
Chapter 16

Chemistry of Benzene:

Electrophilic Aromatic Substitution

Image result for Benzene structure

Benzene was once used in shaving cream and as a solvent to decaffeinate coffee beans

~ How far we’ve come in the world ☺

Image result for Coffee beans

Image result for Coffee beans

Image result for Victorian woman shaving her leg

https://study.com/academy/lesson/what-is-benzene-uses-structure-formula.html
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.snapsuites.com%2Fwp-content%2Fuploads%2F2017%2F05%2Fcoffee-beans.jpg&imgrefurl=https%3A%2F%2Fwww.snapsuites.com%2Fgoing-green-in-the-workplace%2Fcoffee-beans%2F&docid=OwWXblwg0XIgOM&tbnid=C0TIJa17_buSoM%3A&vet=10ahUKEwjGrsb0yfDYAhXCKGMKHTHLD2EQMwiYAigEMAQ..i&w=660&h=660&bih=625&biw=1272&q=Coffee%20beans&ved=0ahUKEwjGrsb0yfDYAhXCKGMKHTHLD2EQMwiYAigEMAQ&iact=mrc&uact=8
https://www.google.com/imgres?imgurl=https%3A%2F%2Fsteemitimages.com%2FDQmdUnJ3RfV8MYiNai1dASW6ksrKiv2XQyzEBtfnfU4mbQv%2Fcoffeebeans.jpg&imgrefurl=https%3A%2F%2Fsteemit.com%2Fcoffee%2F%40adriaan66%2Fgrowing-mushrooms-on-coffee-grounds-for-food-tutorial-1-the-coffee-waste-problem&docid=AQ7rmW886X5t1M&tbnid=WJkmDeGG9OBq8M%3A&vet=10ahUKEwjGrsb0yfDYAhXCKGMKHTHLD2EQMwiXAigDMAM..i&w=5184&h=3456&bih=625&biw=1272&q=Coffee%20beans&ved=0ahUKEwjGrsb0yfDYAhXCKGMKHTHLD2EQMwiXAigDMAM&iact=mrc&uact=8
https://www.smh.com.au/lifestyle/beauty/when-did-we-decide-women-should-shave-their-legs-20150525-gh9ao1.html
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Background

Electrophilic aromatic substitution reactions:



Alkylation & Acylation of Aromatic Rings: 

The Friedel-Crafts Reaction 

• Alkylation: Introducing an alkyl group 

onto the benzene ring

– Also called the Friedel-Crafts reaction

– Involves treatment of an aromatic compound 

with an alkyl chloride to yield a carbocation 

electrophile

• Aluminium chloride used as a catalyst which 

causes dissociation of the alkyl halide

One of THE most useful electrophillic aromatic substitution rxns in the lab.

alkylation - putting alkyl group (-CH2CH2CH3) onto a benzene ring

Treat aromatic compound
AlCl3

CH3CHCH3

Cl
(alkyl chloride)

NOTES: AlCl3 catalyzes the rxn by helping the alkyl halide to dissociate

     (similar to how FeBr3 catalyzes Aromatic bromination by polarizing Br2 ~ last lecture)
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You Draw ☺

electrophile

nucleophile

Carbocation

H…..AlCl4
(rearrangement)

Mechanism of Friedel-Crafts Alkylation RXN

Carbocation



Limitations of the Friedel-Crafts 

Reaction
• Only alkyl halides can be used (F, Cl, I, Br)

– High energy levels of aromatic and vinylic 

halides are not suitable to Friedel-Crafts 

requirements

• Not feasible on rings containing an amino 

group substituent or a strong electron-

withdrawing group

Despite it’s utility ~ there are five limitations:

1) Only alkyl halides can be used:

2a) Aromatic (aryl) halides and 2b) vinylic halides don’t react
their carbocations(+) are too HIGH in E to form under Friedel-Crafts conditions

CH3CHCH3

Cl

3) Doesn’t work on Aromatic rings with strong electronic withdrawing groups (Y)

a)

b)

