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Nucleophilic Substitution

CONFIRMING PAGES

EX3 SUMMARY

Section 8.1

1

Nucleophilic substitution is one of the main methods for functional group

transformations. Examples of synthetically useful nucleophilic substitutions
were given in Table 8.1. It is a good idea to return to that table and review
its entries now that the details of nucleophilic substitution have been

covered.

Sections
8.2-8.10

These sections show how a variety of experimental observations led to the
proposal of the Sy1 and the SN2 mechanisms for nucleophilic substitution.

Summary Table 8.9 integrates the material in these sections.

LK Comparison of Syl and Sy2 Mechanisms of Nucleophilic Substitution in Alkyl Halides

Syl Sn2
Characteristics of mechanism Two elementary steps: Single step:
Step 1: RK: = R* + : X+ “Nuf REK: —> Nu—R + X+

Rate-determining transition state

Molecularity

Kinetics and rate law

Relative reactivity of halide leaving
groups

Effect of structure on rate

Effect of nucleophile on rate

Effect of solvent on rate

Stereochemistry

Potential for rearrangements

Step 2: R* + *Nu~ —> R—Nu

lonization of alkyl halide (step 1) is
rate-determining. (Section 8.6)

3+ R___X 5=
(Section 8.6)
Unimolecular (Section 8.6)

First order:
Rate = klalkyl halide]
(Section 8.6)

Rl > RBr > RC| >> RF
(Section 8.2)

RsCX > R,CHX > RCH,X > CHsX

Rate is governed by stability of
carbocation that is formed in ionization
step. Tertiary alkyl halides can react
only by the Sy1 mechanism; they
never react by the Sy2 mechanism.
(Section 8.7)

Rate of substitution is independent
of both concentration and nature of
nucleophile. Nucleophile does not
participate until after rate-determining
step. (Section 8.6)

Rate increases with increasing polarity
of solvent as measured by its dielectric
constant e. (Section 8.10)

Not stereospecific: racemization
accompanies inversion when leaving
group is located at a chirality center.
(Section 8.8)

Carbocation intermediate capable of
rearrangement. (Section 8.9)

Nucleophile displaces leaving group;
bonding to the incoming nucleophile
accompanies cleavage of the bond to
the leaving group. (Section 8.3)

®~Nu---R--- X~
(Section 8.3)
Bimolecular (Section 8.3)

Second order:
Rate = klalkyl halidellnucleophile]
(Section 8.3)

Rl > RBr > RCI >> RF
(Section 8.2)

CHsX > RCH,X > R,CHX > RsCX

Rate is governed by steric effects
(crowding in transition state). Methyl
and primary alkyl halides can react
only by the Sy2 mechanism; they
never react by the Sy1 mechanism.
(Section 8.4)

Rate depends on both nature of
nucleophile and its concentration.
(Sections 8.3 and 8.5)

Polar aprotic solvents give fastest rates
of substitution; solvation of Nu:™ is
minimal and nucleophilicity is greatest.
(Section 8.10)

Stereospecific: 100% inversion of
configuration at reaction site. Nucleo-
phile attacks carbon from side opposite
bond to leaving group. (Section 8.3)

No carbocation intermediate; no
rearrangement.
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Problems

Section 8.11 When nucleophilic substitution is used for synthesis, the competition
between substitution and elimination must be favorable. However, the
normal reaction of a secondary alkyl halide with a base as strong or
stronger than hydroxide is elimination (E2). Substitution by the Sy2
mechanism predominates only when the base is weaker than hydroxide or
the alkyl halide is primary. Elimination predominates when tertiary alkyl
halides react with any anion.

Section 8.12 Nucleophilic substitution can occur with leaving groups other than halide.
Alkyl p-toluenesulfonates (tosylates), which are prepared from alcohols by
reaction with p-toulenesulfonyl chloride, are often used.

0
i I
ROH + H3COSOZCI pyidine, oS CH, (ROTS)

(0]
Alcohol p-Toluenesulfonyl chloride Alkyl p-toluenesulfonate (alkyl tosylate)

In its ability to act as a leaving group, p-toluenesulfonate is even more
reactive than iodide.

Nu RO —> Nu—R + 0T
Nucleophile Alkyl Substitution  p-Toluenesulfonate
p-toluenesulfonate product ion

Section 8.13 The reactions of alcohols with hydrogen halides to give alkyl halides
(Chapter 4) are nucleophilic substitution reactions of alkyloxonium ions in
which water is the leaving group. Primary alcohols react by an Sy2-like
displacement of water from the alkyloxonium ion by halide. Secondary and
tertiary alcohols give alkyloxonium ions which form carbocations in an
Sn1-like process. Rearrangements are possible with secondary alcohols, and
substitution takes place with predominant, but not complete, inversion of
configuration.

PROBLEMS ]

8.19 Write the structure of the principal organic product to be expected from the reaction of
1-bromopropane with each of the following:

(a) Sodium iodide in acetone

(b) Sodium acetate (CH;CONa) in acetic acid

(¢) Sodium ethoxide in ethanol

(d) Sodium cyanide in dimethyl sulfoxide

(e) Sodium azide in aqueous ethanol

(f) Sodium hydrogen sulfide in ethanol

(g) Sodium methanethiolate (NaSCH3) in ethanol
8.20 All the reactions of 1-bromopropane in the preceding problem give the product of
nucleophilic substitution in high yield. High yields of substitution products are also obtained
in all but one of the analogous reactions using 2-bromopropane as the substrate. In one case,
however, 2-bromopropane is converted to propene, especially when the reaction is carried

out at elevated temperature (about 55°C). Which reactant is most effective in converting
2-bromopropane to propene?

8.21 Each of the following nucleophilic substitution reactions has been reported in the chemical
literature. Many of them involve reactants that are somewhat more complex than those we have dealt
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