7.9, 1.9 Hz, 1H, Ar-H), 7.82～7.76 (m, 1H, 
Ar-H), 7.58～7.46 (m, 2H, Ar-H), 2.69 (t, J＝7.5 Hz, 2H, 
CH2), 1.89～1.85 (m, 2H, CH2), 1.44～1.34 (m, 4H, CH2), 
0.95～0.89 (m, 3H, CH3); EI-MS m/z (%): 217 (M＋, 100). 

2-丁基-8-甲基-4H-苯并[d][1,3]噁嗪-4-酮: 白色固

体, 产率 95%. m.p. 97.3～99.1 ℃; 1H NMR (300 MHz, 
CDCl3) δ: 8.03 (dd, J＝7.9, 0.9 Hz, 1H, Ar-H), 7.63 (dd,  
J＝7.9, 0.9 Hz, 1H, Ar-H), 7.40～7.33 (m, 2H, Ar-H), 2.69 
(t, J＝7.8 Hz, 2H, CH2), 2.54 (s, 3H, Ar-CH3), 1.87～1.77 
(m, 2H, CH2), 1.53～1.40 (m, 2H, CH2), 0.97 (t, J＝7.3 
Hz, 3H, CH3); EI-MS m/z (%): 217 (M＋, 100). 

2-环丙基-4H-苯并[d][1,3]噁嗪-4-酮: 淡黄色粉末,
产率 81%. m.p. 102.1～104.0 ℃; 1H NMR (300 MHz, 
CDCl3) δ: 8.17～8.13 (m, 1H, Ar-H), 7.77～7.73 (m, 1H, 
Ar-H), 7.52～7.41 (m, 2H, Ar-H), 2.00～1.93 (m, 1H, 
CH), 1.33～1.26 (m, 2H, CH2), 1.14～1.11 (m, 2H, CH2); 
EI-MS m/z (%): 187 (M＋, 100). 
3.2.2  目标化合物 Q 的合成 

以2-丁基-3-(吡啶-2-基甲基)喹唑啉-4(3H)-酮(Q-01)
的合成为例: 

25 mL 圆底烧瓶中, 依次加入 0.20 g (1 mmol)中间

体 2-丁基-4H-苯并[d][1,3]噁嗪-4-酮, 0.072 g (0.6 mmol)
无水硫酸镁和 10 mL 无水四氢呋喃. 搅拌下加入 0.13 g 
(1.2 mmol) 2-氨甲基吡啶, 加热搅拌回流反应 8 h. TLC
监测反应完毕后, 用装有 2 cm硅胶层的漏斗过滤, 四氢

呋喃洗涤硅胶层, 收集滤液加入石油醚结晶, 过滤得 2-
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丁基-3-(吡啶-2-基甲基)喹唑啉-4(3H)-酮(Q-01): 白色粉

末 0.25 g, 收率 87%. m.p. 112.2～112.7 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.57 (br, 2H, ArH), 8.33～8.24 (m, 
1H, ArH), 7.83～7.70 (m, 1H, ArH), 7.66 (dd, J＝8.2, 1.2 
Hz, 1H, ArH), 7.58～7.50 (m, 1H, ArH), 7.50～7.41 (m, 
1H, ArH), 7.32～7.14 (m, 1H, ArH), 5.41 (s, 2H, CH2), 
2.83～2.67 (m, 2H, CH2), 1.86～1.71 (m, 2H, CH2), 
1.50～1.34 (m, 2H, CH2), 0.93 (t, J＝7.3 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ: 162.30, 156.41, 148.92, 
148.11, 147.10, 134.24, 132.00, 126.90, 126.72, 126.38, 
123.58, 120.01, 44.04, 34.71, 28.96, 22.18, 13.59. HRMS 
(EI) calcd for C18H20N3O [M＋H] ＋  294.1606, found 
294.1608. 

目标化合物 Q-02～Q-31 反应步骤和后处理方法与

Q-01 相似, 理化数据如下: 
2-丁基-3-(4-氯苄基)喹唑啉-4(3H)-酮(Q-02): 白色

粉末, 收率 90%. m.p. 96.3～97.6 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.36～8.24 (m, 1H, ArH), 7.82～7.62 (m, 
2H, ArH), 7.51～7.42 (m, 1H, ArH), 7.36～7.27 (m, 2H, 
ArH), 7.18～7.09 (m, 2H, ArH), 5.37 (s, 2H, CH2), 2.85～
2.60 (m, 2H, CH2), 1.85～1.68 (m, 2H, CH2), 1.46～1.33 
(m, 2H, CH2), 0.92 (t, J＝7.3 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 162.47, 157.09, 147.22, 134.78, 134.43, 
133.53, 129.08, 127.85, 127.03, 126.96, 126.56, 120.23, 
45.90, 34.89, 29.31, 22.43, 13.76. HRMS (EI) calcd for 
C19H20ClN2O [M＋H]＋ 327.1264, found 327.1262. 

