Conjugation in Alkadienes and
Allylic Systems

SUMMARY

This chapter focused on the effect of a carbon—carbon double bond as a stabilizing substituent on a positively charged carbon
in an allylic carbocation, on a carbon bearing an odd electron in an allylic free radical, and on a second double bond as in a
conjugated diene.
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Section 10.1 Allyl is the common name of the parent group H)CPCHCH,O and is an acceptable name in IUPAC

nomenclature.
Sections The carbocations formed as intermediates when allylic halides undergo Syl
10.2-10.3 reactions have their positive charge shared by the two end carbons of the allylic system and may be attacked

by nucleophiles at either site. Products may be formed with the same pattern of bonds as the starting allylic
halide or with allylic rearrangement.

CH;CHCH=—CH, ——>» CH,CHCH—CH, + CH;CH—CHCH,0F

Cl OH

3-Chloro-1-butene 3-Buten-2-ol (65%) 2-Buten-1-ol (35%)

+ +
via: CH;CH—CH=CH; «— CH;CH=CH—CH,

Sections Alkenes react with N-bromosuccinimide (NBS) to give allylic bromides. NBS

10.4-10.5 serves as a source of Brp, and substitution occurs by a free-radical mechanism. The reaction is used for
synthetic purposes only when the two resonance forms of the allylic radical are equivalent. Otherwise a
mixture of isomeric allylic bromides is produced.
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Cyclodecene 3-Bromocyclodecene
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Section 10.6 ~ Dienes are classified as having isolated, conjugated, or cumulated double bonds.
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Section 10.7 Conjugated dienes are more stable than isolated dienes, and cumulated dienes are the least stable of all.

Section 10.8 Conjugated dienes are stabilized by electron delocalization to the extent of 12—16 kJ/mol (3—4 kcal/mol).
Overlap of the p orbitals of four adjacent spz-hybridized carbons in a conjugated diene gives an extended p
system through which the electrons are delocalized.

The two most stable conformations of conjugated dienes are the s-cis and s-trans. The s-trans conformation is
normally more stable than the s-cis. Both conformations are planar, which allows the p orbitals to overlap to
give an extended p system.
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Section 10.9 1,2-Propadiene (HyCPCPCH,), also called allene, is the simplest cumulated diene. The two p bonds in an
allene share an sp-hybridized carbon and are at right angles to each other. Certain allenes such as 2,3-
pentadiene (CH3CHPCPCHCH3) possess a chirality axis and are chiral.

Section 10.10  1,3-Butadiene is an industrial chemical and is prepared by dehydrogenation of butane. Elimination reactions
such as dehydration and dehydrohalogenation are common routes to alkadienes.

CH; CH;

| |
H,C= CHCH2(|3CH2CH3 > H,C=CHCH=CCH,CH;
OH
3-Methyl-5-hexen-3-ol 4-Methyl-1,3-hexadiene (88%)
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Elimination is typically regioselective and gives a conjugated diene rather than an isolated or cumulated diene
system of double bonds.

Section 10.11  Protonation at the terminal carbon of a conjugated diene system gives an allylic carbocation that can be
captured by the halide nucleophile at either of the two sites that share the positive charge. Nucleophilic attack
at the carbon adjacent to the one that is protonated gives the product of 7,2 addition. Capture at the other site
gives the product of 7,4 addition.

H,C=CHCH=—CH; ELE C.H_;(|:'HC.H=C‘H2 + CH,CH=CHCH,CI
Cl

1.2-Butadiene 3-Chlore-1-butene 1-Chloro-2-butens
(T8 (220%)

+ +
via: CH,CH—CH=CH, «— CH;CH=CH—CH,

Section 10.12  1,4-Addition predominates when Cl, and Bry add to conjugated dienes.

Section 10.13  Conjugate addition of an alkene (the dienophile) to a conjugated diene gives a cyclohexene derivative in a
process called the Diels—Alder reaction. 1t is concerted and stereospecific; substituents that are cis to each
other on the dienophile remain cis in the product.

CH; 0 CH; ¢
7 benzene
+ 0O —— 0
T
) O
trans-1,3- Maleic 3-Methylcyclohexene-4,5-
Pentadiene  anhydride dicarboxylic anhydride (81%)
Sections The Diels—Alder reaction is believed to proceed in a single step. A deeper

10.14-10.15 level of understanding of the bonding changes in the transition state can be obtained by examining the nodal
properties of the highest occupied molecular orbital (HOMO) of the diene and the lowest unoccupied
molecular orbital (LUMO) of the dienophile.
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