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Carbocations (cont’d)
(Y'QSDV\M\CQ, ) (}—-\:. S e C“B

One final com ' ions: :

| pIemtxJer%ﬁrbocatlons (e.arrang.ement
Carbocations are susceptible to 1,2-hydride shifts, where an
adjacent H atom (and its bonding electrons) shift to the C* to
produce a more stable carbocation, i.e.

yweve S"LHL
4 CGTL"‘CQti.“
=
swit

\ + H

This is also possible for methyl groups. These shifts are
common when a ter“}iary, allylic or benzylic carbocation is
produced.
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3.7.a Addition of Halogens

( X2)
Addition of Cl, or Br, across the double bond to o]
product 1,2-dihalide alkane. . U= P8
N/ Bra U
C=cC > C-C
/ N\ CCl, | L
(vicinal dibromide) \ [

Halogen is usually dlssoTved in chloroform or
carbon tetrachloride.cCly < "1k

Reaction is rapid at room temperatures — <»=5Ct=l |

Addition of bromine is a common chemical test for (,}g
the presence of double bonds as the red colored |
bromine solution turns colorless when it reacts

withanalkene 7 @ O
Reaction relies on the polarizability of the halogen
bonds S5+ S5—

Br—DBr.
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Alkenes readily add chlorine or bromine.

. . \ 2 3
CH3CH=ECHCH3 + Gl — CH_:EH—{':HCH} {3.5)
Cl Cl
2-butene . .:_',fr_-d_ich]_nrr1lu|mr=f
bp 1-4°C 2. o bpl117-119°C
CH;=CH—CH,—CH=CH,; + 2 Br;, — {|:H3—(|:H—CHE—{|:H—(|:HE
¢ i J (3.6)
Zwmde Br Br Br Br
1 4-pentadiene 1,2,4,5-tetrabromopentane
bp 26.0°C mp 85 - 86°C

2 dovble bomls, how many Moles o[ Bromine
sheeld T add ? 2 mole

PROBLEM 3.8 Write an equation for the reaction of bromine at room

qtemloerattjre V\‘/ith a. \p,rg\g\e/r\\)e b. 4-meth¥:rc\:yclohexene s ) B)r -
- . — — — - : )
C': (;._Cl. +QQ e C %—C-\- Br __eR_C_C-—C"——H
CHa cha ‘:\ ‘ H

o { Hren — (-

“Z8r
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Halogenation (cont’d)

In the first step the & electrons act as a
nucleophile attacking the bromine displacing

a bromide ion and forming the cyclic bromonium
cation intermediate.

In the second step the nucleophilic bromide ion
attacks the side of the bromonium ion away from
the bromine atom opening the highly strain cyclic
structure and producing the 1,2 dibromo
hydrocarbon.

> Awti addifion
Note this is a trans addition since the two Br
atoms add to opeosite side of the double bond.

Sr_D '

Br

|

BY

L\

BT
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an electrophile

*Br: bl S Bridae ¢S 51 Br
(; Ok L 474\ O MJ\%-'\AJ\ Br‘J 1,1/J_3J,

:Br: . "\
N ‘Br: l Br.
////,,,'K o / D /- \ oo —
. .

/C:C \uu"C_C“un”” — ““\I\"C C g -+ 3BI‘:

- 7N

a nucleophile

A bridged bromonium
ion intermediate

Copyright © John Wiley & Sons, Inc. All rights reserved.

an electrophile

3 . Br
(:)BI': Z cBrs
/ \ 4
TS gy —_—2 \C_C,,
7N e N
.I.}.r. Br
:Br: Anti (coplanar) orientation A Newman projection
of added bromine atoms of the product
a nucleophile viewed from the left

Copyright © John Wiley & Sons, Inc. All rights reserved.
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H* +H20 i,—' H30+

- H0 « NU.
O
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@m.,ml Ht & Mﬁ ©® Carbocation
\{ very reactive
=

(1.
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3.7.b Addition of Water (Hydration)

CH,=CH, + H—OH —— (lf.Hg—lZ|:H3 (or CHsCH,OH) 3.7
NN A ATt
H OH
ethanol
H H
H L.H
FH=—4H — (3.8)
T'DH
8 H
cyclohexene cyclohexanol

bp 83.0°C bp 161.1°C
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3.7.c Addition of Acids

Ry s 0 B |
C=C + H e (3.9)
P 4 N Ll
H A
CH,=CH, + H—Cl — CH,—CH, (or CH;CH,CI) (3.10
| | A
H ‘
J - v
ethene hydrogen chloroethane , C"é;”d*@
chloride (ethyl chloride) final Pﬁ)o‘\)c,l;
Q + H—0S0,H — ﬁ 3.11)
H OSO;H
cyclopentene sulfuric cyclopentyl

acid hydrogen sulfate
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Symmetry and Addition Reactions

The ha|ogenation of ethene is a Table 3.2  Classification of Reagents and Alkenes by
) Symmetry with Regard to Addition Reactions
very symmetry reaction as both

Ju= e LFL-Symmetric Unsymmetric . >k Cpt
the reagent (Br,) and the A Thca.
substrate (ethene) are symmetric. Henesals A St
In this situation there can only be clo-cl Hp
a single product. What about H--H H--0SO,H
asymmetric reactions? Two

. . Alkenes CH,==CH, CH,CH=FCH,
products are possible now, which
regiofsomer will form? 1 | s
I/_\/_\
mirror plane not a mirror plane
R H l} H R H
% F , | |
/CZC + KX—K¥ ——G—0— and/or —iC——
N | |
unsymmetric unsymmetric & X Y X

alkene reagent
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Table 3.2

Classification of Reagents and Alkenes by

Symmetry with Regard to Addition Reactions

Symmetric Unsymmetric
Reagents Br + Br H—+Br
Cl—-cl H - OH
H-—+H H - 0SO,H
Alkenes CH,=CH, CH,CH==CH,
Qr & iE CH,
r ¢

mirror plane

not a mirror plane
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