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II. Electrocyclic reactions

The Diels-Alder reaction couples the ends of two separate 𝝿 systems. Can rings be formed
by the linkage of the termini of a single conjugated di-, tri-, or polyene? Yes

The conversion of 1,3-butadiene into cyclobutene is endothermic because of ring strain. The
reverse reaction, ring opening of cyclobutene, occurs readily upon heating.

Ring closure of cis-1,3,5-hexatriene to 1,3-cyclohexadiene is exothermic and takes place
thermally.
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In Summary The Diels-Alder reaction is a concerted cycloaddition that proceeds best 
between electron-rich 1,3-dienes and electron-poor dienophiles to furnish cyclohexenes. It 
is stereospeci! c with respect to the stereochemistry of the double bonds and with respect 
to the arrangements of the substituents on diene and dienophile: It follows the endo rule.

Exercise 14-24

The Diels-Alder reaction can also occur in an intramolecular fashion. Draw the two transition 
states leading to products in the following reaction.
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14-9 ELECTROCYCLIC REACTIONS

The Diels-Alder reaction couples the ends of two separate ! systems. Can rings be formed 
by the linkage of the termini of a single conjugated di-, tri-, or polyene? Yes, and this sec-
tion will describe the conditions under which such ring closures (and their reverse), called 
electrocyclic reactions, take place. Cycloadditions and electrocyclic reactions belong to a 
class of transformations called pericyclic (peri, Greek, around), because they exhibit tran-
sition states with a cyclic array of nuclei and electrons.

Electrocyclic transformations are driven by heat or light
Let us consider ! rst the conversion of 1,3-butadiene into cyclobutene. This process is endo-
thermic because of ring strain. Indeed, the reverse reaction, ring opening of cyclobutene, occurs 
readily upon heating. However, ring closure of cis-1,3,5-hexatriene to 1,3-cyclohexadiene is 
exothermic and takes place thermally. Is it possible to drive these transformations in the 
thermally disfavored directions?

We know that in a thermal reaction this is a dif! cult task, because equilibrium is 
governed by thermodynamics (Section 2-1). However, the problem can be surmounted in 
some cases by using light, so-called photochemical reactions. In these, absorption of a 
photon by the starting material excites the molecule into a higher energy state. We have 
seen how such absorptions form the basis for spectroscopy (Section 10-2; see also Section 
14-11). Molecules can relax from such excited states to furnish thermodynamically less 
stable products than starting material(s). We shall not deal with the details of photochem-
istry in this text, but we do note that it allows electrocyclic reaction equilibria to be driven 
in the energetically unfavorable direction. Therefore, irradiation of 1,3-cyclohexadiene 
with light of appropriate frequency will cause its conversion to its triene isomer. Simi-
larly, irradiation of 1,3-butadiene effects ring closure to cyclobutene.

Electrocyclic Reactions
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Photochemical reactions are used 
increasingly in “green” technology. 
This reactor on the roof of Com-
plutense University of Madrid is 
used for water disinfection. A 
polymer-supported dye absorbs 
sunlight to convert oxygen to a 
more reactive state (“singlet 
oxygen”), which destroys harm-
ful bacteria in water (picture 
courtesy of Professor Guillermo 
Orellana, UCM).
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Electrocyclic transformations are driven by heat or light

We know that in a thermal reaction this is a difficult task, because equilibrium is governed
by thermodynamics. However, the problem can be surmounted in some cases by using
light, so-called photochemical reactions.

In these, absorption of a photon by the starting material excites the molecule into a higher
energy state. Molecules can relax from such excited states to furnish thermodynamically
less stable products than starting material(s).

It allows electrocyclic reaction equilibria to be driven in the energetically unfavorable
direction.

Irradiation of 1,3-cyclohexadiene with light of appropriate frequency will cause its
conversion to its triene isomer. Similarly, irradiation of 1,3-butadiene effects ring closure to
cyclobutene.
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Exercise 14-25

Give the products obtained on heating the following compounds.
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Exercise 14-25

Give the products obtained on heating the following compounds.

