












16-7Diels-Alder Practice Problems

tBu

tBu
No Reaction
(explain)

O

which pi bond reacts? (explain)

A)

B)

D)

E)

F)

G)

C)

O

O

CN
OCH3

OO O

O

O

O

CNNC

(why is it okay to do a Diels-Alder
on anthracene, an aromatic compound?)

synthesize the above TM from
starting materials containing no
more than six carbon atoms
(first, consider retrosynthesis)

CO2Et

O

(racemic)



Organic Chemistry II CHM 3150, Dr. Laurie S. Starkey, Cal Poly Pomona
MO Theory of Chemical Reactions

Molecular Orbital theory of bonding

sa sb
(same sign)

sa - sb
(out of phase)

sa + sb
(in phase)

MO - bonding
(favorable overlap,

low Energy)

* MO - antibonding
(high E, usually empty)

E

MO theory of aromaticity

E

4n + 2
electrons
needed for
aromatic
resonance

(Huckel's Rule)

Molecular Orbital theory of chemical reactions

Nucleophile (electron donor) uses electrons in the highest occupied molecular orbiral (HOMO)

Electrophile (electron acceptor) has a vacancy in the lowest unoccupied molecular orbiral (LUMO)

HOMO of
Nucleophile

LUMO of
Electrophile

B H A
base acid

Nu R X
Nu: E+

Examples:

HOMO = n orbital (filled nonbonding orbital)

LUMO = * orbital (empty orbital can accept electrons)

Molecular Orbital theory of conjugated systems (UV-Vis Spectroscopy) (Klein 16.11)

p
orbital

ethene
(ethylene)
MO diagram

1,3-butadiene
MO diagram

1,3,5-hexatriene
MO diagram

*

ground-state
pi bond
(low E)

*

excited-state
pi bond
(high E)

(light E,
usually
UV light)

increase # of conjugated pi bonds
increase resonance stabilization
decrease E needed for *

if...
then...
and...

lower Energy visible light
is absorbed so these

compounds are COLORED!

this Energy gap gets
smaller as conjugated
system gets larger

E

h
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MO theory of pericyclic reactions (the Woodward-Hoffmann rules) (Klein 16.8)

Heat-promoted pericyclic reactions

No
Reaction

Light-promoted pericyclic reactions

No
Reaction

h

h

4+2 cycloadditions are
thermally/photochemically

allowed

2+2 cycloadditions are
thermally/photochemically

allowed

Butadiene
HOMO (

Ethene
LUMO ( *)

orbital symmetry
is conserved

thermal [4+2]
cycloaddition
is allowed

Ethene
HOMO (

Ethene
LUMO ( *) orbital symmetry is

NOT conserved thermal [2+2]
cycloaddition
is forbidden

Why is a [4+2] cycloaddition thermally allowed while the [2+2] is not?

Why is a [2+2] cycloaddition photochemically allowed?

E

*

Ethene MO's
(ground state)

*

Ethene MO's
(excited state)

h

light is
absorbed

LUMO of
ground state

HOMO of
excited state

photochemical [2+2]
cycloaddition is

symmetry-allowed
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