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Chapter 10
Organic Compounds

—Aromatic Compounds
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1. What is the structure of benzene?

2. What is aromaticity?

3. How are benzene compounds named?

4. What is the benzylic position, and how does it contribute to benzene reactivity?
5. What is electrophilic aromatic substitution?

6. How do existing substituents on benzene affect electrophilic aromatic

substitution?



* FFLAAT Aromaticity

The term aromatic was originally applied to benzene-like structures
because of the distinctive aroma of these compounds, but the term
now means something different in modern chemistry.

2 (L

Aromatic compounds are highly unsaturated compounds, but unlike
alkenes and alkynes, they are relatively unreactive. They undergo

reactions which retain the aromatic ring system, and behave
differently from alkenes or polyenes.




((#)) #4447 Hiickel Rule

¢ Aromatic compounds are cyclic and planar with sp? hybridized atoms.

Aromatic systems can be monocyclic or polycyclic, neutral, or charged.
——
/
©

¢ They also obey the Hickel rule and have 4n+2 1 electrons where
n=0,1,2,3,...

Therefore, ring systems which have 6,10,14,...1r electrons are aromatic.
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Cyclooctatetraene R
O -
H H

Cyclooctatetraene has eight 1 electrons and does not obey the Huckel rule.

It is not planar, the 1 electrons are not delocalized .

Cyclooctatetraene reacts like a conjugated alkene.

18-membered ~ 7
-

SN
N

18-membered cyclic system does fit the Huckel rule(n=4) and is a
planar molecule with aromatic properties and a delocalized 1 system.




* 3) 7FAALE Nomenclature

A. Monosubstituted benzenes

Ethylbenzene Clorobenzene Nitrobenzene

The following are usually considered parent compouds:

COOH
Toluene Phenol Aniline Benzoic acid

phenyl benzyl
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B. Disubstituted benzenes

CH3 N02 NOZ
CH,
Br
CH;
ortho-Dimethylbenzene meta-Bromonitrobenzene para-Nitrotoluene

C. Polynuclear Aromatic Hydrocarbons

() () 8 (a) 9(y) 1(ox)
8 1

)7 2
B)7 2(B) { (B)
(B) 6 3 (B) (B)6 3(B)
( of) (g) 5(ax) 10(y) 4(a)
Naphthalene Anthracene

S [



(y) 910 (y)
g(a) 1 ()
B) 7 2 (B)
B) 6 5 () 4(a) 3(B)

Phenanthrene 3E

NH,

a- naphthylamine
A weak carcinogen

1 10
= 9
8
1
S 6
Pyrene &t

NH,

B-Naphthylamine
A strong carcinogen



Structure

The structure of benzene is planar, and each carbon is sp?hybridization.

In addition to its three sp? hybrid orbitals, each carbon has a half-filled 2p

orbital that can participate in 1 bonding.

Benzens x bond

The six 1 electrons are delocalized around the ring which results In
an increased stability.
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Question

What are the characteristic reactions of benzene?

Reactions which disrupt this delocalization are not favored since it means a
loss of stability, so benzene undergoes reactions where the aromatic

ring system is retained.
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HNO,, Conc. H,SO age
nCone 820 Hno, L R
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or Fuming H,SO,4
= ~
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1. B RRI QH . X Fe or FeXj _ @—X . iy

(X = Cl, Br)
. /\\ S5+ 0O-
R E PX=X: + FeXg —  X—X—=FeXg
o+ O-
/*x—Q—» FeXs /= H<X\—FeX3@
-X—FeX3

>FeCl,ZiFeBr, Rk, YBSEREMERmeEkn  FECTITLURCX-X 8, ERREYH

OH

OH
>Cl, Br, WAEITEREEIN, FREMEESESIA © Fe, Br, »Br\ﬁj&
95%

Br
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95%

®

&E*’I’ e HO-N02 + H2804
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@
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= m— ,O T N02
@ coe N
- FeX, 'd@

HE IR EXRERE, SRIMESH
TikE: EiERE. BFZiRMiENafionSiHiESH
Hitsfgtiil: JERHESRET (AcONO,) . fiFEta: (NO,BF,. NO,PF)
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HNO3, H,SO,
y
rt

HNOs, H,SO,
v

110 °C

NO,
+
NO,

0 0
59% 37% T Tk
4 R
o L I "BESHEE
"Bl ST
NO,
. 89%
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3. iSLR R @ Conc. H,SOy & @—SO3H . H,0
or Fuming H,SO,4

RiEFEYH ? R

iRt RMEIRE, REEZF

4. Friedel-Craft 7B
> iIRFFriedelXI B FER—IRIFLHEEN
> YFEOIR(E, AEmETIXISHST
> +—£FId (1877-1888) , AFiXiZRMAVIEXASIEN60RRE
> M2, #&a7A “Friedel-Craft RR" HENZESNAZHRED

Charles Friedel James M.Crafts
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Friedel-Craft BBt/

O
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—_—

® O
O AICly

-

Cl R°@ Cl

©
AICI; O-AICl; o
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R X
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N2H4 NaOH

ORPS M

95%

’ >
(HOCH,CH,)O, 100 °C C .
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(&) #4544% Properties

€ Many aromatic compounds have a characteristic aroma and will burn
with a smoky flame.

