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UNIT-1
OPTICAL ISOMERISM

Isomers are compounds having same molecular formula butdiffer in physical or chemical or
both physical and chemicalproperties. This phenomenon is known as isomerism It isbroadly
classified into two types as a) Structural isomerism andb) Stereoisomerism

1.1. Stereoisomerism
Stereoisomerism is a type of isomerism in which compoundshave same molecular

structure but different spatial arrangementof atoms or groups in the molecule. Such isomers are
known asstereoisomers. The branch of chemistry that deals withsthedyof stereoisomers is
known as stereochemistry. Stereoisomerismis mainly classified into three types.

a) Optical isomerism

b) Geometrical

c) Conformational isomerism.

1.2. Optical isomerism (Enantiomerism)

Optical isomerism is a type of stereocisomerism imckicompounds have same structural
formula, but differentconfigurations and have equal and opposite character towardsplane
polarised light. Such compounds are called optisamers or enantiomersExample:(+) Lactic
acid and {) Lactic acid.

CH, : H.C
‘~~:——C|I—OH | HO—(I:_H
(‘ZOOH | HOOC'
(+) Lactic acid (mirror) (-) Lactic acid

1.3.Element of symmetry (Symmetry elements)
Symmetry elements of a molecule are of four types.
i) Plane of symmetry

i) Centre of symmetry

iii) Axis of symmetry

iv) Alternating axis of symmetry

i) Planeof symmetry:
A plane of symmetry, is age that cuts the molecule inttwo equal halves which aréné
mirror images of each other.

Example: Mesotartaric acid
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OH

H————COOH

H————COOH

Plane of symmetry

OH

Meso tartaric acid

i) Centre of symmetry (i):
A centre of symmetry is a pdifrom which lines, when drawan one side and produced at
equal distance orother side, willmeet identical points in the molecules.

Example: 2,4limethyl cyclobutanel,3-dicarboxylic acid

COOH

Centre
of

Synmmetry 2. 4-Dimethylcyclobutane -

1.3-dicarboxylic acid has C,

iii) Axis of symmetry (Cn):
Axis of symmetry is aaxis through which one completetation (360°) of a molecule will
result in more than onédentical structure. This is also known as proper axis of symmetry.

Example: 2 2
a) H,O has a two fold Rotation by
iy i f t 180° = 360°/2 N
(C,) axis of symmetry. PI=I00%
2 / H, H/I Ha
b C2

C ion b <IC Rotati Q:E:
b) NH; has a three fold Q/Ls Rotation by 3Rotation 3

120° = 360°/3 by 120° N

(C5) axis of symmetry. /_ /_\ =\
: g H H, H = H
a Hb c Ha b Hc a
1.3. Alternating axis of symmetry (Sn):
An n fold alternating axis of symmetry is an axis through 360° and then which when a
molecule is rotated by an angle heted across a plane at right angles to the axis, another
identical structure is obtained. Also known as improper axis of symmetry. Exampidinigthyl

cyclobutane 1,3-dicarboxylic acid. This molecule has two fold alternating axis of symmetry.
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H ————s
i 360

H/ H |10
- |

HOOC _, CH, H “l H

{ l Botatian L

Reflectisn | a1 nght angles

Structure | and Il are identical. Therefore this molecule has two fold (n=2) alternating axis of
symmetry,

1.4. Symmetry or symmetric molecule

A molecule or an object having any one elements of symmetry i.e. plane of symmetry,
centre of symmetry or alterating axis of symmetry is known as a symmetric molecule or
symmetric object. Example: Mesotartaric acid is a symmetric molecule,because it has a plane of

symmetry.
OH

H————COOH
________ e eeeee—eee—— Plane of symmetry

H————COOH

OH

Meso tartaric acid

1.5. 1) Asymmetry or asymmetric molecule
A molecule or an object with no element of symtry of any kind is an asymmetric
molecule or asymmetric object. Example: (+) Lactic acid.

1.6. Dissymmetry or dissymmetric molecule:

Molecules having only few elements of symmetry are known as dissymmetric molecules.
(Dissymmetric molecules may have saxif symmetry but not alternating axis of symmetry).
Dissymmetric molecules also cannot be superimposed on theirmirror images.

1.7.Pseudo asymmetry

Some molecules possess asymmetric carbon atom. But they are optically inactive (meso).
Such a charactesisaid to be pseudo asymmetry.
Example: One of the isometric forms of 2, &rilydroxy glutaricacid has a central asymmetric
carbon atom (C). But the molecule has a plane of symmetry bisecting carbon atom C. Therefore i
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is optically inactive. The centrasymmetric carbon atom (C) is séigpseudo asymmetric(The
asymmetry of C, is due to two of the attached groups are in oppasinfiguration [S, CR]

COOH

OH

OtE----% Plane of symmetry
Ol1

COOH  Wissotominets 5 s
(C8,C,R) orm ot 2, 3.4-wrihydroxy glutaric acid

1.8. Optical activity

Substances which rotate the plane of polarised light are said to be optically active and this
property is known as optical activity. Substances which can rotate the plane of polarized light to
right are called dextrgotatory and indicated by A 3§ NIBR@b . dzi adzoaidl yoOSa ¢
plane of polarized light to left are callegevoNR G F G 2 NE | YR AYy-R®POIF SR 08
Example(+) Lactic acid is and optically active compound.