3-(3-溴苄基)-2-丁基喹唑啉-4(3H)-酮(Q-03): 白色

晶体, 收率 91%. m.p. 99.5～100.3 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.37～8.20 (m, 1H, ArH), 7.77～7.64 (m, 
2H, ArH), 7.47～7.37 (m, 2H, ArH), 7.33 (d, J＝1.4 Hz, 
1H, ArH), 7.21～7.15 (m, 1H, ArH), 7.11～7.06 (m, 1H, 
ArH), 5.37 (s, 2H), 2.78～2.65 (m, 2H, CH2), 1.82～1.69 
(m, 2H, CH2), 1.45～1.32 (m, 2H, CH2), 0.91 (t, J＝7.3 
Hz, 3H, CH3). HRMS (EI) calcd for C19H20BrN2O [M＋H]＋ 

371.0759, found 371.0758. 
3-(4-溴苄基)-2-丁基喹唑啉-4(3H)-酮(Q-04): 白色

粉末, 收率 83%. m.p. 105.3～105.8 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.36～8.23 (m, 1H, ArH), 7.82～7.62 (m, 
2H, ArH), 7.52～7.39 (m, 3H, ArH), 7.15～6.98 (m, 2H, 
ArH), 5.34 (s, 2H, CH2), 2.82～2.62 (m, 2H, CH2), 1.86～
1.66 (m, 2H, CH2), 1.48～1.33 (m, 2H, CH2), 0.92 (t, J＝
7.3 Hz, 3H, CH3); 13C NMR (75 MHz, CDCl3) δ: 162.41, 
156.96, 147.22, 135.29, 134.35, 131.96, 128.12, 126.95, 
126.48, 121.48, 120.18, 77.42, 77.00, 76.58, 45.88, 34.85, 
29.21, 22.37, 13.73. HRMS (EI) calcd for C19H20BrN2O 

[M＋H]＋ 371.0759, found 371.0755. 
2-丁基-3-(4-甲基苄基)喹唑啉-4(3H)-酮(Q-05): 白

色粉末, 收率 88%. m.p. 113.1～114.1 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.34～8.27 (m, 1H, ArH), 7.76～7.63 (m, 
2H, ArH), 7.48～7.40 (m, 1H, ArH), 7.16～7.04 (m, 4H, 
ArH), 5.37 (s, 2H, CH2), 2.80～2.70 (m, 2H, CH2), 2.30 (s, 
3H, CH3), 1.81～1.68 (m, 2H), 1.46～1.32 (m, 2H, CH2), 
0.91 (t, J＝7.3 Hz, 3H, CH3). HRMS (EI) calcd for 
C20H23N2O [M＋H]＋ 307.1810, found 307.1811. 

2-丁基-3-(2-甲基苄基)喹唑啉-4(3H)-酮(Q-06): 白
色粉末, 收率 81%. m.p. 94.8～95.8 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.34～8.26 (m, 1H, ArH), 7.80～7.65 (m, 
2H, ArH), 7.50～7.42 (m, 1H, ArH), 7.24～7.12 (m, 2H, 
ArH), 7.12～7.02 (m, 1H, ArH), 6.72～6.58 (m, 1H, ArH), 
5.35 (s, 2H, CH2), 2.76～2.56 (m, 2H, CH2), 2.43 (s, 3H, 
CH3), 1.86～1.69 (m, 2H, CH2), 1.44～1.28 (m, 2H, CH2), 
0.90 (t, J＝7.3 Hz, 3H, CH3); 13C NMR (75 MHz, CDCl3) 
δ: 161.52, 160.73, 145.96, 138.51, 134.80, 134.54, 131.91, 
130.09, 128.82, 127.86, 126.55, 126.15, 124.45, 121.15, 
45.56, 42.43, 31.41, 25.90, 25.47. HRMS (EI) calcd for 
C20H23N2O [M＋H]＋ 307.1810, found 307.1813. 

2-丁基-3-(3-甲氧基苄基)喹唑啉-4(3H)-酮(Q-07): 
白色粉末, 收率 83%. m.p. 74.7～75.8 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.30 (dd, J＝8.0, 1.5 Hz, 1H, ArH), 
7.76～7.64 (m, 2H, ArH), 7.48～7.40 (m, 1H, ArH), 
7.27～7.19 (m, 1H, ArH), 6.83～6.70 (m, 3H, ArH), 5.38 
(s, 2H, CH2), 3.75 (s, 3H, CH3), 2.81～2.68 (m, 2H, CH2), 
1.85～1.66 (m, 2H, CH2), 1.47～1.32 (m, 2H, CH2), 0.91 
(t, J＝7.3 Hz, 3H, CH3). HRMS (EI) calcd for C20H23N2O2 

[M＋H]＋ 23.1760, found 323.1759. 
2-丁基-3-(4-甲氧基苄基)喹唑啉-4(3H)-酮(Q-08): 

白色固体, 收率 82%. m.p. 102.4～105.1 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.44～8.24 (m, 1H, ArH), 7.76～
7.62 (m, 2H, ArH), 7.47～7.40 (m, 1H, ArH), 7.19～7.10 
(m, 2H, ArH), 6.87～6.80 (m, 2H, ArH), 5.34 (s, 2H, 
CH2), 3.75 (s, 3H, CH3), 2.86～2.71 (m, 2H, CH2), 1.89～
1.66 (m, 2H, CH2), 1.52～1.31 (m, 2H, CH2), 0.92 (t, J＝
7.3 Hz, 3H, CH3). HRMS (EI) calcd for C20H23N2O2 [M＋

