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Week 1- (Benzene and Aromaticity)

o The main criteria for aromaticity

¢ Aromaticity and drugs

o Heterocycles and aromaticity

o Effect of aromaticity on polarity

o Effect of aromaticity on acidity

o Effect of aromaticity on basicity

¢ Inductive and mesomeric effects

o Aromaticity i drugs (Aromatic contaning drugs)

Week 2 (Reactions of benzene and aromatic compounds)

o Electrophilic aromatic substitution

o Nucleophilic aromatic substitution

o Reactivity and Orentation

¢ Oxidation of benzene

¢ Reductions of benzene (Birch reduction)

o Poly nuclear aromatic hydrocarbon synthesis (Nap hthalene, Anthracene and Phenanthrene).

. . -Intro cto afomatic
o Drug synthesis including Electrophifft S dg; [RMitHbitic substitution reactions




Week 3- Nomenclature
e Nomenclature of monofunctional group compounds such as amine, aldehyde. ketone, carbox:
acid. ester. acid halide. amide and nitrile.

e Nomenclature of polyfunctional group compounds (matching of two or more of the above
functionality)

Week 4-5 (Aldehydes and Ketones) Nucleophilic
Additions

e Physical properties of aldheydes and ketones
e Acidity of aldheydes and ketones (o-hydrogen acidity)
e Preparation of aldheydes
e Preparation of ketones
e Feature of carbonyl group
e Nucleophilic addition and Relative reactivity of aldheydes and ketones
e Nucleophilic addition reactions
a. With Water [Geminal diols)]
b. With HCN [Cyanohydrins formation]
C. With Grignard reagent] Alcohol formation]
d. With Alcohol [Hemi- and Acetal formation]
e. With Primary amines [ Iimine formation]
f. With Secondary amines| Enamine formation]
. With Hydrazine in acidic media [Hydrazone formation]
h. With Hydrazine in basic media °° Wolff-Kishner reaction [Alkane formation]
1. With Hydroxylamine [ Oxime formation]
- With Semicarbazide [Semuicarbazone formation|
k. With hydrides [ Alcohol formation]
1. With Phosphorous ** Wittig Reaction™ [alkene formation]
1m. With NaOH” Cannizzaro Reaction”™ [Disproportionation product]
e Nucleophilic addition to o.p-unsaturated carbonyl groups
e Some biollo gi_ca} Nilc;eopllilicladﬁllﬁé)l{aﬂcﬂgff‘l‘}ﬁﬁau%m aticity 4
: Drug synthesis including Nucleophilic I%E]ﬁj gggrtlleacuons

Aldehydes and ketones containing drugs



Week 6 (Carbonyl condensation reactions)

a-carbanions as nucleophiles

Self and mixed aldol condensation reactions

Intramolecular aldol condensation reactions

Self and mixed ester condensation [Claisen condensation]
Intramolecular Claisen condensations [ Dieckimann Cyclization]
Biological carbonyl condensation

Drug synthesis including Nucleophilic addition reactions

¢ 0 0 0 0 0 0

Week 7-8 (Carboxylic acids and derivatives)
e Physical properties of carboxylic acids

e Substituent effects on acidity of carboxvylic acids

e Preparation of carboxvlic acids

a. Hvydrolysis of nitriles
b. Hydrolysis of esters
c. Hwydrolysis of amides
d. Carboxvlation of Grignard reagents
e. Oxidation of alkyl benzene
. Oxidative cleavage of alkenes and allkynes
. Oxidation of primary alcohols
- Reactions of carboxvlic acids (Derivatives)
a. Chemastry of esters (reactions and preparations)
b. Chemuastry of acid anhvdrides (reactions and preparations)
c. Chemistry of amides (reactions and preparations)
d. Chemuastry of acid halides (reactions and preparations)
e. Chemastry of IWNitriles (reactions and preparations)
- Polyvanmudes and polyesfﬁ}édd&rohgﬁalam}éw and step-growth polyimers]
L ]

