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σ-Electrophilic Lewis Acids 

σ-binding 
LA = BCl3, AlCl3, etc. 
X = O, N 

π-Electrophilic Lewis Acids 

π-binding 
LA = AuCl, PtCl2, etc. 

If there are two functional groups  
in a molecule, 
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Conclusions 

(1) CuCl and AuCl are comparable in strength of binding and  
preference for π-binding to PtCl2, but are much more soluble.  
 
(2) Relative ability to bind PhC≡CH increases with decreasing 
nucleophilicity (Br<Cl<F). 
 
(3) Metals in higher oxidation state (CuCl2, AuCl3) decrease 
relative ability for carbon-carbon multiple bonds activation. 
 
(3) The least nucleopholic anions (PF6, SbF6) increase the relative 
affinity to the carbon-carbon multiple bonds. 
 
(4) (Ph3P)AuCl; �H3 and �H4 are endothermic, 4.9 & 5.5 Kcal.  
(Ph3P)AuOTf; slightly exothermic, - 0.5 & - 3.3 Kcal. 

(Ph3P)AuOTf + benzaldehyde  (Ph3P)AuOTf + benzimine  

Influence of triphenylphosphine ligation 

ΔH = - 9.5 kcal/mol ΔH = - 28.8 kcal/mol 

(no activation of aldehyde) 



Influence of triphenylphosphine ligation 

(Ph3P)AuOTf + phenylacetylene  (Ph3P)AuOTf + styrene  

ΔH = - 0.5 kcal/mol ΔH = - 3.3 kcal/mol 

Heats of formation of the complexes of (Ph3P)AuOTf with carbon-carbon 
multiple bonds are quite low, but the configuration of the complexes  
corresponds to proper activation of the substrates  
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Properties of Au
(1) Large relativistic effect
(2) By this effect, 6s orbital is stabilized.
(3) Small energy gap between 6s and 5d orbitals.
   (i) Very soft Lewis acid
   (ii) Both 6s and 5d orbitals can participate 
        bond formation.
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Relativistic Effect (shrink of 6s orbital)
This shrink becomes largest at Au.
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AuCl3-Catalyzed Benzannulation: Synthesis of Functionalized Naphthyl 
Derivatives from o-Alkynylbenzaldehydes with Alkynes

Asao, N.; Takahashi, K.; Lee, S.; Kasahara, T.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 12650-12651.
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Functionalized 1,2-Dihydronaphthalenes with Cu(OTf)2 Catalyst
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Bottom-Up approach
(4 to 5)
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Total Synthesis of (+)-Ochromycinone via Gold-Catalyzed
Intramolecular [4 + 2] Benzannulation

Helicobacter pylori

R1 = Me, R2 = R3 = H, R4 = OH
(+)-Ochromycinone

Selective activity against H. pylor i 2)

OO

R4 O
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R3

Angucyclinone Group 1)

H. Pylori is infested in half man's stomach of about
all population and is considered as a leading cause
of gastric ulcer and cancer.
B. J. Marshall and J. B. Warren won Nobel pr ize
in 2005 by distinguished achievement that had
discovered H. Pylor i.

2) Taniguchi, M.; Nagai, K., Watanabe, M.; Niimura, N.; Suzuki, K.; Tanaka, A. J. Antibiot. 2002, 55, 30-35.
1) Carreno, M. C.; Urbano, A. Synlett 2005, 1, 1-25.~
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Transition metal-Catalyzed Direct Addition of Pronucleophiles to Imines
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Mechanistic Study
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Vibsanol

Isolated from the wood of 
Viburnum awabuki (Caprifoliaceae)
Inhibitor of lipid peroxidation

Fukuyama, Y. et al. Chem. Pharm. Bull. 1996, 44, 1418.
Aoyama, T.; Shioiri, T. et al. Tetrahedron Lett. 1999, 40, 4211.
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R AuCl (mol%) Yield (%) 
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Gold-Catalyzed Thiosilylation 

R AuCl (mol%) Time (h) Yield (%) 
n-Pr 2 5 98 
Cy 25 21 44 

p-F3CC6H4 10 21 60 
Ph 2 19 97 

p-tolyl 10 24 96 
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Yamamoto, Y. J. Org. Chem. 2007, 72, ASAP. 
Hashmi, A. S. K. Chem. Rev. 2007, 107, 3180.
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Dual Roles of Pd(II) Catalyst 

Asao, N.; Nogami, T.; Takahashi, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 764-765. 
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Jin, T.; Yamamoto, Y. Org. Lett. 2007, 9, 5259-5262.  

Dual Roles of Cationic Gold Catalyst 
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Catalytic Nazarov Cyclization of Divinyl Ketones 
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                  Sc(OTf)3 Py-box, Cu-bisoxazoline, chiral Ir

Frontier, A. J. et al, Tetrahedron 2005, 61, 7577-7606. 
Pellissier, H. Tetrahedron 2005, 61, 6479-6517. 
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6-Membered Cyclic Enynyl Carbonyls 
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Various Enynyl Carbonyls 
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Construction of Tetracycles 
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Tandem Alkyne-Carbonyl / Aromatic Nazarov Cyclization 
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