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Introduction X

+ The alpha effect:

BRefers to the increased reactivity of a nucleophile
due to the presence of an adjacent ( ) atom with a
lone pair of electrons.

BFrequently referenced with basicity
1 Seminal Investigation: Jencks and  Carriuolo
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BFirst to attribute enhanced  nucleophilicity to the
presence of an atom with a lone pair ~ tothe
nucleophilic center

HO-O"

Jencks et al. JACS, 1960, 82, 675




Jencks and Carriuolo

A Relative rates of LA LS * ~ o o
substitution °
4 :)NA\‘:SHA:
i Cl '.. .
) ° 's:;ﬁmz.sm
A Attributed the abnormal ! wone o A
. . . NHP o o1
reactivity to increased b ogponmoinios/ T
polarizability of F gl s ERY N e
i e H N N-0" ) .(CH3)2NNH2 3
nucleophiles B S
ol @ i
2F *Lpot
The presence of an | -atom | | NG i
. .  Aiedda T e
with lone pairs leads to e SHyene
greater nucleophilicity than sl
the basicity would suggest el




The xx—-effect

y The ter medtfreet 0 was fir
Edwards and Pearson.

BDescribed it as an additional factor influencing

nucleophilicity , separate from polarizability.
BTheir hypothesis:

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

N — N2+ 2e

1 Extent of U- donation is greater in nucleophilic

addition products than in the conjugate acid, resulting
In enhanced stabllity of the former

\\\\\\\\\\

Edwards ef al. JACS, 1962, 84, 16



What is the origin of the xx-effect?

1 Hypotheses:
BlIncreased Polarization of Nucleophiles 1

B Transition State Stabilization by lone pair at _ - position 2

B Relative stability of products 2

B Diminished Solvation of - nucleophiles 3
B Ground State Destabilization due to electron - electron
repulsion 4

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

2 Edwards et al. JACS, 1962, 84, 16

SCA. Buntoni n OoOPeroxi de React.
J.O. Edwards, Ed., Intersience Publishers, Inc., New
York, N.Y., 1962, p25

4 Edwards, JACS, 1962, 84, 763




Product Stability

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

1 pK, may not be the best reference by which to compare
nucleophilicity

HO + A = ~ o4 + AH K,
ROH + A = ~ oH + AR KR
ROH  + AH = =~ H,0 T AR Ky "2
0
0

Bruice etal. JACS, 1967, 89, 1967
Hine etal. JACS, 1965, 87, 3387




Product Stability

ROH + AH << — H,O T+ AR Kia
Table IV. Values of KaBRA, K4, and Ka¥ in Water at 25°¢
R A KgaRA
Me OMe 1.1 x 102
Me QPh 1.4 X 10
Me SH 8 X 108
Me SMe 2 X 10w
Me SPh 7 X 102
Me CN 7 % 1018
Me CH.Ac 4 X 10

1 KayRor K2R could be a better reference for stability

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

State




Reactions of Oximes
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Rate enhancements in veactions vf oximale anions with p-nitro-phenyl
acetale in water at 25°

Oxime PKa Rate enhancement®
;::Ii:c-aN:—OH 12:9 1-2
PE::> C=N-OH 12-60 1-0
::; C=N-OH 1242 1-0
:;} C=N-OH 11-48 27
;Z>C=N—OH 9-38 100
: >C=N—OH 7-38 933

3 Defined as the ratio (bimolecular rate constant for oximate
anion/bimolecular rate constant for a phenoxide or alkoxide
anion of the same basicity).

” Hudson etal/. J. Chem. Soc. D, 1970, 937




A MO Explanation of Increased
Nucleophilicity

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

} A reaction of such a nucleophile R—0 «— 0:~
will have decreased py-pyg
interaction in the transition state

} The combination of these factors H 13
results in the increased reactivity % |

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

” Hudson etal. J. Chem. Soc. D, 1970, 937




“Intramolecular Catalysis”

1 Some molecules have conformers that
minimize pgy- py overlap:

H
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I11(a) R-S-S-R I1I(b) NH,~-NH, III(c) NH,-OH

8 = 90° 0 ~ 90° 8 = 180° (or 0°)
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Unanswered Questions

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

} Why do some = - nucleophiles show enhanced

reactivity, while similar - nucleophiles do
not?




Charge vs Frontier Orbitals

} Derived perturbation for all interacting orbitals
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g = charge

" .= Coulomb term  (

Voo )
=orbital occupancy

" = constant (2 if both . | and. =1, 0 otherwise)
= 0 if orbitals are degenerate, 1 otherwise
c orbltal coefficients

= resonance integral
Eqn Energy lost by removing 1 electron
Ip,, = Energy gained by adding one electron
E_ * = Energy of electron in orbital m
E * = Energy of electron if it was in orbital n



Limiting Cases

AR3s  + 4+ QO D

y If E;"- E, is large, the value in
the summation is small  d charge s
difference is most important.

B Also possible if . is small (poor orbital
overlap)

A " < is also largest at with smaller
radii, corresponding to low

polarizability Large En—E;

A Small Perturbation




Limiting Cases

ARs tt@ 0 2 )[c(oooor )R H&F o R ) < COE’T °)
AlIf E,"- E," is small, the value in .
the summation is large: R
I Corresponds to frontier orbital

control

Small EY —E?
A Charge term also decreases as Large Perturbation
radil increases




Unanswered Questions

. .
} | ) | J e o
BBecause an interaction with a proton is less
dependent on frontier orbital interactions, the
perturbation will be smaller in a reaction with a
proton

1 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?
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1 The magnitude of the - effect should:
Blncrease as | increases

BShow a dependence on orbital symmetry

BDecrease with the magnitude of

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



