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Chapter 11 - Reactions of Alkyl Halides: Nucleophilic Substitutions and Eliminations

Overview

The substitution of a halide (or other good leaving group) on a carbon with a nucleophile is a
complicated reaction. There are many variables that sway a particular reactant to take one of a
number of competing pathways in the mechanism. These factors include, a) the substrate, b) the
nucleophile, c) the leaving group, and d) the solvent. We will discuss how each of these factors
influence substitution and elimination reactions.

History

In 1896, Paul Walden found that malic acid could be converted from one enantiomer into another
by a sequence of substitution reactions (OH to ClI, then Cl to OH). In the 1920’s and 1930’s others
examined the inversion of stereochemistry during substitution reactions in detail. The reaction is
complicated by the fact that under some circumstances, racemic products are obtained. This
suggests there may be more than one mechanism possible for the substitution reaction.
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Competing Mechanisms

It has been found that nucleophilic substitution reactions can occur by two different mechanisms.
One involves a single step and the other proceeds by two steps via a carbocation intermediate.
Additionally, substitution reactions often compete with elimination reactions. The factors outlined
above have different consequences on these mechanisms as we will see in the coming class
periods.
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Sn1 and Sy2 Mechanisms

The Sy2 mechanism (substitution, nucleophilic, bimolecular) involves the direct substitution of a
good leaving group for a nucleophile in a single step. The reaction proceeds through a transition
state where there is some bond forming to the nucleophile at the same time the leaving group
bond is breaking. The nucleophile must come form the back side of the direction the leaving group
is departing resulting in an inversion of the stereocyemstry. The rate of the reaction depends on
both the alkyl halide as well as the nucleophile.
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reaction progress

The Sy1 mechanism (substitution, nucleophilic, unimolecular) occurs in a stepwise fashion where
the alkyl halide undergoes loss of the leaving group to form an intermediate carbocation. Note that
the nucleophile is not involved at all in the first step, which is the rate determining step. Thus, the
rate of the reaction depends only on the substrate concentration. Since a planar carbocation is
formed, any stereochemistry information is lost and racemic products are formed.

R R
S
RDS l / \
>0—| — + 9 - “O_C\. * ]C_o”
R R F:{R R R R R
carbocation intermediate

R
Sni
carbocation A two step reaction
E intermediate
rate = k [R3C-I]
reaction progress
©2004 Gregory R. Cook page 2 Chem 341

North Dakota State University



Sn2 Reaction Details - Substrate

Since the nucleophile in a Sy2 reaction must attack the carbon from the back side (opposite the
leaving group) and is involved in the rate determining transition state, the amount of steric
bulkiness will have an influence on how well the reaction will proceed. The more substituted the
alkyl halide, the harder it is for the nucleophile to approach. Thus, methyl halides are the fastest to
react and tertiary halides would be nearly impossible to react.
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