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腈亚胺的 1,3-偶极环加成反应合成螺吡唑-吡咯里嗪类化合物 

胡小莲    刘  彬    刘浩冲    李筱芳* 
(湖南科技大学理论化学与分子模拟省部共建教育部重点实验室  分子构效关系湖南省普通高等学校重点实验室 

湖南科技大学化学化工学院  湘潭 411201) 

摘要  通过 2-芳亚甲基-2,3-二氢-1H-吡里-1-酮与腈亚胺[经苯甲酰氯苯腙(2)与三乙胺反应生成]的 1,3-偶极环加成反应,
以较高收率合成了一系列的 4-芳基-2,5-二苯基-2H,4H-二氢-螺[吡唑-3,2'-吡咯里嗪]-1'(3'H)-酮. 采用 NMR, IR, 质谱和

元素分析等多种谱学技术对产物进行了结构表征. 
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Synthesis of Novel Spiro[pyrazole-pyrrolizin] Derivatives via 
1,3-Dipolar Cycloaddition of Nitrilimine 

Hu, Xiaolian    Liu, Bin    Liu, Haochong    Li, Xiaofang* 
(Key Laboratory of Theoretical Chemistry and Molecular Simulation of Ministry of Education, Hunan Province College Key 
Laboratory of QSAR/QSPR, School of Chemistry and Chemical Engineering, Hunan University of Science and Technology, 

Xiangtan 411201) 

Abstract  The 1,3-dipolar cycloaddition of nitrilimine generated in situ from N'-phenylbenzohydrazonoyl chloride and 
triethylamine to 2-arylmethylidene-2,3-dihydro-1H-pyrrolizin-1-ones afforded novel 4-aryl-2,5-diphenyl-2,4-dihydrospiro-
[pyrazole-3,2'-pyrrolizin]-1'(3'H)-ones in moderate yields. The structures of all products were characterized thoroughly by
NMR, IR, mass spectra and elemental analysis. 
Keywords  spiroheterocycle; 1,3-dipolar cycloaddition; nitrilimine; pyrazole 

 
吡咯里嗪是一些具有生物活性的生物碱的重要组

成部分[1]. 在过去的数年中, 它的衍生物在消炎[2]、镇 
痛[3]、抗糖尿[4]、抗焦虑[5]、抗肿瘤[6]、感光[7]、抗神经

激肽-1 (NK1)[8]等方面中得到了广泛的应用. 吡唑类衍

生物在抗病原体[9]、抗癌[10]、抗炎[11]、抗菌[12]、除草[13]、

杀菌[14]等方面已经有了广泛的应用. 因此合成同时包

含有吡咯里嗪和吡唑骨架的新化合物以期为药物筛选

提供先导化合物就具有了重大的意义. 
1,3-偶极环加成反应是合成五元杂环的经典方法, 

腈亚胺作为一种重要的 1,3-偶极子能与烯烃、炔烃和  
C＝N 双键发生 1,3-偶极环加成反应, 得到含氮的五元

杂环. 其中腈亚胺与 C＝C 双键的 1,3-偶极环加成反应

是合成吡唑类化合物的常用方法[15].  
作为我们合成新型杂环系统的一部分[16～18], 本文

通过 2-芳亚甲基-2,3-二氢-1H-吡里-1-酮与腈亚胺[经苯

甲酰氯苯腙(2)与三乙胺反应生成]的 1,3-偶极环加成反

应, 合成了一系列新的含有吡唑的螺吡咯里嗪类化合物

(图 1), 以期为药物筛选提供先导化合物. 采用 IR、元素 
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图 1  螺吡唑-吡咯里嗪类化合物的合成路线 
Figure 1  Synthetic route of spiro[pyrazole-pyrrolizin] deriva-
tives 
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分析、质谱和 NMR 等多种谱学技术对产物结构进行了

表征. 