1.8.1. Optical and specific rotation:

When the plane polarige light is passed through certain substances or solutions, the
emerging light is found to be vibrate in a different plane. This is called optical rotation.
The measurement of optical activity is reported in terms of specific rotation. The specific rotatio
is a constant for a particular substanceNdo SEI YL S &LISOAFTAO NRUGI GAz
LIKSyet tFOGAO FOAR A& bpHDN

1.10. Condition for optical activity (Chiral molecule, Chirality)

A molecule that is not superimposable on its mirror image is said to be dissymmetric or
asymmetric molecule. This property is known as asymmetry or chirality. Such moleculdscare
called as chiral molecules. Example :(+) and
(-) lactic acid. Chiralitis the condition, criterion or the cause of optical activity.

1.11. Achiral molecule:
A molecule that is superimposable on its mirror image is known asahamolecule.
Example Zropanol it does not have chiral centre.

CH HC
H COH | HO C H
CH | HC

1.12.Chiral centre or asymmetric centre
A carbon atom surrounded by four different atoms or groups is known as chiral centre or
asymmetric centre atomExamplecarbon atom (C*) in (+) lactic acid.
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COOH
HO—C—H

CH,

L(+) lactic acid
1.13.Optical purity
An optically pure compound is the one which has been prepared in 1060&g. gptical
purity is expressed as percentaderexample: Let the maximum specific rotation of compound
(A) be +50 If a sample of (A) has a specific rotation of 4B@n,

|observed
% ee = - x 100%

|ov of pure enantiomet|

= enantiomer excess
=30/50 X 100 = 60%

For racemic modification the optical purity is zero. If the enantiomers are present in
unequal amounts then the optical activity can be measured. Using the value of measured rotation
we can calculate the composition of the enantiomeric mixture.

If the above example the composition of the enantiomeric mixture of 80% (+)A and 2086 (
Therefore the mixture is 60% opticallly pure (i.e., 8@%9%6). The mixture has 60% of excess of +A.
Hence optical purity is also known as enantiomeric excess.

1.14.. Racemimtion
Definition:

The process of converting and optically active compound into the racemic modification is
known as recemisation.

1.15. Mechanism of racemisation
Racemisation occurs through cationic, anionic and radical intermediate formation.

1) Racemization through awlinic intermediate

Optically active compounds like (+) mandelic acid when treated with a basethe
racemic modification. The acidic hydrogen attached to the asymmetric carbon atom is removed by
the base. This produces a carbamiintermediate which is sp2 hybridised. On either side
attachment of the proton leads to the formation of racemic mixture.

i) Racemization through cationic intermediate:

Addition of HBrto 1-butene proceeds through the formation of a carbocation
intermediate. This carbocation is SP2 hybridised. On either side attachment of bromide ion leads
to the formation of racemic mixture.
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The hydrogen atom has a choice of two
carbon atoms in the first stage. It can add H R
to the carbon attached to the R group on I I
the right or the the carbon attached to the
two hydrogens on the left. H— C —C-—H
/ H Br
H R
\ /!
C =C
/! N\
H H H R
—H —Br T~ oo
‘k I I
Br H

iii) Racemization through radical intermediate:
Bromination ¢ n-butane at G position gives a racemic mixture odbbPomobutane.
Radical bromination of butane gives a more stable secondary free radical wisighhigbridized.

On either side attachment of bromine radical leads to the formation of racemic mixture.
e .

H |
I B o CH,— C—CH,CH
o CH3 3 2 3

CH—C— CH,CH, —> :/\ ' :
= 3 -HBr >c L GH,CH, B2 Br _
H H (+) 2 Bromobutane |

Blr
CH,— Sreh, CHy
.H |
(-2 Bromobutane
1.16. Resolution:

Resolution is the process of separation of racemic modification into its two enantiomers.
When the two enantiomers are separate is unequal amounts, it is known as partial resolution.

Resolution by conversion into diastereoisomer:

In this method the enantiomers of the racemic mixture are converted into diasteroisomers by
treating with optically active substances. These optically active substances used for resolution are
known as resolving agents. Optically active acids are usesgsak/ing agentor the separation of
racemic mixture of alcohols and bases. Similarly optically active bases are used of resolving agent
for the separation of racemic mixture of acids.

i) Resolution of acids:

Racemic mixture of organic acids is separatgddlt formation using alkaloid basebrucine
as the resolving agenExample:(-/+) Tartaric acid is separated by salt formation using alkaloid
basebrucine as the resolving agent.

(+) Acid
i + +  2(+) Base
| (-) Acid

(+ ) Tartaric acid (+) Brucine

(+) Acid (+) base
(+) Tartaric acid (+) Brucine

-

(-) Acid (+) Base
(-) Tartaric acid (+) Brucine

| Diastereoisomeric salts
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The diastereoisomeric salts are separateyl fractional crystallization.rbm the salts the pure
enantiomers are obtained by treatment with HCI.

i) Resolution of bases:
Racemic mixture of organic bases is separated by salt formation using optically active acids
as resolving agents

Example: (+ ) Histidine (Base) is separated by diastereo isomeric
. salt formation using (+) tartaric acid as the resolving agent.
. (+) Base (+) Base (+) Acid
+ +  2(+) Acid < +
(-) Base (-) Base (+)Acid

(+) Histidine (+) Tartaric acid Diastereoisomeric satls

The diastereoisomerisalts are separated by fractional crystallization. From the salts the pure
enantiomers are obtained by hydrolysis.

ii)  Resolution of alcohols:
Racemic mixture of alcohols is separated by ester formation using optically active acids as
resolving agents.

