









































































































































































































































































































































































































Products

The SN2 Mechanism

Summary:

Regiochemistry:

Stereochemistry:

Example:

NaN3

H O + BrC

H

H

H

Transition state

Na

I






































































































Nat

E se

EMT
Nucleophile must attack ftp.venat the back of the C Br
bond This angle and
direction of attack helps
break the C Br bond

The

configuration

at
this THIEF
at Irted air

The nucleophile attacks by making a

new bond to C from the back of the C X

bond just as X leaves

N A
INVERSION at the site of reaction

PNucleophile
WN3

GEE




































































































































Products

The E2 Mechanism

Summary:

Regiochemistry:

Stereochemistry:

Example:

NaOH

H3C O + C

H

H

H

Transition state

Na

H3C

CH3

C

Br

CH3

CH3

Cl
CH3






































































































Bondsbeing ymade

laterIs

Base

Bonds
BiLeaving

HzC Group
bgingen

I c

The H that is leaving and Hsc H

the Br must be
anti periplanar

Base removes an H atom as a pi
bond forms and the Br atom leaves

The H and Br must be

anti periplanar
Zaitsev's Rule most stable alkene product
Determined by anti periplanar transition state

0 431 c
CH3

HI CH
I




































































































































 

Special Alkene Bonus:  Important material you 
will need to know!
Alkene stability part 1: Z (cis) groups larger than H atoms will crunch into each 
other causing steric strain.

C C

C

HH

C
H H HH

H H

Steric Strain

Z

C C

H

CH

C
HH

H

E
H

H

H

(no steric strain)

C C

CH3

CH3H3C

H3C

Alkene stability part 2: For reasons we are not able to tell you, more substituted 
alkenes have more stable (stronger) pi bonds than alkenes with more H atoms 
on their sp2-hybridized C atoms (despite there being steric strain present in the 
most substituted alkenes).

Strongest Pi Bond

> C C

H

CH3H3C

H3C

> C C

H

CH3H

H3C

> C C

CH3

CbzH

H3C

>

C C

H

HH

H3C

> C C

H

HH

H

Weakest Pi Bond

Time Capsule: 
Zaitsev’s rule follows 
this trend!!
















































































































From Week 6

E 1feb







































































































































































































































Zaitsev's Rule when there is a choice

the more stable alkene
will be the predominantMore alkyl product

groups fewer
It atoms on

the
sp C

atom of alkene

trans over cis

3rd and 4th Mechanisms these

always occur together

Sn1 and EI

Unimoleiular only the

involved
in the rate limiting slow

step of the reaction



Products

The SN1 and E1 Mechanisms

C

Cl

C

H

H

H

C

C

H H
H

H

H

C

H

H

H

H3C O H

Products

H3C O HE1 H3C O H

SN1

Summary:

Regiochemistry:

Stereochemistry:

Example:

CH3CH2OH

(S)

Br

H heat






































































































Haloalkane with CH H
9

BaresYnd

i Make a
bond

Take a Take a proton
proton away
away

IIE ÉÉ
HE ÉÉ

no H
Y HA Hit

For sterically hindered haloalkanes the C X
bond breaks to give a carbocation intermediate that
either reacts as an electrophile Snf or

has a proton taken away EI

EI Zaitsev's Rule
Sn1 Scrambled not quite 1 exactly

T É Tiffany
LF






































































































These four mechanisms S2 EZ SI EI

compete with each other
To understand which mechanism is

appropriate we analyze
1 The nucleophile base

2 The nature of the haloalkane

Nucleophiles are also bases

t t
Electron rich Electron rich

molecule that molecule that

can make a can bond to
new bond a proton



 
 
 






































































































KOE Bu
443 or

Hf C Kt
t Bardit






































































































Haloalkanes

CH
CH Br CH Br City Br CH 4 Br

CH CH

Sw2
preferred

Sw2
prevented
steric

strain

Carbocation Stability Favors SNIEINo SHEI
unstable more stable
carbocation carbocation

Strong base prefers EZ



Substitution/Elimination Decision Map

Primary Haloalkane

Methyl Halide

Tertiary Haloalkane

E2

SN1/E1Very Weak Base ?

