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前  言 
 

有机合成是医药类、化工类等的专业课，对专业培养效果起着举足轻重的

作用，本教材主要供制药、药学、化学、化工等专业的高职高专学生使用。 
高职重在培养学生的应用能力，因此本教材的编写本着够用为度、实用为

主的原则，对有机合成课程的内容进行了编排。 
本教材共分十一部分，分别为：绪论、切断法、氧化还原反应、芳香族化合物

的切断、碳杂切断、C—C 基团切断、羰基缩合反应的控制、二官能团化合物的切断、

非芳香族环状化合物的切断、官能团的保护、合成技术。教材编排中删除了专业少

用的一些知识，对应用内容增加了一些深度，以利于高职学生理解能力的培养，从

而更有利于学生的深度学习。 
本书的编写工作由陈优生（绪论、第二章、第十章）、郑宁（第三章）、张莉

（第一章）、曹华玲（第四章）、李宗伟（第六章）、王希（第八章、第九章）、

李春盈（第五章、第七章）等老师合力完成，在此表示感谢。 
由于时间仓促，本书难免有疏漏之处，欢迎批评指正。 
本书的编写工作得到了广东省应用植物学重点实验室开放课题（No.AB2016012）

资助，同时由广东食品药品职业学院丁立教授主审完成，在此一并表示感谢。 

  

编  者    

2017 年 10 月 

 

 

 

 

 



目  录 

 -1-

 

目  录 

 

 

绪  论 ··········································································································1 

一、有机合成的目的和任务 ·················································································· 1 

二、有机合成的发展状况 ······················································································ 1 

三、有机合成的现代成就 ······················································································ 2 

 

第一章  切断法 ················································································································· 3 

第一节  逆合成分析法 ·································································································· 3 

一、合成子和合成等价物（等价试剂） ······························································· 4 

二、逆向切断、逆向连接和逆向重排··································································· 5 

三、逆向官能团变换 ······························································································ 9 

第二节  离子型合成子的分类、组合和极性转换 ····················································· 15 

一、离子型合成子的分类 ···················································································· 15 

二、离子型合成子的组合 ···················································································· 16 

三、离子型合成子的极性转换 ············································································ 18 

 

第二章  氧化还原反应 ···············································································21 

第一节  氧化反应········································································································ 21 

一、催化氧化和催化脱氢 ···················································································· 21 

二、高价金属氧化物和盐 ···················································································· 22 

三、有机氧化剂···································································································· 25 

四、其他氧化剂···································································································· 26 

第二节  还原反应········································································································ 26 

一、催化氢化反应 ································································································ 26 

二、金属氢化物还原剂 ························································································ 30 

三、活泼金属还原剂 ···························································································· 35 

四、非金属还原剂 ································································································ 37 

 



有机合成 

 -2-
 

第三章  芳香族化合物的切断 ····································································38 

一、烷基芳烃的制备 ···························································································· 38 

二、芳香醛的制备 ································································································ 40 

三、取代酚的制备 ································································································ 41 

四、取代芳香胺的制备 ························································································ 42 

五、芳香酮的制备 ································································································ 43 

六、芳香磺酸的制备 ···························································································· 44 

七、芳基羧酸的制备 ···························································································· 44 

八、多取代芳香化合物的制备 ············································································ 45 

 

第四章  碳杂切断 ······················································································48 

第一节  C—X—基团切断 ·························································································· 48 

一、酯的制备········································································································ 48 

二、酰胺的制备···································································································· 49 

三、酰氯的制备···································································································· 49 

四、醚的制备········································································································ 50 

五、硫醚的制备···································································································· 51 

六、硫醇 ··············································································································· 51 

七、胺 ··················································································································· 52 

第二节  C—X 二基团切断 ························································································· 54 

一、1,1-拟切断 ····································································································· 54 

二、1,2-diX 切断 ·································································································· 55 

 

第五章  C—C 基团切断 ············································································57 

第一节  醇及其衍生物的基团切断 ············································································ 57 

一、l,1-C—C 切断 ································································································ 57 

二、1,2-C—C 切断 ······························································································· 60 

第二节  羰基化合物的 C—C 一基团切断 ································································· 62 

一、1,1-C—C 切断 ······························································································· 62 