H]＋ 323.1760, found 323.1762. 
3-苄基-2-丁基喹唑啉-4(3H)-酮(Q-09): 白色固体, 

收率 79%. m.p. 81.4～82.2 ℃; 1H NMR (300 MHz, 
CDCl3) δ: 8.44～8.19 (m, 1H, ArH), 7.79～7.64 (m, 2H, 
ArH), 7.50～7.41 (m, 1H, ArH), 7.37～7.25 (m, 3H, ArH), 
7.22～7.12 (m, 2H, ArH), 5.42 (s, 2H, CH2), 2.84～2.64 
(m, 2H, CH2), 1.84～1.67 (m, 2H, CH2), 1.48～1.30 (m, 
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2H, CH2), 0.91 (t, J＝7.3 Hz, 3H, CH3). HRMS (EI) calcd 
for C19H21N2O [M＋H]＋ 293.1654, found 393.1653. 

2-丁基-3-(4-(叔丁基)苄基)喹唑啉-4(3H)-酮(Q-10):
白色粉末, 收率 89%. m.p. 87.7～88.5 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.44～8.13 (m, 1H, ArH), 7.82～7.62 (m, 
2H, ArH), 7.50～7.40 (m, 1H, ArH), 7.39～7.29 (m, 2H, 
ArH), 7.17～7.06 (m, 2H, ArH), 5.38 (s, 2H, CH2), 2.94～
2.62 (m, 2H, CH2), 1.84～1.65 (m, 2H, CH2), 1.46～1.36 
(m, 2H, CH2), 1.28 (s, 9H, CH3), 0.91 (t, J＝7.3 Hz, 3H, 
CH3); 13C NMR (75 MHz, CDCl3) δ: 162.49, 157.68, 
150.60, 147.20, 134.25, 133.14, 127.06, 126.77, 126.38, 
126.20, 125.78, 120.34, 46.21, 34.95, 34.46, 31.25, 29.52, 
22.45, 13.76. HRMS (EI) calcd for C23H29N2O [M＋H]＋ 
349.2280, found 349.2284. 

2-丁基-3-(吡啶-3-基甲基)喹唑啉-4(3H)-酮(Q-11):
淡黄色粉末, 收率 77%. m.p. 100.8～101.4 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.62～8.47 (m, 1H, ArH), 8.36～
8.21 (m, 1H, ArH), 7.82～7.56 (m, 3H, ArH), 7.49～7.39 
(m, 1H, ArH), 7.28～7.13 (m, 2H, ArH), 5.50 (s, 2H, 
CH2), 3.01～2.71 (m, 2H, CH2), 1.88～1.67 (m, 2H, CH2), 
1.54～1.32 (m, 2H, CH2), 0.92 (t, J＝7.3 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ: 162.42, 157.66, 155.85, 
149.41, 147.36, 136.84, 134.20, 126.90, 126.86, 126.26, 
122.53, 121.51, 120.25, 48.24, 35.02, 29.27, 22.36, 13.74. 
HRMS (EI) calcd for C18H20N3O [M＋H]＋  294.1606, 
found 294.1605. 

2-环丙基-3-(4-氟苄基)喹唑啉-4(3H)-酮(Q-12): 白
色粉末, 收率 86%. m.p. 108.7～109.1 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.37～8.21 (m, 1H, ArH), 7.78～7.66 (m, 
1H, ArH), 7.65～7.53 (m, 1H, ArH), 7.50～7.36 (m, 1H, 
ArH), 7.30～7.18 (m, 2H, ArH), 7.07～6.97 (m, 2H, ArH), 
5.50 (s, 2H), 1.90 (tt, J＝8.1, 4.9 Hz, 1H, CH), 1.33～1.15 
(m, 2H, CH2), 1.03～0.86 (m, 2H, CH2); 13C NMR (75 
MHz, CDCl3) δ: 163.77, 162.58, 160.50, 157.59, 147.56, 
134.25, 132.31, 132.27, 128.33, 128.23, 126.98, 126.96, 
126.15, 120.26, 115.90, 115.61, 45.87, 14.31, 8.92; HRMS 
(EI) calcd for C18H16FN2O [M＋H]＋  295.1247, found 
295.1247. 

2-环丙基-3-(4-甲氧基苄基)喹唑啉-4(3H)-酮(Q-13):
白色粉末, 收率 78%. m.p. 106.2～108.2 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.35～8.22 (m, 1H, ArH), 7.74～
7.64 (m, 1H, ArH), 7.61～7.53 (m, 1H, ArH), 7.45～7.36 
(m, 1H, ArH), 7.24～7.15 (m, 2H, ArH), 6.90～6.80 (m, 
2H, ArH), 5.52 (s, 2H, CH2), 3.77 (s, 3H, CH3), 1.97 (tt,  
J＝8.1, 4.9 Hz, 1H, CH), 1.28～1.19 (m, 2H, CH2), 1.01～

0.90 (m, 2H, CH2); 13C NMR (75 MHz, CDCl3) δ: 162.59, 
158.96, 157.84, 147.57, 134.06, 128.59, 127.88, 126.95, 
126.87, 125.96, 120.34, 114.22, 55.23, 45.96, 14.29, 8.86. 
HRMS (EI) calcd for C19H19N2O2 [M＋H]＋  307.1447, 
found 307.1444. 

