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摘     要 

优秀的手性配体是实现高对映选择性不对称催化的关键。与传统的含膦、氮

和氧的手性配体相比，手性含硫配体的研究相对较少，一个重要的原因是习惯上

认为硫会使催化剂中毒。然而，硫原子有丰富的电子性质和结构特性，近年来手

性含硫配体的开发与应用研究已渐露头角。本论文的研究集中在新型手性含硫配

体的设计合成及在不对称转移氢化中的应用，包括以下四部分内容： 

1. 手性硫醚三齿配体的设计合成、结构表征与催化性能研究。以 2-苯硫基

邻苯甲醛为原料合成了手性硫醚三齿配体C6N(NH)S和C6(NH)2S，获得了

C6N(NH)S的单晶结构，并将硫醚配体分别与钌、铑或铱络合物组合的催化体系，

应用在苯丙酮的不对称催化还原中，得到了较高的催化活性和中等的对映选择

性。 

2. 手性胺噻吩配体C6(NH)2S2在芳香酮的不对称转移氢化中的应用研究。合

成了一系列噻吩配体C6N2S2、C6(NH)2S2和Ph2N2S2，分别与钌、铑或铱络合物现

场形成催化体系，其中C6(NH)2S2/IrCl(cod)PPh3组合的催化体系可高手性效率地

实现一系列手性芳香醇的不对称催化合成，对映选择性最高可达到 96% ee。当

底物与催化剂的摩尔比达到 600:1 时仍然能保持高的转化率和对映选择性。在此

基础上，进一步合成了手性胺噻吩配体的铱化合物[Ir(cod)-C6(NH)2S2]Cl，在催化

反应中亦能得到高的转化率和好的对映选择性（最高达 87% ee）；同时使用X射

线光电子能谱（XPS）研究了手性胺噻吩配体在中心金属铱周围的配位环境，结

果表明手性胺噻吩配体通过氮原子与金属中心铱进行配位，而硫原子不参与配

位。用 2-呋喃甲醛代替 2-噻吩甲醛作为原料合成了手性胺呋喃配体C6(NH)2O2，

并应用于催化，其效率明显低于噻吩配体，说明手性噻吩配体中的硫原子虽然不

直接参与配位，但对催化反应的转化率和对映选择性都起到了重要的促进作用。 

3. 修饰噻吩配体中氮的连接基团，实现了手性胺联二噻吩/铱混合体系催化

芳香酮的不对称转移氢化。胺联二噻吩配体C6(NH)2S4与铱络合物IrCl(CO)(PPh3)2

组合原位催化芳香酮的转移氢化，可得到好的转化率和高达 90% ee的对映选择

性。合成了手性胺噻吩配体的铱化合物[Ir(cod)-C6(NH)2S4]Cl，其配位形式与手性

胺噻吩配体类似。 
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4. 设计合成了新型手性苯并噻吩配体C6N2(BT)2和C6(NH)2(BT)2，分别实现

了水溶剂中以甲酸钠为氢源及异丙醇兼做溶剂和氢源的不对称转移氢化。首先，

以异丙醇为氢源，手性苯并噻吩配体分别与钌、铑、铱或铁络合物组合，筛选出

C6(NH)2(BT)2/Ru3(CO)9(TPPMS)3催化体系的效果最佳，可以实现苯丙酮 97%的

转 化 率 和 85% ee 对 映 选 择 性 。 本 研 究 进 一 步 考 察 了

C6(NH)2(BT)2/Ru3(CO)9(TPPMS)3组成的催化体系在水溶液中的转移氢化效果，以

甲酸钠为氢源，筛选出最佳反应条件，用于一系列芳香酮的高转化率和对映选择

性的转移氢化。其中对于底物苯基异丙基酮和 2-甲基苯乙酮，其对映选择性可达

95% ee；对苯基环己基酮高达 96% ee。此外，对于杂环酮，如噻吩乙酮和噻吩

丙酮也获得了较好的结果。这些研究结果初步表明了含硫配体在实现水溶液中的

不对称催化是可行的，值得进一步探索。 

 

关键词：手性含硫配体，不对称转移氢化，芳香酮，手性芳香醇 
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Abstract 

Chiral ligands have been known to play an important role in transition metal 

complexes-catalyzed asymmetric reactions. Sulfur-containing based chiral mixed 

ligands have received much less attention than the ligands with P, N or O as donor 

atoms. A possible reason is sulfur has a tendency to poison heterogeneous catalysts. 

The key structural features of sulfur atom exhibit very rich coordination chemistry 

towards transition metal atom. Over the last three decades, the study of 

sulfur-containing ligands has increased considerably. In this thesis, several 

sulfur-containing ligands have been synthesized and applied in asymmetric transfer 

hydrogenation of aromatic ketones. 

1. The chiral tridentate thioether ligands C6N(NH)S and C6(NH)2S have been 

synthesized and applied in asymmetric transfer hydrogenation of aromatic ketones. 

The new chiral thioether ligands were synthesized from 2-(phenylthio)benzaldehyde 

and the structure of (S, S)-C6N(NH)S was established by an X-ray diffraction study. 

Coordinating with Ru, Rh, or Ir, these thiother ligands were used in asymmetric 

transfer hydrogenation of propiophenone. High conversion and moderate enantio- 

selectivities were obtained. 