Biological carboxvlic acids @Hb}gaaﬁﬁter)
- Diug contamming carboxvlic acids and derirvatives



Week 9 (Carbonyl (0-Substitution Reactions)

e Acidity of Alpha hydrogenatoms [ Enolate 1on formation]

Keto-enol Tautomerism

Alpha-Halogenation of ketones and aldehydse

Alpha-Halogenation of Carboxylic acids [ Hell-Volhard-Zelinski reaction]
Halogenation of enolate 1ons[ Haloform reactions]

Alkylation of enolate [ Malonic ester alkylation]

Drug synthesis via carbonyl alpha-substitution reactions

Week 10-11 (Aliphatic, aromatic amines and phenols )
e Physical properties

e  Morphine alkaloids and rule

e Amune basicity and relative basicity of aromatic and aliphatic amines

e Preparation of aliphatic and aromatic amines

a. Sy2 reactions of alkyl halides with amines

b. Gabriel Synthesis

¢. Reduction of nifriles and amides using LiAlH,4
d. Reductive amination of aldheydes and ketones
e
f

. Hofmann and Curtis Rearmmirgenatintsand aromaticity 6

Reduction of nitro compounds lecture part 1



e Reactions of Amines
a. Alkylation
b. Acylation
c. Hofimann Elimination
d. N-Oxidation
e. Amines and sulfonamide [Sulfa drugs ]
f.  Diazonium salts and Sandmeyer reaction
g. Azo compounds and dyes

Amines containing drugs
Physical properties [ Solubility, antiseptic and disinfectant features| of phenols
Phenols acidity

Preparation of phenols
a. Alkali fusion of aromatic sulfonates
b. Hydrolysis of arenediazonium salts
e Reactions of phenols
a. Alcohol-like reactions [Nucleophilic substitutions and esterification]
b. Electrophilic aromatic substitution [ Kolbe-Schmitt Carboxylation]
c. Oxidation of phenols
d. Claisen rearrangement

* 9o o o

Week 12-14 (Biomolecules- Short preview)

e [ipids

e Amino acid and Proteins

e Carbohydrates Introduction and aromaticity 7
e Applications lecture part 1



What is pharmacy science?

WHAT IS PHARMACY

"It's the science and technique of
preparing & dispensing medication”

Pharmacy combines the study of biclogy
& chemistry to ensure safe consumption
of medication & drugs

Eample:
Pharmacists give advice on the best and
most suitable medication for you

N,

Introduction and aromaticity

8
lecture part 1 CHE2202, Chapter 20

Learn, 8




The field of Pharmacy combines the study of :-

a- Biology
b-Chemistry

to ensure that the medication and drugs that we consume
are safe and effective.

Pharmacists aren’t just there to count pills and dispense
medicine. Whenever you pop a pill to ease your headache,
know that the manufacturing and drug composition of that
pill was carefully monitored by a qualified person
“pharmaCiSt” . Introduction and aromaticity

9
lecture part 1 CHE2202, Chapter 20
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Why you choose to be a pharmacist ?

WHY PHARMACY

You want to help You have an interest in You want to be a part
people get well chemistry & the human body of drug innovations

Introduction and aromaticity
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lecture part 1 CHE2202, Chapter 20
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After graduation; What about work or job
opportunities? Are you a drug seller ?

VARIOUS FIELDS

Academic Pharmacy = Community Pharmacy Hospital Pharmacy Industrial Pharmacy

Introduction and aromaticity
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lecture part 1 CHE2202, Chapter 20
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What Skills Do You Need to Study Pharmacy?

Strong science Ability to learn & Attention to the Strong communication
foundation memorise lots of info finest of detail & people skills

Introduction and aromaticity

12
lecture part 1 CHE2202, Chapter 20

Learn, 12



https://eduadvisor.my/wp-content/uploads/2015/05/Pharmacy-Key-Skills.png

Chemistry and Science

The Main Branches of Chemistry

Organic Chemistry Inorganic Chemistry Physical Chemistry

Biochemistry |nyroduction and aronfatigyy tical Chemistry 13
lecture part 1

ThoughtCo.




