Range of Molecular Mechanics and Quantum Methods:

Method Range (heavy atoms)

Molecular Mechanics

Semi-Empirical
Ab initio Hartree-Fock(HF)
Ab initio Correlated

Density Functional (DFT)

> 1000
< 200
<50
<20
<100




4-Aminopyridine: Where is the Basic Site ?
S,

® Quantitative Investigation Ej

AH(A) = 193.6, AH(B) = 169.1 kcal/mol
.




Qualitative Investigation (Electrostatic Potential Map)




Investigation of Chemical Reactivity:

A reagent with the highest HOMO energy will give its electrons most easily
and thus be the most reactive donor.

A reagent with the lowest LUMO energy should be able to accept electrons
most easily and thus be the most reactive accepter.




Acrolein/BF;: What is the role of Lewis Acids?

Acrolein/BF;




LUMO
.—— acrolein/BF,




Ester Enolate: Where is the reactive site ?

_E

0 o]

cl: |
~0 -G — C 2
H,CZ N0~ CH,

® The site where HOMO shape (value) is larger w
nore reactive toward attack by a electrophile.




HOMO of the Enolate HOMO Map of the Enolate

The terminal carbon,where HOMO shape (value) is
larger, generally reacts with electrophile.




Electrophilic Substitution of Indole; What should be favorite position for
electrophilic attack ?

® HOMO map reveals that 3-position is the
most likely site of electrophilic attack.




Stereochemistry of Nucleophilic Additions to Carbonyl Compounds:

Cyclohexanones has two possible faces,
which may undergo nucleophilic attack;
the axial and the equatorial face.

equatorial ~ Nu

®The face where LUMO shape (value) is larger will be
more reactive toward attack by a nucleophile.




Nucleophilic Additions to Dioxanone Ring:

LUMO map LUMO map for
for the equatorial
the axialface * face

equatorial ~ Nu

leophililes preferentially attack from the axial face.




Nucleophilic Additions to Dithianone Ring:

axial
LUMO map for S\?D LUMO map for
S

the axial face L

the equatorial
face

equatorial Nu




Basis sets

A basis set is a set of mathematical equations used to

represent the shapes of spaces (orbitals) occupied by
the electrons and their energies.

Basis sets in common use have a simple mathematical

form for representing the radial distribution of
electron density.

Most commonly used are Gaussian basis sets, which
approximate the better, but more complicated Slater-
Type orbitals (STO).



Slater-type orbitals (STO)




BASIS-SETS

« Slaters (STO) * Angular part * exp(—a 1)
» Better basis than
Gaussians

e 2-c¢l integrals hard

 Gaussians (GTO) x'y™z" * exp (— ar’ )

e 2-c¢l integrals simple

* Wrong behaviour at
nucleus

e Decrease to fast with r




* Split Valence:
3-21G,4-31G,
6-31G

*Each atom optimized STO 1s
fit with n GTO’s

*Minimum number of AO’s
needed

*Contracted GTO’s
optimized per atom

*Doubling of the number
of valence AO’s




The number of gaussian
functions summed to
describe the inner shell

S
3-21G

6-31G
6-311G(d,p) or 6-311 G**
6-311+G (d, p)

6 - 311 ++ G (d, p)




Gauss View and Gaussian
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