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Il Pericyclic Reactions 20 Hrs

Molecular orbital symmetry, Frontier orbitals of ethylene, 1,3-butadiene, 1, 3, 5-hexatriene, allyl system,
Classification of pericyclic reactions. FMO approach, Woodward-Hoffman correlation diagram method and
PMO approach for pericyclic reaction under thermal and photochemical conditions.

Electrocyclic reactions: Conrotatary and disrotatary motion, 4n and (4n+2) systems, Cycloaddition reaction:
[2+2] and [4+2] cycloaddition reaction, Cycloaddition of ketones, Secondary effects in [4+2] cycloaddition.
Stereochemical effects on rate of cycloaddition reaction, Diels-Alder reaction, 1,3-dipolar cycloaddition,
Chelotropic reaction, The Nazarov reaction.

Sigmotropic rearrangement: Suprafacial and antarafacial shift involving H and carbon-moieties, Peripatetic
cyclopropane bridge, Retention and inversion of configuration, [3,3]-, [1,5]-, [2,3]-, [4,5]-, [5,5]-, and [9,9]-
Sigmatropic rearrangements, Claisen rearrangements (including Aza-Claisen, Ireland-Claisen), Cope
rearrangements (including Oxy-Cope, Aza-Cope), Sommelet-Hauser rearrangements, Group transfer
reaction, Ene reaction, Mislow - Evans rearrangement, Walk rearrangement.

Coverage:

1. Cycloaddition Reactions: [2+2] and [4+2] Cycloaddition Reaction
2. Secondary Effects in [4+2] cycloaddition.

3. Diels-Alder Reaction

4, Stereochemical Effects on Rate of Cycloaddition Reaction



Cycloaddition Reactions

« Two unsaturated molecules add to one another, yielding a cyclic product

« The Diels—Alder cycloaddition reaction is a pericyclic process that takes
place between a diene (four w electrons) and a dienophile (two = electrons)
to yield a cyclohexene product Stereospecific with respect to substituents

H CO,Et
H CO,Et - Cis
/ Diethyl maleate (cis) --H
CO,Et
=
Q H CO,Et
1 ,3-Butadiene\ Et0,C " = Trans
Diethyl fumarate (trans) -0 Et

H
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Diels-Alder Reactions

Reaction between a conjugated diene and an alkene (dienophile) to give a cyclohexene
I
AN ~
< — (1] —
AN
Diene DiEl'IEr[)hl]E E}’E]DIIE‘}{EHE

The Diels-Alder reaction is favored by electron withdrawing groups on the dienophile and electron
donating groups on the diene.

Good Dif.‘llelli].f.‘S
H H
H H HL ’)J\ HLDF:
ethylene

(unreactive) mnjugated car I:H:uw Is (aldehydes, ketones and esters)

N CO4R

C
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Mechanism

Mechanism: Pericyclic Reaction- proceeds in a single step via an "aromatic” transition state.

O] 00 O-0

Diels-Alder Benzene
Transition State

The diene must adopt an s-cis conformation to be reactive:

- — [
f/’r X

s-trans s-cis
(unreactive conformation) (reactive conformation)
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Endo vs Exo

Endo vs. Exo Transition State: Generally, the endo transition state 15 favored.

— minor
N\
H
H

=4 :
. endo H
% . —_— N major

Stereochemustry: In pericyelic reactions, the stereochemistry of the reactants is preserved in the product.
Recall the cylcopropanation of alkenes by carbenes which 1s also a pericyclic reaction.
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6. Endo/Exo. Unsymmetrical dienophiles can react in two possible orientations to give two possible
products, endo and exo. Endo: Unsaturated substituents on the dienophile are oriented toward the pi
system of the diene. In the product, these substituents are cis to the “out™ substituents of the diene.
Endo 1s usually favored due to better van der Waals interactions between the substituents on the
dienophile and the pi system of the diene. The Endo (or Alder) Rule 1s that this transition state is more
stable, lower in energy, so this reaction proceeds faster. Exo: Substituents on dienophile are oriented
away [rom diene pi system. In the product, these substituents are trans to the “out™ substituents of the

diene. The exo transition state, and therefore product, is not favored unless the endo transition state 1s
sterically very congested or bad in intramolecular situations due to angle strain, or if the reaction 1s
done reversibly (the exo product is usually thermodynamically more stable due to sterics).
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Dienophiles

Dienophile: Groups that are ¢is on the dienophile will be cis 1n the product; groups that are trans on the
dienophile will be trans m the product.