NOTE: Y donates some of their electron density into a conjugated π systems 

via resonance or inductive effects, thus making the π system less nucleophilic  

: :

Assn. professor. P. Still, CSDH

2a 2b

Lets highlight them…(draw)



Despite it’s utility ~ there are five limitations:

4) Difficult to STOP the reaction after a single substitution

2a) Aromatic (aryl) halides and 2b) vinylic 

halides don’t react

(their carbocations are too

5) Occasional skeletal structure “rearrangements” occur of the alkyl carbocation 

Recall: Hydride & Alkyl shifts to stablize carbocation intermediates (Sect 7-11)

1ºcarbocation+ 

      unstable

2º carbocation+

     stable ☺
3º carbocation 

 stable ☺

1º carbocation+ 

 unstable

Assn. professor. B. Rubio, HCC 

Image result for MBRS working in lab

https://news.ucsc.edu/2007/04/1171.html


Mechanism of Friedel-Crafts Acylation RXN

acyl group C=O 

(-COR)

Mechanism is similar to akylation (previous slides), same limitations (1-5) apply 

resonance stabilized carbocation+ 

What’s the nucleophile?

                    electrophile?  

Background

AlCl4
-

H + AlCl4
- rearrangement…



1) Unlike multiple substitutions in Friedal-Crafts alkylations… 

2) Acylations NEVER occur more than once in a ring. ☺ 

b/c the product (b) is less reactive than the nonacylated starting material (a)

(b)(a)

Friedel-Crafts Acylation RXN



Aromatic acylations occur in numerous BIOLOGICAL pathways 

(however no AlCl3 is availb. to be an electrophile  like below)  

Instead in Nature the carbocation electrophile is typically formed by dissociation of 

an Organo-di-phosphate assisted by complexation to a divalent metal cation e.g. Mg2+

(just like the dissociation of an alkyl chloride is assisted by AlCl3 above)

carbocation

electrophile
nucleophile

carbocation

electrophile

nucleophile

Image result for Legume mg

Image result

Related image

Sources of Mg2+

Background

https://www.google.com/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/e/e7/Various_legumes.jpg&imgrefurl=https://en.wikipedia.org/wiki/Legume&h=957&w=640&tbnid=Vhfhe-PwW2MO_M:&tbnh=160&tbnw=106&usg=__lJJ0dE4MtMq8lA8mVt4JBM3bvnU%3D&vet=1&docid=zxaeR_XSiPsteM&itg=1&sa=X&ved=0ahUKEwj5jeq2n_bYAhUE4WMKHaf8BTYQ_B0ImwEwDg
https://en.wikipedia.org/wiki/Legume
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.rodalesorganiclife.com%2Fsites%2Frodalesorganiclife.com%2Ffiles%2Fwholegrains_nataliya_nazarova.jpg&imgrefurl=https%3A%2F%2Fwww.rodalesorganiclife.com%2Ffood%2Fthe-11-healthiest-whole-grains-you-should-be-eating&docid=q-xu8nDIhM8wGM&tbnid=x_xwm_kVQskNuM%3A&vet=1&w=3888&h=2197&bih=625&biw=1272&ved=0ahUKEwiEk9bXn_bYAhVT22MKHan-AwkQ__EBCAM&iact=c&ictx=1


NOTES: Vitamin K is an essential precursor for proteins involved in blood clotting and controlling 

binding of Ca2+ in bones and other tissues (related to osteoporsis). Our body can’t produce ample 

amt.  (some microbes in our gut can ~ antibiotics can destroy ). Crohns disease, celiac patients 

and small children are at risk for Vit K. deficiency. Babies often get an injection ~ beneficial for 

early development.