1  结果与讨论 

1.1  螺吡唑-吡咯里嗪类化合物的合成 

一系列取代的 2-芳亚甲基-2,3-二氢-1H-吡里-1-酮
(1)和苯甲酰氯苯腙(2)与三乙胺生成的腈亚胺在无水苯

中回流至原料消失, 生成一系列新型的 4-芳基-2,5-二苯

基-2H,4H-二氢-螺[吡唑-3,2'-吡咯里嗪]-1'(3'H)-酮(3), 
反应结果列于表 1 中. 由表 1 的数据可知, 芳基上的取

代基对反应产率没有明显的影响, 所有的底物在这种反

应条件下均能够以较好的收率得到目标产物. 与此同

时, 消耗完所有原料的反应时间也没有明显的差异.  

表 1  螺吡唑-吡咯里嗪类化合物的合成 
Table 1  Synthesis of spiro[pyrazole-pyrrolizin] derivatives 

Entry Ar Product Time/h Yield/%
1 C6H5 3a 24 72 
2 4-ClC6H4 3b 18 70 
3 2-ClC6H4 3c 24 76 
4 2,4-Cl2C6H3 3d 18 75 
5 4-FC6H4 3e 24 81 
6 4-CH3SC6H4 3f 22 79 
7 4-CH3C6H4 3g 24 74 
8 3,4,5-(CH3O)3C6H2 3h 20 85 

1.2  产物结构表征 

目标产物的结构通过不同的光谱学技术(NMR, IR, 
MS)和元素分析证实. 以 3b 为例进行分析, 其他的类

似. 在 IR 光谱中, 1701.1 cm－1 为羰基的伸缩振动吸收

峰. 在 3b 的 1H NMR 谱图中, 化学位移在 δ 3.87 (J＝
12.8 Hz)和 4.34 (J＝12.8 Hz)的两组双峰为亚甲基质子

峰(H2C-3'); 在 δ 5.20 的单峰是吡唑环上次甲基质子峰

(HC-4); 在 δ 6.56 (J＝4.1, 2.3 Hz), 6.80 (J＝2.2, 0.9 Hz)
和 6.95 (J＝4.1, 1.0 Hz)的三个 dd 峰分别归属为吡咯里

嗪上的 HC-6', HC-5'和 HC-7'三个质子峰. 
在 3b 的 13C NMR 谱图中, 羰基碳(C-1')的化学位移

在 δ 187.79, 化学位移在 δ 46.46 的单峰归属为 CH2(C3') 
(基于 HSQC). 吡唑环上 HC-4 是化学位移在 δ 61.06 的

单峰. 化学位移在 δ 111.01, 117.81和124.31的三个峰分

别归属于 HC-7', HC-6'和 HC-5'. 而化学位移在 δ 81.27
的信号归属为螺碳 C-3.  

在 3b 的 1H-13C HMBC 中(图 2), 吡咯里嗪环上的

H2C-3'和吡唑环上的 HC-4 与螺碳原子 C-3 (δ 81.27)偶
合, H2C-3'与 HC-4 (δ 61.06)和 HC-5' (δ 124.31)偶合. 
H2C-3'和 HC-4 与 C-1'的偶合表明, δ 187.79 是羰基碳原

子(C-1')的化学位移. 
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图 2  化合物 3b 的异核多键相关谱(HMBC)图 
Figure 2  Partial heteronuclear multiple bond correlation 
(HMBC) diagram of 3b 

2  结论 

由腈亚胺与吡咯里嗪衍生物的 1,3-偶极环加成反应

以较高收率得到了一系列的新的同时含有吡咯里嗪和

吡唑骨架的螺杂环化合物. 提供了一种新的将吡咯里嗪

和吡唑骨架进行结合的方法, 为相关药物的合成和研究

提供了新的思路. 