(a)  (b) 

Electrocyclic reactions are concerted and stereospecifi c
Like the Diels-Alder cycloaddition, electrocyclic reactions are concerted and stereospeci! c. Thus, 
the thermal isomerization of cis-3,4-dimethylcyclobutene gives only cis,trans-2,4-hexadiene.
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Heating its isomer, trans-3,4-dimethylcyclobutene, provides only trans,trans-2,4-hexadiene.
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Figure 14-10 takes a closer look at these processes. As the bond between carbons C3 
and C4 in the cyclobutene is broken, these carbon atoms must rehybridize from sp3 to sp2

Model Building
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To form the new 𝞂 bond in the electrocyclic reaction, the p orbitals at the end of the
conjugated system must overlap head-to-head.

Only the symmetry of the HOMO is important in determining the course of the reaction.
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A symmetry-allowed pathway is one in which in-phase orbitals overlap.

If a reaction is symmetry-forbidden, it cannot take place by a concerted pathway.

The symmetry of the HOMO of the compound undergoing ring closure controls the
stereochemical outcome of an electrocyclic reaction.
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Electrocyclic reactions

The configuration of the product formed depends on:

• the configuration of the reactant

• the number of conjugated double bonds or pairs of electrons in the reacting system

• whether the reaction is a thermal or a photochemical reaction

A photochemical reaction takes place when a reactant absorbs light

A thermal reaction takes place without the absorption of light
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Electrocyclic reactions are concerted and stereospecific.

The thermal isomerization of cis-3,4-dimethylcyclobutene gives only cis,trans-2,4-
hexadiene.

Heating its isomer, trans-3,4-dimethylcyclobutene, provides only trans,trans-2,4-hexadiene.
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As the bond between carbons C3 and C4 in the cyclobutene is broken, carbon C2 and C5
must rehybridize from sp3 to sp2 and rotate to permit overlap between the emerging p
orbitals and those originally present.

In such thermal cyclobutene ring openings, the carbon atoms are found to rotate in the
same direction, either both clockwise or both counterclockwise. This mode of reaction is
called a conrotatory process.

In the case of cis-3,4-dimethylcyclobutene, both the clockwise and counterclockwise
courses result in the same product, cis,trans-2,4-hexadiene.

For trans-3,4-dimethylcyclobutene, two products are possible. The counterclockwise mode
leads to trans,trans-2,4-hexadiene, while the clockwise direction would form cis,cis isomer
(sterically encumbered).
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and rotate to permit overlap between the emerging p orbitals and those originally present. 
In such thermal cyclobutene ring openings, the carbon atoms are found to rotate in the same 
direction, either both clockwise or both counterclockwise. This mode of reaction is called 
a conrotatory process. In the case of cis-3,4-dimethylcyclobutene, both the clockwise and 
counterclockwise courses result in the same product, cis,trans-2,4-hexadiene. However, for 
trans-3,4-dimethylcyclobutene, two products are possible. The counterclockwise mode leads 
to the observed trans,trans-2,4-hexadiene. Rotation in the opposite direction would form the 
corresponding cis,cis isomer but is sterically encumbered and not observed.

Fascinatingly, the photochemical closure (photocyclization) of butadiene to cyclobutene 
proceeds with stereochemistry exactly opposite that observed in the thermal opening. In this 
case, the products arise by rotation of the two reacting carbons in opposite directions. In 
other words, if one rotates clockwise, the other does so counterclockwise. This mode of 
movement is called disrotatory (Figure 14-11).

Figure 14-10 (A) Conrotatory 
ring opening of cis-3,4-dimethylcy-
clobutene. Both reacting carbons 
rotate clockwise. The sp3 hybrid 
lobes in the ring change into 
p orbitals, the carbons becoming 
sp2 hybridized. Overlap of these 
p orbitals with those already 
present in the cyclobutene starting 
material creates the two double 
bonds of the cis,trans diene. 
(B) Similar conrotatory opening of 
trans-3,4-dimethylcyclobutene in a 
counterclockwise fashion proceeds 
to the trans,trans diene. (C) The 
alternative clockwise conrotatory 
opening of trans-3,4-dimethylcy-
clobutene does not occur because 
of steric encumbrance in the 
transition state.
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Figure 14-11 Disrotatory photo-
chemical ring closure of cis,trans- 
and trans,trans-2,4-hexadiene. 
In the disrotatory mode, one 
carbon rotates clockwise, the 
other counterclockwise.
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The photochemical closure (photocyclization) of butadiene to cyclobutene proceeds with
stereochemistry exactly opposite that observed in the thermal opening.

