The Diels-Alder Reaction

transition state

Mechanistic features

concerted mechanism

[4+2] cycloaddition

Only the s-cis conformation of the diene
can react

In general...
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What makes a reactive dienophile?

The most reactive dienophiles have an
electron-withdrawing group (EWG) directly
attached to the double bond.

Typical EWGs
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Diels-Alder Reaction

Stereospecific syn addition

cis-trans relationship of substituents of alkene
is retained in the product

The most reactive dienophiles have an
electron-withdrawing group (EWG) directly
attached to the double bond.

The most reactive dienes have an electron-
donating (releasing) group (ERG) directly
attached to the double bond. Eg. -OR

Question

Rank the compounds below in order of
increasing rate of the Diels-Alder reaction.
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A)1<2<3 B) 3<1<2
C)3<2<1 D) 2<3<1

Acetylenic Dienophile
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Cis — Cis

H,C=CHCH=CH, *

Only the s-cis
conformation of
the diene can
participate in a
Diels—Alder
reaction

Only product. ey

But, is it enantiomeric?

Trans — Trans

H,C=CHCH=CH, *

only product
(racemic)




Question

What is the product of the Diels-Alder reaction that
occurs between the reactants shown here?
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Stereospecific, concerted, syn addition:
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Predict the reaction products:

Consider the alignment of the reactants
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2. Consider the charge distribution in each of the
reactants
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@ Click on all 0' the atoms that have an unhybridized p-orbital. and then
click "Done,
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Question

Select the correct starting materials to make
the compound at the right through the

Diels-Alder reaction.
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Cyclic dienes yield bridged bicyclic
Diels-Alder adducts.
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Touch alabel on the left to see the corresponding atoms, groups,
or molecules.

bicyclic compounds

bridged bicyclic compound ib

fused bicyclic compound /

spirocyclic compound

isolated double bonds @
conjugated double bonds

s-cis conformation @

s-trans conformation

Since only cis dienes can patrticipate in Diels—Alder
reactions: 5- & 6- membered rings are ideal

both rings share these carbons
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The & Molecular Orbitals
of
Ethylene and 1,3-Butadiene




Orbitals and Chemical Reactions

A deeper understanding of chemical reactivity
can be modeled using frontier orbitals of the
reactants.

Reactants’ HOMO and LUMO

diene
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dienophile dienophile

overlapping orbitals have
the same color (are in-phase)

Two Possible Configurations of Bridged
Bicyclic Compounds

| A

1-carbon brldge
2-carbon brldge
(Ionger bridge)

endo

Orbitals and Chemical Reactions

—
We can illustrate HOMO-LUMO interactions by

way of the Diels-Alder reaction between
ethylene and 1,3-butadiene.

MO Analysis of Diels-Alder Reaction

HOMO of 1,3-butadiene

HOMO of 1,3-butadiene
and LUMO of ethylene
are in phase with one
another

LUMO of ethylene (dienophile)

Secondary orbital overlap favors the endo product

formation

|nteracnons new bonds

0=C—R
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secondary orbital overlap
in the endo transition state
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no secondary orbital
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A 7 Molecular Orbital Analysis
of the
Diels-Alder Reaction

MO Analysis of Diels-Alder Reaction

HOMO of 1,3-butadiene

LUMO of ethylene (dienophile)

A "forbidden" reaction

H,C=CH
o O
H,C=CH,

HOMO of
HOMO-LUMO one ethylene
mismatch of two molecule
ethylene molecules
precludes single-step LUMO of
formation of two new other ethylene
o bonds molecule

MO Analysis of Diels-Alder Reaction

@
Inasmuch as electron-withdrawing groups
increase the reactivity of a dienophile, we

assume electrons flow from the HOMO of the
diene to the LUMO of the dienophile.

A "forbidden" reaction

H2CTCH2 . D

H,C=CH,

The dimerization of ethylene to give cyclobutane
does not occur under conditions of typical
Diels-Alder reactions.

@ Click on a button to indicate whether the following [4 + 2]
cycloaddition reaction eccurs under thermal or photochemical
conditions.
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