Chemistry courses in pharmacy plan

. General Chemistry

. Clinical Chemistry

O COENI O OI & G I =

Pharmaceutical Organic Chemistry
Pharmaceutical physical Chemistry
Pharmaceutical analytical Chemistry
Pharmaceutical PhytoChemistry
Pharmaceutical Chemistry
Pharmaceutical Biochemistry

Practical chemistry Labs

Introduction and aromaticity
lecture part 1

1 Course |
2 Courses]
2 Courses]
2 Courses]
2 Courses]
4 Courses]
(3 Courses]
1 Course |

12 labs

14
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What Is the relationship between chemistry In
general and organic chemistry in particular ?

As pharmacy student you have to Know;

« Drugs are chemical compounds; whatever the origin of these
drugs; plant , animal or synthetic one. (ex aspirin tree

« Each pharmaceutical compound “ Drug” is classified as chemical
compound; while not each chemical compound is classified as
pharmaceutical compound “Drug”.

 you have to know that there is a strong relation between pharmacy
and organic chemistry , since the organic chemistry is being
iInvolved strongly in all pharmaceutical sciences “Drugs” In
particular and in the bio-system in general.

Introduction and aromaticity

15
lecture part 1 CHE2202, Chapter 20

Learn, 15




What is organic chemistry?

A branch of chemistry that is concerned with studying
compounds that contain both carbon and hydrogen.

The old definition was; chemistry of carbon. After Graphite

and Diamond as inorganic compounds which have only
carbon.

So the organic compound must have the C-H bond,
otherwise the compound is an inorganic one

Introduction and aromaticity }76
lecture part 1 CHE2202, Chapter 20

Learn, 16




Some examples about well-known
Drugs as organic compounds.

NSAIDS .

/Cl
HC|
CHQ_N
w Ibruprofen

Sildenafil Tfamadol chlofenac

/N\/\ Naproxen

N Cl
C[ :O/ lndomethacin
S

shutterstock.com « 1455447545

Chlorpromazine

Introduction and aromaticity

17
lecture part 1 CHE2202, Chapter 20

Learn, 17




Not all drugs are organic compounds !!!

The majority of drugs are organic with few
cases are inorganic such as; Cisplatin

Cl,  NH;
o
cl”  NH;

Cisplatin

Anti-acid such as these that contain AlI(OH),
Mg(OH), , NaHCO, and CaCO,; are classified as
Inorganic

Introduction and aromaticity
lecture part 1

18
CHE2202, Chapter 20
Learn, 18



Some well-known Lipids as organic
compds

Free fatty acid

Triglyceride

O
/\/\/\/\/\/\/\/\){}L O)JWW\/\/\/\
oo ¢ e
Introduction and go_rﬁaﬁ@lty h
Phl?s%ll'llr&igﬂﬁt 10 Learn, 19
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Vitamins as organic compounds

THE CHEMICAL STRUCTURES OF VITAMINS

‘“fitamins are the essential nutrients that our body needs in small amounts. More specifically, an organic compound is defined as a vitamin when
it is required by an arganism, but Aot Synthessed by that arganism in the required amounts (or at all). There are thireen recognised vitamins.

