Chapter Definitions

Chapter Definitions
Nucleophile: nucleus loving, donates a pair of electrons

Electrophile: electron loving, accepts a pair of electrons

Leaving Group: any group departs a molecule with a pair of electrons
Thermodynamics: study of how favorable a reaction will be

Kinetics: how fast a reaction proceeds

Rate determining step: in a multistep reaction the rate determining step is the slowest
step (highest activation energy) rate of reaction is affected by the molecules in this step
of the mechanism only

Activation energy: the amount of energy it takes for the starting materials to reach their
transition state.

Transition state: proposed highest energy arrangement of atoms. Structure is somewhere
between the starting material and the products

Carbocation: a reactive intermediate which is isolable: carbon has empty p-orbital and
is sp? hybridized




Reactions of Alkyl Halides: Substitution and

Elimination Reactions

/Substiiuiion Reaction: A nucleophile (Nuc)\

replaces a leaving group (LG)
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/Elimination Reaction: A base (B) removes\
a proton (H) adjacent to the leaving group
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There are two subsets of each substitution and elimination reaction, for
a total of 4 types of these reactions

|




Polarized Bonds
=

Difference in electronegativity leads to polarized bond. The polarized bond is reactive.

\C—| e Leaving Group

Electrophile



Super Bowl of Chemistry
.

Substitution Nucleophilic Unimolecular (S, 1) Substitution Nucleophilic Bimolecular (S,,2)

Brendan ( twitter handle @ChemScrapes)



Unimolecular Reactions, S 1and E1

_o |
ﬂubsiiiufion Nucleophilic Unimolecular (S, 1) \ﬁ

Mechanism- Stepwise
Leaving group (LG) leaves forming a carbocation

which is then attacked by a nucleophile (Nuc).
R» H

Step 1: Loss of Leaving
Group (SLOW) Carbocation \/<Nuc
H Ro H Ry /' Retention )
8 Nuc:/Q}g) Mixture of
stereochemistry
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\ attack on carbocation Inversion
Competing Reaction Elimination Unimolecular, E1l \
Mechanism- Stepwise

Leaving group (LG) leaves forming a carbocation, a base (B)
removes a beta hydrogen (H) to the carbocation and forms a

double bond Step 2: Base abstraction
of beta hydrogen to
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Examples of SN,
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Inversion of Stereochem

Carbocations are sp2 hybridized and the nucleophile can attack from top or bottom



More Examples SN
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E, Examples




Bimolecular Reactions, S 2 and E2

Substitution Nucleophilic Bimolecular (S,2)

2

Mechanism- One Step
Nucleophile (Nuc) attacks 180 ° from the leaving group
(LG) (backside attack). A concerted bond breaking /bond

forming step results in inversion of stereochemistry
t
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Inversion of stereochemistry

ﬁompeiing Reaction: Elimination Bimolecular, E2 \
Mechanism- One Step

Base (B) abstracts an beta proton anti to the leaving
group (LG). Removal of proton happens at the same time
as the formation of the double bond and elimination of
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SN2 Examples
B
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E2 examples

/\"/ Dehydrohalogenation

(Br
:; ;j Oﬁ Dehydrohalogenation

Gl
NaOCH2CH3 Dehydrohalogenation
Q Hrw Two different adjacent protons. Only the

blue is deprotonated to give the most
stable alkene (Zaitsev’s rule)

/\)Q\‘ = Dehalogenation
)

©
O_CH2CH3



Deciding Between Substitution Elimination
Reactions
S =

Leaving
Group

Temperature

Effects Substitution

Electrophile

VS.
Elimination
Reactions

Solvent Nucleophile /
Effects Base




The Leaving Group
N

0  Good leaving groups are weak bases

0 The stronger the acid the weaker its conjugate base

o We can use a pka table to determine relative stability of conjugate bases!

