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}The alpha effect:  
ƁRefers to the increased reactivity of a nucleophile 

due to the presence of an adjacent ( )̗ atom with a 
lone pair of electrons.  
ƁFrequently referenced with basicity  

}Seminal Investigation: Jencks and Carriuolo  
 
 
 
 
ƁFirst to attribute enhanced nucleophilicity  to the 

presence of an atom with a lone pair  ̗to the 
nucleophilic center  

 

Jencks et al. JACS, 1960, 82 , 675  



ÅRelative rates of 
substitution  

 

ÅAttributed the abnormal 
reactivity to increased 
polarizability of 
nucleophiles  

 The presence of an -̗ atom 
with lone pairs leads to 

greater nucleophilicity  than 
the basicity would suggest  



}The term òthe -̗effectó was first used by 
Edwards and Pearson.  

ƁDescribed it as an additional factor influencing 
nucleophilicity , separate from polarizability.  

ƁTheir hypothesis:  

¶ Stabilization of the relative electron deficiency in the 
transition state via Ù- bonding (conceptually similar to 
carbocation stabilization by a neighboring heteroatom)  

 

 

¶Extent of Ù- donation is greater in nucleophilic 
addition products than in the conjugate acid, resulting 
in enhanced stability of the former  

 Edwards et al. JACS, 1962, 84 , 16  



}Hypotheses:  
ƁIncreased Polarization of Nucleophiles 1 

 
ƁTransition State Stabilization by lone pair at -̗ position 2 

 

ƁRelative stability of products 2 

 
ƁDiminished Solvation of -̗ nucleophiles 3 

 

ƁGround State Destabilization due to electron - electron 
repulsion 4 

 

 
1 Jencks et al. JACS, 1960, 82 , 675  

2 Edwards et al. JACS, 1962, 84 , 16  
3 C.A. Bunton  in òPeroxide Reaction Mechanisms,ó 
J.O. Edwards, Ed., Intersience  Publishers, Inc., New 
York, N.Y., 1962, p25  
4 Edwards, JACS, 1962, 84 , 763  

 



} Overlap of -̗ electrons should lower the transition state 
energy and  increase the pKa, which would result in no 
deviation from Br ønsted  plot  

 

} pKa may not be the best reference by which to compare 
nucleophilicity  

 

Hine et al. JACS, 1965, 87 , 3387  
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Bruice  et al. JACS, 1967, 89 , 1967  



}KA
R or K HA

RA could be a better reference for stability  

 

}The factors that stabilize the products of -̗
nucleophilic reactions also stabilize the transition 
state  



 
 
 
 
 

7 Hudson et al. J. Chem. Soc. D, 1970, 937  



} Hudson proposed that overlap of 
doubly occupied p Ù orbitals leads 
to an increase in the HOMO energy  
 

} A reaction of such a nucleophile 
will have decreased pÙ- pÙ 
interaction in the transition state  
 

} The combination of these factors 
results in the increased reactivity  
 

} Some -̗ nucleophiles might not 
have the proper orbital symmetry 
for this interaction  

7 Hudson et al. J. Chem. Soc. D, 1970, 937  



}Some molecules have conformers that 
minimize pÙ- pÙ overlap:  

 

 

 

 

 

} -̗effect attributed to òintramolecular 
catalysisó 

 



}Why does higher HOMO not result in 
enhanced proton affinity?  

}Why do some -̗ nucleophiles show enhanced 
reactivity, while similar -̗ nucleophiles do 
not? 



}Derived perturbation for all interacting orbitals : 
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q = charge  

r˺s= Coulomb term (   

̣= orbital occupancy  
 ̍= constant (2 if both ṇ and ṃ = 1, 0 otherwise)  

m̛n  = 0 if orbitals are degenerate, 1 otherwise  
c = orbital coefficients  

 ̘= resonance integral  
Eam = Energy lost by removing 1 electron  
Ipn = Energy gained by adding one electron  
Em* = Energy of electron in orbital m  
En* = Energy of electron if it was in orbital n  



 

 

 

} If Em
* -  En

* is large, the value in 
the summation is small ð charge 
difference is most important.  
ƁAlso possible if  ̘is small (poor orbital 

overlap)  
 

Å r˺s is also largest at with smaller 
radii, corresponding to low 
polarizability  
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ÅIf Em
* -  En

* is small, the value in 
the summation is large:  
ïCorresponds to frontier orbital 

control  

 

ÅCharge term also decreases as 
radii increases  
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}Why does higher HOMO not result in 
enhanced proton affinity?  
ƁBecause an interaction with a proton is less 

dependent on frontier orbital interactions, the 
perturbation will be smaller in a reaction with a 
proton  

¶Frontier orbitals are changed less. Therefore, we have 
relieved less of the destabilizing interaction.  

}Why do some -̗ nucleophiles show enhanced 
reactivity, while similar -̗ nucleophiles do 
not? 



 

}The magnitude of the  -̗ effect should:  
ƁIncrease as  ̘increases  

ƁShow a dependence on orbital symmetry  

ƁDecrease with the magnitude of j̗  

 

Brønsted   
value  

Perturbed 
nucleophilic 

orbital energy  

Unperturbed 
nucleophilic  

orbital 
energy  

Filippini , F.; Hudson, R. J.C.S. Chem. Comm. 
1972, 522  

ЎЎὰέὫὯ
ɼὧ ά ρɻ

ɻ
 ύὬὩὶὩ άḳὧὧȾὧὧ 