Exanple:
(+) 2-Butanol | (+) 2Butyl(+) tartarate
+ +  2(+)acid ‘< o
(-) 2—Butanol_ (+) Tartaric acid Diasgzrif;:tiy;igzzaﬁ:g%%
|

The diastereoisomeric esters as separated by chromatography. Hydrolysis of the separated
diastereoisomeric esters gives(+p@atanol and {) 2-butanol in pure form.

1.17. Enantiomers and diastereoisomers:
a) Enantiomers (enantiomorpher optical antipodes)

Optical isomers having equahd opposite character towards plane polarized light and which
are mirror images of each other are known as enantiomers. For example: 1) (+) dons of
lactic acid(2) (+) and+) forms of tartaricacid.

e ! e
H—C—OH | Ho—cl: —H
!
COOH | HOOC
(+) Lactic acid (mirror) (-) Lactic acid

1.18. Diasteroisomers:

Stereoisomers which are not mirror images of each other are known as diastereoisomers.
Examples

1) erythrose and threose 2) Cis and Tra#mitene and 3) mesoform of tartaric acid.
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[rLLs

cCHO CcCHO
H——f—mOH HO———F———H
H—— O H————CH
CHOH CH-OH
D-Erythrose C-Threose

Not mirror image

1.19.Differences:

Distinguish between Enantiomers and Diastereocisomers:
(W-12 & W-14, 3 Mark)

ettt T el s Enmrd S T
R B |
1

The Chiral compounds (sterecisomers) Sterecisomers having no mirror images
having non-superimposable mirror image relationship are called Diasterecisomers or
relationship are called enantiomers or Diastereocisomorphs and this phenomenon is
enantiomorphs and this phenomenon is called as diastereocisomerism.

called as enantiomerism.

Enantiomers (both d or I|-forms) have Diasterecisomers have different physical
identical physical properties (like melting properties (like melting point. boiling point.
point, boiling point. densities, refractive densities. refractive indices. solubility, etc.)
indices. solubility. etc.) Hence, they can be separated by Fractional
Hence. it cannot be separated by Fractional distillation or Crystallization.

distillation or Crystallization.

Enantiomers (both & or I-forms) have one or Diasterecisomers may or may not have

more asymmetric (Chiral) C-atoms. asymmetric (Chiral) C-atoms.

. Enantiomers are optically active (Chiral). Diasterecisomers may or may not be

optically active (Chiral or Achiral).
= Enantiomers have identical chemical Diasterecisomers have similar. but not
= properties identical chemical properties.

& They are stericisomers that are mirror They are sterioisomers that are not mirror
images. images.

7. Example: Lactic acid Example: Tartaric acid I

1.20. Epimers:

Epimers are optical isomers which differ in the configurationoaly one asymmetric
carbon atom. The process of converting epimer into another is known as epimerization. Example D
(+) glucose and D(+) mannose.

1 1

CHO CHO CHO
2l 21 2)
HO-2C—H H-C—OH H—CI—OH
HO—C—H HO—C—H HO—C—H
4 I q 4 I
-c—0H H-*C—OH Ho—cl—u
H—C—OH H—C—OH H——SCI—-OH
CH,0H °CH,0H °CH,0H
p-Mannose p-Glucose p-Galactose

(epnmer atC-2) (epimer at C-4)

R4

1.21.Configuration and prolectlon formulae
The term configuration is defined as the arrangement of atoms or groups in space of a
molecule. The 3D configurations may be transformed into two dimensional planar structures on a
paper by the following formuka They are commonly known as projection formulae.
a) Fischer projection formula
b) Newman projection formula
c) Flying wedge formula
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1.22. Fischer projection formula

It is planar projection formula of a 3D molecular model. The groups drawn on either side of
the vertical line are considered to be below or behind the plane. But the groups drawn over a
horizontal line are considered to be above or infront of that planer Example, the 3D
configuration of lactic acid cabe represented by the planar
Hscher projection formula as follows.

COOH
C_Hg
H OH H‘-‘—Br A
CH, CH,
Lactic acid 2-Bromo butane

Fischer projection formula .

Fischer projection formulas for compounds with more than one chiral centre may be given
as follows:

For example, tartaric acidholecule has 2 chiral centres (C2 and C3) . The lower chiral
centre (C2) is nearer to us. But the upper chiral centre is farther from us. The different
configuration of tartaric acid molecule are,

COOH COOH COOH
H—%OH H—=-OH HO—-H
H——0OH HO—+H H—-OH

COOH COOH COOH

(2R,35)-tartaric acid (2R,3R)-tartaric acid (25,35)-tartaric acid
a meso compound a pair of enantiomers

Fischer projections of the stereoisomers of tartaric acid

The Kscher projection formula with same or similar gps on same side is known as
WSNEGKNRQ 2NJ W YSaz2Q FT2NX¥od ¢KS 2yS gAUGKSADYS
form. The drawback in theighcher projection formula that represents the molecule oniy the
eclipsed conformation thattirepresents the molecule only in the eclipsed conformation. This
particular conformation is energetically unfavourable .uBthe stable form of the macule
cannot be represented byigeher formulaTwo other systems such agWman projection formula
and Sawhorse formula show the molecules both in their eclipsed and staggered conformations.