3-(4-氯苄基)-2-环丙基喹唑啉-4(3H)-酮(Q-14): 白
色粉末, 收率 83%. m.p. 91.3～91.9 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.34～8.20 (m, 1H, ArH), 7.81～7.63 (m, 
1H, ArH), 7.60～7.53 (m, 1H, ArH), 7.47～7.37 (m, 1H, 
ArH), 7.33～7.24 (m, 2H, ArH), 7.24～7.12 (m, 2H), 5.54 
(s, 2H, CH2), 1.86 (tt, J＝8.1, 4.9 Hz, 1H, CH), 1.27～1.21 
(m, 2H, CH2), 1.01～0.90 (m, 2H, CH2); 13C NMR (75 
MHz, CDCl3) δ: 162.47, 157.47, 147.49, 135.03, 134.23, 
133.32, 128.96, 127.88, 126.93, 126.92, 126.12, 120.16, 
45.87, 14.26, 8.93. HRMS (EI) calcd for C18H16ClN2O  
[M＋H]＋ 311.0951, found 311.095. 

3-(4-溴苄基)-2-环丙基喹唑啉-4(3H)-酮(Q-15): 白
色粉末, 收率 81%. m.p. 106.1～107.2 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.44～8.09 (m, 1H, ArH), 7.79～7.64 (m, 
1H, ArH), 7.64～7.53 (m, 1H, ArH), 7.50～7.36 (m, 3H, 
ArH), 7.18～7.07 (m, 2H, ArH), 5.52 (s, 2H, CH2), 1.86 
(tt, J＝8.1, 4.9 Hz, 1H, CH), 1.28～1.19 (m, 2H, CH2), 
1.01～0.91 (m, 2H, CH2); 13C NMR (75 MHz, CDCl3) δ: 
162.43, 157.43, 147.47, 135.55, 134.20, 131.88, 128.20, 
126.91, 126.89, 126.10, 121.34, 120.13, 45.91, 14.23, 8.93. 
HRMS (EI) calcd for C18H16BrN2O [M＋H]＋ 355.0446, 
found 355.0445. 

3-[4-(叔丁基 )苄基 ]-2-环丙基喹唑啉 -4(3H)-酮
(Q-16): 白色粉末, 收率 92%. m.p. 85.7～86.2 ℃; 1H 
NMR (300 MHz, CDCl3) δ: 8.36～8.19 (m, 1H, ArH), 
7.76～7.64 (m, 1H, ArH), 7.64～7.53 (m, 1H, ArH), 
7.46～7.29 (m, 3H, ArH), 7.23～7.12 (m, 2H, ArH), 5.56 
(s, 2H, CH2), 1.97 (tt, J＝8.1, 4.9 Hz, 1H, CH), 1.30 (s, 
9H, CH3), 1.27～1.21 (m, 2H, CH2), 1.03～0.92 (m, 2H, 
CH2); 13C NMR (75 MHz, CDCl3) δ: 162.59, 157.90, 
150.45, 147.63, 134.08, 133.42, 127.00, 126.91, 126.22, 
126.00, 125.74, 120.39, 46.24, 34.47, 31.28, 14.37, 8.82. 
HRMS (EI) calcd for C22H25N2O [M＋H]＋  333.1967, 
found 333.1958. 

2-环丙基-3-(2-氟苄基)喹唑啉-4(3H)-酮(Q-17): 白
色粉末, 收率 84%. m.p. 91.3～92.2 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.38～8.14 (m, 1H), 7.77～7.64 (m, 1H, 
ArH), 7.64～7.49 (m, 1H, ArH), 7.47～7.36 (m, 1H, ArH), 
7.29～7.16 (m, 1H, ArH), 7.12～6.99 (m, 3H, ArH), 5.64 
(s, 2H, CH2), 1.88 (tt, J＝8.1, 4.9 Hz, 1H, CH), 1.25～1.15 
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(m, 2H, CH2), 1.00～0.89 (m, 2H, CH2); 13C NMR (75 
MHz, CDCl3) δ: 162.52, 161.64, 158.38, 157.54, 147.48, 
134.13, 129.08, 128.97, 127.84, 127.80, 126.87, 126.02, 
124.53, 124.48, 123.68, 123.49, 120.11, 115.41, 115.13, 
77.42, 77.00, 76.58, 40.13, 40.06, 13.97, 13.95, 8.79. 
HRMS (EI) calcd for C18H16FN2O [M＋H]＋ 295.1247, 
found 295.1246. 