In this case, the products arise by rotation of the two reacting carbons in opposite
directions. In other words, if one rotates clockwise, the other does so counterclockwise.
This mode of movement is called disrotatory.
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The six-membered ring of cyclohexadiene is formed thermally from cis-1,3,5-hexatriene by
the disrotatory mode.

Heated trans,cis,trans-2,4,6-octatriene gives cis-5,6-dimethyl-1,3-cyclohexadiene, while
cis,cis,trans-2,4,6-octatriene converts into trans-5,6-dimethyl-1,3-cyclohexadiene.
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Can these observations be generalized? Let us look at the stereochemistry of the cis-
1,3,5-hexatriene–cyclohexadiene interconversion. Surprisingly, the six-membered ring is 
formed thermally by the disrotatory mode, as can be shown by using derivatives. For 
example, heated trans,cis,trans-2,4,6-octatriene gives cis-5,6-dimethyl-1,3-cyclohexadiene, 
and cis,cis,trans-2,4,6-octatriene converts into trans-5,6-dimethyl-1,3-cyclohexadiene, both 
disrotatory closures.

Stereochemistry of the Thermal 1,3,5-Hexatriene Ring Closure
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In contrast, the corresponding photochemical reactions occur in conrotatory fashion.
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This stereocontrol is observed in many other electrocyclic transformations and is
governed by the symmetry properties of the relevant 𝝿 molecular orbitals.

The Woodward-Hoffmann rules describe these interactions and predict the
stereochemical outcome of all electrocyclic reactions as a function of the number of
electrons taking part in the process and whether the reaction is carried out
photochemically or thermally.

 30-5 cycloaddition reactions 1021

Electron pairs (double bonds) Thermal reaction Photochemical reaction

Even number Conrotatory Disrotatory

Odd number Disrotatory Conrotatory

TABLE 30-1 Stereochemical Rules for Electrocyclic Reactions

P R O B L E M  3 0 - 4

What product would you expect to obtain from the photochemical cyclization 
of (2E,4Z,6E)-2,4,6-octatriene? Of (2E,4Z,6Z)-2,4,6-octatriene?

 30-5 Cycloaddition Reactions
A cycloaddition reaction is one in which two unsaturated molecules add to one 
another to yield a cyclic product. As with electrocyclic reactions, cycloaddi-
tions are governed by the orbital symmetry of the reactants. Symmetry-allowed 
processes often take place readily, but symmetry-disallowed processes take 
place with difficulty, if at all, and then only by nonconcerted pathways. Let’s 
look at two examples to see how they differ.

The Diels–Alder cycloaddition reaction (Section 14-4) is a pericyclic pro-
cess that takes place between a diene (four ! electrons) and a dienophile (two 
! electrons) to yield a cyclohexene product. Many thousands of Diels–Alder 
reactions are known. They often take place easily at room temperature or 
slightly above, and they are stereospecific with respect to substituents. For 
example, room-temperature reaction between 1,3-butadiene and diethyl male-
ate (cis) exclusively yields the cis-disubstituted cyclohexene product. A simi-
lar reaction between 1,3-butadiene and diethyl fumarate (trans) exclusively 
yields the trans-disubstituted product.