2. A series of chiral thiophene ligands were synthesized. The 

C6(NH)2S2/IrCl(cod)PPh3 catalytic system generated in-situ catalyzed the asymmetric 

transfer hydrogenation of various aromatic ketones with high conversion and good to 

excellent enantioselectivities (up to 96% ee). When the ratio of ketone to catalyst 

reached 600:1, high conversion and enantioselectivities were also obtained. The chiral 

Ir(I) complexes [Ir(cod)-C6(NH)2S2]Cl were also prepared and characterized, which 

showed high activity and good enantioselectivities (up to 87% ee). The XPS spectra 

of chiral thiophene ligands and their Ir(I) complexes showed that the potentially 

multidentate ligands coordinated to the Ir atom through the nitrogen atoms, while the 

thiophene pendants did not participate in coordination to the Ir atom. Using 

furan-2-carbaldehyde instead of thiophene-2-carbaldehyde, the chiral furan ligand (R, 

R)-C6(NH)2O2 was prepared. (R, R)-C6(NH)2O2 has been examined in the asymmetric 

transfer hydrogenation of propiophenone, with lower conversion and ee. This result 

indicated that the sulfur in the thiophene group of ligand played an important role in 

asymmetric transfer hydrogenations. 
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3. The chiral diamino-bis(bithiophene) ligands were firstly employed in the 

iridium(I)-catalyzed asymmetric transfer hydrogenation of aromatic ketones. The new 

catalyst systems, generated in-situ from chiral diamino-bis(bithiophene) ligands and 

IrCl(CO)(PPh3)2 in iPrOH, gave the corresponding optically active secondary alcohols 

with high conversion and fair to good enantioselectivities (up to 90% ee). The chiral 

Ir(I)/diamino-bis(bithiophene) complexes were also synthesized and characterized.  

4. The novel benzothiophene ligands C6N2(BT)2 and C6(NH)2(BT)2 were 

designed and synthesized. Both of the transfer hydrogenation system with 

C6(NH)2(BT)2 in water using HCOONa as hydrogen source and in iPrOH were 

developed. Firstly, iPrOH was used as hydrogen source. Coordinating with Ru, Rh, Ir, 

or Fe, C6(NH)2(BT)2 were used in asymmetric transfer hydrogenation of 

propiophenone. The systems, coupled with Ru3(CO)9(TPPMS)3 and C6(NH)2(BT)2, 

gave the best results. The corresponding chiral alcohols could be obtained with 97% 

conversion and 85% ee for propiophenone. As a water-soluble cluster complex, 

Ru3(CO)9(TPPMS)3 coupled with chrial C6(NH)2(BT)2 were further investigated for 

the asymmetric transfer hydrogenation in water using HCOONa as hydrogen source. 

Under optimized conditions, the chiral secondary alcohols were obtained from various 

aromatic ketones in high conversion and excellent enantioselectivities (up to 96% ee). 

The heteroaromatic ketones also can be catalysized with these systems with good 

results. This work is a successful application of sulfur-containing ligands for 

asymmetric catalysis in water, especially for asymmetric transfer hydrogenation. 

 

Keywords: Chiral sulfur-containing ligand; asymmetric transfer hydrogenation; 

aromatic ketone; chiral aromatic alcohol
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第一章  绪论 

第一章  绪论 

1.1 手性与不对称催化 

当分子中存在不对称中心时，分子就存在对映异构体，这种现象称为“分子

手性”。手性是自然界的基本属性之一。在生命的演变过程中，自然界往往对一

种手性有所偏爱，如自然界存在的糖为 D-构型，氨基酸为 L-构型，蛋白质和 DNA

的螺旋构象又都是右旋的。因此，当把手性化合物用作药物时，它们可能表现出

极不相同的生物或生理现象。例如，二十世纪 60 年代,有一种商品名为“反应停”

(thalidomide)的药物在欧洲出售，用作治疗孕妇妊娠反应的药物。有一些服用这

种药物的孕妇产下了畸形的婴儿。经过科学家深入的研究发现，“反应停”是具

有对映异构体的化合物的混合物（图 1-1），它的(R)构型异构体是强力镇定剂，

而(S)构型异构体却是强烈的致畸剂。当时这个药物是以消旋体形式出售，导致

了这场惊人的悲剧发生。 

 

(R)-Thalidomide
        镇定剂

(S)-Thalidomide
        致畸剂

N

O

O
NH

O

O

H
N

O

O
HN

O

O

H

 

图 1-1  反应停 

 

人们意识到外消旋药物的潜在危险性，1992 年,美国 FDA 发布了名为

“Racemic Switches”(即“手性转换”)的指导性规则，鼓励制药公司将已上市的

外消旋手性药物转换为疗效更好、不良反应更小的单一对映体形式出售。在 2000

年的世界市场上，单一对映体剂型的药物的销售额已达到 1230 亿美元。开发单

一对映体手性药物已成为新药发展的趋势。 

如何获得单一对映体的化合物，是化学家和制药企业面临的极大挑战。目前，

获得单一对映体手性分子，可通过下列几条途径[1,2]： 

(1) 手性拆分：这个方法产生 50%无用的对映体，除非有办法将它再循环。
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