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SN1 vs. SN2: Nature of Substrate

The substrate itself has an effect on the 
mechanism. SN1 requires an intermediate 
carbocation, while SN2 requires a backside 
attack of the nucleophile (steric effects), i.e.
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SN1 vs. SN2: Nature of Substrate

Reactivity of Alkyl bromide to SN1 mechanism:

Reactivity of Alkyl bromide to SN2 mechanism:
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SN1 vs. SN2: Solvent Effects

The solvent can effect the rate of formation and 
stability of charged species. In general two types of 
solvents are used:
� Polar protic solvents: a solvent that contains an 

ʹOH group, they are good for dissolving anions and 
cations. This increases the rate of SN1 but decreases 
SN2 by solvating the Nu. (water, alcohols, acids)

� Polar aprotic solvents: only solvate cations well 
therefore good for SN2 as the Nu is very reactive in 
these conditions. (acetone, DMSO, DMF, acetonitrile)





SN1 vs. SN2: Solvent Effects

Effects of polar protic/aprotic solvent polarity on 
SN2 mechanism

Protic /aprotic Solvent Relative Rate

CH3OH 1

H2O 7

(CH3)2SO           (DMSO) 1,300

(CH3)2NCHO      (DMF) 2,800

CH3C൙N 5,000
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SN1 vs. SN2: Summary

Summary of SN1 & SN2 reactions:

Variable SN1 SN2

Halide: 1° NO YES

2° Yes Yes

3° YES NO

Stereochemistry Racemization Inversion

nucleophile Neutral ok as rate
ĚŽĞƐŶ͛ƚ�ĚĞƉĞŶĚ on [Nu]

Best when anionic

Solvent Polar protic Polar aprotic best,
Polar protic slow



SN1 vs. SN2: Nucleophile

1) Anions are stronger nucleophiles than 
neutral molecules, i.e. HO- vs. H2O (but more 
basic).

2) Nucleophilic strength increases down a 
column in the Periodic Table (polarizability).

3) Across a row in the periodic table 
nucleophilicity (lone pair donation) C- > N- > 
O- > F- since increasing electronegativity 
decreases the lone pair availability.



SN1 vs. SN2: Summary

Summary of SN1 & SN2 reactions:
± 1 ° - react SNϮ͊��ĂŶ͛ƚ�ŵĂŬĞ�ƐƚĂďůĞ�ĐĂƌďŽĐĂƚŝŽŶ
± 3 ° - react SN1! Too sterically crowded for SN2
± 2 ° - reacts either SN1 or SN2, this is the one you 

have to use nucleophilic strength and solvent 
conditions to  control the mechanism if needed.



















Elimination Reactions

A problem arises in nucleophilic substitution 
reactions in that nucleophiles are also bases. 
This is especially true for anionic nucleophiles, 
i.e.

Nu:- +  H+ Æ Nu:H (Nu-H)

This can occur by the Nu abstracting a proton 
(i.e. acting as a base) from the substrate giving 
an elimination reaction.



Dehydrohalogenation Reactions

A dehydrohalogenation is an elimination reaction of 
alkyl halides. It will compete with a substitution to 
some degree, i.e.

It is used to produce alkenes from alkyl halides



E Mechanisms

Like substitution there are several possible 
mechanisms for elimination reactions. We will 
examine two of them:  E1 and E2



E2 Mechanism

� Rate = k[alkyl halide][base] (bimolecular)
� Stereochemical requirement: anti-periplanar

arrangement of the H atom and LG is required
± This results from an orbital interaction that allows the S

bond to form.



E2 Mechanism

Regioselectivity: where does the double bond form: �ĂŝƚƐĞǀ͛Ɛ
rule: most highly substituted alkene (watch for sterically hindered bases)

Stereoisomers: trans > cis



E1 Mechanism

� Rate = k[alkyl halide] (unimolecular)
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Summary of SN versus E for 
Haloalkanes

± For Methyl and Primary Haloalkanes







Summary of SN versus E for 
Haloalkanes

± For Secondary and Tertiary Haloalkanes



E1 Mechanism

Base strength and competing mechanisms:
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Substitution vs. Elimination

3° alkyl halides: only SN1 but either (E1 or E2)
± Weak Nu and polar solvent: SN1 and E1 compete

Cl OH

Cl OH

H2O

~80% ~20%

OH-

~0% ~100%



Substitution vs. Elimination

2° alkyl halides:  SN1, SN2, E1 or E2 are all 
possible.

± Weak Nu Î substitution
± Strong base Î elimination
± Can use solvent to control SN1 vs. SN2



Substitution vs. Elimination
2° alkyl halides:  i.e.



Substitution vs. Elimination

1° alkyl halides:
± Only SN2 and E2 are possible (no carbocations)
± Substitution dominates unless you use a sterically 

hindered base like (CH3)3CO-K+
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EtO H
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t-BuO H
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Summary of SN versus E for Haloalkanes
±Examples: Predict the major product and the 
mechanism for each reaction.



هناك أناس يتفننون في جعل ا3مكن مستحي, ، بينما آخرون : 
يبتكرون ليجعلوا من ا3ستحيل ممكنا . 

N تكترثوا بالصنف اKول و كونوا كالصنف الثاني

#MEDICAL_CLUB