3  实验部分 

3.1  仪器与试剂 

所有的试剂均为分析纯, 如不特别注明, 不经进一

步纯化处理直接使用, 2-芳亚甲基-2,3-二氢-1H-吡咯里

嗪-1-酮(1)按照文献[19]报道的方法制备. 所有的核磁共

振光谱通过 Bruker AV-II 500 MHz NMR 仪测定, 氢谱

在频率为 500 MHz 条件下测定, 碳谱在 125 MHz 条件

下测定, TMS为碳谱和氢谱的内标, CDCl3作为溶剂; 元
素分析通过Elementar analyzer (varioEL II); 质谱测定通

过 Finnigan LCQ Advantage MAX 质谱仪; 红外光谱分

析采用 Perkin-Elmer spectrometer (KBr); 熔点测定用

Yanaco MP500 显微熔点仪(温度计未校正). 

3.2  实验方法 

2,5-二苯基-4-芳基-2,4-二氢-螺[吡唑-3,2'-吡咯里

嗪]-1'(3'H)-酮(3a～3h)的合成: 在带回流冷凝管和CaCl2

干燥管的 50 mL 圆底烧瓶中, 将 2-芳亚甲基-2,3-二氢- 
1H-吡咯里嗪-1-酮(1) (1 mmol), 与苯甲酰氯苯腙[20] 0.46 
g (2 mmol), 三乙胺 0.20 g (2 mmol)溶于 15 mL 无水苯

中,回流 24 h, TLC 跟踪检测至反应结束后, 将反应混合

物冷却至室温, 减压蒸馏, 粗产品经硅胶柱层析, 展开

剂为石油醚/乙酸乙酯(V∶V＝5∶1), 得到相应的产物

3a～3h. 
2,4,5- 三苯基 -2,4- 二氢 -螺 [ 吡唑 -3,2'- 吡咯里

嗪]-1'(3'H)-酮(3a): 白色固体 , m.p. 179～181 ; ℃ 1H 
NMR (CDCl3, 500 MHz) δ: 3.88 (d, J＝12.8 Hz, 1H, 
H2C-3'), 4.32 (d, J＝12.8 Hz, 1H, H2C-3'), 5.22 (s, 1H, 
HC-4), 6.53 (dd, J＝4.1, 2.3 Hz, 1H, HC-6'), 6.75 (dd, J＝
2.1, 0.9 Hz, 1H, HC-5'), 6.88 (t, J＝7.5 Hz, 1H), 6.94 (dd, 
J＝4.1, 0.9 Hz, 1H, HC-7'), 6.97～6.99 (m, 2H), 7.02 (d,  
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J＝7.5 Hz, 2H), 7.17～7.20 (m, 2H), 7.22～7.25 (m, 6H), 
7.55～7.57 (m, 2H); 13C NMR (CDCl3, 125 MHz) δ: 46.57 
(H2C-3'), 61.86 (HC-4), 81.41 (C-3), 110.78 (HC-7'), 
114.95, 117.59 (HC-6'), 121.11, 124.09 (HC-5'), 126.76, 
128.25, 128.50, 129.09, 129.16, 129.28, 130.24, 131.52, 
134.83, 142.61, 147.74, 188.15 (C-1'); IR (KBr) v: 1708.8 
cm－ 1; ESI MS m/z: 404 [M＋H]＋ . Anal. calcd. for 
C27H21N3O: C 80.37, H 5.25, N 10.41; found C 80.22, H 
5.33, N 10.29. 