Image result for egg

Image result for cheese

Image result for broccoli

Image result for strawberries

Dietary sources

https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3

BIOLOGICAL pathways ~ Friedel-Crafts Alkylation (in Nature)
Image result for Blood clotting

☺

Background

http://foodallergycanada.ca/about-allergies/food-allergens/eggs/
http://www.pravdareport.com/business/companies/15-08-2017/138415-russian_cheese-0/
https://www.producemarketguide.com/produce/broccoli
http://www.calstrawberry.com/
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
https://www.webmd.com/vitamins-and-supplements/supplement-guide-vitamin-k#2-3
http://www.merckmanuals.com/home/blood-disorders/blood-clotting-process/how-blood-clots


Challenge Question
What is the major monosubstitution product from the Friedel-Crafts rxn of:

Benzene with 1–chloro-2-methylpropane in the presence of AlCl3?

more stable

Hint 2: What is no. 5 limitation of the “Friedal Crafts reaction” (see previous notes) 

Hint 1: Draw structures of: 

a) 1-chloro-2-methylpropane

reacting w/ AlCl3

b) Benzene

c) Write out the 

Mechanism(s)

(see prev. notes)

Chem 3900

Lecture 4

Worksheet 1
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Substituent effects in electrophilic substitutions

What happens if we carry out a rxn on an Aromatic ring that already has a substituent?

Two effects:

1) Some activate the ring (making it more Reactive than Benzene)

2) Some de-activate the ring (making it less reactive than Benzene)

e.g.

Y = 

X more reactive ☺
10 Million times 

less reactive 
1)

2)

nitration



Substituents affect the orientation 

of the reaction.

The 3 possible disubstituted products:

ortho (o), meta (m), para (p) are 

NOT formed in equal amounts.

The chemical nature of the 1st substituent (Y, e.g. -CHO, -CH3, -OH…)

on benzene ring determines the

position of 2nd substituent…

e.g. 

2) If Y = -OH, this directs NO2 to the ortho (50%) & para (50%) positions

1) if Y = -CHO (structure above), this directs NO2 mainly to meta positions (72%)

Image result for Ortho meta para

1) 2)

(HNO3)

a Handout 2a

, -NH2

https://en.wikipedia.org/wiki/Arene_substitution_pattern


NOTES: 1) There are Meta-directing de-activators.

              2) Halogens are weakly -ortho & -para directing de-activators 

              3) Ortho and-para directing activators

Substituents can be classified into three groups (please annotate below)

1) 2) 3)

b Handout 2b



Confirming Your Knowledge

Predict the major product(s) in the nitration (NO3) of bromobenzene?

Hint: see Handout 2a, Table 16.1

(~43% yield) (~56% yield)

Chem 3900

Lecture 4
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de-activating or activating effects

that influence the reaction on rings in more detail…

Now lets talk about:



What makes a group either: 1) de-activating or 2) activating?

1)

If substituent-

Chem 3900

Handout 3
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2)

If substituent-benzene = standard.

(neutral)



Note: compare the electrostatic potential Map below

Ring is more POSITIVE (yellow-green) when e- withdrawing groups are present: A & B

A) B) C)

Ring is more negative (red) when e- donating group is present C:

All influenced by….

Background

neutral = standard



RECALL 

Chap 2.1

2) Resonance effects:

a) withdrawal or b) donation of e- thru a σ bond

(based on electronegativity)

a) b)

a) withdrawal

b) donation 

of e- thru a π bond due to overlap 

of a p orbital on substituent (Z or Y) w/ p-orbital on ring 

or

1) Inductive effects:



So what’s happening and why?



Ortho- and para-Directing activators: 

Inductive and resonance effects

influence orientations and (yields) 

of aromatic substitutions…

e.g.

see Handout 2

HNO3

H2SO4

NOTES: Ortho and Para carbocation+ compounds  are more stable than Meta 

                  b/c their + charge is on 3º (boxed) vs 2º carbon (all the rest)

☺

Alkyl groups

Figure 16-13



OH & NH2 groups

Yields are 50:50 (ortho:para)

HNO3

H2SO4

Figure 16-14

NOTES: Ortho and para carbocation+ compounds are more stable b/c they have more      

 resonance forms (4) vs the meta form (3) shown above.   

