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Strategies for Asymmetric Cross-Coupling Reactions	
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Fu’s Previous Works	
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• Enantioselective cross coupling of propargyl bromide with diphenylzinc
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Construction of Quaternary Carbon Center	
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• Enantioselective cross coupling of tert-haloalkane

+

It is difficult to quaternary carbon center by cross-coupling reaction

• Reported methods

Ph Br

CyMe
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dppp

THF, –20 ºC
83%

Tsuji, T.; Yorimitsu, H.: Oshima, K. Angew. Chem. Int. Ed, 2002, 41, 4147.
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–––> Asymmetric construction of quaternary carbon center has not been achieved.

Zultanski, S. L.; Fu, G. C. J. Am. Chem. Soc. 2013, 135, 624.



Ni-Catalyzed Reaction of sec-Bromide with Olefin	
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Design of Substrate	
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Ni-Catalyzed Reaction of tert-Bromide with Olefin	
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Transformations of Obtained Compound	
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Initially Proposed Mechanism	
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Mechanistic Study	
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Proposed Catalytic Cycle	
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Short Summary	
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Cross-Coupling of Chiral Boronic Esters	
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Ohmura, T.; Awano, T.; Suginome, M. J. Am. Chem. Soc. 2010, 132, 13191.
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Cross-Coupling of Chiral Boronic Esters	
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The factors controlling the dominant mechanism of transmetallation are not understood.
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Et Me

ArAr

Me Et

Pd/Pt-Bu3Pd/L

Li, L.; Zhao, S.; Joshi-Pangu, A.; Diane, M.; Biscoe, M. R. J. Am. Chem. Soc. 2014, 136, 14027.

(stereo invertive)

98%ee

(stereo retentive)
Aim of this research:

• Development of the ligand-controlled enatiodivergent cross-coupling reaction
• To reveal the factors that control the the transfer of stereochemistry



Effects of the Substituent and Ligand	
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*
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General Scheme of Model Development	
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a A conformational search was performed for all phosphines using OPLS3 force field and low frequency- 
  mode conformational search. Conformers within 15kcal/mol were considered for further computations. 
b All structures were fully optimized at the PBE0/6-31+G(d) level and frequency analysis was performed  
  at the same level.  
c Multivariate model development was performed using MATLAB R2017a with forward stepwise linear  
   regression. 
Xhao, S.; Gensch, T.; Murray, B.; Niemeyer, Z. L.; Sigman, M. S.; Biscoe, M. Science, 2018, 362, 670. 
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Experimental Workflow	
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Initial Investigations	
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Epimerization via β-Hydride Elimination	
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23	Xhao, S.; Gensch, T.; Murray, B.; Niemeyer, Z. L.; Sigman, M. S.; Biscoe, M. Science, 2018, 362, 670. 

Enantiospecificity Trend	
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New Ligand Design	
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Effects of New Ligands	
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Substrate Scope	
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Limitation of the Reaction	
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Multivariate Regression Analysis 	
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Results of Multivariate Linear Regression	
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 Eσ*(P−C)ave ••• The average energy of the      
                             P−C antibonding (σ*) orbitals

ELP(P) ••• the energy of the lone pair orbital 
                  of phosphorus
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It was found that enantioselectivity 
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