2,5-二苯基-4-(4-氯苯基)-2,4-二氢-螺[吡唑-3,2'-吡
咯里嗪]-1'(3'H)-酮(3b): 白色固体, m.p. 171～173 ; ℃ 1H 
NMR (CDCl3, 500 MHz) δ: 3.87 (d, J＝12.8 Hz, 1H, 
H2C-3'), 4.34 (d, J＝12.8 Hz, 1H, H2C-3'), 5.20 (s, 1H, 
HC-4), 6.56 (dd, J＝4.1, 2.3 Hz, 1H, HC-6'), 6.80 (dd, J＝
2.2, 0.9 Hz, 1H, HC-5'), 6.89 (tt, J＝7.4, 1.0 Hz, 1H), 
6.91～6.94 (m, 2H), 6.95 (dd, J＝4.1, 1.0 Hz, 1H, HC-7'), 
7.02 (d, J＝7.5 Hz, 2H), 7.18～7.20 (m, 2H), 7.21～7.23 
(m, 2H), 7.25～7.27 (m, 3H), 7.52～7.53 (m, 2H); 13C 
NMR (CDCl3, 125 MHz) δ: 46.46 (H2C-3'), 61.06 (HC-4), 
81.27 (C-3), 111.01 (HC-7'), 114.99, 117.81 (HC-6'), 
121.32, 124.31 (HC-5'), 126.69, 128.36, 128.68, 129.32, 
129.42, 130.09, 130.39, 131.16, 133.27, 134.31, 142.41, 
147.25, 187.79 (C-1'); IR (KBr) v: 1701.1 cm－1; ESI MS 
m/z: 438 [M＋H]＋. Anal. calcd for C27H20ClN3O: C 74.05, 
H 4.60, N 9.60; found C 74.25, H 4.48, N 9.70. 

2,5-二苯基-4-(2-氯苯基)-2,4-二氢-螺[吡唑-3,2'-吡
咯里嗪]-1'(3'H)-酮(3c): 白色固体, m.p. 185～188 ; ℃ 1H 
NMR (CDCl3, 500 MHz) δ: 3.84 (d, J＝13.0 Hz, 1H, 
H2C-3'), 4.44 (d, J＝13.0 Hz, 1H, H2C-3'), 5.70 (s, 1H, 
HC-4), 6.62 (dd, J＝3.8, 2.5 Hz, 1H, HC-6'), 6.91 (d, J＝
7.4 Hz, 1H, HC-5'), 6.93～6.94 (m, 2H), 7.03 (d, J＝8.4 
Hz, 2H), 7.10 (dd, J＝7.7, 1.4 Hz, 1H, HC-7'), 7.19～7.23 
(m, 3H), 7.25～7.30 (m, 4H), 7.44 (d, J＝8.0 Hz, 1H), 
7.55～7.57 (m, 2H); 13C NMR (CDCl3, 125 MHz) δ: 47.28 
(H2C-3'), 57.07 (HC-4), 80.77 (C-3), 110.81 (HC-7'), 
115.19, 117.73 (HC-6'), 121.32, 123.82 (HC-5'), 126.54, 
127.85, 128.40, 128.66, 129.27, 129.73, 130.10, 130.68, 
131.04, 133.41, 134.52, 142.60, 148.03, 187.50 (C-1'); IR 
(KBr) v: 1712.0 cm－1; ESI MS m/z: 438 [M＋H]＋. Anal. 
calcd for C27H20ClN3O: C 74.05, H 4.60, N 9.60; found C 
74.20, H 4.41, N 9.77. 

2,5-二苯基-4-(2,4-二氯苯基 )-2,4-二氢-螺[吡唑- 
3,2'-吡咯里嗪]-1'(3'H)-酮(3d): 白色固体, m.p. 182～184 

; ℃ 1H NMR (CDCl3, 500 MHz) δ: 3.81 (d, J＝13.1 Hz, 
1H, H2C-3'), 4.43 (d, J＝13.1 Hz, 1H, H2C-3'), 5.62 (s, 1H, 

