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• Alkyl halides are organic molecules containing a halogen atom

bonded to an sp3 hybridized carbon atom.

• Alkyl halides are classified as primary (1°), secondary (2°), or

tertiary (3°), depending on the number of carbons bonded to the

carbon with the halogen atom.

• The halogen atom in halides is often denoted by the symbol “X”.

Introduction to Alkyl Halides
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Introduction to Alkyl Halides

Different reactivity



Nomenclature

CH3I

CH3CH2Cl

CH3CH2CH2Br

CH3CHCH3

Br

iodomethane

chloroethane

1-bromopropane

2-bromopropane

2-chloro-5-methyloctane 1-bromo-3-methylcyclohexane
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Common names are often used for simple alkyl halides. To assign
a common name:

Nomenclature

CH3I

CH3CH2CH2Br

CH3CHCH2

Br

methyl iodide

n-propyl bromide 

isopropyl bromide
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Alkyl halides are weak polar molecules. They exhibit dipole-dipole
interactions because of their polar C—X bond, but because the rest
of the molecule contains only C—C and C—H bonds, they are
incapable of intermolecular hydrogen bonding.

Physical Properties
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Physical Properties
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Preparation

From alkanes

From alkenes

From alkynes

Aryl halides:
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Preparation from alcohols

tertiary

primary and 
secondary

SOCl2  = Thionyl chloride

X = Br: PBr3

X = Cl: SOCl2

X = Br: PBr3

X = Cl: SOCl2
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X has an Electron-Withdrawing Inductive effect –I

The electronegative halogen atom in alkyl halides creates a polar C—X
bond, making the carbon atom electron deficient.

Electrostatic potential maps of four simple alkyl halides illustrate this
point.

The Polar Carbon-Halogen Bond
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The Polar Carbon-Halogen Bond

ab

d+ d-
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Nucleophilic Substitutions

The nucleophile The leaving group

The alkyl substrate



Stable species are good leaving groups.

• Leaving group ability increases down a group:

• Leaving group ability increases from left to right across a period:

19

The Leaving Group

Leaving group ability

Basicity

F        Cl        Br        I- - - -

Leaving group ability

Basicity

SH          Cl- -
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The Leaving Group

These molecules 
undergo nucleophilic 
substitution

These molecules do 
not undergo 
nucleophilic 
substitution
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• Nucleophilicity is correlated to basicity.

• Although nucleophilicity and basicity are interrelated, they are
fundamentally different.

Basicity is a thermodynamic property.

Nucleophilicity is a kinetic property.

The Nucleophile

KB

kNu
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• For two nucleophiles with the same nucleophilic atom, the 
stronger base is the stronger nucleophile.

HO¯ is a stronger nucleophile than CH3COO¯. 
(pKa: H2O = 15.7, CH3COOH = 4.8). 

• A negatively charged nucleophile is always a stronger 
nucleophile than its conjugate acid.

HO¯ is a stronger base and stronger nucleophile than H2O.

• Right-to-left across a row of the periodic table, 
nucleophilicity increases as basicity increases:

NH3 is a stronger base and stronger nucleophile than H2O.

The Nucleophile
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The Nucleophile
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• Nucleophilicity does not parallel basicity when steric hindrance 
becomes important. 

• Steric hindrance results from the presence of bulky groups at the 
site of a reaction.

• Steric hindrance decreases nucleophilicity but not basicity.

• Sterically hindered bases that are poor nucleophiles are called 
non-nucleophilic bases.

The Nucleophile



26

The Nucleophile

Some Common Nucleophiles

R-X + :Nu- R-Nu- + X-
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Alkyl Halides in Organic Synthesis
R-X + :Nu- R-Nu- + X-
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Mechanisms

Bond making and bond breaking occur at the same time. SN2

Bond breaking occurs before bond making. SN1

one-step mechanism

two-step mechanism
video

SN2: Bimolecular nucleophilic substitution

SN1: Monomolecular nucleophilic substitution

https://www.chemtube3d.com/category/organic-reactions/nucleophilic-substitution/
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SN2 Mechanism: Kinetics

v = k[OH-][CH3Br]

2nd order rate equation; depends on both the nucleophile and the substrate

Bond making and bond breaking occur at the same time.

SN2: Bimolecular nucleophilic substitution
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SN2 Mechanism: Energy Profile

Energy profile for the reaction:

Energy

reaction coordinate

transition 
state

DG#

DG
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All SN2 reactions proceed with backside attack of the nucleophile,
resulting in inversion of configuration at a stereogenic center.

