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Mechanism :
Sometimes do not go through a “free
carbocation”, may go via




Carbocations

Are electron deficient and have an empty @

three sp” orbitals
. * 1 all in one plane
p orbital (sp2 hybridized). Not all 20 ( gL e
carbocations are equally stable so there O/?/p orbital
are predictable patterns for which ones SR
will form.
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Note: this is the same order of stability as carbon radicals. \(é_mQ\C‘\



Carbocations (cont’d) '~
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The order of carﬁ cation stability arise from e N
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electrons in C-C ¢ bonds will be pulled

closer to the C* helping to minimize the

charge. Note: this does not work forC-H

bonds. C-H o-p overlap

three sources. %@
1) Inductive electron donation: the

2) Hyperconjugation: this is a orbital y
interaction between adjacent C-H bonds =
that can overlap the empty p orbital of
the C*, this again helps to minimize the
charge on the C*.
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Carbocations (cont’d)

) Resonance: a carbocation immediately adjacent to a p
system (double bond, triple bond or aromatic ring) can be
stabilized by resonance. This lowers the energy by
spreading the charge over more atoms, 1.e.
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Carbocations (cont’d)

One final complexity for carbocations: rearrangement.
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, 1.e.

A —

+ H

This 1s also possible for methyl groups. These shifts are
common when a tertiary, allylic or benzylic carbocation is
produced.



3.7.a Addition of Halogens

Addition of Cl, or Br, across the double bond to
product 1,2-dihalide alkane. ar I

\ / Br,

I
/C =C —— —C—C':—
\ CCl, i
(vicinal dibromide) '
Y

Halogen is usually dissolved in chloroform or
carbon tetrachloride.

Reaction is rapid at room temperatures [ \ l

Addition of bromine is a common chemical test for
the presence of double bonds as the red colored
bromine solution turns colorless when it reacts
with an alkene

Reaction relies on the polarizability of the halogen
bonds o+ o—

Br—Br.



Alkenes readily add chlorine or bromine.

CH,CH=CHCH; + Cl, — CH,(IZH—(|IHCH3 (3.5)
Cl Cl
2-butene 2,3-dichlorobutane
bp 1-4°C bp 117-119°C
CH,=CH—CH,—CH=CH, + 2 Br, — CH,—CH—CH,—CH—CH,
| | I | (3.6)
Br Br Br Br
|, 4-pentadiene 1,2,4,5-tetrabromopentane
bp 26.0°C mp 85-86°C

PROBLEM 3.8 Write an equation for the reaction of bromine at room
temperature with a. propene b. 4-methylcyclohexene

[ ———







Halogenation (cont’d)

In the first step the p 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.

Note this 1s a trans addition since the two Br
atoms add to opposite side of the double bond.

Br

Br



an electrophile

LR J +

oo ‘Br: =
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a nucleophile A bridged bromonium

ion intermediate

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

an electrophile

+ 3 B
(Br: 2 Br l
/ \
e G——C oy —_— \C—C-.,,,
7 /o N\
:]'3.1*: Bi
21.3.r_2 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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3.7.b Addition of Water (Hydration) NSOy

ey
CH,=CH, + H—OH CH, —CH, (or CH;CH,OH)

H OH
ethanol
H H
H* [ H
+ H— 05 —
vOH
H H
cyclohexene cyclohexanol

bp 83.0°C bp 161.1°C

(3.7)

(3.8)



Hydration (cont’d)

First step is the protonation of
the alkene in a Markovnikov
orientation to generate the most
stable carbocation.

The second step 1s the attack of
the nucleophilic water molecule
on the carbocation




more stable
3° cation

0N
|

fast H2§
(step 3) '




3.7.c Addition of Acids

\ / S5+ 3 I |
C=C_, + H—A - C—C (3.9)
v N | |
H A
CH,=CH, + H—Cl - (|2H2—(|:H2 (or CH,CH,CI) (3.10)
H Cl
ethene hydrogen chloroethane
chloride (ethyl chloride)
7 +n—osom — pﬁ
H H = i
H OSO.H
cyclopentene sulfuric cyclopentyl
acid hydrogen sulfate