1.23. Newman projection formula
It represents the spatial arrangement of bonds on two adjacent atoms in a molecule. This
is obtained by viewing the molecule along the bond joining the two atoms.

CHy

CHj CHj

H H  HO H H OH
H :

OH H H ' - H

CHa ; .

CH, 3 , CHj

Sawhorse and Newman representations for the 2 enantiomers of 2-Butanol
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1.24.Sawhorse formula

It represents the spatial arrangement of all the bonds as two @atja atoms. The bond
between the atoms is represented by a diagonal line, usually form lower left to upper right. Left
handed bottom end represents the atom nearer to us (C2). Rightled top end represents the
atom farther from us (C3)Each atom has @ertical bond and two other bonds at +126r - 12¢.

Transformation of Fischer intblewmanand Sawhorseformulae:

While transformingFischerinto Newmanor Sawhorsgormula, the eclipsectonformation
can be given by writing the bottom(C2hial carbon atom at the fronand the top(C3) chiral
carbon at the rear(back) of the-C bond axis.Staggered form can be obtained by rotating the
front chiral carbon(C2) of the eclipsed form through 480@ng (GC) bond axis
i)  Transformation of Fischdormula into Sawhorse and Newman formulath an example of

mesotartaric acid can be given as follows:

COOH
s
H—C—OH
2
H—?—OH
COOH

Meso tartaric acid Fischer projection formula

4
H\Tﬁii>r/01 on
3
. COOH
COOH
(Eclisped) ooH (Eclispeq)

Sawhorse l OCOOH Newman
180°

COOH

HO/O(‘?'/ |
COOH
(Staggered) Staggered) .

COOH  (Anti form)
Newman

180°

Sawhorse

i) Transformation ofFischerformula into sawhorse andNewman formula with an
example of (+Yartaric acid can be given as follows:
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COOH

3
H—C—oH
() Tartaric acid
(Fischer projection
formula)

HO— C%— 1y

COOH
= .
HO OoH RS

— I > 2
= CoOOH
COOH
(Eclisped)
Sawhorse ooH (Eclisped)

l j COOH Newman

180°
180° l
l COOH

H
HOOC OH N
3
2
H y- COOH H OH
Staggered)
(Staggered) cooy Otaas
Sawhorse Newman

Meso tartaric acid is more stable than (+) ardf¢rms of tartaric acid. This is due to the
existence of meso form in the antonformation.

Disadvantage:
The drawback in Newman and Sawhorse formulagh&t they are useful only for
compounds having not more than two chiral centres.

MOPHPP aCfeAyd ¢gSRISE YR Gl AITFIAE F2N¥dA I S

The actual configuration and conformation of compounds with two or more chiral centres
can be shown by flying wedge and zigzagniaias. These two formulas represent the staggered
conformation of the entire molecule in the plane of the paper. Broken lines indicate that bonds
that are going below or behind the plane and thick lines indicate the bonds coming above the
plane of the paper.

COOH COOH
."I H HII".
H3C OH HO CH3

Convert the followindNewmanprojection intoFischeprojection:
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COOH COOH
. 3
Aotk H H—C— OH
' = H—c%* on
. H OH ]
COOH COOH
Newman projection Fischer projection
CH, ’ (':ZHS
H Br-. RGN
. = Br— Cz— H
H Br l
C,Hg ¢ CH,
Newman projection_. Fischer projection

1.26. Configurationor notations of optical isomers

Two types of notations are used for studying the configuration of organic compounds
i) D-L notation (Relative configuration)
i) RS notaton ( Absolute configuration)

1.27. DL notation or relative configuration
The configuration of compound established in relation to that of an arbitrarily assigned
standard is known as relative configuration. Glyceraldehyde was chosen as the standandde

of its relationship to carbohydrates.

Two forms ofglyceraldehydevere assigned the following configuration and labelled as
D(+) and Lf glyceraldehyde respectively.

(1) CHO (2) CHO
H—‘—DH HD+H
CH,OH CH,OH

D - Glvceraldehvde L - Glyceraldehyde

Thus any compound that can be prepared from or converted inte) Diyceraldehyde will
belong to Bseries . Similarly may compound that can freparedfrom or converted into L
glyceraldehyde will belong to-deries. It sbuld be remembered that D or prefix does not
indicate the direction of rotation. But only imzhtes the configuration at the chiral carbon. This DL

notation was proposed by Fischer.
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CHO CHO
HO—C—H H—C—0H
HO—C——H HO—C—H
HO—C—H H—C—O0H
L-configuration —— HO—C—H H—C—0H -=—— D-configuration
termunal alc Dll{}:!:r_‘_ group J‘HEDH CH.OH termij}al alcoholic group
\Lj ~_
L-glucose D-glucose

1.28. RS notation or absolute configuration

The DL notation has the following limitations
i) There are many compounds which have similar configurations but diffesigms of
rotation. For example, lactic acid and its corresponding methyl lactate have similar
configuration but opposite sign of rotation.

