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THE	  ATOM	  ECONOMY	  -‐	  A	  SEARCH	  FOR	  SYNTHETIC	  EFFICIENCY	   SCIENCE	   1991	   2148	   89.50	  

Asymmetric	  transiBon	  metal-‐catalyzed	  allylic	  alkylaBons	   CHEMICAL	  REVIEWS	   1996	   1944	   102.32	  

ATOM	  ECONOMY	  -‐	  A	  CHALLENGE	  FOR	  ORGANIC-‐SYNTHESIS	  
	  -‐	  HOMOGENEOUS	  CATALYSIS	  LEADS	  THE	  WAY	   ANGEWANDTE	   1995	   1558	   77.90	  

Asymmetric	  transiBon-‐metal-‐catalyzed	  allylic	  alkylaBons:	  	  
ApplicaBons	  in	  total	  synthesis	   CHEMICAL	  REVIEWS	   2003	   1134	   94.50	  
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NEW	  SYNTHETIC	  REACTIONS	  -‐	  SULFENYLATIONS	  AND	  
DEHYDROSULFENYLATIONS	  OF	  ESTERS	  AND	  KETONES	   JACS	   1976	   628	   16.10	  

Non-‐metathesis	  ruthenium-‐catalyzed	  C-‐C	  bond	  formaBon	   CHEMICAL	  REVIEWS	   2001	   565	   40.36	  

ORGANOPALLADIUM	  INTERMEDIATES	  IN	  ORGANIC-‐SYNTHESIS	   TETRAHEDRON	   1977	   505	   13.29	  
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Alkylation in 70-80’s 



Alkylation  of Unsymmetrical Ketone 

JOC, 1965, 30, 1341; JOC, 1965, 30, 2502  



Alkylation  of Unsymmetrical Ketone 

JOC, 1965, 30, 2502  



Alkylation  of Unsymmetrical Ketone 

JOC, 1965, 30, 2502  



Transfer Alkylation 

JACS, 1972, 94, 1970  



Transfer Alkylation 

JACS, 1972, 94, 1970  



Secoalkylation 

R

O

R R

O

R

R'

JACS, 1972, 94, 4777  



Secoalkylation 

JACS, 1972, 94, 4777  



Geminal Alkylation 

JACS, 1973, 95, 2038  
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Geminal Alkylation 

JACS, 1973, 95, 2038  



Dimethylsulfonium Phenacylide 

Accounts Chem. Res, 1974, 7, 85 



Dimethylsulfonium Phenacylide 

Trost, JACS, 1967, 89, 138 



New Alkylation Methods 

Accounts Chem. Res, 1974, 7, 85 



New Alkylation Methods 

Accounts Chem. Res, 1974, 7, 85 



New Alkylation Methods 

Accounts Chem. Res, 1974, 7, 85 



Oxidative Decarboxylation 

JACS, 1975, 97, 3528 



Oxidative Decarboxylation 

JACS, 1975, 97, 3528 



Geminal and Reductive Alkylations 

JACS, 1975, 97, 2218 



Geminal and Reductive Alkylations 

JACS, 1975, 97, 2218 



Geminal and Reductive Alkylations 

JACS, 1975, 97, 2218 



Geminal Alkylation via α-Trimethylenedithiocyclobutanones 

JACS, 1975, 97, 2224 



Geminal Alkylation via α-Trimethylenedithiocyclobutanones 

JACS, 1975, 97, 2224 



Oxasecoalkylation via Cyclobutanone Intermediates 

JACS, 1978, 100, 5512 



Oxasecoalkylation via Cyclobutanone Intermediates 

JACS, 1978, 100, 5512 



Allylic Alkylation 



Allylic Alkylation 

Formation of the Π-allyl complex directly from the olefin can be 
accomplished in high yields (80-100 %) by either treatment with 
palladium chloride in methylene chloride containing sodium 
carbonate (method A) or with palladium chloride and sodium 
chloride in acetic acid containing sodium acetate (method B ).  

JACS, 1973, 95, 292 



Allylic Alkylation 

JACS, 1973, 95, 292 



Although no definitive statements regarding the course of the 
alkylation can be made, the requirement of 4 equiv of 
phosphine per dimer and the use of a soft anion led us to 
suggest the ionic complex 18 as an inter- mediate. 

Allylic Alkylation 

JACS, 1973, 95, 292 



Regio- and Stereoselectivity of Allylic Alkylation 

JACS, 1975, 97, 2534 



JACS, 1975, 97, 2534 

Regio- and Stereoselectivity of Allylic Alkylation 



Sterochemistry Allylic Alkylation 

JACS, 1975, 97, 1611 



Sterochemistry Allylic Alkylation 

JACS, 1975, 97, 1611 



Generation and Alkylation of the Dianion of 1-Indanone 

JOC, 1977, 42, 3212 



Asymmetric Induction in Catalytic Allylic Alkylation 

JACS, 1977, 99, 1649 



Allylic Alkylation: Nature of the Nucleophile 

JACS, 1978, 100, 3426 
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Allylic Alkylation: Nature of the Nucleophile 

First, it is possible that kinetically reaction occurs initially at palladium. Subsequent C-
alkylation then requires this initial reaction to be reversible. The lower the stability of the anion, 
the poorer the reversibility. 

