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Cyclobutadiene and Benzene

?fﬁ?@Lﬁﬁ

cyclobutadiene

E{

benzene

“Based on energetic considerations, the bent bond model serves as a better framework
with which to describe the electronic structure in systems exhibiting resonance than the
o, model”

In the Nature of Multiple Bonds: Benzene, Bent Bonds and Resonance.
P. A. Schultz, R. P. Messner. J. Am. Chem. Soc. Chem. 1993, 115, 10943-10951.

G. Deslongchamps, P. Deslongchamps. Org. Biomol. Chem. 2011, 9, 5321-5332.



Dewar Benzene and Benzene
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1,3-Butadiene Electrocyclization

B

c

\B
é

5 A

c@:

R.B. Woodward, R. Hoffman, J. Am. Chem. Soc., 1965, 87, 2511.
G. Deslongchamps, P. Deslongchamps. Org. Biomol. Chem. 2011, 9, 5321-5332.



1,3,5-Hexatriene Electrocyclization
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Conrotatory and Disrotatory Electrocyclic Reactions ( 1)
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Conrotatory and Disrotatory Electrocyclic Reactions ( 2 )
Reaction Ground State
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Conrotatory and Disrotatory Electrocyclic Reactions ( 3)
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Endo Dimerization of Cyclopentadiene
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Exo Dimerization of Cyclopentadiene

"no secondary orbital interaction" (SO/)
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Bent Bond Model for Cope Rearrangement
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Bent Bonds and the Antiperiplanar Hypothesis -
A Simple Model to Predict Diels-Alder Reactivity



Diels-Alder : o—n and FMO Theory

H — LUMO (ethylene) H %HOMO(ethylene)

% HOMO ( butadiene ) — LUMO ( butadiene )

N.B. Either way, interaction of a HOMO and LUMO of ethylene and butadiene
can occur because of the phasing matches

HOMO = Highest Occupied Molecular Orbital
LUMO = Lowest Unoccupied Molecular Orbital



Resonance Structures for s-cis 1,3-Dienes
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S-trans 1,3-Butadiene Iin
Perspective View (left) and Newman Projection (right)
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Bent Bond Models of s-cis (left) and
skew (right) 1,3-Butadiene
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Bent Bond Models of Skew 1,3-Butadiene
Viewed as Newman Projections




Bent-Bond Model for Cycloaddition of
s-cis 1,3-Butadiene with Ethylene
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S-cis Diene and Acrolein Diels-Alder

with cyclopentadiene
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Masked ortho-Benzoguinones as
Diels-Alder Dienes and Asynchronicity
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Formation of Thiele's Acid (E = CO,H)
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Resonance Structures Decide Facial Selectivity of Dienes
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Stereoselectivity in Transannular Diels-Alder Reactions
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Dimerization of Epoxycyclopentadiene
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Ortho-Quinol Dimerization

a rather revealing case
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racemic A gives only S-S and R-R dimers (no S-R cross-over)
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Other Facially Perturbed Dienes
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Effect of Dienophile Substituents on
Diels-Alder Facial Selectivity
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Cycloaddition of ortho-Quinol with Dirayl Cyclopentadienone
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more reactive
Dienophile Regioselectivities with OMe ‘\ OMe
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Regioselectivity Control with Dihydrofuran and
Furan-type Dienophiles
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Regioselectivity Control with Unsymmetrical
Dienes and Dienophiles
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Reversing Diels-Alder Regioselectivity in Natural Products Synthesis
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Regioselectivity of Indene Diene
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Regioselectivity of Cycloadditions with p-Quinone Monoketal
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o.-Bromo-cyclobutane, a Reactive Dienophile
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Increasing Reactivity of Dienophile
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Regioselectivity of Cycloadditions with Valenta diene

/ COOMe """ COOMe
L.A. ""'Ill
+ —
(o)
AcO o) AcO
1 (Valenta) 2 3

AcO

Das, J.; Dickinson, R. A.; Kakushima, M.; Kingston, G. M.; Reid, G. R.; Sato, Y.; Valenta, Z.
Can. J. Chem. 1984, 62, 1103-1111.
Deslongchamps, G.; Deslongchamps, P. Tetrahedron 2013, 69, 6022-6033.



Boeckman

O/H ? /‘H'—,‘
< j o A; )
+
| i “ L XL ~
K OMa O OHe
= nelig=2.727

S 1

5 . 3 - Seea
S A Sy

&; -/
Y MW‘Q—"

BMW 4@l J-A.C, S (978, (00,70 g8 —=7/00

38



Nicolaou

/H feay (2, w —‘H n
R fﬂfb u C f o
. . i ] =
SO - SO,
Me o Me
O"H el f(“ H He
(\ fl S [\/ C (0 rfg
L 2 ]
e T P'QN , O O
OHe
Aaaa

. " W MW,HM&JM
%/’ '/( 1.6 .Clhocn. 010,75, 732
T “w

39



C. Thibault

R\/O O &+ 48] O&+
F -
c 4 o —=> p\ l A
(l( /A‘{a g {/V

40



