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� Electrophilic Attack on Conjugated Dienes: 1,4 Addition

� When 1,3-butadiene reacts with one equivalent of HCl at room 

temperature 78% of the 1,2 addition product and 22% of 

the 1,4 addition product are obtained
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� In step 1 hydrogen chloride reacts to add hydrogen to a terminal 
carbon which gives a stable allyl cation intermediate

� Addition of hydrogen to in internal carbon leads to an unstable 1o

carbocation

Dr. Abdullah Saleh 3

� In step 2 chloride can react at either end of the allyl cation

� This leads to either 1,2 or 1,4 product
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Relative Stability of Relative Stability of AllylicAllylic CarbocationCarbocation

� Resonance theory predicts 
that the allyl cation is a hybrid 
of equivalent structures D 
and E

� Both molecular orbital theory 
and resonance theory suggest 
that structure F is the best that structure F is the best 
representation for the allyl
cation
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Other electrophilic reagents add to conjugated dienes in similar fashion

+ +

Problem 3.23: The resonance hybrid structure of the 3-cyclopentenyl cation
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33..1515.b .b CycloadditionCycloaddition to Conjugated to Conjugated DienesDienes::
The DielsThe Diels--Alder ReactionAlder Reaction
� The Diels-Alder Reaction: A 1,4-Cycloaddition Reaction of Dienes

� Heating 1,3-butadiene and maleic anhydride gives a 6-membered ring product in 100% 
yield

� The general Diels-Alder reaction forms a cylohexene product

� Overall, two new σ bonds are formed at the expense of two π bonds

� The conjugated diene is a 4π-electron system

� The dienophile (“diene lover”) is a 2π-electron system

� The product is called an adduct
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◦ Factors Favoring the Diels-Alder Reaction

� The simplest possible example of a Diels-Alder reaction goes at very low yield 
and requires high temperatures

� To proceed in good yield and at low temperature the dienophile should have 
electron-withdrawing groups 

� It also helps if the diene has electron-releasing groups
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� It also helps if the diene has electron-releasing groups

� Dienes with electron-donating groups and dienophiles with electron-withdrawing group 
can also react well together
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ExamplesExamples
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QuestionsQuestions
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OXIDATION OF OXIDATION OF 

ALKENESALKENESALKENESALKENES
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33..1717.a .a Oxidation with Permanganate; Oxidation with Permanganate; 
a Chemical Testa Chemical Test
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33..1717.b .b OzonolysisOzonolysis of Alkenesof Alkenes
Cleavage of alkenes with ozone and workup with zinc in acetic acid leads to 

less highly oxidized carbons than products from cleavage with hot KMnO4

Unsubstituted carbons are oxidized to formaldehyde, monosubstituted carbons are 

oxidized to aldehydes and disubstituted carbons are oxidized to ketones
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Ozone adds across the double bond to form the initial 
ozonide which rearranges to a highly unstable ozonide

The ozonides react with zinc and acetic acid to effect the cleavage
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ExamplesExamples

(CH3)2C C(CH3)2
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Compound, C, has the molecular formula C7H12.  On catalytic 
hydrogenation, 1 mol of C absorbs 1 mol of hydrogen and yields a 
compound with the molecular formula C7H14.  On ozonolysis and 
subsequent treatment with zinc and acetic acid, C yields only:

The structure of C is:The structure of C is:
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