3-(3-氯苄基)-2-戊基喹唑啉-4(3H)-酮(Q-18): 白色

固体, 产率 75.19%. m.p. 86.7～88.1 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.39～8.20 (m, 1H, ArH), 7.76～7.61 (m, 
2H, ArH), 7.49～7.36 (m, 1H, ArH), 7.23～7.11 (m, 2H, 
ArH), 7.04～6.94 (m, 2H, ArH), 5.36 (s, 2H, CH2), 2.82～
2.63 (m, 2H, CH2), 1.88～1.62 (m, 2H, CH2), 1.46～1.21 
(m, 4H, CH2), 0.88 (t, J＝7.0 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 162.16, 156.71, 147.13, 138.23, 134.63, 
134.12, 129.94, 127.61, 126.84, 126.77, 126.35, 126.24, 
124.34, 120.02, 45.67, 34.85, 31.17, 26.59, 22.16, 13.71. 
HRMS (EI) calcd for C20H22ClN2O [M＋H]＋ 341.1421, 
found 341.1411. 

3-(4-氟苄基)-2-戊基喹唑啉-4(3H)-酮(Q-19): 白色

固体, 收率 81%. m.p. 96.7～97.9 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.36～8.21 (m, 1H, ArH), 7.79～7.60 (m, 
2H, ArH), 7.48～7.35 (m, 1H, ArH), 7.25～7.15 (m, 3H, 
ArH), 7.10～6.99 (m, 1H, ArH), 5.36 (s, 2H, CH2), 2.79～
2.59 (m, 2H, CH2), 1.90～1.63 (m, 2H, CH2), 1.39～1.24 
(m, 4H, CH2), 0.87 (t, J＝7.1 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 163.56, 162.28, 160.30, 156.86, 147.18, 
134.07, 131.96, 131.92, 128.11, 128.00, 126.82, 126.75, 
126.20, 120.11, 115.71, 115.42, 45.57, 34.89, 31.24, 26.63, 
22.17, 13.71; HRMS (EI) calcd for C20H22FN2O [M＋H]＋ 

325.1716, found 325.1718. 
3-(3-氟苄基)-2-戊基喹唑啉-4(3H)-酮(Q-20): 白色

固体, 收率 89%. m.p. 100.2～101.2 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.38～8.23 (m, 1H, ArH), 7.79～7.60 (m, 
2H, ArH), 7.51～7.39 (m, 1H, ArH), 7.33～7.18 (m, 1H, 
ArH), 7.02～6.84 (m, 3H, ArH), 5.39 (s, 2H, CH2), 2.79～
2.65 (m, 2H, CH2), 1.87～1.69 (m, 2H, CH2), 1.41～1.22 
(m, 4H, CH2), 0.87 (t, J＝7.1 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 164.59, 162.25, 161.32, 156.83, 147.19, 
138.83, 138.73, 134.18, 130.38, 130.27, 126.88, 126.82, 
126.30, 121.80, 121.77, 120.07, 114.54, 114.26, 113.47, 
113.17, 45.78, 45.75, 34.90, 31.24, 26.66, 22.19, 13.73. 
HRMS (EI) calcd for C20H22FN2O [M＋H]＋ 325.1716, 
found 325.1718. 

3-(2-氟苄基)-2-戊基喹唑啉-4(3H)-酮(Q-21): 白色

固体, 收率 88%. m.p. 82.3～84.6 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.37～8.22 (m, 1H, ArH), 7.83～7.61 (m, 
2H, ArH), 7.49～7.36 (m, 1H, ArH), 7.27～7.18 (m, 1H, 
ArH), 7.13～6.93 (m, 3H, ArH), 5.45 (s, 2H, CH2), 2.88～
2.62 (m, 2H, CH2), 1.93～1.62 (m, 2H, CH2), 1.45～1.21 
(m, 4H, CH2), 0.87 (t, J＝7.0 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 162.41, 161.55, 158.29, 157.00, 147.24, 
134.14, 129.12, 129.01, 127.74, 127.69, 126.86, 126.82, 
126.25, 124.49, 124.44, 123.39, 123.21, 120.10, 115.41, 
115.13, 40.04, 39.97, 34.73, 31.24, 26.78, 22.17, 13.74. 
HRMS (EI) calcd for C20H22FN2O [M＋H]＋ 325.1716, 
found 325.1717. 

2-丁基-3-(3-氯苄基)喹唑啉-4(3H)-酮(Q-22): 白色

固体, 收率 71%. m.p. 96.9～98.0 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.39～8.21 (m, 1H), 7.74～7.60 (m, 2H, 
ArH), 7.45～7.32 (m, 1H, ArH), 7.26～7.21 (m, 2H, ArH), 
7.18～7.11 (m, 1H, ArH), 7.10～6.99 (m, 1H, ArH), 5.37 
(s, 2H, CH2), 2.79～2.64 (m, 2H, CH2), 1.86～1.67 (m, 
2H, CH2), 1.52～1.26 (m, 2H, CH2), 0.91 (t, J＝7.3 Hz, 
3H, CH3); 13C NMR (75 MHz, CDCl3) δ: 162.27, 156.81, 
147.19, 138.26, 134.74, 134.24, 130.04, 127.72, 126.90, 
126.87, 126.42, 126.37, 124.40, 120.09, 45.76, 34.72, 
29.08, 22.24, 13.64. HRMS (EI) calcd for C19H20ClN2O 
[M＋H]＋ 327.1264, found 327.1265. 