WVITAMIN &

Cl:t"l"’ﬁ’“’”

NEMHEGL
I [ o e DL

v b B Mia g b
-l-:1m—m e g
1 ki 1 o D il i

VITak N BG

o 1O
H

u]
b
b

FERICUEAL FHUAWFHAT]
i L [ o e Dl

FHE] Nl Ll WO e D NS TaCh Fiede

Fpr sorvapl prgan fgegome. Ling Bpigy eaping
TR PR S 8 ERFH Ny T LN

WITAMIM E

Wk

B A TS B
presgs s sy arereh L e mew =

Jevaramanckees duan ssign prewers daragr
18 (8 i iy Mt d e vl (5 &
rarary Bk Pl ke ool Baaed e

VITaKIM BI

CCO

THILE
S g O R O A A e T
Ll i e an e R b e

hepity dbgerpriee o prooroemg o
e A P

Wl LAk I B,

ﬂ‘G:I_;- b
?ému
5
B
T e L T S EE PP
Vrpder b renpbe e plvpean

[re g e T TR L P oy B
IR T ) P Bid FET AL sl

VITAKMIW BR

L]
PP T

4 "

Pl LR
st bbbk i o P

e pariard b e eer Farw; ime £ reerial
FebirE P el e O SN [ TS

br g bowd e v e gk g g am by

VITAMIM B2
“"-;.-fI::

I-"""-:ru
LR
XX
h-r"\.,_r-'"
&
RIBCHLANTH
P b o b e
FLIEAE o Bty JStE, ol B

FICEEIIns . 450 HEEE 1R T e
Eor brprpresessay el s mnbeeieai e

YiTaMIM B1.2

L TTRTCY ]
AR TR LW o O § e

FRCALEE I Teb i rlad 0 /e, for
waisyp red pwed cei, e bepy by
prmbn ey of Ml wed HWL

vITAMIN B3

[+ o
HEET L A LSO E

i ol L S [ e Ll

Hpim ser dpr e g=d JE s T N e
A kel aei e prese g ot edndmhaie

WITAMIN C

HI

ASCOE B AR
B

gy e brakbper e

FRipE T TR T LT 1 TR e
s ey iy b el e by

WITAMIN K

o

AL
iEF N THOMST OV MR -

HHHEA B SR Eas i, b Al § AR e

VITAK M BS

FREDTHIRIL AE0
R e e Y

P pErEd b R ERS I TR B IR
el VR i T B Ly LI
&M S BN E O R R R

VITAMIN D

~oc

CHOR BEALEI PRI
mewn fme, A rrers feem e m papp e

Irypeera=gfer bear bee e e ne g
E T TR o ey R
o preer e e e e

tiey

dagrem rar ke dwwed bresdiyp e res ol

AR SO L E HTTR AR

Mhrar e are rei aeed o ike bedp
By pah, EEETES, they BT PERANRE TSR
Ergsr b Pur ke fa skl sl

FRFSCH U P ATLE I

.' IPiE FARTEE E A i ek B
Faey vnaar wl rrpard b wacs, Frpran
i Pl s P L Gl i

£ COMPOUND INTEREST 215 - WiWW.COMPOUNDCHEMUICOM | Twitter: @oompoundchem
This graphic @& shaned under & Creatie Camimans AL b.llnrtrb.dﬂ.cugwaﬂ@j:lafamm|e|ty

Fatebook: warefacebook comcampoundchem @ ﬂ ea
Lo L J




H

O

B-D-fructopyranose

OH
H

HO
HO

H H
B-D-glucopyranose
CHLOH

le
O Hatfoduction and aromaticity

H  ectur

t buc rMose

H OH
H CHLOH

OH H
B-D-fructofuranose

O H
e H
HO - O [N

HO

OH
H OH

c-D-glucopyranose

CH>OH
' | OH
H OH
CH-OH
= 21
O H H

fer 20




Amino acids as organic compounds

“ precursor of proteins”

(o] O (@] H (o] o o
|)LOH \‘)LOH /I\‘/u\OH Ci)LOH Ho/\l)LOH OY\‘)LOH
NH> NH» NH2 NH NH2 NH2> NH»