二、l,2-C—C 切断 ································································································ 63 

第三节  羧酸化合物的切断 ························································································ 64 

 
 



目  录 

 -3-

第六章  羰基缩合反应的控制 ····································································66 

第一节  羰基化合物的重要反应 ················································································ 66 

一、醇醛缩合反应 ································································································ 66 

二、羰基化合物的酰基化反应 ············································································ 69 

三、羰基化合物的烃基化反应 ············································································ 70 

第二节  羰基缩合反应的控制 ···················································································· 71 

一、利用自身缩合 ································································································ 72 

二、利用分子内缩合 ···························································································· 72 

三、交叉缩合········································································································ 73 

 

第七章  二官能团化合物的切断································································· 77 

第一节  1,3-二官能团化合物······················································································ 77 

一、β-二羰基化合物····························································································· 78 

二、β-羟基羰基化合物························································································· 80 

三、α,β-不饱和羰基化合物·················································································· 81 

第二节  1,5-二官能团化合物······················································································ 82 

第三节  1,2-二官能团化合物······················································································ 84 

一、利用酰基负离子等当物 ················································································ 85 

二、利用烯烃作原料 ···························································································· 86 

三、向羰基化合物 α位引入官能团····································································· 87 

四、利用易得的 1,2—二官能团化合物原料 ······················································· 87 

五、利用游离基反应 ···························································································· 88 

六、利用重接········································································································ 88 

第四节  1,4-二官能团化合物······················································································ 89 

一、利用反常亲电合成子 ···················································································· 90 

二、利用反常亲核合成子 ···················································································· 90 

三、利用易得的起始原料 ···················································································· 91 

四、利用 FGA 添加三键 ······················································································ 91 

五、利用重接········································································································ 92 

第五节  1,6-二官能团化合物······················································································ 92 

一、利用重接········································································································ 92 

二、利用拜尔—魏立格反应（Baeyer-Villiger 反应）········································ 93 

 



有机合成 

 -4-
 

第八章  非芳香族环状化合物的切断 ························································· 95 

第一节  概述 ··············································································································· 95 

第二节  六元环············································································································ 95 

一、利用羰基缩合反应 ························································································ 96 

二、利用狄尔斯—阿尔德反应（Diels-Alder 反应，简称 D-A 反应） ············· 97 

三、利用芳族还原反应 ························································································ 98 

第三节  五元环·········································································································· 100 

一、取代反应······································································································ 100 

二、缩合反应······································································································ 100 

三、偶姻反应······································································································ 101 

第四节  四元环·········································································································· 101 

一、环化反应······································································································ 102 

二、周环反应······································································································ 103 

第五节  三元环·········································································································· 103 

一、环化反应······································································································ 104 

二、插入反应······································································································ 104 

 

第九章  官能团的保护 ············································································· 107 

第一节  概述 ············································································································· 107 

第二节  羟基保护基·································································································· 108 

一、酯类 ············································································································· 108 

二、醚类 ············································································································· 109 

三、烷氧基烷基醚（形成混合缩醛）································································110 

四、硅醚保护基···································································································111 

五、环状缩醛（缩酮） ·······················································································112 

第三节  氨基保护基···································································································113 

第四节  羰基保护基···································································································114 

第五节  羧基保护基···································································································115 

第六节  活泼碳氢键和碳碳双键的保护····································································116 

 

第十章  合成技术 ·····················································································118 

第一节  收敛法···········································································································118 

第二节  导向基的引入 ······························································································ 120 



目  录 

 -5-

一、活化导向基·································································································· 120 

二、纯化导向基·································································································· 124 

三、阻塞基·········································································································· 125 

第三节  选择性反应试剂和保护基团的使用 ··························································· 127 

第四节  考虑所有的切断 ·························································································· 130 

 

参考文献 ·································································································· 133 

 



有机合成 

 -1-

 

绪  论 

 

一、有机合成的目的和任务 

 