i ©  Exception: FO is typically
| 3.2
Functional group /Example pKa Conjugate base ,:gf(’,'°"”°"° M= F an extremely poor leaving
group (forms strong bonds)
Hydroiodic HI -10  © N o) o
acid Carboxylic J\O 4 o
acids H,C~ “OH H,C” YO
Hydrobromic HBr -9 Br © >Moderate leaving
acid groups (weak bases)
OO 9-11
© Excellent F'ro_tonated NH, CI NH, J
Hydrochloric HCI -6 cl leaving ansines \
acid groups ©)
e (extremely  yyater HO-H 16 HO Poor leaving groups
Sulfuric acid ~ H,S0, -3 HSO, b‘;iz’; ! 5 (strong bases)
0o, .0 0, .0 Alcohols CH,0-H 1618  CH30
4 J
Sulfonic H o -3 © o A
acids Me Me Amine NH, ~35 NH,
(tosic acid) o Extremely poor
' ® y, Hydrogen H=H 42 H >lea vmgt grou;;s
:'(:}l\dronlum H,0 -1.7 H,0 O (very strong bases)
2
Alkane H,e\~CHs ~50 HyC )

http://www.masterorganicchemistry.com/2011/04/12/what-makes-a-good-leaving-group /



Practice Questions
S

0 Place the following leaving groups in order from best to worst.

. O
HO H,0: oH 19 P :NH;

0 Place the following leaving groups in order from best to worst. Explain why the best leaving
group is the best.



Making a bad leaving group Into a good

leaving group
16

0 Hydroxyl ((OH) and ether’s ({OR) are bad leaving groups
Bad LG Bad LG

| b
T

0 Hydroxyl and ether groups can be made into good leaving
groups by treating them with acid Good LG

N A )

A H—Br -




Example
B

W H2S0O, »/\/)/_»/\/\@/

0 HOCH,CHj 0@
/ "CHy 1 Ch;
HOCH,CHj
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0=S-OH
O




Deciding Between Substitution Elimination
Reactions
L

Leaving
Group

Temperature

Effects Substitution

Electrophile

VS.
Elimination
Reactions

Solvent Nucleophile /
Effects Base




The Electrophile

0 Recall that electrophile means “electron- loving.”

0 When considering substitution and elimination reactions we must consider the carbon

attached to the leaving group. Is it a primary, secondary, or tertiary carbon?

/" S, and E1

H

Electrophile Type Favors Disfavors
Methyl SN2 Syl, E1, E2
Primary Su2, E2 Sul, El
Secondary Sul, Sy2, ET, E2
Resonance Stabilized ST, Si2 E1, E2
Primary
Tertiary Syl, E2, El Sn2
/”S,2 and E2 R

@
< < —@
H)@\H< e S S

methyl and primary
carbocation too unstable
K to exist. No S1 or ET

LG>/\

methyl elecfrophlle
has no 3 hydrogen.

k No E2

> )\ 7—LG

Tertiary eIectrophlle is too
sterically crowded for direct
nucleophilic attack. No SN2/




The Electrophile: Sy 1 and E1 Reactions,

Carbocation Stability
20

0 The first step in a Sy1 and E1 reaction is to form a carbocation. If the carbocation is
too unstable, then regardless of how good the leaving group is the carbocation will
not form.

0 To determine the stability of a carbocation we must consider inductive and
resonance effects

iCH3 S iCH3 S yC\H3 S )H\ What is happening when we say
H3C&H3 HsC’%}\H H®H ~ HW®H “inductive” effects?

Empty p orbital

hyperconjugation




Examining the Leaving Group and Electrophile

4 weak bases= GOOD leaving group

@ strong base = BAD leaving group

—

ly
S

Potential Leaving Groups *

sterically hindered

3 ° Favors S 1, E1, E2 .
N Zaitsev’s Rule: the most

substituted alkene will be
most stable and therefore
the most favored product

< \ 1° Favors S,2, E2

OH
2 ° Favors S 1, S,2, E1, E2
Electrophilic centers

Copyright © 2010 Pearson Prentice Hall. inc



The Leaving Group and the Electrophile:

Examples
224

The leaving group here would be CI-, a good leaving group
The electrophile is a secondary electrophile, SN1, SN2, E1,
and E2 are all possible

The leaving group here would be OH", a bad
leaving group No reaction is likely to take
place here without further modifying the the

substrate.

The leaving group here would be Br, a good leaving
group. However, it is attached to an Sp2 carbon, no
substitution or elimination reaction will occur here.

Haloalkane produced by red algea



Practice Question
s

Which substrate will undergo the fastest S 2 reaction?



