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1. Introduction 

• 1.1. Borane ligands 

• 1.2. Z-type ligands 

• 1.3. Electronegativities 

• 1.4. Electron count for Z type ligands 



1.1. Borane ligands 

Braunschweig, H. et al Chem. Rev. 2010, 110, 3924.  

For boryl metal complexes: Irvine, G.J. et al Chem. Rev. 1998, 98, 2685. 
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1.1. Borane ligands 

• Summary of known boron-metal complexes 

Braunschweig, H. et al Chem. Rev. 2010, 110, 3924. 



1.2. Z-type ligands 

• Three type of metal-ligand interactions 

 

 

 

 

 

For review: Amgoune, A.; Bourissou, D. Chem. Commun. 2011, 47, 859. 



1.2. Z-type ligands 

• Unsupported M  Z interactions 

For review: Amgoune, A.; Bourissou, D. Chem. Commun. 2011, 47, 859. 



1.2. Z-type ligands 

• Supported M  Z interactions: borane ligands 

 

For review: Amgoune, A.; Bourissou, D. Chem. Commun. 2011, 47, 859. 



1.2. Z-type ligands 

• Supported M  Z interactions: other ligands 

 

For review: Amgoune, A.; Bourissou, D. Chem. Commun. 2011, 47, 859. 



1.3. Electronegativities 

• Gold: Give me your electrons! 

• Boron: Sorry I don’t have any left… 



1.4. Electron count for Z-type ligands 

• dn configuration, L = 0, X = -1, Z = -2. 

• Electron counting L= +2, X= +1, Z = 0. 

 

Parkin, G. Organometallics 2006, 25, 4744. 



2. Metal complexes  

• 2.1. Historical view 

 In 1963 Shriver reported a metal-boron dative complex [Cp2WH2(BF3)]. 

     

Shriver, D.F. J. Am. Chem. Soc. 1963, 85, 3509  

Shriver, D.F. Acc. Chem. Res. 1970, 3, 231 



2. Metal complexes  

• 2.1. Historical view 

 In 1979, Hughes reported the complex that contains a metal boron dative 

bond. 

                                                  

 

            

       

Burlitch, J.M. et al Inorg. Chem. 1979, 18, 1702. 



2. Metal complexes  

• 2.1. Historical view 

 Until 1999, Hill’s group reported the first metal-borane complex. 

 

Hill, A.F. et al Angew. Chem. Int. Ed. 1999, 38, 2759. 



Braunschweig, H. et al Chem. Rev. 2010, 110, 3924. 

(i) excess CO; (ii) K[TmMe], CH2Cl2; (iii) Na[TmMe]; (iv) Na[TmMe]; (v) PPh3; (vi) excess 

CO; (vii) CNtBu; (viii) CNXyl;(ix) CNMes. 

2. Metal complexes  



2. Metal complexes  

(i) Na[BmMe]; (ii) room temperature; (iii) 

Na[TmMe]/K[TmtBu]/Tl[TmtBu]/Li[TmPh].  

An asterisk denotes complexes that were 

detected but not isolated. 

Braunschweig, H. et al Chem. Rev. 2010, 110, 3924. 



2. Metal complexes  

(i) Na[TmMe]; (ii) room temperature; (iii) Na[TmMe]; (iv) refluxing CH2Cl2/ethanol (20:1); 

(v) CNtBu; (vi) CNXyl; (vii) CNMes; (viii) PMe3; (ix) excess PMe3, refluxing 

CH2Cl2/THF (10:1); (x) Na[S2CNEt2]; (xi) M ) Rh, K[TmtBu]; (xii) M ) Ir, K[TmtBu] 

Braunschweig, H. et al Chem. Rev. 2010, 110, 3924. 



2. Metal complexes  

Chemical Reviews 2010, 110, 3924. 

(i) K[TmtBu]; (ii) K[TmtBu]; (iii) 

PMe3; (iv) Tl[OAc]; (v) K[SCN]; (vi) 

Na[N3]; (vii) DBU; (viii) HCl; (ix) 

Na[TmMe]; (x) Na[TmMe]; (xi) room 

temperature; (xii) Cl2; (xiii) Br2; (xiv) 

I2; (xv) MeI. 