 As the nucleophile becomes harder, charge distribution becomes more important in 
determining the regiochemistry. Since more positive charge resides at palladium rather than 
carbon, attack occurs there-ultimately leading to decomposition. 

JACS, 1978, 100, 3426 



JACS, 1978, 100, 3426 

Allylic Alkylation: Nature of the Nucleophile 



Allylic Alkylation: Nu attack on π-Allyl-Pd Complexes 

JACS, 1978, 100, 3461 



Allylic Alkylation: Nu attack on π-Allyl-Pd Complexes 

JACS, 1978, 100, 3461 



Allylic Alkylation 

TOT 

JACS, 1978, 100, 3461 



Pd-Mediated Cycloaddition Approach to Cyclopentanoids 

JACS, 1983, 105, 2326 



JACS, 1983, 105, 2326; JACS, 1983, 105, 5942  

Pd-Mediated Cycloaddition Approach to Cyclopentanoids 



JACS, 1973, 95, 292 

Tungsten-Catalyzed Allylic Alkylation 

Five factors may be envisioned to affect the regioselectivity. (1) steric 
demands of the nucleophile, (2) steric demands of the Π-allyl substituents, (3) 
charge distribution of the π-allyl intermediate, (4) steric and electronic 
demands of the metal template, and (5) reactivity of the nucleophile. 
Rationalizing that factors 3 and 4 favor attack at the more substituted end, we 
envisioned that the steric demands imposed by a tungsten template may favor 
alkylation at the more substituted end. 



JACS, 1983, 105, 7757 

Tungsten-Catalyzed Allylic Alkylation 



Regiochemical Control in Molybdenum Allylic Alkylation 

Organometallics, 1983, 2, 1687 

25% mol% Mo(CO)6, PhCH3, reflux, 72 h      60% 



Regiochemical Control in Molybdenum Allylic Alkylation 

Organometallics, 1983, 2, 1687 



On the Stereo- and Regioselectivity of Mo-Catalyzed Allylic Alkylation 

JACS, 1983, 105, 3343 



A Model for Metal –Templated Catalytic Asymmetric  
Induction via Π-Allyl Fragments 

Organometallics, 1985, 4, 1143 



Organometallics, 1985, 4, 1143 

A Model for Metal –Templated Catalytic Asymmetric  
Induction via Π-Allyl Fragments 



Unusual Chemoselectivity Using Difunctional 
Allylic Alkylation Agents 

JACS, 1987, 109, 2176 



Unusual Chemoselectivity Using Difunctional 
Allylic Alkylation Agents 

JACS, 1987, 109, 2176 



A Modular Approach for Ligand Design for  
Asymmetric Allylic Alkylations 

JACS, 1992, 114, 9327 



A Modular Approach for Ligand Design for  
Asymmetric Allylic Alkylations 

JACS, 1992, 114, 9327 



A Modular Approach for Ligand Design for  
Asymmetric Allylic Alkylations 

JACS, 1992, 114, 9327 



A Modular Approach for Ligand Design for  
Asymmetric Allylic Alkylations 

JACS, 1992, 114, 9327 



Asymmetric Alkylation of β-Ketoester 

JACS, 1997, 119, 7879 

TMG: N,N,N′,N′-tetramethylguanidine. 



On the Effect of the Nature of Ion Pairs 
As Nucleophile in Metal-Catalyzed Substitution Reaction 

JACS, 1998, 120, 70 



JACS, 1998, 120, 70 

On the Effect of the Nature of Ion Pairs 
As Nucleophile in Metal-Catalyzed Substitution Reaction 



Asymmetric O- and C- Alkylation of Phenols 

JACS, 1998, 120, 815 



Chiral Recognition for Control of Alkene Geometry 
In Allylic Alkylation 

JACS, 1999, 121, 8667 



Chiral Recognition for Control of Alkene Geometry 
In Allylic Alkylation 

JACS, 1999, 121, 8667 



Chiral Recognition for Control of Alkene Geometry 
In Allylic Alkylation 

JACS, 1999, 121, 8667 



Regio- and Enantioselective Mo-Catalyzed 
Alkylations of Polyenyl Esters 

JACS, 1999, 121, 10416 



Asymmetric Alkylation of Ketone Enolates 

JACS, 1999, 121, 6759 



AAA in KAT/DYKAT Processes 

Chem. Eur. J., 2001, 7, 3768 



JACS, 1973, 95, 292 

AAA in KAT/DYKAT Processes 



Cook, ACIEE, 1999, 38, 110 

AAA in KAT/DYKAT Processes 



Synthesis of Quaternary Amino Acids 
Using Mo-Catalyzed AAA 

JACS, 2002, 124, 7256; Angew, 2002, 41, 1929 



Pd-Catalyzed Asymmetric Addition of Pronucleophiles to Allene 

JACS, 2003, 125, 4438 



JACS, 2003, 125, 4438 

Pd-Catalyzed Asymmetric Addition of Pronucleophiles to Allene 



Dynamic Kinetic AAA of Allenes 

JACS, 2005, 127, 14186 



JACS, 2005, 127, 2846 

Regio- and Enantioselective Pd-Catalyzed 
AAA of ketones through Allyl Enol Carbonates 