Glycine Alanine Valine Proline Serine Asparagine

O

OH
NH>

Phenylalanine

(@]
NH2

Methionine

O

OH
NH2

Isoleucine

Recent additions

O (®] (®) OH O
OH <,N J/\‘)J\OH HS/\‘/ILOH OH
HO NH2 HN NH2 NH2 NH2
Tyrosine Histidine Cysteine Threonine
O (©] (@] (@] (@]
Y\‘)LOH Qj/\l/u\OH HZNJ-I\/-\(U\OH OWI\OH
NH»2 HN NH> NH2 OH NH»
Leucine Tryptophan Glutamine Aspartate
(©)] (©) NH (@) (@)
A HoN
HO OH HoN INI OH OH
NH»> NH2 NHy
Glutamate Arginine Lysine
Introduction and aromaticity 22
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Nucleic acids “RNA and DNA” as
organic compounds

NHZ
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HO
0
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What student is expected to gain
after completing this course?

At the end of this course you will be able to:- Deal with
all types of related topics that include any organic
compound ( nomenclature, synthesis, physicochemical

properties, drug receptor Interaction,
pharmacology,.....etc).

Introduction and aromaticity 24
© 2011 Péactonépachtion, Inc.



Lecture no. 2

Introduction and aromaticity
© 2011 Péactonépachtion, Inc.

25



Benzene and Aromatic Compounds
Selected drugs that contain benzene ring

NHCH,
T c:,LHS
| N—®
..-f"
[ ] S .
o
Ci \—\
Cl N(CH;CH3)2
* Trade name: Zoloft * Trade name: Valium » Trade name: Novocain
* Generic name: sertraline « Generic name: diazepam * Generic name: procaine
+ Use: a psychotherapeutic = Use: a sedative » Use: a local anesthetic

drug for depression and
panic disorders

O FH3
C HEC HE o N
%/ O HN ¥ CO.CHsCH,
= -*" i‘ld

S O _NH
Q CH.CH.CHg
HO
N N
GH DES-\-. N/ﬁ N"-h.__

K/NHCH:, Cl ]||| Y

* Trade name: Viracept * Trade name: Viagra * Trade name: Claritin
« Generic name: nelfinavir ﬁf.- ac‘?rp :sldenafil « Generic name: loratadine
= Use: an antiviral drug used Intmduqtl $'Ea:ﬂa rll.I6 mugstg:‘ treat * Use: an antihistamine

to treat HIV leehidraiRa dfunction for seasonal allergies



Aromaticity

A property of some unusually stable organic molecules such as
benzene.

The term “aromaticity” actually has nothing to do with smell. We saw
that aromatic molecules:

a] Have an extremely high resonance

b] have delocalized pi-electrons

c] Energy (36 kcal/mol for benzene).

d] undergo substitution rather than addition reactions.

N.B:-

a- Benzene is not the only aromatic compounds

b- Smell has nothing to do with aromaticity.

c- Aromatic compounds might be organic or inorganic

d- Aromatic feature might be inclusive in neutral, anionic or cationic

. Introduction and aromaticity 27
species. © 2011 PéactomeEpgachtion, Inc.



What are conditions that are
responsible for aromaticity?!!!

There turn out to be 3 conditions a molecule must meet In
order for it to be aromatic.

It’s all or nothing. If any of these conditions are violated, no
aromaticity is possible.

1- It must be cyclic.

2- The molecule must have [4n+2] pi electrons we’ll

3- Every atom in the ring must be conjugated(Every atom
In the ring must be able to participate in resonance).

Flat molecule

Introduction and aromaticity 28
© 2011 Péactonépachtion, Inc.



Benzene and Aromatic Compounds

The Criteria for Aromaticity—Huckel’s Rule

Considering aromaticity, a compound can Dbe

classified in one of three ways:
1. Aromatic:- A cyclic, planar, completely

conjugated compound with 47+ 2 n electrons.

2. Antiaromatic:- A cyclic, planar, completely
conjugated compound with 4. &t electrons.

3. Nonaromatic:- A compound that lacks one (or
more) of the following requirements for
aromaticity:”cyclic, planar, and completely
conjugated”.