H

H
Cis

CO2Et

CO2Et

Diethyl
maleate

CO2Et
Trans

1,3-Butadiene H
CO2Et

H

H

H

CO2Et

CO2Et

Diethyl
fumarate

H

EtO2C

CO2Et

H

In contrast to the [4 ! 2]-!-electron Diels–Alder reaction, the [2 ! 2]-!- 
electron cycloaddition between two alkenes does not occur thermally. This  
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Assign transition state as aromatic or antiaromatic based on number of electrons:

• Aromatic = Thermally allowed (Photochemically forbidden)

• Antiaromatic = Thermally forbidden (Photochemically allowed)
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Determining the stereochemistry of the product of an electrocyclic reaction

Disrotatory ring closure Conrotatory ring opening Disrotatory ring closure
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Exercise 14-26

The cyclic polyene A (an “annulene”) can be converted to either B or C by a sequence of
electrocyclic ring closures, depending on whether light or heat are used. Identify the
conditions necessary to effect either transformation and identify each step as either con- or
disrotatory.
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This stereocontrol is observed in many other electrocyclic transformations and is gov-
erned by the symmetry properties of the relevant ! molecular orbitals. The Woodward-
Hoffmann* rules describe these interactions and predict the stereochemical outcome of all 
electrocyclic reactions as a function of the number of electrons taking part in the process 
and whether the reaction is carried out photochemically or thermally. A complete treatment 
of this subject is best left to a more advanced course in organic chemistry. However, the 
predicted stereochemical course of electrocyclic reactions can be summarized in the simple 
manner shown in Table 14-2.

*Professor Robert B. Woodward (1917–1979), Harvard University, Cambridge, Massachusetts, Nobel 
Prize 1965 (chemistry); Professor Roald Hoffmann (b. 1937), Cornell University, Ithaca, New York, 
Nobel Prize 1981 (chemistry).

Table 14-2 Stereochemical Course of Electrocyclic Reactions 
(Woodward-Hoffmann Rules)

Number of pairs of
participating electrons Thermal process Photochemical process

Even Conrotatory Disrotatory
Odd Disrotatory Conrotatory

Exercise 14-26

The cyclic polyene A (an “annulene”; see Section 15-6) can be converted to either B or C by a 
sequence of electrocyclic ring closures, depending on whether light or heat are used. Identify 
the conditions necessary to effect either transformation and identify each step as either con- or 
disrotatory.
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Solved Exercise 14-27 Working with the Concepts: An Electrocyclic Reaction 
with a Twist

Heating cis-3,4-dimethylcyclobutene, A, in the presence of dienophile B gave exclusively the 
diastereomer C. Explain by a mechanism.

!
"

CN

CN

CBA

CH3

CH3

?

'

H3C
CN

CN

H

H

H

H
CH3

/
∑

/∑

/∑
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Strategy
This reaction looks like a cycloaddition. We can con! rm this idea by checking the atom stoichi-
ometry: C6H10(A) 1 C4H2N2(B) 5 C10H12N2(C), so the reaction is atom economical. What kind 
of cycloaddition? To determine this, we need to do some retrosynthetic analysis on C.

Solution
• Working backward, we see that cyclohexene C resembles a Diels-Alder addition product of B to 

a 2,4-hexadiene isomer. Since the two methyl groups in C are trans to each other, the diene cannot 
be symmetrical: the only choice is cis,trans-2,4-hexadiene D:
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Solved Exercise 14-27
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This stereocontrol is observed in many other electrocyclic transformations and is gov-
erned by the symmetry properties of the relevant ! molecular orbitals. The Woodward-
Hoffmann* rules describe these interactions and predict the stereochemical outcome of all 
electrocyclic reactions as a function of the number of electrons taking part in the process 
and whether the reaction is carried out photochemically or thermally. A complete treatment 
of this subject is best left to a more advanced course in organic chemistry. However, the 
predicted stereochemical course of electrocyclic reactions can be summarized in the simple 
manner shown in Table 14-2.

*Professor Robert B. Woodward (1917–1979), Harvard University, Cambridge, Massachusetts, Nobel 
Prize 1965 (chemistry); Professor Roald Hoffmann (b. 1937), Cornell University, Ithaca, New York, 
Nobel Prize 1981 (chemistry).

