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Substitution Reactions
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Factors affecting S\2 reaction rate

1. basicity (nucleophilicity) of
the nucleophile.
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1. basicity (nucleophilicity) of the nucleophile.

If we destabilize
- the nucleophile,
the rate will:

a) increase
b) decrease
¢) stay the same
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Nucleophilicity
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If the atom type (row of periodic table) changes, then
nucleophilicity may not be determined by basicity.
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Which Sy2 reaction is faster?

A S o O
\/ZzBr +CH,CONa_____ 3 \/\OJ\

stronger base

eakd conjugate acid + Bre

B
\/Zzsr +H,0 —> NNy + HBr

weaker base
stronger conjugate acid

Why?
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If the atom type (row of periodic table) changes, then
nucleophilicity may not be determined by basicity.
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Why are some species, such as H-S© and I© weak

bases and strong nucleophiles?

nucleophiliciys-
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Sulfur has more polarizable electrons (3s/p) and
can form strong bonds at long distances.

weak bond in transition state
R
eQ/ S
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R.
because sulfur is more polarizable
a stronger bond is R
formed in the
transition state / .o @

..... _>HS
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The Sy2 Reaction is very sensitive to steric effects.
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Predict, with an explanation, which one of the
following reactions will occur at a faster rate.

A

CH3—CH—CH,Br .- O
| + CHg‘Q_ e
CHs CH3
Any solvent, but the same for both
CHg—?H—CHz—SCH3
CHg

B

CHz—CH—CH,—-0CHj
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Factors affectirég S\2 reaction rate

\
Nug9 + C—X
=
a more polarizable
nucleophile will react at
a faster rate
R—
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1. nucleophilicity of the
nucleophile.

CH3—CH—CH,Br CH3-§:6_>
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CHs
more polarizable

nucleophile

Halide Nucleophilicity

If nucleophilic atom changes then nucleophilicity

may not be determined by basicity.
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(H-bonding solvent)




1. basicity (nucleophilicity) of

Factors affecting Sy 2 reaction rate

the nucleophile.

Factors affecting S\2 reaction rate
[ 1. nucleophilicity of the |
Nu....:(i....x nucleophile. Nu....:Ci....X
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Leaving Groups Predict, with an explanation, which one of the
] . following reactions will occur at a faster rate.
Weak bases are good leaving groups in
substitution reactions.
A
Nul + }C—x —» Nu—C, + :x@ CHemQH—CHBr | 60 & CHy—CH—CH,0H
\"- CHs B CHs + Br-~
pK, Xe B Any solvent, but the same for both
o CHa—CH—CHzl Hb::e e CHz—CH—CH,0H
4.76 o +Gg)—|(|:—CH3 ~— H—0—C—CH, CHs i |
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7 H™ + Cle ~— H=d Sy2 reaction — better leaving group (weaker base)
better leaving group 49 50
Leaving Groups: Halides Halides: Leaving Groups and Nucleophiles
> H—-Br > H-C| > H—F |e > B@ > CI@ > F@
philicity
(H-bonding solvent)
Iodine is both a good leaving
group and a good nucleophile!
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g S\2 reaction rate

1. basicity (nucleophilicity) of

Factors that affect the rate of Sy2 reactions Factors aff
| @ 1. nucleophilicity of the
Nu--+-C ++ X nucleophile. - X the nucleophile.
£\
2. stability of the leaving group 2. stability of the leaving group
3. structure of the 3. structure of the
substrate: substrate.
-4 --- alkyl group LN alkyl group
T @ substitution T e \ substitution.
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Nu—C, + X Nu—C, + X
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Factors affecting S\2 reaction rate Substituted Substrates: Steric Hindrance
stronger bond O . basicity (nucleophilicity) of ) o ) )
«C .- X  thenucleophile. Relative reactivity of alkyl-substituted alkyl halides.
2. stability of the leaving group. Q ’
C—Br C—Br C—Br =Br
3.structure of the
substrate. O o o
T e substitution.
Nu: + L£—X .
T e, relative rates
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Nu—C, + X
\
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Steric Effects on S,2 Reactions Factors affecting Sy2 T‘?aCt'l‘)nhflaf[e i
Relative reactivity of alkyl substituted alkyl halides. | L ba;wlty (ln e ﬁ(.)lp ilicity) o
H H H Nu....gi....x the nucleophile.
1 1 11 $
H_|c_(|':_Br CH3_(|':_(|:_Br . basicity of the leaving group.
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Predict, with an explanation, which one of the
following reactions will occur at a faster rate.

A 1°
CH3—CH—CH,Br . CH3—CH—CH,0H
S IR HQie T 2

CHz CH3
B Any solvent, but the same for both
20
CH3—CH2—(I3HOH

CH3—CH,—CHBr ..O
3 2 i + HQ: B —
CH3

CHg

Predict, with an explanation, which one of the
following reactions will occur at a faster rate.

A 1°
=9 __ Chg~CH—CH,OH

CHz—CH—CH,Br
3 0 2 N HQ:
CHs

CH3
Any solvent, but the same for both

B
1° o
CHg=CH,—CH,=CHoBr + HO: —> CH3—CH,—CH,—CH,0H

Sy2 reaction - less steric hindrance
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Sy2 reaction - less steric hindrance
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Factors affecting S\2 reaction rate
| @ 1. nucleophilicity

structure of the

3.
substrate:

A alkyl group
substitution
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. basicity of the leaving group.
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Solvent Polarity

Solvents are usually classified into one of three groups.

Polar protic —a high dielectric constant and
can donate hydrogen bonds. An

example is CH,CH,OH.

Polar aprotic — a high dielectric constant and
cannot donate hydrogen bonds.

An example is CH,C =N.

Non Polar — a low dielectric constant and
cannot donate hydrogen bonds.

An example is
CH,CH,CH,CH,CH,CH,. =