2-丁基-3-(4-氟苄基)喹唑啉-4(3H)-酮(Q-23): 白色

固体, 收率 83%. m.p. 106.5～108.4 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.37～8.21 (m, 1H, ArH), 7.80～7.59 (m, 
2H, ArH), 7.49～7.39 (m, 1H, ArH), 7.21～7.10 (m, 2H, 
ArH), 7.07～6.92 (m, 2H, ArH), 5.36 (s, 2H, CH2), 2.84～
2.61 (m, 2H, CH2), 1.86～1.66 (m, 2H, CH2), 1.49～1.29 
(m, 2H, CH2), 0.91 (t, J＝7.3 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 163.63, 162.36, 160.37, 156.93, 147.23, 
134.16, 131.99, 131.95, 128.15, 128.05, 126.87, 126.83, 
126.29, 120.17, 115.78, 115.50, 45.64, 34.72, 29.08, 22.26, 
13.63. HRMS (EI) calcd for C19H20FN2O [M ＋ H] ＋ 

311.1560, found 311.1561. 
2-丁基-3-(3-氟苄基)喹唑啉-4(3H)-酮(Q-24): 白色

固体, 收率 91%. m.p. 80.7～82.5 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.35～8.24 (m, 1H, ArH), 7.79～7.59 (m, 
2H, ArH), 7.50～7.38 (m, 1H, ArH), 7.34～7.20 (m, 1H, 
ArH), 7.01～6.84 (m, 3H, ArH), 5.39 (s, 2H, CH2), 2.72～
2.59 (m, 2H, CH2), 1.84～1.68 (m, 2H, CH2), 1.51～1.30 
(m, 2H, CH2), 0.90 (t, J＝7.3 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 164.59, 162.25, 161.31, 156.80, 147.20, 
138.83, 138.73, 134.17, 130.38, 130.27, 126.88, 126.82, 
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126.30, 121.80, 121.76, 120.07, 114.53, 114.25, 113.46, 
113.16, 45.77, 45.74, 34.64, 29.01, 22.20, 14.00, 13.58. 
HRMS (EI) calcd for C19H20FN2O [M＋H]＋ 311.1560, 
found 311.1559. 

2-丁基-3-(2-氟苄基)喹唑啉-4(3H)-酮(Q-25): 白色

粉末, 收率 87%. m.p. 85.6～87.2 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.31～8.27 (m, 1H, ArH), 7.73～7.67 (m, 
2H, ArH), 7.46～7.43 (m, 1H, ArH), 7.12～7.10 (m, 1H, 
ArH), 7.08～6.99 (m, 3H, ArH), 5.46 (s, 2H, CH2), 2.73～
2.60 (m, 2H, CH2), 1.81～1.69 (m, 2H, CH2), 1.44～1.38 
(m, 2H, CH2), 0.91 (t, J＝7.3 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 162.48, 161.59, 158.34, 157.05, 147.27, 
134.21, 129.18, 129.07, 127.77, 127.72, 126.90, 126.87, 
126.32, 124.54, 124.49, 123.42, 123.23, 120.14, 115.46, 
115.18, 40.09, 40.02, 34.54, 29.21, 22.26, 13.60. HRMS 
(EI) calcd for C19H20FN2O [M＋H]＋  311.1560, found 
311.1559. 

2-丁基-3-(3-氯苄基)-8-甲基喹唑啉-4(3H)-酮(Q-26):
白色固体, 收率 82%. m.p. 88.1～88.9 ℃; 1H NMR (300 
MHz, DMSO-d6) δ: 8.22～8.06 (m, 1H, ArH), 7.59～7.46 
(m, 1H, ArH), 7.39～7.30 (m, 1H, ArH), 7.26～7.21 (m, 
2H, ArH), 7.19～7.14 (m, 1H, ArH), 7.09～7.00 (m, 1H, 
ArH), 5.36 (s, 2H, CH2), 2.79～2.64 (m, 2H, CH2), 2.61 (s, 
3H, CH3), 1.90～1.73 (m, 2H, CH2), 1.52～1.32 (m, 2H, 
CH2), 0.92 (t, J＝7.3 Hz, 3H, CH3); 13C NMR (75 MHz, 
CDCl3) δ: 162.86, 155.03, 145.79, 138.47, 135.72, 134.84, 
134.83, 130.11, 127.78, 126.54, 126.02, 124.61, 124.54, 
120.12, 45.68, 34.47, 28.52, 22.15, 17.06, 13.83. HRMS 
(EI) calcd for C20H22ClN2O [M＋H]＋  341.1421, found 
341.1422. 