® They are hydrophobic, nonpolar molecules which will dissolve in
organic solvents and are poorly soluble in water.

€ Aromatic molecules can interact with each other through
Intermolecular bonding by van der Waals interactions.

van der_WaaIs
Interactions
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However, induced dipole interactions are also possible with alkyl
ammonium ions or metal ions where the positive charge of the cation
Induces a dipole in the aromatic ring such that the face of the ring is
slightly negative and the edges are slightly positive. This results in the
cation being sandwiched between two aromatic rings.

Induced dipole interaction
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(@) 7F2A4LF Electrophilic Substitutions of Benzene

E
© +E+Y'_’© + HY

An electrophilic substitution involves the substitution of one
electrophile (a proton) from the aromatic ring with another
electrophile. The aromatic ring remains intact.

@ @ N AN©
'B.r: O==N=Z=O0O ’/S=D /C—FI R—C—™0O
-:::-/ R ®
Halogenation Nitration Sulfonation

Friedel-Crafts Alkylation Friedel-Crafts Acylation
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(@) 7FALLs Mechanism

Stepl:
N H
s V-
F
Substrate Elictrophlie intermediate

OO = 61

Resonance structure

The aromatic ring uses two of its 1 electrons to form a bond to the
electrophile which results in a positively charged intermediate.
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Electrophilic substitution is aided by the fact that the positively charged

Intermediate is stabilized by resonance, resulting in delocalization of the
positive charge.

Step2:
W -
o K
E
H

H
product

A proton is lost from the ring and the electrons of the broken C-H
bond are used to reform the 1 bond and restore aromaticity.




’ 5%’\",;{? Halogenation

Benzene can be halogenated with chlorine and bromine.

A Lewis acid such as FeBr; or FeCl, is required in order to activate the

halogen and make it more electrophilic.

FeBr; FeBr;
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\@ FFAAALT  Nitration

Nitration is carried out using concentrated nitric acid and sulfuric acid.

H"‘\ 6: :0:
BN CY /4 H oYzl l
o R - e
H O H \0 (@)
H 0
H
0 N_ ..O
® >0:
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AL f Sulfonation

Benzene is sulfonated with concentrated sulfuric acid.

SO;H
+
© c. HS0, (j HOM* ©
=
:0: :0O: :0: [
B—S—5 — = O o | !
QD—o— J O—S=— _ S -
el e 57558, e
O\H /:@\H et - /’
H*</ H

The reaction involves the generation of sulfur trioxide which acts
as the electrophile.

\// \\//

(j‘\g @S/(O_»@/ —>©\’



Friedel- Crafts Alkylation

HyC HC o o B e
CH—(:::|:/*AICI3 — CHT\'él—AICI3—> G‘}CH :Cl—AIClI;
H4C H,C H3C
CHj

N
+
CH—»(} _-H* O CH;
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Primary alkyl chlorides are not ideal for the Friedel-Crafts reaction
since the primary carbocations generated can rearrange to more
stable secondary or tertiary carbocations.

CH2CHZCH3 CHzC"'3

0 0

® ®
H,C—CH,CHCH; HZT——CHCHZCH:,,
*\,| —
H H
CHZCHZCH3

CH3CH,CH,COCI L U]
AlCI,
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A% Friedel- Crafts Acylation

CH3CH,CH,CcOCI
AICI;

An acylium ion is generated as the electrophile and has the
advantage over a carbocation in that it does not rearrange.

i i
C._ .. C @ o
H3CH2C/ \QI:/\AICI:,, — = H3CH2C/ (ACI—AICI3

B :0O: @6 1

\ . © I ||
“ :QI—A|C|3 + @? > C
|

Acylium C,Hf,:o CH 2 CH 3 CH 2C H 3
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The Friedel-Crafts alkylation can also be carried out using an
alkene or an alcohol in the presence of a mineral acid.




(&) TELALTY synthesis of Mono-Substituted Benzenes

Some substituents cannot be introduced directly onto an aromatic ring
by electrophilic substitution.