      The most favorable form (boxed) has + charge stabilized on lone pair of :OH 

Ortho- and para-Directing activators: 



Halogens Ortho- and para-Directing De-activators: 

Figure 16-15

HNO3

H2SO4

NOTES: 

Halogens are De-activators b/c their strong a) electron withdrawing inductive effects 

outweighs their weaker b) electron donating resonance effects

The most favorable carbocation(s)+ (boxed) have + charge stabilized on :Cl lone pair 



Meta-Directing De-activators: 

The most favorable carbocation stabilizes positive charge+ by from lone pair on :Cl: like 

Figure 16-16

HNO3

H2SO4

δ-

δ+ 
:
..

NOTES: 

Here the Meta carbocations have 3 favorable resonance forms, while the ortho and para 

carbocations have two. The least stable resonance forms (boxed) are unfavorable (---) 

b/c they place a + charge on the carbon next to a positively polarized carbon (δ+).



Take Home Challenge (THC) Question - HW 
Chem 3900
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Note: see prev. slides Handout 2a
solution available @ Faculty office hours or contact our TAs for assistance – 

 

( 5 min.)

Draw the resonance structure(s) for the intermediate(s) from the reaction of a electrophile (E+)

at the: ortho position (below) of nitrobenzene, and circle the least stable.



Take Home Challenge (THC) Question - HW 

Draw the resonance structure(s) for the intermediate(s) from the reaction of a electrophile (E+)

at the: ortho position (below) of nitrobenzene, and circle the least stable.

ortho attack

Chem 3900

Lecture 4

Worksheet 3

Hint:



Challenge Question
What is the major monoalkylation product(s) you would expect to obtain from the rxn of

chloromethane (CH3Cl), AlCl3 and 2,4, dichloronitrobenzene?

Hint 2: see Handout 2a (Table 16.1)

NO2

meta

directing de-activators

Cl (X)

ortho, para -

directing de-activators

(weak activators)

Cl substituents (o, p)  in place BLOCKS

CH3+ electrophile from electrophillic addition

So NO appreciable RXN!

Hint:

Draw the structure of

2,4, dichloronitrobenzene SKIP

Chem 3900

Lecture 4

Worksheet 3b
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Tri-substituted Benzenes: Additivity of Effects

Start w/ di-substituted rings  

Guided by same inductive and resonance effects as mono-substituted rings

(previous slides)

However NOW we must consider the additive effects of TWO different groups…

    

    Three Rules Apply…



Rule 1 If the directing effects of two groups reinforce each other – it’s somewhat

      straight forward

e.g.

see Handout 2a – Table 16.1

(for additive effects)

(-o,-p)

(m)

A) B)

*Note: 1) Br can’t add (    ) at para-position in A b/c NO2 is already there!

            2) Br can add at ortho-position in A b/c there is no subtituent there, however not favored…

            3) Br adds at meta-position in B b/c it’s favored there (see Table 16.1)

                2-3 and compliment each other ☺

*

Tri-substituted Benzenes



Rule 2 If the directing effects of two groups oppose each other – 

The more Reactive activating group has the dominant influence.

(-o,-p)

(m)

Tri-substituted Benzenes

A B

*Note: 1) NO2 can’t add (   ) at para-position in A b/c CH3 is already there!

            2) NO2 can add at ortho-position in A b/c there is no subtituent there.

            3) NO2 could have added at the ortho-position in B but doesn’t b/c A is more Reactive group

               2-3 compete with each other

see Handout 2b
see Handout 2a – Table 16.1

(for additive effects)



Rule 3 Substitution rarely occurs between two groups in meta di-substituted 

 compounds b/c the site is Too hindered. 

e.g.

see handout 2 

(for additive effects)

(-o,-p)

(m)

o
m

p

m

o



Confirming Your Knowledge
What is the major product(s) from the reaction of the following substances with: 

1) HNO3

2) H2SO4

orange is Br

Hint: Methyl (-CH3) group has directing priority over Br  

o-Bromotoluene

Chem 3900
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HW 16 

1, 3, 7, 8, 9, 13, 14, 49 (skip c, d, g)
Image result for hAVE A GOOD WEEK

https://www.datehookup.com/thread-327075.htm
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