SN2 Mechanism: Stereochemistry

:Nu- and Br- are 180° away from each other, 
on either side of a plane containing C, H, Me, Et

S R

https://www.youtube.com/watch?v=qTdKz-7_9Xo
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SN2 Mechanism: Stereochemistry
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SN2 Reaction: The Alkyl Substrate

• Increasing the number of R groups on the carbon with the leaving group
makes the approach of the nucleophile more difficult and increases
crowding in the transition state.

• The SN2 reaction is fastest with unhindered halides.

hindered 

approach

crowded 

transition state
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The Alkyl Substrate

This order of reactivity can be explained by steric effects. 

• Methyl and 1° alkyl halides undergo SN2 reactions with ease.

• 2° Alkyl halides react more slowly.

• 3° Alkyl halides do not undergo SN2 reactions.
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SN2 Mechanism
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The Solvent

• Protic solvents slow down SN2 reactions



The Solvent

• SN2 reations are best carried out in polar aprotic solvents, that poorly solvate 

an anion or an electron rich atom

acetonitrile         N,N-dimethylformamide    dimethylsulfoxide

DMF                            DMSO
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• In the SN1 mechanism carbocations are formed as reactive
intermediates.

• The first step (bond breaking) is slow; the second step (bond
making) is fast.

• 1st order rate equation; depends only on the substrate

Bond breaking occurs before bond making.

SN1 Mechanism: Kinetics

v = k[(CH3)3CBr]

k
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SN1 Mechanism: Energetics

Energy

reaction coordinate

(CH3)3C
+

DG

DG1
#

DG2
#

AcO- = CH3COO-



• Loss of the leaving group in Step [1] generates a planar 
carbocation that is achiral. 

• In Step [2], attack of the nucleophile can occur on either side to 
afford two products which are a pair of enantiomers. 
Racemization has occurred.

SN1 Mechanism. Stereochemistry

Single  enantiomer

Racemic mixture
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SN1 Mechanism: Stereochemistry
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This trend is exactly opposite to that observed in SN2 reactions and

reflects the stability of the carbocation.

In SN1 reactions, substrates that give stable carbocations react faster.

The Alkyl Substrate
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Alkyl groups are electron donating. Since an alkyl group has
several s bonds, each containing electron density, it is more
polarizable than a hydrogen atom, and better able to donate
electron density.

Carbocation Stability
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• Hyperconjugation is the spreading out of charge by the overlap of an

empty p orbital with an adjacent s bond. This overlap (hyperconjugation)

delocalizes the positive charge on the carbocation, spreading it over a

larger volume, and this stabilizes the carbocation.

• Example: CH3
+ cannot be stabilized by hyperconjugation, but (CH3)2CH+

can.

Carbocation Stability
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SN1 Mechanism
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SN1 and SN2 Mechanisms

• Substrate: 1ry - SN2; 2ry - SN2 or SN1; 3ry - SN1

• Leaving group: the same reactivity order in SN1 and SN2 
reactions.

• Nucleophile: has little effect in SN1 reactions because it reacts 
after the slow step (must be nonbasic to prevent elimination). 
Good nucleophiles favour SN2 reactions.

• Solvent: polar protic solvents (H2O, ROH) favor SN1 reactions 
because the carbocationic intermediate are stabilized by 
solvation.
Polar aprotic solvents (acetone, DMSO, DMF, CH3CN) favor SN2
reactions because nucleophiles are not well solvated, and
therefore are more nucleophilic.



Predicting the Mechanism

D

SN2

SN1
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Predicting the Mechanism
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Predicting the Mechanism

DMSO

Cis-1-bromo-4-methylcyclohexane trans-4-methylcyclohexanol
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Vinyl Halides
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Aryl Halides

SN2 SN1

Backside 
attack is 
impossible

Unstable sp2

carbocation
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General Features of Elimination

It is a b-elimination
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Elimination Mechanisms

E2

E1

E1cb

video

https://www.chemtube3d.com/category/organic-reactions/elimination/
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Leaving Groups in Elimination Reactions

Elimination reactions are faster with good leaving groups:
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• The major product is the more stable product—the one with the
more substituted double bond.

The Zaitsev (Saytzeff) Rule

• A reaction is regioselective when it yields predominantly or
exclusively one constitutional isomer when more than one is
possible. Thus, elimination reactions are regioselective.
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• The most common mechanism for dehydrohalogenation is the E2
mechanism.

• The reaction is concerted—all bonds are broken and formed in a single
step.

• It exhibits second-order kinetics, and both the alkyl halide and the base
appear in the rate equation, i.e.,

Mechanisms of Elimination: E2

v = k[(CH3)3CBr][¯OH]
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Mechanisms of Elimination: E2
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• E2 reactions are favoured by strong negatively charged bases,
such as HO¯ and its alkyl derivatives, RO¯, called alkoxides.