These include the following groups: -NH,, -NHR, -NR,, -NHCOCH,, -
COOH,-CN,-OH.

=N COOH

c/ CH,R
Pd/H, © © KMnO, ©

NO, NH,

© Sn/HCI ©
>

Nitro, alkyl, and acyl groups can readily be added by electrophilic
substitution and can then be converted to amino, carboxylic acid, and
alkyl groups respectively.
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CH COOH COOCH,CH;
1. CH3C| KMno4 EtOH
AICI3
NO, NH, NHCH,CH;
2 HNO; _Sn/HCI EtI
C. H2$O4
L|AIH4

NH\(”:/CHs
(0)
3
No2
C. HNO3
C. H2$O4
NO,

ortho meta para




@) 74541

CH3 CH3 CH3 CH3
NO,
c. HNOg,c. HpS0, + *
30°C NO,

NO,

ortho meta para

58% 4% 38%
NO, NO, NO, o2

NO,
C. HNO3,C. H2$04 - & u
90~1 00°C N02
NO,
ortho meta para
6% 93% 1%

Ql: What is the effect of a substituent on the rate of electrophilic
substitution reaction?

Q2: What i1s the effect of a substituent on the regioselectivity of
electrophilic substitution reaction?
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The substituent can affect the rate and the position
of further substitution.

¢ Activating groups which direct ortho/para by inductive effects;

¢ Deactivating groups which direct meta by inductive effects;

¢ Activating groups which direct ortho/para by resonance effects;

¢ Deactivating groups which direct ortho/para by resonance effects.

There are no substituents which activate the ring and direct meta.
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Classification of Substituents

Ortho-para directors

Meta directors

Strongly activating

Strongly deactivating

-NR,, NH,,-OH -*NR3, -NO,

Moderately activating Moderately deactivating

-OCH,3, -NHCOCH;, -CN, -SO;H

Weakly activating Weakly deactivating

-CHj;, -CgHs -COCH,,-COOH,
-COOCH,,-CHO

Weakly deactivating*

-X(Cl, Br, 1)
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Transition The first step of electrophilic

state

substitution is the rate-
determining step.

Energy

The ease with which
electrophilic substitution takes
place is determined by the
@Bf activation energy of this step,

which depends on the stability
Reaction Progress of the transition state.

The transition state resembles the carbocation intermediate; and so

factors stabilizing the carbocation also stabilize the transition state
and lower the activation energy.
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AF Methyl Benzene

CH,

CH,

[ 2 —
+

CH,

E+%

CH3

CH,

— O

CH,

wc

CH;
E<—>‘<

CH3

H‘

LIS E
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/Benzene
Ener A
ay o
E
H
CHsE CH;
H or fé.:

H E

Q-

An_alkyl group can stabilize a neighboring positive charge by an
Inductive, electron-donating effect which results in some of the
positive charge being spread over the alkyl group.

Reaction
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- C 0 OH
OH oH My " H CLH i i
+ -
E HEHEH £ —>©
E

OH

OH " :OH :OH ‘:OH "
— EHHHH =
+ E
H = E
H ]

OH - :OH .OH :OH ®oOH |

!—! !!! F
E% g ) ~—C]
z E” "H H E H E H E . E

Substituents such as phenols, ethers, amines, and amides activate the
aromatic ring and direct substituents to the ortho and para positions.
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In all these substituents, a nitrogen or an oxygen with a lone pair
of electrons iIs attached directly to the ring.

This resonance effect outweighs any electron-withdrawing effect of the
oxygen or nitrogen.

Amides are less activating than amines.

No2 NH,
cHN03 _Brp_ Br ([ N .
c c. 1,50, N “FeBr, & R Y

C—N

NO, NH, NHCOCH;

S HNOs SN ) CHscoc! ﬂ»sr—Q—NHcocm
c. H,SO, HCI FeBrj
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Nitro Benzene

NO No2
(ﬁ“y ~ (S8
—_—

5}*4&&,‘ -

NO,
E+£

NO,

NO,

NO,

Q)

NO,
E<——>".<:

No2

—d

meta attack is favored over ortho/para.