CHOH CHO
H—@QH HQ—@H
H—P—oH H—T oH
H— 2 OH H—"—0OH
CH.OH CH0H
1 2
i) Sometimes the configuration of the same molecules may related to both D and L forms
iii) It is difficult to apply theDL notation to molecules having meothan one chiral carbon

atom.

1.29. Cahnlngold- Prelog rules
In order b overcome the above limitatigrCahringoldand Prelog proposed a new

systems for specifying the configuration or RS notation. The procedure involves:

a) Step 1:The 4 different atoms or groups attached to the chiral carbon atom are numbered
1,2,3 and 4 and are ranked according to the following seqaeunles of priority.
Sequence rule 1:The groups or atoms are arranged in the decreasing order of the atomic
number of the atom directly bonded to the chiral carbon
Sequence rule 2in case of isotopes, prioriig given to the heavier isotope
Sequence rule 3:If 2 groups possess same first atom then priority must be given on the
basis of the next atom.This process goes on till the selection is made.
Sequence rule 4 double or triple bonded atom is equivalent to two or three such atoms.

b) Step 2:After assigning priority the molecule is view front the side opposite to the group of
lowest priority
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c) Step 3:The priority sequence of the remaining three group8 2-A 3 is determined. If its
found clockwise the symboR] in used (R=rectus=rightf the sequenceés anticlockwise,
the symbol §) is used (sinister=left) to designate the configuration.

d) Step 4:In order to assign the R,S configuration Faschermprojection formula, first the atom
with the lowest priority should be brought to theottom. This should be done by effecting
any 2 exchanges among the groups. Then look for the order of the priority sequence.

1.30. Erythro and threo representations

Examples:
. CH? o
Hn/' \'/"ITCOOH Hinnen Hia
S H! = 3 Br! 3
S) CH® (s) Br' (R) s
@) v cB o
I Inter- 2
H B bt B2 1T Inter- " -
( change Q change
CI® L H
ﬂ (S)
; CH,Br? CH,Br?
1 Inter- . i -
HOC—G IIAHOC H*——nf: HOC
5 chi ange 0 chan gc
1 CH,Br> OH!
£ (6) 5 (S)
3 Br=
1 Inter- et ‘ ) .
Cla i nter [P” Inter
change _f/\ ch mt:
i H“
L (7) |
. CH,3 COOH? COOH?2
- I Inter- llI t
. H NH,; e A—'——NH ! e HSCS‘%};NH
g change change - B
COOH? H*
(S)

Molecules that contain two asymmetric carbon atoms can be represented by a special
nomenclature and special form of notation. This nomenclature is derfv@th the names of 4
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carbon sugars erythrose and threose. If the two similar groups are on the saleas the
KERNRE&ft 3INRdzZIE Ay SNEGKNR&AS (KS A482YSNI A& (
opposite sides as the hydroxyl groupsintrs8® G KS A &d2YSNJ A&a OFff SR 6
Example: the erythro and threo forms ofiBomo-2-butanol @an be given as follows:

CHO CH,
H———— OH : H— OH
H—1  oH H — 1 Br

CH,OH . CHy
3-Bromo-2-butanol
Ry “Erythro’” form
CHO : CH,
HO——F+——H ) HO——F— H..
H _ OH H—1 Br
CH,OH s CH; .

3-Bromo-2-butanol

Thr
QLSS “Threo” form

1.31. Optical activity of compounds not containing asymmetric carbon atoms

The presence of chiral carbon atom is not a condition for optical activity. But the essential
condition is that the whole molecule should be chiral. Hemgany compounds without chiral
carbon atom are found to be optically active. This is due to the chiral nature of the entire
molecule.

Example:
i) Substituted biphenyl compound
i) Allenes

iii) Spirares
i) Substituted biphenyls:
a) { dz0 a0 A(dzi SR O0ALKSye&t | NBE O0ALKSyef RSNRAOJI
occupied by bulky groups.
b) 9EI YL SY H Ziathyibiphédyly 2 2 c S c Q

Reasons for optical activity:
a) 2 KSy (UKS 2 NI Kn2 are acedviet By DulkiyJrauypka fked rotation about the
single bond joining the two phenyl groups is not possible.
b) t KSNEF2NE SIOK LIKSyef NAy3I KIFa y2 @SNIAO
not coplanar.
c) The mirror images are not superimposable. Thus substitutpddmyl are optically active.

'
CH3 _CH3 1 CH3 CH3
1
1
NH, NH, : NH, NH,
2, 2, Diamino, 6,6’ - dimethyl biphenyi Mirror image
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d) This type ofstereoisomerisnarising from restricted rotation about a single bond is called
GFONRPLA&G2YSNAAYE YR (KS O2NNBaLRyRAY3I Aa
i) Allenes:
a) Allenesare compounds which have the general structure

~

a a
\1 2 3
C=C=C(C

o’ R’

b) Example: 1,5 A LIK Sy & {1-napmiylfakede. R A

H5C6 -\\CeHs
B=t=t
H7C£ C1OH7

Reason for optical activity:

a) Carbon atoms 1,3 are 3pybridized and the centre carbon is sp hybridised.

b) Thecentral carbon atom forms twpi bonds which are perpendicular to each other. The pi
x bond is perpendicular to the plane of paper and pi y bond is in the plane of the paper.
Therefore the groups a,b lie in the plane of the paper and the other set of a,b lie in the
plane perpendicudr to the plane of the paper.

