Burrows et al: Chemistry? Third Edition

Alkenes and alkynes:
electrophilic addition and
pericyclic reactions

21.1 Structure and reactivity of alkenes and alkynes

One strong @ bond and One strong o bond and
one wealker w bond two weaker m bonds
The maost stable H B 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 an alkene the C=C bond an alkyne

# C=C and C=C bonds react with electrophiles in electrophilic addition reactions.
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21.2 Preparation of alkenes and alkynes

#® Alkenes are preparad from halogenoalkanes, alcohols, alkynes, and aldehydes/ketones.

X Wittig
El orE2 reaction
R/L\ Base R Ph.P=CH R =g
%—1.Br. Cl alkene :
=1, B,

H;, Lindlar catalyst,
E1or E2 / H* ar MaMH,
OH
”J\ R
R

® Alkynes are preparad from 1,2-dibromoalkanes.

& Substituted alkynes are preparad by alkylation of alkyryl anions with halogenoalkanes.
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21.3 Electrophilic addition reactions of alkenes

Seven important addition reactions involving alkenes.

" b4 Intermediate carbocation
o - H Regiosslective addition
1 R™ TS ®=Cl,Br, I RJ\/ (favours Markownikow product)
Carbocation rearrangements are possible

P HBr H 8 l;J.Ri?u:!int:ml rlgacdion "y
2 R — r gioselective addition
Peraside, heat - R (favours anti-Markovnikov product) -»
Br
. .R Bry . R Intermediate bromonium ion
3 R ¥ —— H#™~p=H  Sterespecific addition (anti addition)
Br
OH . L
~ R Br,, Hy0 R Intermediate bromonium ion
4 R“"""‘x-f" — H ~aH Sterecspecific addition (anti addition)
R Regiosslective addition
Br
. OH Hydration via an intermediate carbocation
5 R — HHO ,l\/ H Regiosslective addition
R (favours Markovnikov product)
H Hydration by hydroboration then cxidation
BH, Regiosslective addition
[ Rf““-“x“ mf‘ /J\_/DH (favours anti-Markowvnikov product)
en HQ:, R Stereospecific addition
(overall syn addition)
- OH R 1,2 Dihydroxylation by epexidation then
= R — » .. 5 hydrolysis
7 R ST hennom ",‘{l\r"" EErener IR
B OH {overall anti addition)

o For practice questions on these topics, see questions 1, 2, and 6 at the end of this chapter (pp.1000-1001).

21.4  Pericyclic reactions of alkenes

Important pericyclic reactions involving alkenes:
1.2-dihydroxylation via a

KMnQ,, HO7H,0 H OH
= R ! manganate ester
R%R Mg R OH or an osmate ester
or Osl,H.0 iR Stereospecific addition
H {owerall syn addition)
KMn,, HOTH,O O
=~ R high temparatura n HO R Owidative cleavage to
R or Oy, low temparaturs R'JJ\[Z-H T form carboxylic acids
th
H,2, :uddI;rrllg agant) ©
Osd,, HIO i
Bl ] i i
o A R J]\ R Oxidative cleavage

H
¥ e R +
ar Oy, low temperaturs R H j‘r to form aldehydes
n]

than
Me.5 (reducing agent)

9 For practice questions on these topics, see questions 2 and 2 at the end of this chapter (pp.999-1000).
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21.5 Electrophilic addition reactions of alkynes

Two important electrophilic addition reactions of alkynes:

H
HX R. = Via an intermediate vinyl carbocation
R———~H T H Regioselective addition (favours Markownikov product)
B X Slower than addition of HX to a C=C bond
HH
R—— H BH, 2 .0 Hydration via an intermediate encl
— 7 tenHo.Hr R Regioselective addition to give an aldehyde
H

# HC=CH and RC=CH react with strong bases to form alkynylmetal reagents (e.g. HC=C *Naj, which can act as
nuclecphiles.

@ For a practice question on this topic, see question 4 at the end of this chapter (p.1000).

@ Concept review

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

# Describe how alkenes are preparad from halogenoalkanes, aleohols, 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 halogenoalkanas.

& Undearstand how C=C and C=C bonds react in electrophilic addition reactions.

# Write reaction mechanizms to explain how C=C bonds undergo the addition reactions

W

shown balow.
Terminal alkene Disubstituted alkene
OH Br
R
R Ha')\fH
T Bry Br
H", H,O
X - H OH
Hx
- o - Bry, H.O R
R’J\/ e (R S R/J\" Br xR = HF?JYH
heat
Br
BEH,, then
RCOLH
H:0,, HO™ l then H?&k
H* or HO" OH
R
H HR*?l\rQH
OH
RJ\-” OH

® Write reaction mechanisms to explain how C=C bonds undargo the pericyclic reactions
shown below.
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O
RJLH o H\H',Fi
0s0, Hm:‘ (redtocing sonditons) o)
A OH e ightamper RJLGH
N
: {ovidizing conditions)  HO. R

& Write reaction machanisms to explain how C=C bonds undergo the addition reactions

shown balow,
H H H
R - ot — BH, - 3 0
\#\H X=cl, Br, [ =1 then HyOy, HO™ R)\f
X H
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