Iy
%— N® s
\C’@ 5

OH E—N —R E—C —OH
H

O

e H E—CEN



(&) 7424 4% Chloro Benzene

o R

5 A&y,

Cl

o - Cl .Cl: :Cl: oCl |

* , F
(% g k) —C]
- E° H HE HWE H E i

This resonance effect is more important than the inductive effect.
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Halogen substituents deactivate aromatic rings towards electrophilic
substitution by an inductive effect. These atoms are strongly
electronegative and have an electron-withdrawing effect on the ring

making it less nucleophilic and less reactive.

ci ci . ¢l
NO,
O™ Q7 C
60~70°C NO,

NO,
ortho meta para
30% 70%

However, once electrophilic substitution does take place, halogens direct
to the ortho and para positions due to a resonance effect which helps to

delocalize the positive charge onto the halogen atoms.
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NO, NO,
c. HNO,, i,
c. H,S0, FeBr;
Br
Br
Br Br
_ B o e
FeBr; c- H2S0,
NO,
o CH, COOH
CH,CI C. HN033 M
A|C|3 C. H2804
NO, NO,
CH
cH CH, CH; 3
3 Br

+
CH3C| C. HN03 i} ﬂ»
—>AICI3 c. H,SO, FeBrj
SO;H



(@) 772447 Oxidation

Aromatic rings are resistant to oxidation but alkyl chains attached
to the ring are not. Alkyl substituents containing a benzylic
hydrogen are oxidized to a carboxylic acid.

CH, COOH
KM|104 -
VAN
Benzylic position
CH,CH,CH, COOH
KMnO, -
VAN

Alkyl groups lacking a benzylic hydrogen are not oxidized.




(@) 7FA44%  Reduction

The aromatic ring is difficult to reduce with hydrogen and requires
vigorous reaction conditions using high pressure and heat, or
strong catalysts such as Ni, Pd, etc.

H,/Ni
>
High temp, High pressure

The resistance of the aromatic ring to reduction allows the selective
reduction of substituents such as ketones and nitro groups without
affecting the aromatic ring itself.

O
CH, CH3
Pd/H, ©/\/
_>
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The oxygen is sp3 hybridized and the aryl carbon is sp? hybridized.

r TR LHFZEERKX — K EXEBEKES;
»C-ORTHE —— -OHARZIFEM;
> O-HigtRitigiE —— ZESERMERE.
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OH OH OH
OH N, o,
d Br l
4-Bromo-2- 0-Cresol

Phenol -Chlorophenol
P % nitrophenol  (2-Methylphenol)

OH
O NO, OH OH
99 QOH
2,4,6-trinitro a- Naphthol Resorcinol

phenol (Picric acid) (1,3-Benzenediol)
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2. Reactions of Phenols

(1) Acidity
OH

ONa
© + NaOH(5%) —»@ + H,0
| co, _

=2 : ERRYERTEEIEEZiE?

B - H,CO, > i > =
pKa: =6.4 =10 =18

Why?

OH

&
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Oror-2ee- s

The phenoxide ion is stabilized by resonance and delocalization of the
negative charge into the ring, which means that phenoxide ions are
weaker bases than alkoxide ions.

3% Acidity of substituted phenols:

OH OH OH



@ TFAAAT (2) Electrophilic Substitution

Phenols are powerful activating groups which direct electrophilic
substitution to the ortho and para positions

OH

No2
_20%HNO;

\ - O
O \ZWO“\O‘
OH

©+ Bry(H,0) _’@/ + HBr

Br Whlte precipitate



\@ el iﬁ/ﬁ? (3) Color reaction

I /OHir\ R ‘::\< OH -,
! C=C ! *ﬁﬁiit | ~~~\~ ,//

e N ' enol form e

b e e - e =




\@ 5“7’61 (3) Esterification

O

O O ”
OH | I
@ + CH,COCCH;, »QOCCH?’ + CH,COOH
0
Il
( or CH3CCI) (or HCI)
Aspirin(faIg]ETtR)
OOH COOH
OH __ (cHcoro OCSH;
CH,COOH

OERIKAES

Hippocrates: boiled willow bark to make tea...found that it
helped people with fevers

Later....scientists extracted Yellow crystals from willow bark ,
Called it Salicin after (Salix alba), genus species of willow.

Found that this compond reduced fevers and inflamation

Side effects: stomach irritation and bad taste
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ﬂ‘ (4) Oxidation

Phenols are susceptible to oxidation to quinones.

OH O
CrOj; o
CH3;COOH,H-0,0°C
O

O - -

H Vitamin E
HO
OH OH
OCH,

Butylated hydroxytoluene

(BHT) Butylated hydroxyanisole

(BHA)
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W&ol Summary

1. Small ring cycloalkanes resemble alkene in their
properties; big ring cycloalkanes resemble alkane
In their properties.

2. The more stable conformations of cyclohexane is
e-bond substituent.

3. Chemical properties of aromatics

Halogenation
Nitration
Sulfonation
Alkylation
Acylation
rientation rule
eaction of phenols

;Uovvvvv

4.
5.
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{ENk:

P324 9.13 (a)(b)(c)(d)

P326 9.26(a)(b)(c)(d); 9.28(a)(c)
P327 9.37(a) (c)

P329 9.48(f)
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