1.什么是有机合成 

有机合成就是利用化学方法将单质、简单的无机物或简单的有机物制备成较复杂的有

机物的过程。 

早期的有机合成，主要是在实验室内伪造自然界中已存在的化学物质，同时在分子结

构上也达到验证的作用。现在，人们已可以依据物质分子的结构与性质的关系规律，为适

应国计民生的需要而合成自然界中并不存在的新物质。今后的发展趋势，也不是盲目地研

究合成新的化合物，而是设计和合成预期有优异性能或具有重大意义的化合物。 

因此，有机合成已经成为当代化学研究的主流之一。利用有机合成可以制造天然化合

物，利用有机合成更可以制造非天然的，但预期会有特殊性能的新化合物。事实上，有机

合成就是应用基本且易得的原料与试剂，加上人类的智慧与技术来创造更复杂、更奇特的

化合物。可以这样说，有机合成是“无中生有”。 

2.有机合成路线设计 

著名的有机合成化学家 Still 曾指出：一个复杂有机分子的有效合成路线的设计是有机

化学中最困难的问题之一。路线设计是合成工作的第一步，也是最重要的一步。一条设计

拙劣的合成路线不会得到好的结果；同样，一个不具备合成路线设计能力的人也不是合格

的有机合成人才。 

任何一条合成路线，只要能合成出所要的化合物，都是合理的。当然，合理的路线之

间也是有差别的。 

要具有较强的路线设计能力，首先要有技术方面的能力，如对各类、各种有机反应的

熟悉与掌握，对同一目的、不同有机合成反应在实用上的比较与把握，对各个步骤操作条

件的实际掌握，对产品纯化和检测的能力，等等。但这还远远不够，还要有逻辑思维的能

力，能对各步有机反应的选择与先后排列运用自如。 

 

二、有机合成的发展状况 

 

1.有机合成的回顾 

最早的有机化学是对天然物质如树皮等进行研究而建立起来的。当时没有什么合成，
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就靠生命物质本身制备各种各样性质不同、结构复杂程度不同的物质。早期的化学家基本

上是从天然来源的混合物中提取比较纯的化合物。 

早期的化学家认为机体具有特殊的“生命力”，因而能够制成有机物质，而在试管中

是无法合成这些有机物质的。氰酸铵得到尿素是由无机物合成生物代谢有机产物的典型例

子，这样就打破了“生命力”学说。通常认为这个反应是有机合成的开始。 

2.有机合成与整体有机化学的关系 

从上述反应开始，在试管中（即在玻璃仪器中）制备有机物质的活动就与整个有机化

学的发展紧密联系在一起了。每当有机化学在理论和基础知识方面取得进展时，都能发现

合成在其中所起的作用，而新理论、新技术又必然促进合成的进一步发展。 

合成起到了下述各个方面的重要作用：第一，合成可以逻辑式地装配已确定结构的分

子。第二，合成能够提供自然界没有的物质，从此开辟出一个新领域。第三，解决理论问

题需要合成。 

 

三、有机合成的现代成就 

 

有机合成化学是当前有机化学中最富有活力的一门分支学科。有机合成方法研究过程

中，有时是有意识地寻找，有时则是无意识地发现了某一现象，再有意识地跟踪。这样，无论

在合成反应方面，还是在试剂或技术方面，都取得了丰硕的成果：（1）已研究清楚的有机

反应多达 3000 个以上，其中有普遍应用价值的反应有 200 多个；（2）国内外已商品化的

试剂有 5 万多种；（3）具有产率高、反应条件温和、选择性和立体定向性好的新反应大量

出现，如光化反应、微生物反应、模拟酶合成等；（4）元素有机化学的发展使有机合成大

放光彩；（5）新试剂、新型催化剂，特别是固相酶新技术的应用，可使催化剂稳定，能长

期使用并能使生产连续化，它们的通性中具有使反应速度快、条件温和、选择性好、合成

工艺简化等优点；（6）合成方法的研究也是有机合成发展的一个重要方面。 
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第一章  切断法 

 

 

众所周知，有机化学是由合成、结构测定和反应机理三个部分组成的。有机合成是利

用化学反应把有机原料转变成需要的产物。有机反应根据分子裂解方式的小同大体可以分

为三个类型。 

均裂反应： 

R2R1 +R1 R2  

游离基反应属于此类。 

异裂反应： 

R2R1 +R1 R2

- +
 

大多数有机反应属于此类，如亲核取代、亲电取代反应。 

协同反应：此类反应中没有明显的中间体存在，如周环反应。 

对于一个有多步反应的有机合成，难以一眼就看出合成路线，通常需要对合成路线进

行设计。设计的方法之一是利用逆合成分析法。 

 

