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Phosphines 
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Weaker bases, but stronger nucleophiles than nitrogen analogs 
 
React with saturated and unsaturated C, O, S, X(VII A), and N 
 
Practically all useful transformations involve  

 R3P + Electrophile à [R3P]+[Electrophile]- 
 

Can be a leaving group (catalysis) 
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Phosphine Catalyzed Reactions 
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Morita-Baylis-Hillman 

Nucleophile 

Isomerization 

α-Addition 

β-Addition 

γ-Addition 

[3+2] Cycloaddition 

[4+2] Annulation 
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J. Am. Chem. Soc., 2009, 131, 14231–14233. 

J. Org. Chem., 1998, 63, 5631-5635. 

γ-Addition reaction of carbon γ-Addition reaction via prochiral 
nucleophile 

γ-Addition reaction of nitrogen 
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P Ph

(10 mol%)

PhCO2H (50 mol%)
THF, 55 oC

CO2CH3

OH
R n

O
R n

H
CO2Et

63-90% yield
87-94% ee

Angew. Chem. Int. Ed., 2009, 48, 2225 –2227. 

γ-Addition reaction of oxygen 



Oxindoles  
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Found in natural products 
 
Prominent substructure in bioactive molecules N

H

OR1

R2 R3

*

Org. Lett., 2012, 14, 4018-4021.; Org. Biomol. Chem., 2014, 12, 1885-1891.;  
Science 2010, 329, 1175-1180.; J. Med. Chem., 2008, 51, 1861-1873.  
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Synthesis of 3,3’-disubstituted oxindole 
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J. Am. Chem. Soc,. 2011, 133, 7328. 
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Aim and Optimization 

Eakkaphon@Wipf Group           Page 7 of 13                     05/10/2013 

N
Boc

OR1

R2

N
R

OR1

R2

*
C EWG

EWG

phosphine-catalyzed

N
Boc

O

4 C
CO2R

catalyst (10 mol%)
toluene, RT

N
Boc

O

CO2R

6a

7

8

4



Asymmetric γ-addition of 3-alkyl substituted oxindoles 
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Asymmetric γ-addition of 3-aryl substituted oxindoles 
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A formal total synthesis of natural products  

(−)-Esermethole (−)-Physostigmine 

A core motif of bioactive natural 
alkaloid with seven-membered ring 

1J. Am. Chem. Soc., 2004, 126, 14043-14053. 2J. Am. Chem. Soc., 1998, 120, 6500-6503. 
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Proposed transition state model 
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Conclusions 

•  3,3’-Disubstituted oxindole compounds were prepared 
enantioselectively from 3-substituted oxindoles and allenoates 
using a phosphine-catalyzed asymmetric γ-addition in high yields 
and excellent enantioselectiveties. 

•  Its synthetic utility was amply demonstrated by the formal total 
synthesis of natural products and the preparation of molecules of 
biological significance. 
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