• Potassium t-butoxide is a strong, non-nucleophilic base.

Mechanisms of Elimination: E2
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• For efficient overlap the C—H and C—X bonds must be coplanar.

Stereochemistry of the E2 Reaction

anti periplanar syn periplanar

dihedral angle: 180°
staggered
favoured

dihedral angle: 0°
eclipsed

disfavoured

C
C C C

C
C

H H

X

X
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Stereochemistry of the E2 Reaction
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The E2 reaction is stereoselective because one stereoisomer is
formed preferentially.

Major product

Minor product

Stereochemistry of the E2 Reaction

>
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Stereochemistry of the E2 Reaction

Homework:
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Stereochemistry of the E2 ReactionStereochemistry of the E2 Reaction
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E2 Reactions in Cyclohexanes
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cis

trans

E2 Reactions in Cyclohexanes

NaOEt

NaOEt

Homework



84

axial

cis

trans

E2 Reactions in Cyclohexanes

=
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• E1 reactions exhibit first-order kinetics: v = k[(CH3)3I]

Mechanisms of Elimination: E1

• E1 reactions frequently accompany SN1 reactions
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Mechanisms of Elimination: E1
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The rate of an E1 reaction increases as the number of R groups
on the carbon with the leaving group increases.

Mechanisms of Elimination: E1
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E1 reactions are regioselective, favoring formation of the more
substituted, more stable alkene (Zaitsev’s rule)

Mechanisms of Elimination: E1
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E2 E1

Mechanism One step Two steps

Kinetics Second order First order

Substrate
1ry, 2ry and 3ry 
halides

3ry (and 2ry) halides

Leaving group
Favored by good 
leaving groups

Favored by good 
leaving groups

Base
Favored by strong 
bases

Favored by weak 
bases (H2O, ROH)

Stereochemistry
Antiperiplanar-
stereoselective

Not stereoselective

Solvent
Favored by non polar 
solvents

Favored by polar 
protic solvents.

Mechanisms of Elimination
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E2 conditions: 1M NaOEt, EtOH, 100 °C

When is the Mechanism E1 or E2?

E1 conditions: 0.01M NaOEt, 80% EtOH, 160 °C

Homework: 
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axial

E2 conditions: 1M NaOEt, EtOH, 100 °C

When is the Mechanism E1 or E2?

E1 conditions: 0.01M NaOEt, 80% EtOH, 160 °C

trisubstituted alkene

main product
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When is the Mechanism E1 or E2?



93

Mechanisms of Elimination—E1cb

acidic proton: 

pKa 25-30

carbanion stabilized 

by delocalization
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• Good nucleophiles that are weak bases favor substitution over
elimination. These include I¯, Br¯, HS¯, ¯CN, and CH3COO¯.

Substitution vs Elimination

• Bulky nonnucleophilic bases (KOC(CH3)3) favor elimination over
substitution.



Substitution vs Elimination

• SN2 is favoured with primary RX
• E2 is favored with secondary RX
• E2 is exclusive with tertiary RX

SN2/E2 are favoured with strong nucleophile/bases 
(OH-, CH3O-) but: 

SN1/E1 are favoured with weak nucleophile/bases 
(H2O, CH3OH) and they are always competitive
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Competition Between Substitution and

Elimination

Alkyl 
halide/base-
nucleophile

strong bases and 
strong nucleophiles

(F-, Cl-, Br-, I-, HO-, RO-, RS-,  
CN-, acetylides, R-M, NH3, 
amines)

strong bases 
non nucleophilic

(tBuO-)

weak bases 
weak 

nucleophiles

(H2O, ROH, RCOO-)

methyl SN2 - -

primary SN2 > E2 E2 -

secondary
allylic
benzylic

SN2/E2 E2 SN1/E1 

tertiary E2 E2 SN1/E1
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• Alkynes can be prepared by two successive dehydro-halogenation

reactions.

• Two different starting materials can be used: a vicinal dihalide or a geminal

dihalide.

E2 Reactions and Alkyne Synthesis

• Stronger bases are needed to synthesize alkynes:

¯NH2 (amide), NaNH2. KOC(CH3)3 with DMSO as solvent.
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E2 Reactions and Alkyne Synthesis
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Reverse of Polarity. 
Organometallic Compounds

Examples:

organolithium

organomagnesium
(Grignard reagents)

organocuprates
(Gilman reagents)

I



101

strong bases: 

strong nucleophiles: 

Reverse of Polarity. 
Organometallic Compounds




