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Alkenes and alkynes:
electrophilic addition and
pericyclic reactions

21.1 Structure and reactivity of alkenes and alkynes

One strong ¢ bond and One strong ¢ bond and
one weaker © bond two weaker © bonds
The most stable H R The greater the
isomer has the largest >=< number of R groups, R————~R
groups on the opposite g H the more stable
sides of the C=C bond the C=C bond an alkyne
an alkene
. C=C and C=C bonds react with electrophiles in electrophilic addition
reactions.
N N
R/\\/(R E- R —_[ R EY

21.2  Preparation of alkenes and alkynes

. Alkenes are prepared from halogenoalkanes, alcohols, alkynes, and
aldehydes/ketones.
X Wittig
/j\ E1or E2 R &\\ reaction R PN
R Base Ph,P=CH, O
alkene
X=1, Br, Cl
. H,, Lindlar catalyst,

E1orE2/H or Na/NH,
OH

F{/I\ R——
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. Alkynes are prepared from 1,2-dibromoalkanes.
. Substituted alkynes are prepared by alkylation of alkynyl anions with
halogenoalkanes.

21.3 Electrophilic addition reactions of alkenes

Seven important addition reactions involving alkenes.

L X Intermediate carbocation
AN — /K/ H Regioselective addition
1 R™™S X=Cl Br, 1 R (favours Markovnikov product)
Carbocation rearrangements are possible

H

HBr Radical reaction
2 R X Fom—— R)\/BF Regioselective addition
eroxide, hea (favours anti-Markovnikov product)
Br
> _R Br; N \R Intermediate bromonium ion
3 RN —— HR/J\F-—H Stereospecific addition (anti addition)

Br,, H,0 R Intermediate bromonium ion
4 R/\/R —_— H'}\QH Stereospecific addition (anti addition)
R Regioselective addition

Br
H H.O OH Hydration via an intermediate carbocation
5 Yy ——— /K/ H  Regioselective addition
R (favours Markovnikov product)
Hydration by hydroboration then oxidation
BH, H Regioselective addition
6 R/\\\ m“‘ )\/OH (favours anti-Markovnikov product)
en Fez, R Stereospecific addition
(overall syn addition)
RCOLH OH R 1,2-Dihydroxylation by epoxidation then
. LR —m,——— N hydrolysis
7 R thelf_" 'éﬁg'f ']'Q)\r‘H Stereospecific addition
or OH (overall anti addition)

21.4 Pericyclic reactions of alkenes

Important pericyclic reactions involving alkenes.
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1,2-dihydroxylation via a

KMnO,, HO7HO H OH manganate ester
low temperature ~
R/\\\/R — e OH or an osmate ester
or 0sO4/H.0 “eR Stereospecific addition
H (overall syn addition)

KMnO,, HO/H,0
high temperature

O
R Oxidative cleavage to
+
Ao Y

or O,, low temperature form
then (@)

H,0, (oxidizing agent)

0
0sO,, HIO, H. _R  Oxidative cleavage
R + 9
R or O, low temperature RJJ\ H \"/ to form aldehydes
then (@]

Me,S (reducing agent)

21.5 Electrophilic addition reactions of alkynes

. Two important electrophilic addition reactions of alkynes.
H
HX R. Via an intermediate vinyl carbocation
R————m-~ VI H Regioselective addition (favours Markovnikov product)
B X Slower than addition of HX to a C=C bond
HH
R—— BH;, N O Hydration via an intermediate enol
then H,0,, HO~ R Regioselective addition to give an aldehyde
H
. HC=CH and RC=CH react with strong bases to form alkynylmetal reagents

(for example, HC=CNa), which can act as nucleophiles.

Learning outcomes

By the end of this chapter you should be able to do the following.

. Describe how alkenes are prepared from halogenoalkanes, alcohols, alkynes,
and aldehydes/ketones.
. Describe how alkynes are prepared from 1,2-dibromoalkanes and how

substituted alkynes are prepared by alkylation of alkynyl anions (RC=C") with
halogenoalkanes.

. Understand how C=C and C=C bonds react in electrophilic addition reactions.
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. Write reaction mechanisms to explain how C=C bonds undergo the addition

reactions shown below.

Terminal alkene Disubstituted alkene
OH Br
R
R/k/H HR‘)J\’,‘LH
Br, Br
H", H,0
- H OH
/K/H ...L R/% L /J\/ Br R Br,, H,0 ‘R
R X=Cl,Br, [ Peroxids, R R/\\\/ — Hy s H
heat R
BH.,, then Br
H:0z HO™ theE(I:-loal-;nd
H* or HO- OH 5
H AP ANONT
/I\/OH R
R OH
. Write reaction mechanisms to explain how C=C bonds undergo the pericyclic
reactions shown below.
@)
J_I\ . H R
R H
(@]
or O,, Me,S
Os0,, HIO, (redacingzconditions) 0
H OH - KMnO,, KMnO,, R OH
- low temperature N high temperature
R Tt < /\/ _
’K( R or 0507H,0 R “or 0, H,0, *
H (oxidizing conditions) HOT R
(@]
. Write reaction mechanisms to explain how C=C bonds undergo the addition
reactions shown below.
H H H
R HX BH, S 0
— —_—
\%\H X =Cl, Br, 1 == then H,0,, HO- R)\f
X H
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