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CHAPTER 17

PERICYCLIC REACTION
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17.1 PERICYCLIC REACTION
17.1.1 Pericyclic Reaction
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17.1.2 Molecular Orbitals and Chemical Bonds

In 1965, Woodward and Hoffmann formulated
their theoretical insights into a set of rules and for
concerted reactions (¥+F) &%) only.

Definition:

Concerted reactions are reactions in which
bonds are broken and formed simultaneously and ,

thus, no intermediates occur.



The Woodward-Hoffmann rules are based on
this hypothesis: In concerted reactions
molecular orbitals of the reactant are
continuously converted into molecular orbitals

of the product. © =
a®»
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According to Woodward-Hoffmann, certain
reaction paths are said to be symmetry allowed,
whereas others are said to be symmetry forbidden.



17.1.3 The Frontier Orbital Theory
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HOMO: the highest occupied molecular orbital
LUMO: the lowest unoccupied molecular orbital
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Schematic molecular orbitals of 1,3-butadiene



17.2 ELECTROCYCLIC REACTIONS

Definition: A number of reactions, like the one
shown here, transform a conjugated polyene into
a cyclic compound.
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In many other reactions, the ring of a cyclic
compound opens and a conjugated polyene forms.
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Reactions of either type are called electrocyclic
reactions.




17.2.1 Electrocyclic Reactions of 4n n-Electron
Systems
1. Thermal Electrocyclic Reaction:

PAER B, 4T T A S(the ground state).
Bl T ZHIRUARIR T M i & & ,(HOMO) 25 A&,

(L conrotatory motion
%) >
allowed
02 4 disrotatory motion>
forbidden




2. Photochemical reaction:

AR T, 1L,3-T2 g TR0, 3dT
MR IR T M b, & /R REGLUMOMLE T
AHOMO%:E , B IRALR AL & 2.

(L conrotatory motion
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& allowed




T 44An)rn w-F, RIMLIIERL:
- )Nae, R - *Fae .

The first Woodward-Hoffmann rule can be stated as
follows:

A thermal electrocyclic reaction involving 4n
n electrons (where n =1, 2, 3, ... ) proceeds with
conrotatory motion; the photochemical reaction
proceeds with disrotatory motion.



17.2.2 Electrocyclic Reactions of (4n + 2) n-Electron
Systems
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Schematic molecular orbitals of 1,3,5-hexatriene



1. Thermal Electrocyclic Reaction:

A SHHOMOR ¢ il xfze 2 $hia s
%éﬁﬁ,q,qm%&%%o%omﬁﬁmo

N disrotatory motion
P3 =
allowed

2. Photochemical reaction:

T EWHM A SEHHOMOMY ¢, 22250, Jfse .

AN conrotatory motion
P4 >
allowed




L EEHmAA 4N + 20t BT, WIMULER 87 R A2
At — xfae; LR - Jiige.

The second Woodward-Hoffmann rule is stated as
follows:

A thermal electrocyclic reaction involving 4n +
2 7 electrons (where n =20, 1, 2, 3, ... ) proceeds with
disrotatory motion; the photochemical reaction

proceeds with conrotatory motion.



Conclusion:
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17.3 CYCLOADDITION REACTIONS

Definition:

There are a number of reactions of alkenes and
polyenes in which two molecules react to form a
cyclic product. These reactions, called cycloaddition
reactions, are shown next.
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cycloaddition
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17.3.1 |[2+2] Cycloaddition Reactions
R

of a ground state of ethene

: H || B HOMO o H J—
2

the ground state of ethene

of an excited state of ethene



17.3.2 [4+2] Cycloaddition Reactions

_ - 1=

of a ground state of butadiene of a ground state of butadiene

HOMO o, LUMO o3

LUMO o, 8 8 HOMO o, 8 8

of a ground state of ethene of a ground state of ethene




Conclusion
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Diels-Alder Reaction:

A

& A B : B
g N ,
\("‘_“\3 -
X % 2 ¢
X
1,3-Butadiene Dienophile Diels—Alder adduct

Bond formation occurs at both ends of the diene
system, and the Diels-Alder transition state involves
a cyclic array of six carbons and six electrons. The
diene must adopt the s-Ccis conformation in the
transition state.

‘ Transition state for
Diels—Alder cycloaddition




Ex 2: i/

0O CH
” il n e N
CH,—CH—CH=—CH, + CH,—CHCH ——— ||
-
1.3-Butadiene Acrolein Cyclohexene-4-

carboxaldehyde ( 100%)

The product of a Diels-Alder cycloaddition
always contains one more ring than was present in
the reactants.

Ex 3: 0 H O
C:H_g Rf,—{fp H .' CH; . ""'\-"'\-\.,\_H é_,—(
b n ene
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H o
2-Methyl-1,3-butadiene ~ Maleic anhydride I-Methylcyclohexene-4,5-

dicarboxylic anhydride (100%)



The Diels-Alder reaction is stereospecific.
Substituents that are CIS in the dienophile remain
cis in the product; substituents that are trans in the
dienophile remain trans in the product.

EX 4: CoHls._ CO,H

CH,—CHCH=—CH, + =c —:-ﬂ
H H ~">CO,H

1.3-Butadiene cis-Cinnamic acid Only product

CHs  H _CeHs
CH,=CHCH=CH, + C=C — r
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H CO.H ~ "CO,H

1.3-Butadiene trans-Cinnamic acid Only product



Cyclic dienes yield bridged bicyclic Diels-Alder
adducts.
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Diene <

CO,H

The importance of the Diels-Alder reaction is in
synthesis. It gives us a method to form two new
carbon-carbon bonds in a single operation and
requires no reagents, such as acids or bases, that
might affect other functional groups in the molecule.
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17.3.3 1,3-Dipole Addition Reaction
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Ex: P.200 11-3



17.4 ¢ BOND MIGRATION REACTIONS

Definition: — /N3 -F L&) o 42145 3| 5 — /B

RTE, MZ PR LS50 R ARA o 45

Classification of 0 bond migration reactions:

Z /_\ Z
1 | J [1, j | migration |

~(C Ql/ -  C=C—(C=C),—C
1" 2" 3
CL/C\:C [i, j | migration C=C—C
(':(gj/zc C=C—C

1 2 3



17.4.1 [1, j] Migration of H Atom

MIFTH R R E, o BER BT 4 A WAtk
. —AER@RL, THAEN osrti-Fa
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Conclusion:

[1, 5] HiE &% 2 B 4 i, BEHee], &
B 3t4T; (1, 3141, 7] Hit & 2 78 4 7, 12
EAEE R, BAESHAT, Eb, [1, 5] s LT
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EX: / —\H
HA (1, 51H
CH3 \ D % CH3



17.4.2 [1, j] Migration of Carbon Atom

ARYE S AT ARG E R, [1,3]CiEA 5] & /
R & % [1,5|CiEA Bl & /P8 AF, 7@/
RA&E A5,

AP ~EB{ERTRT:

9 z(im

C[1, 3] ¢ bond migration o
configuration retain C[1, 5] o bond migration C[1, 5] ¢ bond migration
configuration retain configuration reverse
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17.4.3 |3, 3] © Bond Migration
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1. Cope Reaction: 1" X3 7
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2. Claisen Rearrangement:

H, 0 OH

C _ -
0 2
I C—C=CH, | — “Th b
© o e |

OH

B H2 - HZC_I(_jI:CHZ

Jo RAMEAR & 3%, FE| 623z



Problem:

Solution:






