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3-Propyl-1,4-hexadiene

3-Propylhexa-1,4-diene)

1,4-Cyclohexadiene
(New: Cyclohexa-1,4-diene)
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(Z£)-2-Hydroxymethyl-

(E)-1-Bromo-2-isopropyl- 2-butenoic acid
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HBr ——— CH,~CH— E}H—GHE
3-Bromo-1-butene 1-Bromo-2-butene
(90%) (10%)
(1,2-addition) (1,4-addition)

e —15°C , | , r
CHy=CH—CH=CH,; + Brg —— CH2=CI-I CH=CH, + CH;—CH=CH-—CH,

1.5 Butadiene 3.4-Dibromo-1-butene 1. 4-Dibromo-2-butene
(54%, racemic) (46%)
(1,2-addition) (1,4-addition)
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A 2° allylic carbocation stabilized by charge delocalization

l:B!-: lBr

B’r ]|-I B|r III
CH3CH — CH— CH— CHCH, CH,CH — CH— CH—CHCHj
4.Bromo-2-hexene 2-Bromo-3-hexene

(1,2-addition, racemic) (1,4-addition, racemic)



Greater rate

Br—

&+ o+
CH;yCH===CH==CH,
Br Stabilized by
charge delocalization
CH;CHCH=CH,
1,2-Addition product
(less stable)

Slower rate
..... IS,
CH;CH =CHCH,Br
1,4-Addition product
(more stable)

Reaction coordinate




Reaction is “allowed” Reaction is “forbidden”

= HOMO
+ 1+ 2 of ethylene
= HOMO
of butadiene
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of ethylene
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1.3Butadiene  35-Buten-Z-one 3-Cyclohexenyl methyl ketone
(a diene) (a dienophile) (a Dhels-Alder adduct)

(racemic mixture)
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Diene Dienophile Dicyclopentadiene From top From side
(endo form)

the double bond exo (outside) relative to the double bond
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Dimethyl cis-Z-butenedioave Dimethyl cis-d4-cyvclohexene-
(a cis dienophile) 1.2-dicarboxylate
o H OO0 , COOCTHL
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COOCET COOCH 5
Dimethyl frans-Z-butenedioate Dimethyl frans-4-cyvclohexene-
(a irans dienophile) 1. 2-dicarboxylate {(racemic)
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The Cope rearrangement

3 -
heat
3,3-Dimethyl- Transition 6-Methyl-1,5-
1.5-hexadiene state heptadiene
M — %Q cis-frans double bonds
Chair 99.7%
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J\C R M —— - E—j two cis double bonds

~ i"-uz f"’z . — - M two frans double bonds

Boat



Transition state

Problem 20.11
Propose a mechanism for the following Cope rearrangement.

OH o
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20.16 Predict the structure of the major product tormed by 1,2-addition of HCI to
2-methyl-1,3-butadiene (isoprene).

20.17 Predict the major product formed by 1,4-addition of HCI to isoprene.

20.18 Predict the structure of the major 1,2-addition product formed by reaction of one
mole of Br, with isoprene. Also predict the structure of the major 1,4-addition product
tormed under these conditions.

20.30 Draw structural formulas for the products of reaction of cyclopentadiene with each
dienophile.

T _ T
(a) CHy=CHCI (b) CH,—CHCOCHj{ (c) HC=CH (d) CHgOCC=CCOCH;,

20.31 Propose structural formulas for compounds A and B and specity the configuration of
compound B.

i ) 200°C L0
+ CHy;=CHy; —— > G;Hyg {éﬂ:,} s CyH,19O9

(A) (B)




20.34 The following triene undergoes an intramolecular Diels-Alder reaction to give the
product shown. Show how the carbon skeleton of the triene must be coiled to give this
product and show by curved arrows the redistribution of electron pairs that takes place
to give the product.

20.35 The following triene undergoes an intramolecular Diels-Alder reaction to give a
bicyclic product. Propose a structural formula for the product. Account for the
observation that the Diels-Alder reaction given in this problem takes place under milder
conditions (at lower temperature) than the analogous Diels-Alder reaction shown in
Problem 20.34.

o 99, Diels-Alder adduct



20.36 The following compound undergoes an intramolecular Diels- Alder reaction to give a
tricyclic product. Propose a structural formula for the product.

- . | |
el An intramolecular Dhels=Alder adduct

20.37 Draw a structural formula for the product of this Diels- Alder reaction, including the
stereochemistry of the product.
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