Table 14-2 Stereochemical Course of Electrocyclic Reactions 
(Woodward-Hoffmann Rules)

Number of pairs of
participating electrons Thermal process Photochemical process

Even Conrotatory Disrotatory
Odd Disrotatory Conrotatory

Exercise 14-26

The cyclic polyene A (an “annulene”; see Section 15-6) can be converted to either B or C by a 
sequence of electrocyclic ring closures, depending on whether light or heat are used. Identify 
the conditions necessary to effect either transformation and identify each step as either con- or 
disrotatory.
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Solved Exercise 14-27 Working with the Concepts: An Electrocyclic Reaction 
with a Twist

Heating cis-3,4-dimethylcyclobutene, A, in the presence of dienophile B gave exclusively the 
diastereomer C. Explain by a mechanism.
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Strategy
This reaction looks like a cycloaddition. We can con! rm this idea by checking the atom stoichi-
ometry: C6H10(A) 1 C4H2N2(B) 5 C10H12N2(C), so the reaction is atom economical. What kind 
of cycloaddition? To determine this, we need to do some retrosynthetic analysis on C.

Solution
• Working backward, we see that cyclohexene C resembles a Diels-Alder addition product of B to 

a 2,4-hexadiene isomer. Since the two methyl groups in C are trans to each other, the diene cannot 
be symmetrical: the only choice is cis,trans-2,4-hexadiene D:
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In Summary Conjugated dienes and hexatrienes are capable of (reversible) electrocyclic 
ring closures to cyclobutenes and 1,3-cyclohexadienes, respectively. The diene–cyclobutene 
system prefers thermal conrotatory and photochemical disrotatory modes. The triene–
cyclohexadiene system reacts in the opposite way, proceeding through thermal disrotatory 
and photochemical conrotatory rearrangements. The stereochemistry of such electrocyclic 
reactions is governed by the Woodward-Hoffmann rules.

Exercise 14-28 Try It Yourself

Irradiation of ergosterol gives provitamin D2, a precursor of vitamin D2 (a de! ciency of which causes softening of the bones, especially 
in children). Is the ring opening conrotatory or disrotatory? (Caution: The product is written in a more stable conformation than that obtained 
upon ring opening.)
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• D must be derived from isomer A by thermal, conrotatory electrocyclic ring opening.
• Is the stereochemistry of the cycloaddition of B to D exo or endo? Inspection of the relative 

positioning of the substituents at the four contiguous stereocenters shows it to be endo, as in E.

14-10 POLYMERIZATION OF CONJUGATED DIENES: RUBBER

Like simple alkenes (Section 12-15), conjugated dienes can be polymerized. The elasticity 
of the resulting materials has led to their use as synthetic rubbers. The biochemical pathway 
to natural rubber features an activated form of the ! ve-carbon unit 2-methyl-1,3-butadiene 
(isoprene, see Section 4-7), which is an important building block in nature.

1,3-Butadiene can form cross-linked polymers
When 1,3-butadiene is polymerized at C1 and C2, it yields a polyethenylethene 
(polyvinylethylene).

2n CH2
Initiator

Unit of
polymerization

1,2-Polymerization of 1,3-Butadiene

CHP CH2CHPO (CH

CH

CH2

CHCH2 CH2)nO O O O O
A

B
CH

CH2

A

B
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Exercise 14-28

Irradiation of ergosterol gives provitamin D2, a precursor of vitamin D2 (a deficiency of
which causes softening of the bones, especially in children). Is the ring opening conrotatory
or disrotatory? (Caution: The product is written in a more stable conformation than that
obtained upon ring opening.)
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(isoprene, see Section 4-7), which is an important building block in nature.
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III. Sigmatropic Rearrangements

Migration of a 𝞂-bond across a conjugated 𝝿-system

[m,n] shift when the 𝞂-bond migrates across m atoms of one system and n of another
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Consider the transition state of the reaction

Sigmatropic rearrangements have cyclic transition states.