15 2 __3(‘\b
A0
c) Hence the whole molecule does not possess a plane of symmetry.

d) The mirror images are not superimposable. The whole molecule in chiral and hence the
allenes are opticallgctive.

H,C ‘
H.C C.H ' 556 H
% 2 3N & ® ' = 2 1): i
/C =C=0C 1 S/C = C= %:
\ 1
MG C, o> ' H,C,o _ 1ot
1,3 -Diphenyl, 17, 3’ di-(1-naphthyl) allene. Mirror image

) Spiranes:

iii) Spiranes
a) If both double bonds of alleneare replaced by ring systems the resulting molecules are
1Yy26y a aLANIYSad ¢KS g2NR aLIANIyYyS YSIya
b) 9EI YL SY 5Afl OQli2zy$S 2Refacabdyflicacldk Sy2y S HZIHQZ
Reasons for optical activity:
c) In spirares the rings are perpendicular to eacther and the both the ring systems are not
coplanar.

Pagel7of 77



STUDY MATERIAL FOR BSC CHEMIST
ORGANIC CHEMISTIRY R
SEMESTHERV, ACADEMIC YEAR 2620 F%

d) Hence the whole molecule has no plane of symmetry and it is chiral in nature.
e) The mirror images are not superimposable. Thus spiranes are optically active.

Jpuclally acive.

COOH COOH
l
1
c—0 : ‘0
: o)
1
¢ |
COOH COOH
Dilactone of benzophenone 2, 2,4, 4’ Mirror image

tetracarboxylic acid

1.32.Stereo specificityor) Stereospecificeaction:

A reaction is said to be stereospecific if stereochemically different reactants give rise to
stereo chemicallgifferent products.
Example: addition of bromine to-Rutane is a stereospecific reaction. Because2disitene on
addition with branine gives racemic mixture of 2¢g8bromobutane; but tran-butene on
addition with bromine gives mesd,3-dibromobutane.

} — - By Br- L_. H H— - Br
i é s 3
gu-z-buun.- : s G Lnd .' - g B =
{_\- E v . Racemic mhaur. el'z.s-dlbrocnobuhn.
B2 "‘a} H— : Br
3- 'l'r-n--z-buhn. ' feanrs H . : By .
~ X 2 -
'. 3.a-dn;. b

Mechanism:

Addition of bromine to the Dbutene involves antiadditiothat is the two bromine atoms
are attached to the opposite faces of the double bond. Br+ attacks the double bonded carbon to
give a cyclic bromonium ion intermediate.
The ciscyclic bromonium ion intermediate is attacked by the Bn either way or equall. The
attack on path a) and b) give different products. jracemic mixture of 28libromo butane.
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Br-Br CH3

2 _Br
Br H
H,C CH, A
I H
\C—C/ Br@ H\/ \/H Br

v —>» ,2C—C<. Racemic
H \H N C/ \ N Ch 2.3-dibromo
Cis-2-butene "I g CH3 ‘\I(b) (28 39) butane
1 Cis-cyclic !
(@) \ bromoniumion | CH,
b o ,’(b) Br—2 H
\\-- Br e H—3—Br
CH,
(2R 3R)

Similarly the trangyclic bromonium ion intermediate is attacked by the Bn on either
way (a) and (b) equally. The attacks on path (a) and pathiyle the same productel,mese2,3
dibromobutane.

I
v | ’
Br 2 Br ) CY—‘E
Br 87-——4—;———:"{
H CH, & H / \ CH, (a7 Br H
N\ —'C/ Br =~ N / | | \leso
/C— N — ,/>/C—C\<“\\ CH, |2.3-cicromo
H,C H /HC H (b (2R 3s) | buane
Trans-2-butene H Trans-cyclic ‘\| X :;du:“)
i : : CH,
@+ bromonium ion ,"(b) .
' - ; H—— Br
N = s 3
T Br.._..-7 H—1—Br
CH,
(2S 3R)
34

1.33.Stereo selectivit OR)stereo selectivaeaction

In a reaction out of the two or more possildéereo isomerigroducts, if one is produced
in predominance then it is said to Iséereo seledve reaction.
Examplel) Reduction of alkyne using sodium in lig.ammonia gives predominantly-atkese

rather than cisalkene.

=ik

Na ' R\
R-C=C-R —ma— F=C
NHj(liq) /
(Anti-additon)  H R
Trans-alkane

Addition of hydrogen to alkyne involve aatildition ie.,the 2 hydrogen atoms are
attached to the opposite faces of the double bond.

Mechanism:
The mechanism involves the formation of vinyl radical which is more stable in the

transconfiguration

1.34.Partial asymmetric synthesis
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The asymmetric synthesis carriedt by the use of some other optically active compound
is known as partial asymmetric synthesis. The product formed will be optically active due to the
presence of one of the isomers in slight excess. For example when pyruvic acid is reduced with
Al/Hg inthe presence of menthobptically active{ lactic acid will be obtained.

CH,COCOOH +
Pyruvic acid

1.35. Absolute asymmetric synthesis:

The synthesis of an optically active compound from an optically inactive compound
without the intermediate use of other optically active reagents is known as absolute asymmetric
synthesis. For example, hydroxylation of ethyl fumurate in a beam of rightlarty polarized light
gives a dextraotatory products.Similarlywhen a beam of left circularly polarizedlight is used the
product will be éevo-rotatory.