2. Metal complexes  

11B NMR Au-B bond 

distance Ligand Complex 

2.13a 75.6 ppm 80.1 ppm 2.90 

2.13b 64.5 ppm 55.2 ppm 2.663(8) 

Bontemps, S. et al J. Am. Chem. Soc. 2006, 128, 12056. 



2. Metal complexes  

(i) [RhCl(NBD)]2 (0.5 equiv);  

(ii) DMAP; 

(iii) [RhCl(CO)2]2 (0.5 equiv);  

(iv) [MCl2(cod)] (M = Pd, Pt); 

(v) [AuCl(SMe2)]. 

 

Braunschweig, H. et al Chem. Rev. 2010, 110, 3924. 



2. Metal complexes  

(i) [Ni(cod)2]; (ii) [Pd(PtBu3)2]; (iii) [Pt(PtBu3)2]; (iv)CuCl; (v) AgCl; (vi) 

[AuCl(SMe2)]; (vii) GaCl3. 

Braunschweig, H. et al Chem. Rev. 2010, 110, 3924. 



2. Metal complexes  

(i) excess CO; (ii) CNXyl; (iii) CNtBu. 

Braunschweig, H. et al Chem. Rev. 2010, 110, 3924. 



2. Metal complexes  

(i) CHCl3;  

(ii) CHBr3; 

(iii) [PhC(O)O]2;  

(iv) CHCl3/I2;  

(v) XeF2; 

(vi) I2. Braunschweig, H. et al Chem. Rev. 2010, 110, 3924. 



2. Metal complexes  

Braunschweig, H.; Dewhurst, R.D. Dalton Trans. 2011, 40, 549. 



2. Metal complexes  

Braunschweig, H.; Dewhurst, R.D. Dalton Trans. 2011, 40, 549. 



2. Metal complexes  

Braunschweig, H.; Dewhurst, R.D. Dalton Trans. 2011, 40, 549. 

old 



3. Reaction 

• 1. Transfer hydrogenation of ketones 

• 2. Hydrogenation of alkenes 

• 3. Reduction of nitrogen to ammonia 



3. Reactions 

Owen, G. et al Dalton Trans. 2008, 6039. 



3. Reactions 

Kameo, H.; Nakazawa, H. Organometallics 2012, 31, 7476. 



3. Reactions 

Owen, G. et al Organometallics 2009, 28, 5222. 



3. Reactions 

Owen, G. et al Chem. Commun. 2011, 47, 484. 



3. Reactions 

Harman, W.H.; Peters, J.C. J. Am. Chem. Soc. 2012, 134, 5080. 



3. Reactions 

Peters, J. et al Organometallics 2013, 32, 3053. 



3. Reactions 

Moret, M.E.; Peters, J.C.  

Angew. Chem. Int. Ed. 2011, 50, 2063. 



3. Reactions 

Moret, M.E.; Peters, J.C. J. Am. Chem. Soc. 2011, 133, 18118. 



3. Reactions 

Peters, J. et al Nature 2013, 501, 84. 



3. Reactions 

Peters, J. et al Nature 2013, 501, 84. 



3. Reactions 

Creutz, S.E.; Peters, J.C. J. Am. Chem. Soc. 2014, 136, 1105. 



4. Brief summary  

• 1. This field is re-established in 1999. 

• 2. The metal complexes with late TM are 

reported. 

• 3. To my knowledge there are three type 

catalytic reactions: transfer hydrogenation of 

ketones, hydrogenation of alkenes and alkynes, 

and reduction of  nitrogen to ammonia. 



Thanks! 

• Be NMR-tube-philic! 



Question time! 

Question 1 

Propose a mechanism for the hydrogenation of ketone with complex 5: 
 



Question time! 

Question 2 

Silicon can also be a lewis acid, and it has similar effect as borone when 

 coordinate to metal. Complete the following transformation: 



Question time! 

Question 3 

Propose a possible mechanism for the transformation of 5 to 6A. 



Question 1 



Question 2 



Question 3 