Rearrangement must be suprafacial if the transition state has six or fewer atoms in the ring.
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1026 chapter 30 orbitals and organic chemistry: pericyclic reactions

The notations [1,5] and [3,3] describe the kind of rearrangement that is 
occurring. The numbers refer to the two groups connected by the ! bond in the 
reactant and designate the positions in those groups to which migration 
occurs. For example, in the [1,5] sigmatropic rearrangement of a 1,3-diene, the 
two groups connected by the ! bond are a hydrogen atom and a pentadienyl 
group. Migration occurs to position 1 of the H group (the only possibility) and 
to position 5 of the pentadienyl group. In the [3,3] Claisen rearrangement of an 
allylic vinylic ether (Section 18-4), the two groups connected by the ! bond 
are an allylic group and the vinylic ether. Migration occurs to position 3 of the 
allylic group and also to position 3 of the vinylic ether.

Like electrocyclic reactions and cycloadditions, sigmatropic rearrange-
ments are controlled by orbital symmetries. There are two possible modes of 
reaction: migration of a group across the same face of the " system is suprafa-
cial, and migration of a group from one face of the " system to the other face is 
antarafacial (FIGURE 30-11).

Suprafacial
(same side)

Antarafacial
(opposite side)

Both suprafacial and antarafacial sigmatropic rearrangements are  
symmetry-allowed, but suprafacial rearrangements are often easier for geo-
metric reasons. The rules for sigmatropic rearrangements are identical to 
those for cycloaddition reactions (TABLE 30-3).

Electron pairs (double bonds) Thermal reaction Photochemical reaction

Even number Antarafacial Suprafacial

Odd number Suprafacial Antarafacial

TABLE 30-3 Stereochemical Rules for Sigmatropic Rearrangements

FIGURE 30-11 Suprafacial 
and antarafacial sigmatropic 
rearrangements.
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THE CLAISEN REARRANGEMENT

At 200 oC, allyl phenyl ether undergoes an unusual reaction that leads to the rupture of the
allylic ether bond. A 𝞂 bond migrates from one end of a conjugated 𝝿 electron system to the
other. The “conjugated 𝝿 electron system” is the allyl group.

This transformation is a concerted reaction with an aromatic transition state (movement of
six electrons). The initial intermediate is a high-energy isomer, which enolizes to the final
product.
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In Summary The benzene ring in phenols is subject to electrophilic aromatic substitu-
tion, particularly under basic conditions. Phenoxide ions can be hydroxymethylated and 
carbonated.

Hexachlorophene

Cl

Cl

OH OH

Cl

Cl

Cl Cl

Exercise 22-23

Hexachlorophene (margin) is a skin germicide formerly used in soaps. It is prepared in one step 
from 2,4,5-trichlorophenol and formaldehyde in the presence of sulfuric acid. How does this reac-
tion proceed? (Hint: Formulate an acid-catalyzed hydroxymethylation for the ! rst step.)

22-7  AN ELECTROCYCLIC REACTION OF THE BENZENE RING: 
THE CLAISEN REARRANGEMENT

At 2008C, 2-propenyloxybenzene (allyl phenyl ether) undergoes an unusual reaction that leads 
to the rupture of the allylic ether bond: The starting material rearranges to 2-(2-propenyl)phenol 
(o-allylphenol).

2-Propenyloxybenzene
(Allyl phenyl ether)

2-(2-Propenyl)phenol
(o-Allylphenol)

75%

H

O
CH2CH CH2E P

CH2PCH2CH

OH

!

This transformation, called the Claisen* rearrangement, is another concerted reaction with 
an aromatic transition state that accommodates the movement of six electrons (Sections 14-8 
and 15-3). The initial intermediate is a high-energy isomer, 6-(2-propenyl)-2,4-cyclohexa-
dienone, which enolizes to the ! nal product (Sections 18-2 and 22-3).

Mechanism of the Claisen Rearrangement

O OH
H

O

6-(2-Propenyl)-
2,4-cyclohexadienone

O
O

O

The Claisen rearrangement is general for other systems. With the nonaromatic 1-ethenyloxy-
2-propene (allyl vinyl ether), it stops at the carbonyl stage because there is no driving force 
for enolization. This is called the aliphatic Claisen rearrangement.