Endo TS:

-

~ R
%H —
0 H

cis dienophile

<

~ H
7“%/
0 H
trans dienophile

R—JI-
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H's are cis
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H's are trans




Exo and Endo Transition States

Exo TS:

<
gy  —
H/i;
O

cis dienophile

%H
J —_—
H

O

trans dienophile

H
Ii:I_u\\R
. R - oy
H /‘ 4
?/ I

groups are cis

] R
SH
— H -
H *u,,,n/
O H 0

groups are trans
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Diene:

B
Za In the s-cis conformation:
A A= inner rim of diene
N B= outer rim of diene
B

Groups on the mner rim of the diene will be cis 1 the product and groups on the outer rim of the
diene will be cis in the product:

B 0O Br} /AH O

=" A
A + | O - 8] +
r’ : O = O
B B A
Endo TS Exo TS

In the product. the groups of the dienophile that are endo in the transition state will be cis to the
agroups on the outer rim of the diene (in the s-cis conformation) .
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Regiochemistry od Diels-Alder Reaction

Regiochemustry: The regiochemistry of the Diels-Alder reaction i1s determined by the position of the
electron donating groups of the diene, and 1s fully understood by molecular orbital theory. It may
be easier to explain by simply looking at the resonance structures of the diene and dienophile.
Typical electron donating groups on the diene are ethers, amines and sulfide: all have a non-
bonding pair of electrons to lel"itE

OCH, DCH;.,

C =

The regiochenustry of this Diels-Alder reaction 1s explained by looking at the dipolar resonance
structures. The electron-rich carbon of the diene forms a bond with the electron-poor carbon of the
dienophile.

OCH,

ATy

electron rich electron poor not ohserved
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When the electron donating groups 1s at the 2-position of the diene:

.e +
HONLY

LA =
)

electron rich electron poor
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C1AC C1AC

1.
H= Q=i
o i< z [4+2] _ Ci=”H
bhenzenea
H CO-CHs 209 C TS CHS
_IAC CAC

_
g
@ [4+2]
_|_
1
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Rules for Cylcoadditions - Suprafacial Cycloadditions

« The terminal = lobes of the two reactants must have the correct symmetry
for bonding to occur

« Suprafacial cycloadditions take place when a bonding interaction occurs
between lobes on the same face of one reactant and lobes on the same face
of the other reactant

- +

+ OR +
+ =
h »
n ¥ S
V: '
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Rules for Cylcoadditions - Antarafacial Cycloadditions

« These take place when a bonding interaction occurs between lobes on
the same face of one reactant and lobes on opposite faces of the other
reactant (not possible unless a large ring is formed)

L.obes on opposite side
of this o system

L.obes on same side of
this 7 system
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Stereochemistry of Cycloadditions

« HOMO of one reactant combines with LUMO of other
« Possible in thermal [4 +2] cycloaddition

Supraftacial 2 / /
= +*

Diene:
ground-state ——
LUMO + +

: X +

. e

Alkene: + +
ground-state " ‘ A cyclohexene
HOMO — —
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[2+2] Cylcoadditions
* Only the excited-state HOMO of onealkene and the LUMO can

combine by a suprafacial pathway in the combination of two alkenes

(a) Thermal reaction

Alkene 2—
Ground-state LUMO

Alkene 1
Ground-state HOMO

Antarafacial l

Strained,
no reaction
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(b) Photochemical reaction

. ..l_ \

Alkene 2—
Ground-state LUMO
=4 £
4+ ) —
Alkene 1—
Excited-state HOMO
Suprafacial
\
_+.. | —
H
+) -
'I
/
Cyclobutane
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Formation of Four-Membered Rings

« Photochemical [2 + 2] cycloaddition reaction occurs smoothly

O O
H
i )J\ hv
H
2-Cyclohexenone 2-Methylpropene
40%
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Orientation of Products

convex or exo face
of six membered ring

a
I

concave or endo face
of six membered ring

substituents placed on the six-membered ring thus
occlpy either an ende or an exc orientation:

H H
/A H /A ~EWG
H H
EWG H
endo adduct exo adduct
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Diene Dienophile

C /

o

HOKO
Endo Rule: LUMO
HOMO-LUMO interaction also

explains bond formation between ends
of diene and end of double bond (same
sign of oribitals, largest orbitals

Interact, primary orbital interaction). ’~. .
Also explains endo stereo-chemistry 1 1-
(secondary orbital interaction favors ”

carbonyl being on the same side as the B,E—’BE

double bond in the product).

--—--—  prmary orbital interaction

- secondary orbital mteraction
{orign of endo stereachemistry)
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Orientation (Regiochemistry) Orientation can be understood to result from
the best initial orbital overlap between the HOMO and LUMO, i.e., between
the largest component p orbital of the HOMO of the diene and the largest
component p orbital of the LUMO of the dieneophile. We can make a good
guess at the coefficients of these orbitals by using all carbon MOs to predict
the behavior of oxygen containing substrates.

Example. Predict orientation of the following reaction by FMO theory.

Dlene Ciencphlie
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Simplest analogy to all carbon system is to use an anion to represent a
lone pair, and a C=C to represent a C=0. Then from From the Huckel
calculator:

< ’ &

HOMOD —LA

Interact the largest orbital at either the 1 or 4 position of the diene
(only ones shown below) with the largest orbital on the 1 or 2 position
of the dienophile (only ones shown).

c g & o8

arge-large Mahar Product arge-emall  minor product
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Thank You
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