HC-4), 6.60 (dd, J＝4.1, 2.3 Hz, 1H, HC-6'), 6.90～6.91 
(m, 2H), 6.93 (dd, J＝2.1, 0.8 Hz, 1H, HC-5'), 7.00 (d, J＝
8.4 Hz, 3H), 7.15～7.20 (m, 3H,  HC-7'＋ArH), 7.25～
7.27 (m, 3H), 7.43 (d, J＝2.1 Hz, 1H), 7.50～7.51 (m, 
2H); 13C NMR (CDCl3, 125 MHz) δ: 47.33 (H2C-3'), 56.59 
(HC-4), 80.74 (C-3), 110.96 (HC-7'), 115.39, 117.91 
(HC-6'), 121.59, 123.96 (HC-5'), 126.50, 128.31, 128.53, 
128.86, 129.31, 129.99, 130.01, 130.82, 131.57, 132.12, 
135.03, 135.23, 142.52, 147.65, 187.15 (C-1'); IR (KBr) v: 
1715.0 cm－1; ESI MS m/z: 472 [M＋ H]＋. Anal. calcd for 
C27H19Cl2N3O: C 68.65, H 4.05, N 8.90; found C 68.55, H 
4.17, N 8.74. 

2,5-二苯基-4-(4-氟苯基)-2,4-二氢-螺[吡唑-3,2'-吡
咯里嗪]-1'(3'H)-酮(3e): 白色固体, m.p. 142～144 ; ℃ 1H 
NMR (CDCl3, 500 MHz) δ: 3.88 (d, J＝12.8 Hz, 1H, 
H2C-3'), 4.34 (d, J＝12.8 Hz, 1H, H2C-3'), 5.22 (s, 1H, 
HC-4), 6.56 (dd, J＝4.1, 2.3 Hz, 1H, HC-6'), 6.79 (dd, J＝
2.1, 0.8 Hz, 1H, HC-5'), 6.89 (tt, J＝7.4, 0.9 Hz, 1H), 
6.94～6.95 (m, 4H, HC-7'＋ArH), 7.02～7.04 (m, 2H), 
7.18～7.21 (m, 2H), 7.25～7.26 (m, 4H), 7.53～7.54 (m, 
2H); 13C NMR (CDCl3, 1125 MHz) δ: 46.39 (H2C-3'), 
61.06 (HC-4), 81.37 (C-3), 110.99 (HC-7'), 114.97, 
116.16, 116.34, 117.79 (HC-6'), 121.29, 124.31 (HC-5'), 
126.75, 128.37, 128.68, 129.36, 130.18, 130.53, 130.56, 
130.78, 130.84, 131.29, 142.50, 147.48, 187.97 (C-1'); IR 
(KBr) v: 1708.8 cm－1; ESI MS m/z: 422 [M＋ H]＋. Anal. 
calcd for C27H20FN3O: C 76.94, H 4.78, N 9.97; found C 
77.08, H 4.70, N 10.09. 

2,5-二苯基-4-(4-甲硫基苯基)-2,4-二氢-螺[吡唑- 
3,2'-吡咯里嗪]-1'(3'H)-酮(3f): 白色固体, m.p. 178～181 

; ℃ 1H NMR (CDCl3, 500 MHz) δ: 2.43 (s, 3H, SCH3), 
3.91 (d, J＝12.8 Hz, 1H, H2C-3'), 4.33 (d, J＝12.8 Hz, 1H, 
H2C-3'), 5.18 (s, 1H, HC-4), 6.55 (dd, J＝4.1, 2.3 Hz, 1H, 
HC-6'), 6.80 (dd, J＝2.2, 1.0 Hz, 1H, HC-5'), 6.86～6.90 
(m, 3H), 6.95 (dd, J＝4.1, 1.0 Hz, 1H, HC-7'), 7.02 (d, J＝
8.0 Hz, 2H), 7.09 (d, J＝7.5 Hz, 2H), 7.17～7.20 (m, 2H), 
7.24～7.25 (m, 3H), 7.54～7.56 (m, 2H); 13C NMR 
(CDCl3, 125 MHz) δ: 15.20 (SCH3), 46.60 (H2C-3'), 61.37 
(HC-4), 81.35 (C-3), 110.87 (HC-7'), 114.90, 117.69 
(HC-6'), 121.14, 124.28 (HC-5'), 126.50, 126.77, 128.32, 
128.57, 129.32, 129.45, 130.20, 131.21, 131.44, 139.06, 
142.57, 147.63, 188.14 (C-1'); IR (KBr) v: 1712.5 cm－1; 
ESI MS m/z: 450 [M＋H]＋. Anal. calcd for C28H23N3OS: 
C 74.81, H 5.16, N 9.35; found C 75.00, H 5.27, N 9.44. 