*Professor Rainer Ludwig Claisen (1851–1930), University of Berlin, Germany.

ReactionRReaction

Mechanism
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The Claisen rearrangement is general for other systems. With the nonaromatic allyl vinyl
ether, it stops at the carbonyl stage because there is no driving force for enolization. This is
called the aliphatic Claisen rearrangement.

The carbon analog of the Claisen rearrangement is called the Cope rearrangement; it
takes place in compounds containing 1,5-diene units.
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Aliphatic Claisen Rearrangement

1-Ethenyloxy-2-propene
(Allyl vinyl ether)

50%
4-Pentenal

255°C

H
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H

NCH2

CH2

E

KH

H2C
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C
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HCH2

CH2
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The carbon analog of the Claisen rearrangement is called the Cope* rearrangement; 
it takes place in compounds containing 1,5-diene units.

178°C

3-Phenyl-1,5-hexadiene

Cope Rearrangement

trans-1-Phenyl-1,5-hexadiene
72%

Note that all of these rearrangements are related to the electrocyclic reactions that inter-
convert cis-1,3,5-hexatriene with 1,3-cyclohexadiene (see margin and Section 14-9). The 
only difference is the absence of a double bond connecting the terminal ! bonds.

Exercise 22-24

Explain the following transformation by a mechanism. (Hint: The Cope rearrangement can be 
accelerated greatly if it leads to charge delocalization.)

OHC
HO

NaOH, H2O

*Professor Arthur C. Cope (1909–1966), Massachusetts Institute of Technology, Cambridge.

Electrocyclic Reaction of
cis-1,3,5-Hexatriene

!

Solved Exercise 22-25 Working with the Concepts: Applying Claisen and 
Cope Rearrangements

Citral, B, is a component of lemon grass and as such used in perfumery (lemon and verbena 
scents). It is also an important intermediate in the BASF synthesis of vitamin A (Section 14-7, 
Real Life 18-2). The last step in the synthesis of citral requires simply heating the enol ether A. 
How do you get from A to B?

H

O

B
Citral

O

A

!
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Exercise 22-24

Explain the following transformation by a mechanism. (Hint: The Cope rearrangement can
be accelerated greatly if it leads to charge delocalization.)
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1,5-hydrogen shifts

1,7-hydrogen shift

 30-8 some examples of sigmatropic rearrangements 1027

P R O B L E M  3 0 - 7

Classify the following sigmatropic reaction by order [x,y], and tell whether it 
will proceed with suprafacial or antarafacial stereochemistry:

HH

 30-8  Some Examples of Sigmatropic Rearrangements
Because a [1,5] sigmatropic rearrangement involves three electron pairs (two 
! bonds and one " bond), the orbital-symmetry rules in Table 30-3 predict a 
suprafacial reaction. In fact, the [1,5] suprafacial shift of a hydrogen atom 
across two double bonds of a ! system is one of the most commonly observed 
of all sigmatropic rearrangements. For example, 5-methyl-1,3-cyclopentadiene 
rapidly rearranges at room temperature to yield a mixture of 1-methyl-, 
2-methyl-, and 5-methyl-substituted products.

[1,5] shift

25 °C

[1,5] shift

25 °C

H3C H CH3

H

H

CH3

H
H

As another example, heating 5,5,5-trideuterio-(3Z)-1,3-pentadiene causes 
scrambling of deuterium between positions 1 and 5.

[1,5] shift

heat

HHD DD D D H

D H

Both these [1,5] hydrogen shifts occur by a symmetry-allowed suprafacial 
pathway, as illustrated in FIGURE 30-12. In contrast with these thermal [1,5] 
sigmatropic hydrogen shifts, however, thermal [1,3] hydrogen shifts are 
unknown. If they were to occur, they would have to proceed by a strained 
antarafacial reaction pathway.

Transition state

H HH

‡ FIGURE 30-12 An orbital view of 
a suprafacial [1,5] hydrogen shift.
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Suprafacial migration: Group moves across same face

Antarafacial migration: Group moves from one face to the other
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Pericyclic Reactions in Biological Systems
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