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

Symmetric Unsymmetric
the reagent (Br2) and the substrate
(ethene) are symmetric. In this Hedgents it Haptt
situation there can only be a single c—-cl H--OH
product. What about asymmetric H-H H--0S0,H
reactions? Two products are
possible now, which regioisomer Alkenes O 7O, CHCH=CH,
will form? Cj C jCHg
mirror plane not a mirror plane
R H R H R H
3 7 | |
/C:C + ET—4 ——0C—C— and/or —i—iC—
N | |
unsymmetric unsymmetric X Y Y X

alkene reagent



Symmetric

Unsymmetric

Reagents

Alkenes

Br—+Br

Cl+Cl

H—+H
CH,=CH,

mirror plane

H-—+Br

H—+ OH
H-—+0SO,H

CH,CH=~CH,
jCH3

not a mirror plane



5\):7\5\5“ G:P"*
N ;\}\;‘)\;L\ 0g V)
ANy

Markovnikov’s Rule

Fortunately there 1s a simple rule of thumb to
predict which product will form: Markovnikov’s
rule, which states that when an unsymmetrical
reagent adds to a double bond the electrophilic
part of the reagent adds to the carbon with the
most hydrogen atoms on it.

C CH+ X—Y MJ)‘\ ©\JJ)~7.A*

sl Z” Z/
N\A(EQ\I N\



Markovnikov’s Rule (cont’d)

Why? This mode of addition will always produce
the most stable carbocation intermediate, 1.e.
consider the addition of H+ to propene...

H

)\ + 1° carbocation - anti-Markovnikov product
/\/\w /
\ +
/\/H 2° carbocation - Markovnikov product
.S
QAW O = Q'Hz Y \""’\ — ?’V\b\ 9_3”‘;5 [/n
B4 3=1 &b&?\‘:j; C\'\z C\'\ @ U$‘7J 05,))‘)‘ 3%
AN CW-cNz 1° _9@/\99 ZJ/K/A\
0° (S Shaple @
(arpocation C \\3 C \\ W3
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Hydrohalogenation
. 2}*’) W1 Z o ) §f
« Addition of HX across a double bond to
produce a Markovnikov halide alkane

* Reactivity: HI > HBr > HCI > HF (parallels
acidity)

* HBr needs to be used in the dark and under an
inert atmosphere to prevent a free radical
addition process that produces the anti-
Markovnikov product.

 Note: this same mechanism applies to other
acids such as H2SO4



. 45 Hydrohalogenation (cont’d)

N4

5 ¥ f/\ . . . . N
. ;j] s First step in the Markovnikov addition of the

’ﬂ'}e) electrophilic acidic proton to produce the most

stable carbocation intermediate.
H +

PN

+
The second step is the nucleophilic attack of the

halide anion on the carbocation intermediate Br
generating the alkyl halide product.

Br

A



_x_>:| y fast>\l_\

cation)
(minor)

slow
(r. d S.)

ol - \J
(2° cation) fast
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Step 1 Step 2

\: H—Br
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Hydroboration/Oxidation »

 Final product is an anti-Markovnikov alcohol
» Two step reaction, BH3, H202/NaOH

the net result of hydroboration— contrary to Markovnikov’s rule, the
oxidation is the addition of H and OH hydrogen has added to the former double-
across the C—C double bond bond carbon with the fewer hydrogens
1) BHg - THF % H '$
W }BES P T e LA OH

2) NaOH, HyOy

Copyright © John Wiley & Sons, Inc. All rights reserved. v /q E N
* Electrophile is the B atom (H is more EN than B!) \(\ (}de ( @ ‘)

e Concerted addition reaction H *6 - S
e Q ~ 4
o= ar/ H I?I o ]IS_I{I_I transition state “2
— K - L for hydroboration
W /(gr C\
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Hydroboration (cont’d)

L
Step 1: alkene p electron N
acts as nucleophile and ‘
add to the electrophilic B, LBHZ
at the same time the H 1s t

transferred to the C atom.

repeats
twice

/\/BR2

\

HOO-

Step 2: stepl repeats twice

morec
RR

Step 3: peroxide 10n acts
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Hydrogenation