SN2

tBuOK ? Yes E2

No SN2

Yes

No

For SN2 Remember Chiral Center InVERSiON
For E2 Remember anti-periplanar and Zaitsev
For SN1 Remember Chiral Center Scrambling
For E1 Remember Zaitsev

  Note: With Very Weak 
Bases, SN2 can compete 
here, but for the purposes of 
this class, assume SN1 / E1 
predominate

    Note: If tBuOK is the very 
strong base, an appreciable 
amount of a non-Zaitsev 
product can be formed 
because the bulky tBuOK will 
tend to react with the most 
accessible H atom.

Secondary Haloalkane

or

Allylic/Benzylic Halides

SN1/E1Very Weak Base ? Yes

Very Strong Base ? Yes E2

No SN2

*

**

*

**













































































































































































































Epic New Reaction

CH CEC.EC CHICH2Eir CH CEC CH2CH2CH B
A primary
haloalkane

Time capsule This is an S2
reactionThe haloalkane must
be primary to avoid an E2

reaction



c Conversion of a vicinal di halide

into an alkyne
H Br 2 equivalents

43 5,4
4
3 Is HE CECH

9
Vicinal di halide Note this alkyne

is at terminal

htIntend

Time capsule This is a

double EZ reaction



Substitution vs. Elimination Examples: 
 

Methyl Haloalkanes (CH3X) 
 

 
 
Primary (1°) Haloalkanes 
 
 

 
 

 
 
 
Secondary (2°) Haloalkanes 
 
 
 
 
 

 
 

CH3Br + CH3O

Product

+

Product(s)
Br

+

Product(s)

Br
KOtBu

+

Product(s)Br


































































































































Only Sw2 is possible

SN2 CH O CH

S2 with all but

Kot Bu TBD Kt
EZ ne c c bond

y
s if sa MEX

EZ
N

AHH

Sw2 with al but strong
bases or very weak bases
EZ with strongbases

SNI EI with very weak bases
Not necessary
to draw this

Fat EZ X
zaipts.at

Zaitsev
Strong
Base



 

 
 
 
Tertiary (3°) Haloalkanes 
 
 
 

 
 

 
 

NaN3+

Product(s)Br

CH3OH+

Product(s)Br

+ NaOH

Product(s)

I

+ H2O

Product(s)

I


































































































































I Sit t2 INVERSION

SHE TEICHESn1Scrambled
EI Zaitsev

EZ
Faitseoprodd

H

Sitter Hoti My



E2 Reaction Considerations: 
 
 

 
 
When analyzing highly substituted haloalkanes for a possible E2 reaction: 

1. You need to identify the most stable possible alkene (most highly substituted, trans over cis) 
that could be made (Zaitsev product). 

 

 
 

2. Given the Zaitsev product you have identified, verify which anti-periplanar H atom(s) can 
be removed during the reaction to determine whether the product is E or Z.   

3. You often need to rotate bonds to identify the particular H atom and configuration that 
reacts to give the alkene product. 

 
 

 

 
 
 
 
 

CC

CH2CH3

H3CH2C

H

Br
CH3

H3C
CH3O ?

Na

CC

CH2CH3

H3CH2C

H

Br
CH3

H3C
CH3O

?

Make the new pi bond here to give the most 
stable alkene (tetrasubstituted), the Zaitsev 
product.

Na

Not Reactive Reactive

CC

CH2CH3

H3CH2C

H

Br
CH3

H3C CC

CH2CH3

CH3Br

CH3H

CH2CH3

H and Br not anti-periplanar H and Br are anti-periplanar

Rotate 
Central 
Bond


































































































































H CHCH
CH

HCHE
HE Br

O HE CH CH

O HE CH CH



 
Putting it all together: 

 
 

 
E2 Reaction of cyclohexane derivatives: 

 
When analyzing highly substituted haloalkanes for a possible E2 reaction: 

1. You need to identify the most stable possible alkene (most highly substituted, trans over cis) 
that could be made (Zaitsev product). 

2. Given the Zaitsev product you have identified, verify which anti-periplanar H atom(s) can 
be removed during the reaction to determine if that product can be made.   

3. You often need to flip chairs in cyclohexane derivatives to identify the particular H atom 
and configuration that reacts to give the alkene product. 

 

 
 
 

 
 
Rule:  

CC

CH2CH3

H3CH2C

H

Br
CH3

H3C
CH3O Na

Product

CC

Rotate 
Central Bond

Br

CH3O ?Na

Br

H

H

H

H

H


































































































































I c

Z

H

It HC
43C Br




