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1. Introduction 
 For the construction of new and highly valuable organic molecules that greatly 
benefit our lives, the bond-forming and cleavage reactions must be conducted with 
maximum efficiencies and selectivities (chemo-, region- and stereoselectivities).  Toward 
this end, the ability of organic synthesis should be continuously improved and the 
development of a broad repertoire of chiral reagents, auxiliaries and catalysts has made 
significant contributions. The most notable advance is certainly the development and 
application of a range of metal-containing catalysts bearing finely-tuned chiral ligands.  
In this century, however, the design of new catalysts and organic transformations in an 
environmentally benign manner is increasingly important, and the catalytic properties of 
optically active, small organic molecules have attracted a great deal of attentions [1]. The 
asymmetric catalysis of chiral secondary amines such as natural L-proline and related 
derivatives is a representative example, and its vast synthetic potential has been amply 
demonstrated.  Along with this bold stream of the current research on chemical catalysis, 
we have been interested in the molecular design and synthesis of chiral organic ion pair, 
more specifically, chiral onium salts and their utilizations as an organic molecular 
catalyst for synthetically useful asymmetric carbon-carbon bond-forming reactions. In 
this speech, the trend of asymmetric phase-transfer catalysis as well as novel 
homogeneous catalysis of designer chiral quaternary onium salts will be discussed.     
 
2. Molecular Design of C2-Symmetric Chiral Quaternary Ammonium Salts: Structurally 
Well-Defined and Readily Modifiable Chiral Phase-Transfer Catalysts  
 Phase-transfer catalysis has been regarded as a practical methodology for 
organic synthesis in both academic and industrial communities because of its simple 
experimental operations, mild reaction conditions with aqueous media, environmental 
consciousness, suitability for large-scale reactions. Nowadays, it appears to be a prime 
synthetic tool being utilized in various fields of organic chemistry, and also find 
widespread industrial applications.  On the other hand, the development of asymmetric 
phase-transfer catalysis based on the use of chiral, non-racemic catalysts had progressed 
rather slowly despite its potential importance, and almost all the elaborated chiral 
phase-transfer catalysts in the early studies of this field were restricted to naturally 
occurring alkaloid derivatives.  This constituted a major difficulty in rationally 
designing and fine-tuning the catalysts to attain sufficient reactivity and selectivity for 
various chemical transformations under biphasic conditions.  In order to successfully 
tackle this situation, structurally rigid, chiral quaternary ammonium salts such as 1 and 
2 have been designed as a new C2-symmetric chiral phase-transfer catalyst and 
successfully applied to the highly efficient, catalytic enantioselective alkylation of glycine 
derivatives as well as the cyanation of imines under mild conditions [2, 3].  These 
methodologies not only offer a truly practical solution for the asymmetric synthesis of a 
wide variety of α-amino acids and their derivatives but also provide a new direction of 
asymmetric phase-transfer catalysis based on the molecular design and synthesis of 
readily modifiable chiral quaternary ammonium salts in a purely chemical manner [4].  
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3. Molecular Design of Novel Chiral Tetraaminophosphonium Salts 
 In continuation of the research program aiming at the development of new chiral 
onium salts and their catalyses, chiral tetraaminophosphonium salt 3 has been newly 
designed.  The primary structure of 3 could be easily assembled from the requisite, 
L-valine-derived chiral diamines and phosphorus pentachloride.  Further, the 
three-dimensional molecular structure of 3a was determined by X-ray analysis.  The 
most intriguing observation was that the chloride anion was located such that it could 
interact with two of the four N-H protons of aminophosphonium cation through double 
hydrogen-bonding. This suggested the anion recognition ability of the chiral cation, which 
has been greatly appreciated in the utilization of 3 as a catalytic stereocontroller for 
synthetically valuable carbon-carbon bond-forming reactions such as nitroaldol reaction, 
demonstrating the importance of forming “structured ion pair” for inducing high levels of 
relative and absolute stereocontrol [5]. 
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Conclusion 
 Organic chemists can create novel organic molecules through their imaginations 
and sensibilities. This is probably one of the most fundamental yet powerful sources to 
give new directions in chemical catalysis. The curiosity about the relationship between 
the structure of an original single molecule and its unique property as a chemical catalyst 
could even lead to create a new subject to be explored, which represents an attractive 
feature of chemistry.   
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