* Addition of H2 across the double bond to
produce an alkane

* Requires a metal catalyst, Pt, Pd, Ni or Rh

-ngn” addition, both atoms add to the same side

of the double bond.
Hydrogenation of Ethene
o Y 2\3\70 \
' - 5 H\C =l Pd/C
B (Q U)\_% H/ L H

ﬂvﬂ-‘t odd ' Hion

+ Ho —> H—C—C—H

H H
| |

[
H H

Ethane
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Hydrogenation

T
0]
O

=
Q
<
o
S
>
<
L
-

O
=
<
.2.
oF
L
+~
N

N
=
Q
~
oy}

Step 1: hydrogen adsorbs onto

the face of the metal

Step 3: H atoms add to the two
C atoms producing an alkane



Oxidation: Permanganate

» Used as a chemical test
 Product is a glycol (1,2-diol)
and manganese oxide

 Color change from purple to
brown-black MnO2 solid — ¥

e OsO4 also used to make 1,2-
diols




Oxidation: Permanganate (cont’d)

* Complex reaction mechanism

» Reactive via a five membered cyclic ester
intermediate.

 Both O atoms are transferred from the
permanganate 1on.

wiSie e
N / |
OH OH

alkene potassium a glycol manganese
permanganate dioxide

(purple) © (brown-black)
~

mrws,w‘ff\&a; KO Jf" L 3
C)‘em}(\l ,\-e_$'\' O\J\.’:"s\ ()9%
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Oxidation: Ozonolysis

* Cleaves the double bonds Clae  of flhge
in half generating two - - 3
carbonyl groups < —= | =0 |0~

R | H 2Zn,H | R H

* In Zn/H+ get aldehydes

or ketones (reductive ROOR 1o R R
( = 0| o

products) R | H 210, || R OH .
A/Lﬁ e ¥ “’LO \
* In H202 ketones or Y wb;g )
. . '() ¢, D 7 D\‘.(/
carboxylic acids 7 oo

(oxidative products)
e Was primarily used for



alkene molozonide ozonide two carbonyl

Oxidation: Ozonolysis (cont’d)
o

Step 1: p electrons act ﬁ?/ ”mj‘”
as nucleophile attacking e | .
the ozone at the \l . =0 o
electrophilic terminal O e
atom. A second C-O < j
bond 1s formed by a j 1o
nucleophilic attack of & R p—p—
the other terminal O /)

N
€ {O/iof\o . >C\O/ i;/c< a5 c=0+0=C{ Oio

__ groups



Cycloadditions: the Diels-Alder

Reaction

There 1s an additional type of reaction for
conjugated alkenes, a cycloaddition. This a very
important reaction as it is an easy way to
generate cycloalkenes in very high yields, The
reaction involves a conjugated diene and an
alkene or alkyne. There is a rearrangement of the
p electrons that will produce two new S bonds

forming the ring.



Cycloadditions: the Diels-Alder

Reaction
Diene: 1,3-butadiene D ot o Diend P bf e
Dienophile: ethene
Product: cyclohexene
CH CH '}ew o bond
P new 77 bond P’
CH N CH, cH > CH,
h = |
CH CH, GH CH,
X ( N
CH, CH, \ new o bond
1,3-butadiene ethylene cyclohexene

There is a rearrangement of the
p electrons that will produce two
news bonds forming the ring

ewlion be | ween



Cycloadditions: the Diels-Alder
Reaction

The reaction proceeds best when an electron withdrawing group is attached to
the dienophile.

Electron withdrawing groups are groups of atoms that will withdraw electron
density of the dienophile p bond which makes it a better electrophile. Common
electron withdrawing groups include: carbonyl (-C(=O)R), cyano (-C=N) and
esters (—CO2R).

dienes
<
“ 2
dienophiles
(0] 0]
H{ oN CO,CH, cN
o o)
CO,CH,

Dlenophilt Y 3

VSRS 052 R
Glpawozas (@

IR C g R



Cycloadditions: the Diels-Alder
Reaction

The stereochemistry of the reactants is preserved in the product, i.e. a cis-

dienophile give cis substituents in the product, a trans-dienophile give trans
substituents in the product, i.e.

( [COZCH3 @:COZCH3
A CO,CH, CO,CH,

CO,CH,

C e o
N CO,CH; |

""CO,CH,



