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What is a Preligand?
*Something that is not exclusively in a form that will coordinate to a 
  metal, but when added to solution containing a metal will become 
  exclusively a ligand. 

Heaton, B.T; Chatt, J. J. Am. Chem. Soc. 1968 2745-2757



Why is this Needed?
*This is needed because certain ligands are not stable to air or moistrue, 
  whereas in preligand form are stable to ambient conditions.

*Phosphorus compounds are subject to oxidation 
  (so need to be protected).

P-BH3 , P=O

P-BH3 is unstable towards many acids and Lewis bases.
And…basic amines used to remove -BH3 can also attack
hydrolyzable P-O bonds.

P-BH3

P=O
“oxygen protective group” is removed by reductive conditions
 -usually with silanes prior to catalysis.
-oxidation problem delayed not solved

SO…



Phosphine Oxides

-Easilly prepared by P-C coupling reaction with phosphine halides 
 followed by hydrolysis of the remaining P-X bond.
-Stable to oxidation and inert to water
-The tautomerization leads to the ligand. 
-Often abreviated “SPO” --> secondary phosphine oxides and 
 sometimes POP to describe equilibrium between P=O and P cmpds

Heaulieu, W. B.; Rauchfuss, T. B.; Roundhill, D. M. Inorg. Chem. 1975, 14, 1732-1734



Hydroformylation

Roobeek, C. F.; Wife, R. L.; Frijns, J. H. G.; van Leeuwen, P. W. N. M. J. Chem. Soc.Chem.
Comm. 1986, 31-33
Roobeek, C. F.; Frijns, J. H. G.; van Leeuwen, P. W. N. M. Organomet. 1990, 9, 1211-1222

Pt-H + alk-1-ene Pt-n-alkyl

Pt-n-alkyl + CO Pt-acyl

Pt-acyl + H2 Pt-H + aldehyde



Hydrolysis of Nitriles

Cobley, C. J.; van den Heuvel, M.; Abbadi, A.; de Vries, J. G.  Tetrahedron Lett. 2000, 2467-2470
Ghaffar, T.; Parkins, A. W. Tetrahedron Lett. 1995, 36, 8657-8660

In absence of water

Intra/intermolecular



Hydrolysis of Nitriles



Hydrolysis of Nitriles…Mechanism
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Ghaffar, T.; Parkins, A. W. Tetrahedron Lett. 1995, 36, 8657-8660



Cross-Coupling Reactions
with non-activated aryl chlorides

Li, G. Y. Ang. Chem. Int. Ed. 2001, 40, 1513-1516

1-5 mol% catalyst



Coupling Reactions



Solid Supported Preparation of Ligands

Li, G. Y. Ang. Chem. Int. Ed. 2001, 40, 1513-1516

Use in constructing
libraries



Cross-Coupling Reactions
Stille and Heck reactions of Chloroquinolines

Lerebours, R.; Wolf, C. 
J. Org. Chem.  2003, 68,
7077-7084

Heck

Stille

Ziegler Rxn

Yield = 10-85%

Yield = 18-89%



Cross Coupling Reactins
Amination and thiation reactions of Chloroquinolines

Lerebours, R.; Wolf, C. J. Org. Chem. 2003, 68, 7077-7084

Yield = 73-85%

Yield = 48-86%



Cross Coupling Reactions
Stille Coupling in Water

Lerebours, R.; Wolf, C. J. Org. Chem. 2003, 68, 7551-7554



Stille Couplings in Water

Lerebours, R.; Wolf,
C.
J. Org. Chem. 2003, 68,
7551-7554



Stille Couplings in Water
Scale up and recyclable catalyst

Lerebours, R.; Wolf, C. J. Org. Chem. 2003, 68, 7551-7554

Br

SnMe3

POPd

0.5 mmol = 80% yield

5.0 mmol = 79% yield

H2O

(1 gram)



Chiral Phosphorus Preligands
- Highly stable to epimerization
- Two methods of preparation
  1. Formation by the diastereoselective generation of the stereogenic
      phosphorus atom (with chiral alcohols-BINOL and mandelic acid)
      followed by resolution of the racemate1.
  2. Separation of enantiomers on preparative chiral HPLC columns2. 

1.Drabowicz, J.; Lyzwa, P.; Omelanczuk, J.; Pietrusiewicz, K. M.; Mikilajczyk, M. 
   Tetrahedron Assym. 1999, 10, 2757-2763
2.Jiang, X.; Minnaard, A. J.; Hessen, B.; Duchateau, A. L. L.; Andrien, J. G. O.; 
   Boogers, J. A. F.; Ferringa, B. L.; de Vries, J. G. Org. Lett. 2003, 5, 1503-1506



Applications of Chiral SPO’s

Jiang, X.; Minnaard, A. J.; Hessen, B.; Duchateau, A. L. L.; Andrien, J. G. O.; 
   Boogers, J. A. F.; Ferringa, B. L.; de Vries, J. G. Org. Lett. 2003, 5, 1503-1506



Applications of Chiral SPO’s
Iridium/SPO-Catalyzed
Imine Hydrogenation

10-->R1=R2=H

11-->R1=Ome, R2=H

15 17

Ferringa, B. L.; de Vries, J. G.;
et al. Org. Lett. 2003, 5, 1503-
1506

F3C-toluene

{
1 bar H2

}



Applications of Chiral SPO’s

Ferringa, B. L.; de Vries, J. G.;
et al. Org. Lett. 2003, 5, 1503-
1506

10-->R1=R2=H

11-->R1=OMe, R2=H

12-->R1=H, R2=OMe

13-->R1=H, R2=Cl

14-->R1=Cl, R2-H

15

17

16cyclohexane

]

}0 oC

room temp



P-Chirogenic Diaminophosphine Oxide

Nemoto, T.; Matsumoto, T.; Masuda, T.; Hitomi, T.; Hatano, K.; Hamada, Y. 
J. Am. Chem. Soc. 2004, 126, 3690-3691



P-Chirogenic Diaminophosphine Oxide

Nemoto, T.; Matsumoto, T.; Masuda, T.; Hitomi, T.; Hatano, K.; Hamada, Y. 
J. Am. Chem. Soc. 2004, 126, 3690-3691
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Allylic
Substitution
of Various
Substrates

Hamada, Y.; et al.
J. Am. Chem. Soc.

2004, 126, 3690-3691



Proposed Structure of Active Species

Nemoto, T.; Matsumoto, T.; Masuda, T.; Hitomi, T.; Hatano, K.; Hamada, Y. 
J. Am. Chem. Soc. 2004, 126, 3690-3691



Conclusions