H. ,COOCH, i o
C= R H202 - s COO
/ - 2%
Hcood H — ¥ HCO0C—G
) er
Diethyl fumarate HO
(+) Diethyl tartarate
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UNIT-1I

GEOMETRICAL AND CONFORMATIONALISOMERISM
1. Geometrical isomerism (Gisansisomerism)

Definition and Nomenclature:

Geometrical isomerism is a kind of stereoisomerismwhich compounds have same
structural formula but differentconfigurations around the double bond. Such compounds
areincalled geometrical isomers or-tfans isomers.

Example:
1 2 - Dichloroethene

cl e} - a
' /H
>C =c \}: —
H i \l—l H \c|
Cis Trans
ii) 2-Butene
HG _CH, HoQ M
;} —_— _ C\
s Cis \-' Trans Chls
iii) Crotonic and isocrotonic acid:
HOOC,_ _CHs ELEN

Lam s

Crotonic acid (Cis) crotonic acld(TranS)

EZ notation

Cis trans system of nomenclature may not be suitable for many tri or tetrastituted
olefins. For example, we can not decide whatkthe following compound cigr trans, because no
two groups are same

Sequence rules given by CIP system:

Rule 1:The groups or atoms areranged in the decreasing ordef the atomic number.
Example:Priority order | > Br>CI|> F

Rule 2:For groups or atoms, the jority is given to the group imvhich the first atom has the
highest atomic number.
Example:Priority ordeCBOH>CHO> H

Rule 3:In the case of isotopesyiprity is given to the heavidsotope.
Example Priority order | >G D (isotope) > H

Rule 4:If two groups possess same first atom then priority mustbe given on the basis of the next
atom. Ths process goes on tilie selection is made.
Example:Priority order | >C¢CH>CH>H

Rule 5:A double or triple bondd atom is equivalent to two dhree such atoms.

Page2lof 77



STUDY MATERIAL FOR BSC CHEMIST
ORGANIC CHEMISTIRY £ L
SEMESTHERV, ACADEMIC YEAR 2620 F%

Examples
o ) e o @ ) (&) .
e N A HoC M
SN W & >C =G
" ® CH' “er? ; N
Z) HC, (zy ©
1 2 2 CH 2 2 2
" P O W _c
H2/C=C¥1 Hb/c_c\ F’ =C\B1
©) ° @ < @&
@) S) (6)
1 @) 1 2 ® 9)
C]\c = C/CH3 H\c = C/CHS OHé\ "/c1’H
20 N 10T N =g
H H Cl CH 2 N2
@) ® 3 H = ©Hs
b 2 1 > 2
p( Br Fl _CHs H _CH,
/C =C )3 =C /C =C
y i & N3 CH.C N
CH, (E) (E) H 3 .H2 2) =
(10) 1) 12)
2 H C2 2
Br. F 3 F
NI \N.__
(12) 1'/C —C\, 1/ _0\1 (14)
(.Z) Cl Br . @ Cl
! : H,C H
F Br
N\, STNS 4/
(15) =c — !
2 /C 1 7 6 /C C\3 2/ CHs -
H,C CH,CH =
2 (E) 3CH, = C\ (16)
_ H,CCHCl - H
.

Method to assign configurations (or) Determination ofconfiguration of geometricalrisers:

Contiguration of geometrical isomers can be using the following methods.

i) Dehydration (Chemical method):

Intramolecular reactions are possible only, when the reactinggroups are closer together ina

molecule.
heatingmaleic acid undergoes dehydration and gives cyclic
anhydrideeadily. But fumaric acid does not for an anhydride of its own.

[ LY Rl

H...c—-OOOH A 1130°C H’“‘ﬁ""@o
“ -—--—-"—" '_ 2 06
Maleic acid (Cis) Maleic anhydride
H —C— COOH! /130°C L
i AM30°C N action
HOOC—C—H
Fumaric acid (Trans)

i) Method of cyclisation (Chemidamethod):

In maleic acid both th@OOH groups are nearer to each other.

Therefore on
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2-Bromo5-nitroacetophenone oxime exists in two isomdoians. Theoxime of 2bromo-
5-nitroacetophenone isunaffected by NaOH, whereas thedBner undergoes ringclosure to form
3-methyk5-nitrobenziseOxazole. Thus théaha-0Oxime is the syimethyl isome (A) and the beta
oxime theantimethyl isomer (B)

CH, CH,
' , |
OzN\‘:C\\N.; OH ON Cxy
: ‘ |
Br : @ O
a - oxime (A) ' B - oxime (B)
' NaOH
. H
[ .
No ring closure ~ ON /lcbl;l
o

3-Methyl-5-nitrobenzis_o-oxaz‘ole

iii) Dipole moment studies:

Dipole moment is a vector quantity. In the trans isomer thtnd moments cancel each
other. Therefore in general cisomers always has higher dipole moment than ttrans
isomer.For example there are two isomeric 1,2dichloroethene. Theisomer which has 'zero' dipole
moment is 'trans' and thether oneis 'cis

Example: 1) Melting point of maleic acid (cis) is 130°C.
i) Melting point of fumaric acid (trans) is 287°C.