 

第一节  逆合成分析法 

 

逆合成法是有机合成路线设计最简单、最基本的方法，有时也叫作反合成法。其他一

些更复杂的设计方法都是建立在此方法的基础上的，所以首先要掌握逆合成法。 

合成是指从某些原料出发，经过若干步反应，最后合成出所需要的产物。最后产物就

是合成目标物，或叫作目标分子。 

在逆合成分析法中，我们把待合成的化合物称为目标分子（TM），用符号（ ）表示

切断，用符号（ ）表示逆合成分析，把想象中的切断碎片称为合成子（synson）。合

成子可以是真实的反应中间体，也可以不是。合成子也称为合成元，是由 Corey 首先提出

来的，用以简化目标分子的概念。根据 Corey 的定义，合成子是指分子中可由相应的合成

操作生成该分子或用反向操作使其降解的结构单元。一个合成子可以大到接近整个分子，也可

小到只含有一个氢原子。就某一具体分子而言，合成子的种类与数量越多，情况就越复杂。
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将分子随机地分割，可产生各种各样的合成子。 

起合成子作用的真实分子叫试剂。 

 

一、合成子和合成等价物（等价试剂） 

 

1.离子型合成子 

异裂时目标分子切断后的两个碎片为离子型合成子。各种不同形式的碳正离子和潜在

的碳正离子都是亲电性合成子（a-合成子），它们的合成等价物主要包括卤代烃、磺酸酯、

烃氧基膦  盐、醛酮、羧酸衍生物、α，β-饱和羰基化合物、α-卤代羰基化合物、环氧化合

物等。各种不同形式的碳离子和潜在的碳负离子都是亲核性合成子（d-合成子），它们的

合成等价物主要包括格式试剂、二烃基铜锂、有机锂试剂、有机锌试剂、炔化钠、氰化钠、

维梯希试剂、硅叶立德、硫叶立德、脂肪族硝基化合物、活性亚甲基化合物、烯胺、醛酮

和羰酸衍生物的烯醇盐或烯醇硅醚等。 

【例】 

CH(CO2C2H5)2

Dis
+

CH(CO2C2H5)2 =

= CH2Br

CH2(CO2C2H5)2

 

2.自由基型合成子 

逆向切断自由基反应形成的共价键所得到的合成子为自由基型合成子。 

【例】 

OHOH OH OH

+ = O
  

合成： 

O
1)Mg,C6H5CH3

2)H+
OHOH  

3.中性分子合成子 

在周环反应中，逆向切断时形成的合成子是中性分子，即合成子就是其合成等价物。

例如 Diels-Alder 反应的合成子就是二烯体和亲二烯体。 
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【例】 

+

COCH3

COCH3

Dis COCH3

COCH3  

必须指出，合成子是一个抽象化的概念性名词，它不同于实际的分子、离子和自由基。

在逆向合成分析中的合成子可能是实际存在的合成等价物分子，也可能是瞬时的活性中间

体碳正离子、碳负离子和自由基，也可能并不存在。例如，下例中切断后的合成子是 α，β-不饱

和羰基化合物和乙酰基负离子： 

O

COCH3

Dis
O

+

O

C

CH3  
而乙酰负离子实际上不可能存在。但在逆向合成分析中，它仍是一个有用的合成子，

它的合成等价物是实际存在的。 

 

二、逆向切断、逆向连接和逆向重排 

 

1.逆向切断 

如上述的例子，逆向切断就是用切断适当的化学键的方法将目标分子拆分成各种类型

的合成子的过程。切断不是随意的，它必须遵循以下三个基本原则：（1）应具有合理的反

应机理和形成合理的合成子；（2）应力求使合成最大限度地简化；（3）应形成易于得到、

价格便宜的合成等价物。 

【例】 

CH3

CH3

OH

Dis

CH3

OH

H3C
+

=

=

MgI

CH3

O

CH3方案1

 

CH3

CH3

OH

Dis
=

=CH3H3C

OH O

+

MgBr方案2
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例子中，两种逆向切断都有合理的反应机理并有合理的合成子，但是第二种切断后的