2-丁基-3-(4-氟苄基)-8-甲基喹唑啉-4(3H)-酮(Q-27):
白色固体, 收率 82%. m.p. 89.0～92.0 ℃; 1H NMR (300 
MHz, DMSO-d6) δ: 8.23～8.07 (m, 1H, ArH), 7.65～7.51 
(m, 1H, ArH), 7.38～7.28 (m, 1H, ArH), 7.22～7.12 (m, 
2H, ArH), 7.06～6.94 (m, 2H, ArH), 5.35 (s, 2H, CH2), 
2.79～2.65 (m, 2H, CH2), 2.60 (s, 3H, CH3), 1.88～1.74 
(m, 2H, CH2), 1.51～1.33 (m, 2H, CH2), 0.92 (t, J＝7.3 
Hz, 3H, CH3); 13C NMR (75 MHz, CDCl3) δ: 163.74, 
162.93, 160.47, 155.16, 145.80, 135.67, 134.74, 132.18, 
132.14, 128.28, 128.18, 125.95, 124.56, 120.19, 115.86, 
115.58, 45.55, 34.46, 28.51, 22.17, 17.04, 13.82. HRMS 
(EI) calcd for C20H22FN2O [M＋H]＋  325.1716, found 
325.1715. 

2-丁基-3-(3-氟苄基)-8-甲基喹唑啉-4(3H)-酮(Q-28):
白色固体, 收率 78%. m.p. 83.5～84.9 ℃; 1H NMR (300 

MHz, DMSO-d6) δ: 8.24～8.05 (m, 1H, ArH), 7.59～7.43 
(m, 1H, ArH), 7.39～7.22 (m, 2H, ArH), 7.09～6.74 (m, 
3H, ArH), 5.38 (s, 2H, CH2), 2.78～2.66 (m, 2H, CH2), 
2.61 (s, 3H, CH3), 1.91～1.71 (m, 2H, CH2), 1.52～1.30 
(m, 2H, CH2), 0.92 (t, J＝7.3 Hz, 3H, CH3); 13C NMR (75 
MHz, CDCl3) δ: 164.76, 162.86, 161.48, 155.07, 145.80, 
139.04, 138.95, 135.71, 134.81, 130.48, 130.37, 126.00, 
124.60, 121.97, 121.93, 120.13, 114.62, 114.34, 113.61, 
113.31, 77.42, 77.00, 76.58, 45.73, 45.70, 34.43, 28.50, 
22.15, 17.05, 13.81. HRMS (EI) calcd for C20H22FN2O  
[M＋H]＋ 325.1716, found 325.1719. 

6-氯-2-环己基-3-(4-氟苄基)喹唑啉-4(3H)-酮(Q-29):
白色固体, 收率 80%. m.p. 126.0～127.4 ℃; 1H NMR 
(300 MHz, CDCl3) δ: 8.24 (d, J＝2.3 Hz, 1H, ArH), 
7.71～7.53 (m, 2H, ArH), 7.24～7.10 (m, 2H, ArH), 
7.09～6.93 (m, 2H, ArH), 5.38 (s, 2H, CH2), 2.91～2.57 
(m, 1H, CH), 1.91～1.58 (m, 7H, CH2), 1.41～1.07 (m, 
3H, CH2); 13C NMR (75 MHz, CDCl3) δ: 163.76, 161.69, 
160.91, 160.49, 146.03, 134.56, 132.30, 132.26, 131.93, 
128.83, 128.25, 128.14, 126.19, 121.26, 115.95, 115.67, 
45.51, 42.47, 31.45, 26.01, 25.52. HRMS (EI) calcd for 
C21H21ClFN2O [M＋H]＋ 371.1326, found 371.1322. 

6-氯-2-环己基-3-(2-氟苄基)喹唑啉-4(3H)-酮(Q-30):
白色固体, 收率 72%. m.p. 122.1～123.6 ℃; 1H NMR 
(300 MHz, DMSO-d6) δ: 8.26～8.11 (m, 1H, ArH), 7.72～
7.52 (m, 2H, ArH), 7.31～7.20 (m, 1H, ArH), 7.17～6.91 
(m, 3H, ArH), 5.47 (s, 2H, CH2), 2.81～2.58 (m, 1H, CH), 
1.88～1.60 (m, 7H, CH2), 1.39～1.10 (m, 3H, CH2); 13C 
NMR (75 MHz, CDCl3) δ: 161.75, 161.52, 160.92, 158.26, 
146.02, 134.52, 131.89, 129.37, 129.27, 128.81, 128.01, 
127.96, 126.16, 124.63, 124.58, 123.69, 123.50, 121.19, 
115.56, 115.28, 42.14, 42.13, 39.76, 39.69, 31.48, 25.89, 
25.55. HRMS (EI) calcd for C21H21ClFN2O [M＋H]＋ 

371.1326, found 371.1322. 
6-氯-2-环己基-3-(3-氟苄基)喹唑啉-4(3H)-酮(Q-31):