Introduction and aromaticity 29
© 2011 Péactonépachtion, Inc.



H
T |
H N H
| | |
ch“‘xc..-ffc*‘ﬂ—l e~ S
! !
Borazine
Benzene Inorganic Benzene
| | |
H N H H M H H Nt H
g N g g g X
-
o .
o _
Y xT,f ~u e \T,-f’ ~u INT N
e H H
Introduction and aromaticity 30
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Aromatic compounds may be organic
or inorganic

Borazine is aromatic as

there are 3 nitrogen atoms ”

in the structure of borazine  +—__—S~___+
that donate two electrons | ]
each. Boron doesn't donate "~ ¢~ "
any, but it has an empty ermsene
p-orbital available through

which the electrons can delocalize. Hence,
in total it has 6 m-electrons. Though the
delocalisation is lesser than that in
benzene, it still is aromatic.

Borazine
Inorganic Benzene

T H H
H N H H N7 H H |\||+ H
N Ny D N N XN
- -~
/“|'\ /'L\ /'L\ /”\ N /'L+
H B H H |-|/ g7 \H
|L Introductionyand aromaticity IL 31
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Aromaticity and resonance contributors of cyclopreopenyl
lons and radical

é%g T AT

s of cyclopropenyl anion Resonance
hybrid
)‘—’ C, Aﬁ A -~
Resonance
@esonance contributors of cyclopropenyl radical hybrid

¢ ) <>

®

Resonance contributors of cyclopropenyl cation Resonance
hybrid
Introduction and aromaticity 32 32
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Aromaticity and resonance contributors of cyclopentadienyl

and its ions and radical

D= =~ —

oy ' | ] |I !

I'II'I III|I l::: I| I| ',

i, y l.l

k4 N
®

cyclopentadienyl anion cyclopentadienyl cation

v i alaclons 4 malacions

¢ Contains 4n + 2 1 electrons * containg 4n n electrons
° aromatic antiaromatic

Introduction and aromaticity
© 2011 Péactonépachtion, Inc.

cyclopentadienyl radical
v 51 eleclions

v does not contain either 4n
or dn + 2 1 electrons

nonaromatic

33



Aromaticity and resonance contributors of
cycloheptatrienyl cation and the not aromatic
cycloheptrienyl anion

0-0-0-0-0-0-0

cycloheptatrienyl cation (tropylium ion): six pi electrons, aromatic

O-0-Q--0-0-0

cycloheptatrienyl anion: eight pi electrons, antiaromatic (if planar)

The resonance picture gives a misleading suggestion of stability.

Introduction and aromaticity 34
© 2011 Péactonépachtion, Inc.



The most common cationic and
anionic aromatic compounds

H

=] H
j H
F!.
R H
H
F
F

H

P ©

© 2011 Pearson Education, Inc.
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= N
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© 2011 Pearson Education, Inc.
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Some well-known Hetero-aromatic
compounds

iJxazole Iidazole

There is a sort of similarity between the above 5 compounds and
cyclopentadienyl anion

Introduction and aromaticity 37
© 2011 Péactonépachtion, Inc.



Resonance structures of furan Thiphene and Pyrrole

(LR gy e g B Y
@)«(‘iﬂ@,«@s 2
@)‘“@ iQ‘”’

Introduction and aromaticity 38
lecture part 1
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Imidazole ring and aromaticity

Imidazole, thiazole and oxazole have the same situation

Of arom ati City I nter p r'tt@tﬂ@tgn and aromaticity
© 2011 Péactonépachtion, Inc.

>
H \ ++
> Yo
P4 &
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oxazole imidazole thiazole

The above three heterocycic compounds are aromatic;
because the three requirements are available

1- cyclic

2-4n+2=106

3- The six electrons resonate over the whole ring and each
atom participate in this resonance

Introduction and aromaticity 40
© 2011 Péactonépachtion, Inc.