2,5-二苯基-4-(4-甲基苯基)-2,4-二氢-螺[吡唑-3,2'-
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吡咯里嗪]-1'(3'H)-酮(3g): 白色固体, m.p. 159～161 ;℃  

1H NMR (CDCl3, 500 MHz) δ: 2.29 (s, 3H, CH3), 3.91 (d, 
J＝12.7 Hz, 1H, H2C-3'), 4.32 (d, J＝12.7 Hz, 1H, 
H2C-3'), 5.18 (s, 1H, HC-4), 6.54 (dd, J＝4.1, 2.3 Hz, 1H, 
HC-6'), 6.78 (dd, J＝2.1, 0.8 Hz, 1H, HC-5'), 6.85～6.89 
(m, 3H), 6.94 (dd, J＝4.1, 0.9 Hz, 1H, HC-7'), 7.01～7.05 
(m, 4H), 7.17～7.20 (m, 2H), 7.23～7.25 (m, 3H), 7.56～
7.57 (m, 2H); 13C NMR (CDCl3, 125 MHz) δ: 21.15 (CH3), 
46.62 (H2C-3'), 61.55 (HC-4), 81.29 (C-3), 110.73 (HC-7'), 
114.81, 117.54 (HC-6'), 120.98, 124.11 (HC-5'), 126.76, 
128.22, 128.45, 128.91, 129.27, 129.88, 130.21, 131.57, 
131.75, 138.07, 142.62, 147.93, 188.34 (C-1'); IR (KBr) v: 
1702.4 cm－1; ESI MS m/z: 418 [M＋H]＋. Anal. calcd for 
C28H23N3O: C 80.55, H 5.55, N 10.06; found C 80.37, H 
5.60, N 9.88. 

2,5-二苯基-4-(3,4,5-三甲氧基苯基)-2,4-二氢-螺[吡
唑-3,2'-吡咯里嗪]-1'(3'H)-酮(3h): 白色固体, m.p. 172～
174 ;℃  1H NMR (CDCl3, 500 MHz) δ: 3.56 (s, 6H, 
OCH3), 3.80 (s, 3H, OCH3), 3.90 (d, J＝12.6 Hz, 1H, 
H2C-3'), 4.33 (d, J＝12.6 Hz, 1H, H2C-3'), 5.20 (s, 1H, 
HC-4), 6.08 (s, 2H), 6.56 (dd, J＝4.1, 2.3 Hz, 1H, HC-6'), 
6.81 (dd, J＝2.0, 0.8 Hz, 1H, HC-5'), 6.88 (td, J＝7.5, 0.9 
Hz, 1H), 6.98 (dd, J＝4.1, 0.9 Hz, 1H, HC-7'), 7.03～7.05 
(m, 2H), 7.18～7.21 (m, 2H), 7.27～7.29 (m, 3H), 7.58～
7.59 (m, 2H); 13C NMR (CDCl3, 125 MHz) δ: 46.63 
(H2C-3'), 56.04, 60.89, 62.21 (HC-4), 81.37 (C-3), 105.92, 
110.84 (HC-7'), 114.64, 117.61 (HC-6'), 121.07, 124.28 
(HC-5'), 126.74, 128.29, 128.58, 129.34, 129.94, 130.24, 
131.69, 137.59, 142.42, 147.13, 153.54, 188.40 (C-1'); IR 
(KBr) v: 1694.4 cm－1; ESI MS m/z: 494 [M＋H]＋. Anal. 
calcd for C30H27N3O4: C 73.01, H 5.51, N 8.51; found C 

73.05, H 5.58, N 8.64. 