Deciding Between Substitution Elimination
Reactions
.2 4

Leaving
Group

Temperature

Effects Substitution

Electrophile

VS.
Elimination
Reactions

Solvent Nucleophile /
Effects Base




The Nucleophile
s

0 Recall that nucleophile means “nucleus loving” or “positive-charge loving”
0 Nucleophiles donate a pair of electrons to an electrophile. (Lewis basel)

0 When the nucleophile donates a pair of electrons to a proton it is called a Bronsted
base or simply a base. The proton is acting like an electrophile.

Nucleophile Type Favors Disfavors
Strong Nuc/Strong Sn2, E2 Sy1, El
Base

Strong Nuc/ Weak Sn2 Sy1, ET1, E2
Base

Weak Nuc/ Strong E2 Sul, Sy2, ET
Base

Weak Nuc/Weak Base Syl El Sn2, E2




The Nucleophile: Factors That Affect

Nucleophilicity and Basicity
T =

0 How do we know if a nucleophile is acting as a nucleophile or a base?

Steric Hindrance

Strength of

nucleophile /base

Electronegativit Solvent
g Y




The Nucleophile: Charge and Electronegativity

0 Charge

O The greater the electron density on the nucleophile the greater its nucleophilicity

O Increased electron density results in an increased desire to donate those

electrons; ie: increased nucleophilicity

.. . ol .s .
H-O_Q > H20: HzN: > :NH3 H§I > HzS:

0: OH
Ag-Xew O - O

0 Electronegativity

The conjugate base is
always a stronger
nucleophile

O Electronegativity relates how “tightly” held a pair of electrons are. The more

tightly they are held the less the ability for them to be donated is.

H,C:

© © 5.9 o .¢®

HiN: > H26: > I-IF

> HyN: > HO: > iF: IEIec’rronegq’rivi’ryZ1Nuc|eophi|ici’ry

tEIectronegativityZ l Basicity




Rank the Following Nucleophiles in Order of
|ncreCISing NUCIGOphiIiC“y (1 being the weakest 5 being the strongest)

[0 [ yon [ )t




The Nucleophile: Steric Hindrance

0 Nucleophilicity decreases with increasing steric bulk




Practice Question
_ 30 |
0 t-butoxide has the following structure. %o@

Based on what you know about nucleophilicity what
type of reaction or reactions are favored?

Both S 1, El
Both S2, E2
Primarily E1
Primarily E2

oNnw»



Deciding Between Substitution Elimination
Reactions
T =

Leaving
Group

Temperature

Effects Substitution

Electrophile
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Elimination
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Effects Base




Solvent Effects: The Electrophile
=

Solvent Type Favors Disfavors
Polar Protic Syl El
Polar Aprotic SN2 Sul, El
Non-Polar Syl Sy2, ET,
E2
0 Syl and E1 reactions proceed more quickly in polar protic solvents |§|+
Intermediates are solvated through hydrogen bonding c’)
H-Po-

Leaving Group Stabilization

H ~
Carbocation Stabilization / O \

7~ H O H Ho s

| Polar protic solvents favour

I \ H
_0s- O-H \ © S 1 and E1 reactions
H 5. O-8F_LG--H N
PY Ar-la -y

because the intermediates
are solvated

)

- _ 5+H.
HSQ (S,O‘H + 0
H

 H H J




Solvent effects: The Nucleophile
B

0 Nucleophilicity can be affected by solvent.

0 Polar protic solvents cause nucleophilicity to increase going down the periodic table
L e Ote i&e - e
4 K > :Br: > :ClI: > :F:
strongest weakest

e::s:eu >(9::S:H > ©ou

0 Polar aprotic solvents cause nucleophilicity to decrease going down the periodic table

. © ) S ")