Regio- and Enantioselective Pd-Catalyzed 
AAA of ketones through Allyl Enol Carbonates 

JACS, 2005, 127, 2846; JACS, 2005, 127, 17180 



New Class of Nu for AAA 
Total Synthesis of Agelastatin A 

JACS, 2006, 128, 6054 

83%, 
92% ee 



Strategy for Employing Unstabilized Nu in AAA 

JACS, 2008, 130, 14092 



Pd-Catalyzed allylation of 2-Substituted Pyridines 

JACS, 2009, 131, 12056 



Pd-DKAT of Vinyl Aziridines with N-Heterocycles 

JACS, 2010, 132, 15800 



Dual Catalysis by Coupling Highly Transient 
Nu and E Intermediates Generated in Situ 

JACS, 2011, 133, 1706 



JACS, 2011, 133, 1706 

Dual Catalysis by Coupling Highly Transient 
Nu and E Intermediates Generated in Situ 



Pd-AAA of Polynitrogen-Containing Aromatic Heterocycles 

JACS,2011, 133, 12439 



Alkylation via A Dinuclear Zn Catalyst 



Asymmetric Aldol Reaction via a Dinuclear Zinc Catalyst 

JACS, 2001, 123, 3367 



Asymmetric Aldol Reaction via a Dinuclear Zinc Catalyst 

JACS, 2001, 123, 3367 



Asymmetric Henry Reaction via a Dinuclear Zn Catalyst 

Angew, 2002, 41, 861 



Desymmetrization of Meso Diols  

JACS, 2003, 125, 2410 



Asymmetric Aldol Addition of Methyl Ynones  

JACS, 2004, 126, 2660 



Asymmetric Mannich-type Reaction via a Dinuclear Zinc Catalyst 

JACS, 2006, 128, 2778 



JACS, 2009, 131, 4572 

Asymmetric Michael Addition to Nitroalkenes 



Asymmetric Michael Addition to Nitroalkenes 

JACS, 2009, 131, 4572 



Mg-Catalyzed Asymmetric Aldol Addition of EDA 

JACS, 2009, 131, 1647 



Some Other Reactions 



Ru-Catalyzed Dimerization of Propargyl Alcohols 

JACS, 2001, 123, 8862 



JACS, 2001, 123, 8862 

Ru-Catalyzed Dimerization of Propargyl Alcohols 



Three-Carbon Chain Extension of Alkynes  
To form E-Enol silanes  

JACS, 2001, 123, 2897 



JACS, 2001, 123, 2897 

Three-Carbon Chain Extension of Alkynes  
To form E-Enol silanes  



Ru-Catalyzed Enyn Cycloisomerization 

JACS, 2004, 126, 15592 



Allylic Alkylation 

JACS, 2004, 126, 15592; JACS, 2005, 127, 10259 
 
; 



JACS, 2005, 127, 10259 

Ru-Catalyzed Enyn Cycloisomerization 



Pd-Catalyzed Asymmetric [3+2] Trimethylenemethane Cycloaddition 

JACS, 2006, 128, 13328 



JACS, 2006, 128, 13328 

Pd-Catalyzed Asymmetric [3+2] Trimethylenemethane Cycloaddition 



JACS, 1979, 101, 6429; JACS, 1979, 101, 6433;  
  

Pd-Catalyzed Asymmetric [3+2] Trimethylenemethane Cycloaddition 



Pd-Catalyzed Asymmetric [3+2] Cycloaddition of Trimethylenemethane 
With Imines 

JACS, 1973, 95, 292 
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Ru- and Pd-Catalyzed Enyne Cycloisomerizations 

JACS, 2008, 130, 16176 



Ru- and Pd-Catalyzed Enyne Cycloisomerizations 

JACS, 2008, 130, 16176 



JACS, 2008, 130, 16176 

Ru- and Pd-Catalyzed Enyne Cycloisomerizations 



Ru-Catalyzed Cross-Coupling of  Tertiary Propargyl Alcohols 
With ω-Alkynenitriles 

JACS, 2009, 131, 420 



Ru-Catalyzed Cross-Coupling of  Tertiary Propargyl Alcohols 
With ω-Alkynenitriles 

JACS, 2009, 131, 420 



Allylic Alkylation 

JACS, 2006, 128, 13328; JACS, 2013, 135, 2459  



JACS, 2013, 135, 2459  

Pd-Catalyzed Asymmetric [3+2] Cycloaddition of Trimethylenemethanes 



 

THE END  
THANK YOU 