合成等价物比第一种简单，因此第二种切断较优越。 

合成： 

CH3

CH3

OH

MgBr 1)Br2,hv

2)Mg,THF

1)CH3COCH3

2)H+,H2O
 

2.逆向重接（Connection，简写成 Con） 

将目标分子中的两个适当的碳原子用新的化学键连接起来称为逆向重接，这种变换是

氧化断裂等反应的逆过程。 

常见有醛酮羰基逆向重接成烯或邻二羟基化合物，其正向反应是烯键的氧化裂解或顺

式邻二醇的高碘酸氧化。如下所示： 

R

(R')H R

H(R')

重接

O
R

H(R')

重接

R
(R')H

R

H(R')
HO OH

 

【例】设计合成化合物： 

CHO

CHO
H3COC

 
分析： 

CHO

CHO
H3COC H3COC重接

Dis
+

H3COC

 

通过逆向重接将目标分子变换成环己烯衍生物，然后逆向切断成二烯体和亲二烯体。 

合成： 

CHO

CHO
H3COCH3COC

+
H3COC

2)Zn,H2O

1)O3

 

3.逆向重排（Rearrangement，简写成 Rearr） 

将目标分子的碳架拆开进行合理的重新组合称为逆向重排，这种变换是重排反应的逆

过程。 

醛酮的逆向重排：邻位为季碳的醛酮可逆向重排为邻二醇。其正向反应频哪醇重排如

下图所示： 
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O

R R

R'

R'

重排 HO

R R

OH

R'R'
 

R R

OH

R

OH

R H+

R R

OH

R

OH2

R -H2O
R R

OH

R R

 

RHO

R R

R

ROH
R R

R
R

O

R

R

R

-H+

 
羧酸的逆向重排示意图如下： 

R
O

OH

重排

R O

OH2

CH2 CH2N2

R O

Cl
+

=

FGI

 

CH2N2R O

Cl R

O

C
H

N
N

R

O CH

R
HC C O

H2O O

OH

C2H5

 

羧酸在二氯亚砜的作用下生成酰氯，然后通过重排，可以生成更高一级的羧酸衍生物。

上述重排的条件可以是光照或银盐等催化剂。 

酯可逆重排为酮，其正向方反应为 Baeyer-Villiger 重排反应： 

R R'

O重排

R OR'

O

R C

R'

OH

O O

O

R"
O O

O
R"H

亲核加成  

R C

R'

OH

O O

O

R"
重排 R C

O

OR'
+

OH

O

R"

 

重排时是迁移基团从碳原子向缺电子氧原子的 1，2 亲核重排。不对称酮重排时，迁移

基团的亲核性愈大，迁移的倾向性也愈大。烃基迁移的近似次序大致为： 

Php-CH3OPh R3C R2CH RCH2 CH3> > > > >
 

伯胺的逆向重排： 
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RNH2

O

YR (Y=NH2,Cl,OR,OH)
 

氮烯的重排包括 Hofmann 重排、Lossen 重排、Schmidt 重排。它们的机量颇为相似，活性

中间体都是酰基氮烯，酰基碳原子上的烃基带一对电子向邻向缺电子的六隅体氮原子迁移

生成异氰酸酯，后者水解得到比重排起始原料少一个碳原子的伯胺。反应如下所示： 

RNH2

O

NH2R

Br2

NaOH

O

NR
Br
H

O

Cl(OR)R
O

NR
OH
H

NH2OH

O

OHR 2)H2SO4

O

NR
Br
H

1)NaN3

-HBr

-H2O

-N2

O

NR

N CR O

-H2O

Hofmann重排

Lossen重排

Schmidt重排  
酰胺的逆向重排： 

O
R

R'HN
N

R

R'
OH

 

酮肟在酸性催化剂（如 H2SO4、POCl3、PCl5、聚磷酸等）的作用下重排生成酰胺的反

应叫作 Beckmann，反应通式及机理如下： 

N
R

R'
OH

H+

N
R

R'
OH2

-H2O
NH2

R

R'
N

R
R'

 

H2O
N

R
R'

H2O

-H+

N
R

R'
HO

H
N

R
R'

O  

【例】设计合成化合物 

O  

分析： 

O

重排

OHOH
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