Lecture no. 3

Introduction and aromaticity
© 2011 Péactonépachtion, Inc.
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Effect of aromaticity on basicity

Thislone pair 1s not Thislone pair is One of these lone pairsis
part of the mw system. part of the st system. part of the gt system.
X " -
- () )
P \_/
Pyrnidine Pyrrole Furan

The Rule :- if the lone pair on nitrogen is a part of the Huckle electrons
that are required to get aromaticity achieved; this case indicates that
aromaticity is at the Expense of basicity .

For example; in Pyrrole ; aromaticity affects negatively on nitrogen
basicity due to the participation of nitrogen lone pair in creating aromaticity
( this is called sixtet system). While in pyridine; the lone pair of nitrogen is
localized on nitrogen atom; no need to enter the ring to create aromaticity
since it is already aromatic having the sixtet system and no need otherwise
electrons number becomes 8 which means destroying aromaticity is

expected; while having aromatiaikydneans.stability. 42
© 2011 Péactonépachtion, Inc.




How to make sure that your interpretation is correct? Or what Is
the proof of Pyrrole to be less basic than pyridine? What is
reason responsible for different pKa values?

lone pair is part of
the aromatic sextet

_— _—~_ H
‘N—H > N® no longer aromatic!

~— ~— ~ H

pyrrole pK,=0.4

lone pair occupies
an sp? orbital

4 L

SN SN
| -
= =
pyridine pK,=35.3
Introduction and aromaticity 43
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Which is the weakest base?

Introduction and aromaticity 3744
lecture part 1



Next

ldentify which of the following compounds is
expected to be a stronger base.

G <D

Ly < (P

H H
pyrrole pyrrolidine
pKp 15 pKy 2.73

Introduction and aromaticity 45
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https://www.clutchprep.com/organic-chemistry/practice-problems/65105/applying-the-rules-you-know-about-aromaticity-explain-why-pyridine-is-a-stronger-1

Effect of aromaticity on acidity

- H+ Easier ;: because it creates an aromatic ion:
—_— % Notice the value of pKa = 16
easler

pKa = 16 6m electrons; aromatic

_ H+ Difficult ; because it doesnt create an
aromatic ion; notice the value of pKa = 36
difficult

8n electrons; not aromatic
pKa = 36

Introduction and aromaticity 46
© 2011 Péactonépachtion, Inc.



All compounds try to be aromatic; they all seek for aromaticity

O o)
H
o Base
—
Easier
Loosing the acidic proton create a structure
o in which upon resonace; an aromatic ring is
Q formed
H H
Base ) i :
H —3» © This resonance form is not aromatic

40

© 2011 Pearson Education, Inc.



Effect of aromaticity on polarity

Q M Q1 O

Q R
1. 81 D 0.70D 0.51D
Cyclopentadlenyl Pyrrole Furan Thiophene

anion

Resonance structures of furan Thiphene and Pyrrole

B 55 s W v B 5
8 ;Y«-'Z_j 6i@4“<\g>“ LD
P i mtgm

H H H H H

41



Indicate the polarity direction in the following
compound

A
o

N
H

Yes, the compound is aromatic due to the availability of all requirements of
aromaticity (cvelic, 4n+2= 6 in the 5 and in the six memeberd rings, all these
electrons are resonated over the whole ring ""planarity'')

Is the below compound an aromatic? Use resonance drawing to indicate its polarity

direction. .

Q 42

© 2011 Pearson Education, Inc.




