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Reactions of Alkenes

1. Mostreactions of alkenes are addition because of the
unsaturation in the double bond.

2. Other reactions are oxidations

3. Alkenes react with many electrophiles to give useful products
by addition (often through special reagents)

» Addition Reactions
* Hydrohalogenation (HX)
* Halogenation (X,)
* Hydration (H,0)
 Halohydrin (X, + H,0)
* Synthesis of diols
* Carbene addition (:CH,)
* Epoxide formation
* Hydrogenation (H,) (reduction)

 Oxidative cleavage
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General Mechanism

* The alkene is the nucleophile.

* The reagent is the electrophile

* Alkene types: symmetric — where
alkene has equal number of carbons
on the double bond and asymmetric
where one carbon of the double
bond has less carbons.

N\ "
C=C_+A—B
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addition

Electrophile = Nucleophile

—C—C* + :X: — —C—C—

Electrophile = Nucleophile
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Hydrohalogenation

* Symmetric alkene.

1 alkyl group 1 alkyl group
on this carbon on this carbon

\ / i i
Eth
CH3CH,CH=CHCH; + HBr ———> CHsCH,CH,CHCH; + CH3CHoCHCH,CHs

2-Pentene 2-Bromopentane 3-Bromopentane

* In an unsymmetric alkene addition of any reagent with H in it, the H
will go to the carbon with more H. (Markovnikov's rule)

H3C Cl CHja
\ | |
/CZCHZ + HCl —— CH3(|3CH3 CH3CHCH,CI
H3C CH3
2-Methylpropene 2-Chloro-2-methyl- 1-Chloro-2-methyl-
propane propane
(Sole product) (Not formed)

Markovnikov’s  Anti-Markovnikov’s
product product



Hydrohalogenation - Mechanism

e This rule was later understood when mechanism of reactions were
established.

* During the first step a carbocation is formed - the more stable
carbocation will be formed hence give the Markovnikov’s product.

H Cl
CHS_E_éHZ O CHy—C—CHs Markovnikov’s
(|:H3 (|:H3 product
CHj tert-Butyl carbocation  2-Chloro-2-methylpropane
\C:CH2 + HCI (tertiary; 3°)
chiy
2-Methylpropene '? N o T
CH3_‘|3_CH2 - CHB_'T"_CHzc' Anti-Markovnikov’s
CH3 CH3 product
Isobutyl carbocation 1-Chloro-2-methylpropane

(primary; 1°) (Not formed)



Rearrangement During Addition

P P o
H3C HsC H H3C H
HsC C H HsC ¢’ H HsC ¢~ H
| /N /N
H H Cl H H

3-Methyl-1- butene 2-Chloro-3-methylbutane

(approx. 50%)
_ Expected only _
Carbocations undergo structural rearrangements following set patterns

1,2-H and 1,2-alkyl shifts occur (H, CH;, Ph)

Goes to give most stable carbocation

2-Chloro-2-methylbutane
(approx. 50%)

CHy H CHy H | CHg
HaC .| | m H3C .| |/H Hydride | \ _H
L 20 L PG YN ~ chift JC. €
H C \H_/ HA\_C H shi HaC /C\ H
' | H H

3-Methyl-1- butene

A 2° carbocation

lm_

CHg H

/\
H CI

2-Chloro-3-methylbutane

A 3° carbocation

lCI_

CHy H

/N
H H

2-Chloro-2-methylbutane



Halogenation

* Bromine and chlorine add to alkenes to give 1,2-dihaldes
* F, is too reactive and I, does not add

* Cl, reacts as Cl* CI;

* Br, is similar in reactivity (QUALITATIVE TEST)

H H Cl Cli
\ / |
C=C + Clp, —— H—C—C—H
/ \ ||
H H H H
Ethylene 1,2-Dichloroethane

(ethylene dichloride) Top side open to attack

- Addition is ANTI (TRANS). Q -
!(E.’:.r:) L %U\ o &

Bottom side shielded from attack

Cyclopentene Bromonium ion trans-1,2-Dibromo-
intermediate cyclopentane



Hydrogenation

 Addition of H-H across C=C

* Reduction in general is addition of H, or its equivalent
* Requires Pt, Pd or Ni as powders on carbon and H,

* Hydrogen is first adsorbed on catalyst

» Addition is SYN
CHs
€hs H L A .
H2' PtOZ N, - at\l t ¥ A 2
O[ CH3COH O: - C I (S — /C C\
CHs solvent | H 3
CH3 H—H H H
1,2-Dimethyl- cis-1,2-Dimethyl- Catalytic hydrogenation is a syn addition.
cyclohexene cyclohexane (82%)
(a) Alkene (b) (c)

Hydrogen

|

nm § —

Metal surface
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Reaction with Carbene

* The carbene is “half of an alkene” -
: : R \ /
* Carbenes are electronically neutral with - ._ .- | .. C
: : — Tl T / N\
six electrons in the outer shell (CH,:) o _C—C.__
. /N
* They add symmetrically across double
An alkene A carbene A cyclopropane

bonds to form cyclopropanes

* Another way to generate carbene is the Simmons-Smith reaction

CHyI, + Zn(Cu) —— ICH,—Znl |:”=CH2”]
Diiodomethane (Iodomethyl)zinc iodide
(a carbenoid)
H
Zn(Cu) / :
O =+ CH212 W @CH2 aF :[HIZ
H

Cyclohexene
Bicyclo[4.1.0]heptane
(92%)



Reaction with Carbene - 2

 Addition of dichlorocarbene is stereospecific addition is SYN

H
KOH 4 /CI
+ CHCl; —% g + KCl
\ Cl
H

Cyclohexene
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