白色固体, 收率 78%. m.p. 98.2～99.4 ℃; 1H NMR (300 
MHz, CDCl3) δ: 8.25～8.11 (m, 1H, ArH), 7.70～7.52 (m, 
2H, ArH), 7.37～7.23 (m, 1H, ArH), 7.03～6.92 (m, 2H, 
ArH), 6.91～6.84 (m, 1H, ArH), 5.41 (s, 2H, CH2), 2.75～
2.63 (m, 1H, CH), 1.94～1.61 (m, 7H, CH2), 1.40～1.09 
(m, 3H, CH2); 13C NMR (75 MHz, CDCl3) δ: 164.64, 
161.53, 161.36, 160.77, 145.97, 139.08, 138.99, 134.52, 
131.89, 130.49, 130.38, 128.81, 126.13, 121.88, 121.84, 
121.15, 114.73, 114.45, 113.55, 113.25, 45.62, 45.60, 
42.41, 31.40, 25.91, 25.47. HRMS (EI) calcd for C21H21Cl- 
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FN2O [M＋H]＋371.1326, found 371.1318. 
6-氯-3-苄氨基-2-新戊基-8-甲基喹唑啉-4(3H)-酮: 

m.p. 127.3～127.9 ℃; 1H NMR (300 MHz, CDCl3) δ: 
7.65 (d, J＝2.3 Hz, 1H, Ar-H), 7.49～7.43 (m, 1H, Ar-H), 
7.40～7.22 (m, 3H, Ar-H), 7.21～7.15 (m, 1H, Ar-H), 
7.15～7.08 (m, 1H, Ar-H), 5.52 (s, 1H, NH), 3.85 (s, 2H, 
Ar-CH2), 2.20 (s, 3H, Ar-CH3), 2.09 (s, 2H, CH2C), 1.03 
[s, 9H, C(CH3)3]. HRMS (EI) calcd for C21H25ClN3O,    
[M＋H]＋ 370.1686, found 370.1688. 

3.3  生物活性测试 

试虫包括: 小菜蛾(Plutella xylostella Linnaeus)、棉

蚜(Aphis gossypii Glover). 
抗肿瘤测试细胞包括: 人肺癌细胞(A549 细胞)、人

肝癌细胞(Bel7402 细胞)、人结肠腺癌细胞(HCT-8 细胞). 
离体杀菌活性测试菌种包括: 黄瓜枯萎病原黄瓜尖

镰孢菌(Fusarium oxysporum sp. cucmrium)、花生褐斑病 
原落花生尾孢(Cercospora arachidicola)、苹果轮纹病原

菌(Botryospuaeria berengeriana)、番茄早疫病原茄链格

孢菌(Alternaria tenuis Nees)、小麦赤霉病原和谷镰刀菌

(Fusarium graminearum) 、 辣 椒 疫 霉 病 原 疫 霉 菌

(Phytophthora capsici Leonian)、油菜菌核病原核盘菌

(Sclerotinia sclerotiorum)、黄瓜灰霉病原灰葡萄菌

(Botrytis cinerea Pers.)、水稻纹枯病原水稻纹枯菌

(Rhizoctonia solani)和马铃薯晚疫病原致病疫霉菌

(Phytophthora infestans). 
活体杀菌活性测试菌种包括: 辣椒疫霉病原疫霉菌

(Phytophthora capsici Leonian)在辣椒幼苗上进行测试; 
小麦白粉病原布氏白粉菌(Blumeria graminis)在小麦幼

苗上进行测试. 

3.4  6-氯-3-苄氨基-2-新戊基-8-甲基喹唑啉-4(3H)-酮
的物化数据、晶体结构解析及结果 

单晶 X 射线衍射实验测定的化合物化学式为 : 
C21H24ClN3O, 分子质量为: 369.88(计算值为 369.89); 该
化合物晶体为三斜晶系, 晶胞参数: a＝0.9315(3) nm,  
α＝75.456(12)°, b＝1.0572(3) nm, β＝71.236(9)°, c＝
1.0854(3) nm, γ＝88.278(13)°, 晶胞体积为: 0.9781(4) 
nm3, 晶胞中分子数: Z＝2, F(000)＝392. 计算密度为: 
1256 kg•m－3. 所用 X 射线波长 λ＝0.071073 nm, 吸收系

数 μ＝0.210 mm－1, 共收集到 10900个衍射点, 3428个独

立衍射点(Rint＝0.0486), 其中 3155个可观测点[I＞2σ(I)]
用于晶体结构解析, 最终差值残余电子密度的最高峰

为: 624 e•nm－3, 最低峰为: －587 e•nm－3. 晶体结构用

SHELXL-97 程序对 F2进行精修[20]获得非氢原子坐标及

各向异性参数, 氢原子由差值 Fourier 合成和理论计算

得到, 他们的坐标和各向同性温度因子参与结构计算, 

不参与修正. 分子空间结构见图 2. 

 

图 2  6-氯-3-苄氨基-2-新戊基-8-甲基喹唑啉-4(3H)-酮分子结

构图 
Figure 2  Structure of 6-chloro-3-benzylamino-2-neopentyl- 
8-methylquinazolin-4(3H)-one 

从单晶数据可以得出 N(2)—C(1), N(2)—C(9),  
N(1)—C(9)键长分别为: 1.381(3), 1.300(3), 1.393(3) Å, 
N(2)—C(9)之间的键长明显小于其余二者, 说明 N(2)—
C(9)之间是碳氮双键, N(1)—C(9)—C(10)—C(11)的扭转

角为 95.4(3)°, C(8)—N(1)—N(3)—C(15)的扭转角为  
－73.2(3)°, 说明苄胺基团中的亚甲基和叔丁基中的仲

季碳原子分别位于嘧啶酮环的两侧, 以降低两个大体积

基团相互靠近所产生的势能, 以形成稳定的单晶结构. 
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