Lecture no . 4
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Inductive and mesomeric
effects in benzene ring

1-Inductive effect:-

In the organic compound molecule, due to the influence of
different electronegativity substituents (atoms or atomic groups), the
density of the bonding electron cloud in the whole molecule is shifted in a
certain direction, and the effect of polarization of the molecule is called
an Induction effect. If it is away from the ring it leads to minimize electron
density in the ring and called (-I effect) or leads to maximize the electron
density inside the ring and then it is called

+ | effect. AO AT
- | effect +| effect
atoms group 5,6 Introduction andmam[yi;tyamw group 51

and 7 (N,P,0,S,F,Cl .©ét) tectmeEpashion, |



¢

A = Atom or group in which ; its electronegativity is more than

carbon such as:- O, N, S, F.CL, §, ....... etc.
~ o oFF =
saliotloalioe
- 2 g —
- | effect +1 effect
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2- Mesomeric “resonance?” effect
M Effect

It involves the delocalization of the TT Ol 1 electrons in a conjugated orbital
system.

We will focus only on two types of resonance cases:-

a] Case 1 “n-1r':- (lone pair, single bond and 1 bond are delocalized to
double bond, single bond and lone pair with two opposite charges on each
terminal.

”MQ - g/

b] Case 2 “T1-11":- (1 bond, single bond and T bond “conjugated system”
are delocalized to a 1 bond in between with two opposite charges on each
terminal

gl (> S o
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A Is an atom from the group 5,6 or 7
all these have lone pair that starts the
case of resonance

. @
A A
'/—\ + M effect @ /

B - - B
S o O
9.\ /9.\

-

Free electrons (lone pair) move towards the ring; thus the

amount of elecrons increases inside the ring at the expenss

of the part outside the ring that push electrons; as a result

itisa +M effect | -
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resonance does not
< occur in this way

-X-

:0%)
SRS

Introduction and aromaticity
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The M-effect 1Is more effective than the | effect.
Why ?

Discuss both | and m effect for each of the
following.

o8 Y
O T

Introduction and aromaticity 56
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Benzoic acid

(0 o°
oy -M effect =

- '

—0
O

} .
S~on O 1smore ENthan C |
electrons flow out the ring

hence: It Is -1 effect
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Benzonitrile

—O

N _

C N 1s more EN than C

electrons flow out the ring
@ hence; 1t 1s -1 effect
&)
Y D
C

& -M effect
@ - = ),
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Discussion

Introduction and aromaticity
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Indicate both | and M-effect for each of the
following;

1- Benzoic acid (- | & - M)

2- Phenol (-1& + M)

3- Acetophenone (- | & - M)

4- Benzaldehyde (- | & - M)

5- Nitrobenzene (-1 & - M)

6- Acetanilide (- | & + M)

7- Benzonitrile (- | & - M)

8- Aniline (-1 & + M)

9- Anisol (-1 & + M)

10- Benzene sulphonic acid (-1 & - M)
11- Toluene (+ | & M effect is N A)

Introduction and aromaticity 60
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Aniline

N :EI N is more EN than C
electrons flow out the ring

hence: 1t Is -1 effect

© @
N NY
©</ H +M effect O// '

Introduction and aromaticity
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Phenol

S

H

O is more EN than C
electrons flow out the ring
hence; 1t 1s -1 effect

H
&, | ®

0
+M effect U
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Nitrobenzene

0w _0°
“Né N and O more EN than C

electrons flow out the ring
hence; it is -1 effect

\*/

-M effect

Introduction and aromaticity 63
© 2011 Péactonépachtion, Inc.



Q1] Discuss aromaticity feature for the following compounds

O

Introduction and aromaticity
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Q3] Arrange the following compounds according to the increase in their basicity
sl s TN el
N N N
H H H
X Y 7

Q4] Arrange the following according to the increase in their basicity

I =

—
=0
=
e
\ /
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Q5] Which is more basic; Thiazole or Oxazole? Explain

S O
[ [
Y7
P J
Thiazole Oxazole

6] Discuss the acidity for the following

\

Introduction and aromaticity
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Q7] Which of the following two salts is drawn in a wrong way. Tell why

Introduction and aromaticity
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Q9] Discuss Oxygen nucleophilicity in the following two compounds

O O

Q10] Which is the most Nucleophilic center in the following compound

A CHy
B
C
D
Introduction and aromaticity 68
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