:F: > :CH > :Br: > 1:

strongest weakest



Solvent Effects: The Nucleophile

Polar protic Polar aprotic
O . .. L) .
0. OH L ‘0" 0 0
H H HsC”~ ~-OH HO -C=N: a
3 /U\ \..NJLH H;C-C=N: S
water alcohols carboxylic acids I
Acetone  N,N-Dimethylformamide Acetonitrile  Dimethyl sulfoxide
H (DMF) (MeCN) (DMSQ)
Y .0 . .
| H 0 Polar aprotic solvents have dipoles present
H’O jni which could interact with the nucleophile,
1 @ . O_H O @+ o oge
O O-H < Heooo AP o ), H 5 however the partial positive charge created
C),H— - L: --H cl) - 5 Ba@//: :< from the dipole is sterically hindered and
[ H H e therefore the nucleophile is unable to interact
H Ne) i S +
, | with these solvent.
H H\o

in dispersion of negative charge. Lone pairs are tied up in H-bond and cations which result in “naked™ anions

less available to be donated

O
Tk
H . . .
Hydrogen bonding between lone pairs and polar protic solvents result K O Polar aprotic solvents help in the solvolysis of

Non-polar solvent

PN

ether hexane

Recall that “like dissolves like.” as many nucleophiles
are charged or very polar they will not dissolve in
non-polar solvents

P, s & > 7 5 v
WY 7, Do il 2 >
©XPOSUREPHOTOS.CO Qi et S T - \




Can you rank the following nucleophiles in order
of increqsing nucleophilici’ry? (1 being the weakest 5 being

the stronies’r|

O

© © OH
H3C)J\8 H,0 -0 OH /

Polar protic solvent

© © ©
SH SeH OH

] How would the rate of the reaction change if the solvent was changed from methanol to DMF

NaSH
By "




Deciding Between Substitution Elimination
Reactions
2 4

Leaving
Group

Temperature

Effects Substitution

Electrophile

VS.
Elimination
Reactions

Solvent Nucleophile /
Effects Base




Temperature Effects

0 When all else is equal increased temperatures will favor elimination reactions over

substitution reactions

Energy

Temperature Favors Disfavors
High E1, E2 Sul, Si2
Low ST, Si2 E1, E2

A G<O0 reaction is spontaneous
A G>0 reaction is non-spontaneous
A G=0 reaction is in equilibrium

— Reaction Progress —»

AG=AH-TAS

: H ©
_Nuc _ \>\ + LG
Nuc

X
LG




Mind Map

substrate

lclassify

primary secondary tertiary allylic

S B2 Nors SN1. SN2, E1, E2, NoRxn Sn1, E1, E2, NoRxn

For prima
Is there a good Is there a base allyliré Ius;y
nucleophile? Is there a good that is more secon'dary.
- g nucleophile? b_asic than For second-
bicarbonate? ary or tertia
yes no ry c ry
allylic, use
yes 4 no tertiary
SN2, E2 NoRxn
SN2, E2 :
| - s 5 SN1,E1,NoRxn
s it a strong base? s it a strong base? E2 SN1, E1, NoRxn
yes no Is the solvent
e polar protic? Is the solvent
l yes no polar protic?
SN2, E2 E2 (SN2?) SN2, (E2?) yes no
te T Pl by What are the solvent SN1. E1 NoRxn
ulky” base and temperature?
- Is the solygnt SN1, E1, NoRxn  NoRxn
polar protic _|Polar aprotig  polar proti nucleophilic? Is the solvent
and hlgh and low \ and high yes no nucleophilic
(H,0, CH,OH
SN2, E2 SN2? SN2 E2? 20, CH3OH,
N : St Eq CH3COOH, etc.)?
What are the solvent o ' NIoRxn yes no
and temperature? s the
temperature
high?
l polar protic polar aprotic yes . SNt E1, NoRxn
and low
and h|gh l Is temperature high?
E1 NoRxn yes no

E1 NoRxn



Practice Question

0 W
fol

0 W

nat is the most likely reaction to occur under the
owing conditions?

nat is the most likely product of the following

reaction.

A HSC

/\/\>< CHSC@ > /\/\><
HO Br OCH,

heat

HOW\
HOW\)J\



Substitution and Elimination

R tion
T L —

Cl. H Acetone

X" g J\ Room Temp

\ .
HC——Cl o
CHs,
H Br
" O0H
heat




Additional Practice Questions

41
0 Textbook Problems Solomons+Fryhle+Snyder (12 edition )

0 Leaving Group and Electrophile
Q. 6.20, 6.22

0 Nucleophile and Solvent Effects
Q.6.21, Q6.29

00 Deciding between SN1 and SN2
Q. 6.28, 6.35, 6.40

00 Challenge Problems
6.41, 6.42, 6.46, 6.47

01 Group Discussion Problems