References 
[1] Medina, J. C. M.; Gauze, G. F.; Vidotti, G. J. Tetrahedron Lett. 

2009, 50, 2640.  
[2] Yang, Z.; Zhang, S. F. J. Indian Chem. 2002, 79, 698.  
[3] Yu, H.; Wang, F.; Zhang, S. F. Chin. Chem. Lett. 2003, 14, 565.  
[4] Sugihara, H.; Matsumoto, N.; Hamuro, Y.; Kawamatsu, Y. 

Arzneim.-Forsch. Beih. 1974, 24, 1560.  
[5] Rault, S.; Lancelot, J. C.; Bouyazza, L.; Robba, M.; Quermonne, 

M. A.; Nammathao, B.; Louchahi-Raoul, J.; Marcy, R. Eur. J. Med. 
Chem. 1991, 26, 939.  

[6] Perri, V.; Rochais, C.; Santos, J. S. O.; Legay, R.; Cresteil, T.; Dal-
lemagne, P.; Rault, S. Eur. J. Med. Chem. 2010, 45, 1146.  

[7] Bauer, R.; Heisler, G.; Konigstein, C. Spectrochim. Acta, Part A  
1994, 50A, 57.  

[8] Morriello, G. J.; Chicchi, G.; Johnson, T.; Mills, S. G.; DeMartino, 
J.; Kurtz, M.; Tsao, K. L. C.; Zheng, S.; Tong, X.; Carlson, E.; 
Townson, K.; Wheeldon, A.; Boyce, S.; Collinson, N.; Rupniak, N.; 
DeVita, R. J. Bioorg. Med. Chem. Lett. 2010, 20, 5925.  

[9] Sayed, H. H.; Ali, M. A. Phosphorus, Sulfur Silicon Relat. Elem. 
2008, 183, 156.  

[10] Park, H. J.; Lee, K.; Park, S. J.; Ahn, B.; Lee, J. C.; Cho, H.; Lee, 
K. I. Bioorg. Med. Chem. Lett. 2005, 15, 3307.  

[11] Burguete, A.; Pontiki, E.; Hadjipavlou-Litina, D.; Villar, R.; 
Vicente, E.; Solano, B.; Ancizu, S.; Perez-Silanes, S.; Aldana, I.; 
Monge, A. Bioorg. Med. Chem. Lett. 2007, 17, 6439.  

[12] Farghaly, A. A.; Vanelle, P.; El-Kashef, H. S. Heterocycl. Com-
mun. 2005, 11, 255.  

[13] He, F. Q.; Liu, X. H.; Wang, B. L.; Li, Z. M. Heteroat. Chem. 
2008, 19, 21.  

[14] Yang, X. D.; Yu. Y. Y. Struct. Chem. 2008, 19, 693.  
[15] Huisgen, R. Angew. Chem., Int. Ed. 1963, 2, 565.  
[16] Li, X. F.; Liu, H. C.; Liu, B.; Zheng, A. T.; Li, G. B.; Yu, X. Y.; Yi, 

P. G. Chin. J. Chem. 2011, 29, 741.  
[17] Li, X. F.; Yi, P. G.; Yu, X. Y. Chin. J. Chem. 2010, 28, 97.  
[18] Li, X. F.; Yu, X. Y.; Yi, P. G. Chin. J. Chem. 2010, 28, 434.  
[19] Braunholtz, J. T.; Mallion, K. B.; Mann, F. G. J. Chem. Soc. 1962, 

4346. 
[20] Wolkoff, P. Can. J. Chem. 1975, 53, 1333. 

(Qin, X.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


