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【Outline of survey】  
 Development of pharmaceuticals involves state-of-the-art multidisciplinary researches
a n d  d i r e c t l y  c o n t r i bu t e s  t o  h uma n  h e a l t h  a l l  o v e r  t h e  wo r l d .  A l t h o u gh  a  d r u g 
discovery research based on human genome sequence and in  s i l ico  analys i s  have 
become more and more popular, a technology to produce complex small molecules with 
m i n i m u m  e n v i r o n m e n t a l  i m p a c t  s t i l l  c o n s t i t u t e s  a  f u n d a m e n t a l  a n d 
indispensable research area. Our research group has developed several conceptually new 
mul t i func t i ona l  a sy mme t r i c  ca t a ly s t s  t o  a ch i eve  h igh ly  e f f i c i e n t  s t e r eose l ec t ive 
s y n t h e s i s  o f  f u n c t i o n a l i z e d  m o l e c u l e s .  I n  t h e  p r e s e n t  r e s e a r c h  p r o g r a m ,  w e 
env i s ioned  an  tho rough  e luc ida t ion  o f  the  o r ig in  o f  h igh  ca ta ly t i c  ac t iv i t y  and 
s t e r e o s e l e c t i v i t y  o f  o u r  mu l t i m e t a l l i c  a s y m m e t r i c  c a t a l y s t s  t h r o u g h  e x t e n s i v e 
spect roscopic  analys i s ,  leading to  a  new concept  in  the  s t ra tegic  development  of 
mu l t i func t iona l  ca ta lys t s .  These  mul t i func t iona l  a symmet r i c  ca ta lys t s  wi l l  boos t 
practical synthesis of many therapeutic targets. 
 
【Expected results】  
 Conventional design of asymmetric catalysts  is  based on the combination of one
l i g a n d — o n e  L e w i s  a c i d i c  ( o r  t r a n s i t i o n )  me t a l .  I n  c o n t r a s t ,  w e  h a v e  d e s i g n e d 
a s y m m e t r i c  c a t a l y s t s  t h a t  c o n s t i t u t e  m u l t i  m e t a l l i c  c e n t e r .  T h u s  o b t a i n e d 
mul t imeta l l ic  asymmetr ic  ca ta lys t s  ac t iva te  mul t ip le  subs t ra tes  s imul taneous ly  in 
theasymmetr ic  envi ronment ,  exhib i t ing  ex t raord inar i ly  h igh  ca ta ly t ic  ac t iv i ty  and 
stereoselectivity under mild reaction conditions.  Our catalysts and newly developed 
catalysts in this research program will  f ind a lot  of opportunities to be applied in
t h e  p r a c t i c a l  s y n t h e s i s  o f  s i g n i f i c a n t  p h a r ma c e u t i c a l s  a n d  s ma r t  ma t e r i a l s .  I n
par t icu lar ,  h igh  ca ta ly t ic  ac t iv i ty  a l lows  for  the  use  of  non-ac t iva ted  subs t ra tes ,
which contributes to make a synthetic process atom-economical, environmentally benign 
and cost-effective in the industrial scale synthesis. 
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