Conformation and conformational analysis

The different arrangements of atoms that can be converiteih one another byrotation
about (GC) single bond are calledonformations. Each form is known as a 'confor@er
conformational isomer" or ‘rotationasomerconformational isomers are inteonvertibleat room
temperaturedue to very low energy baer between them. The isomers cannot be separated and
isolated due to rapid equilibrium betwedghem.

Example:Ethane (eclipsed) A Ethane (staggered).

The stuly ofexistenceof preferred conformatiorin moleculess known as conformational
analysis.

Conformaional nomenclature:

Eclipsed:
When the hydrogen atoms attached tothe neighbouring carbon atoms are as closetogether
as pasible, that conformation is kmen as eclipsed conformation or cisoid conformation. In this
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arrangement the hydrogen atomare crowded together aneclipse each other. (Example: Ethane
eclipsed)

Staggered:
When the hydrogen atoms attached tothe neighbouring carbon atoms are as far aparta
possible, that conformation is known asstaggered conformation. (ExaBEthkmestaggered)

Gauche or skew:

It is a type of staggeredconformations. Two groups are said téghache' when the
dihedral angle betwedhem is 60°. Vatler Waals repulsivdorces developed between the
gauchegroups destabilize the conformation(Exampteutane). Intramolecularhydrogen bonding
developed between the gauche groups stabilizethe conformation (Example: Ethylene chlorohydrin
andethylene glycal

Anti conformation:

It is abo a type of staggeredconformation. Two groups are staid tdélné' when the
dihydral angle between theims 180°. In this conformation the two groupsare maximum distance
apart. This conformation is also known #snsoidQ This is free frontorsional stain and Vader
Waalsstrain and stabilizes the conformation. (Exampleutane)

Dihydral angle

It is defined as the angle formed by the intersection of twoplanes. For example in ethane
the angle between the HCC planeand the CCH plane is knogvhyalsal angle.

Torsional angle:
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Torsional angle is the produced by the two groups (A Bhdcross the (C) single bond.
Unlike dihedral angle, torsionalngle is directional. It is positive value when measured in a
clockwise direction and a negativalue when measured in anticlockwise direction.

Factors affecting the stability of conformations:

The stabilities of different conformers vary with respecthe following factors.
1) Angle strain

2) Torsional strain

3) Van der Waals strai(Stericstrain) or Steric effect

4) Dipoledipole interaction

5) Hydrogen bonding

Angle strain:
Any deviation from the normal tetrdedrabond angle (109°28) produces strain in the

molecule. This iknown as angle strainCyclohexane (no angle strain) is more stable than
cyclopropangmuch angle strain).

Torsional strain:

The repulsive interaction between thelectron clouds of the (€l) bonds of the
neighbouring carbonatoms is known as torsional strain. It will be maximurtheneclipsed
conformation andminimum in the staggered conformation. Therefore any deviatitnasn the
staggered arrangement are accompanibg torsional strain. It destabilizes the moleculeg.
Staggered conformation of ethane (notorsional strain) isrencstable than the eclipsed
conformation (much torsional strain)

Van der Waals strain or steric strain or steric effect

The nonbonded interaction developed between the bullkgroups available in the
neighbouring carbon atoms is known @ander Waals stran or steric strain or steric effect. The
crowdingtogether ofbulky groups in the eclipsed and gauche conformaboing about van der
Waals repulsion and causes steric strain. fkstabilizes the molecule.

Dipole-dipole interaction:

When a hydrogen atom of ethane is replacedby a more eleetgative chlorine atom the
(GC) bondbecomes plar and a dipole is created. {(Cl). In 1,2dichloroethane there are two
such dipoles. The nemondedinteraction between these two dipoles is knovas dipole
dipoleinteraction. This interaction may be either repulsive or attractive.a) Digiplele repulsive
interactionThe repulsive interactiometween the similarly chargeddipoles is known as dipole
dipole repulsive interaction. This destabilizes #tonformation.

b) Dipoledipole attractive interaction/Hydrogen bonding:

Conformational analysis of ethane:

1) Ethanemolecule contains a (C) single bond and eacdrbon is further attached to three
hydrogen atoms. Let us suppose that one carbon atorateged about the(GC) bond while the
other carbon atom remains stationary.When the hydrogens are crowded together the
conformation isknown as 'eclipsed. The energy in the eclipsed conformation ishigh due to
torsional strain. Now the dihederal angle isaer

2) When the hydrogens are as far apart as possible, theconformation is known as staggered'.

Page25of 77



ORGANIC CHEMISTIRY 1

STUDY MATERIAL FOR BSC CHEMIST§3
¥
SEMESTERV, ACADEMIC YEAR 2020

3) In one full rotation, three eclipsed and three staggeredconformations are obtained.

4) Energy diagram and relative stabilities of differentconformatiominsthane:

5) The staggered conformation is more stabilized than theeclipsed conformation by 12.5 kJ/mol.
Thereforepreferred conformation adthane is the staggerecbnformation.

6) Newman and Sawhorse representation of eclipsedstaggered conformatio of ethane:

Conformational analysis of propane:
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Conformational situation in propane is similar to thatethane. Propane is derived from
ethane by replacing one of itsydrogen atoms by a methyl group. Rotation can take phumit
either of the twocarboncarbon single bonds. As in tisase of ethane, rotation about the carbon
carbon single bond slmost free.

1) Wren the hydrogens of carbon 1 (Cand the methylgroup & are crowded together, the
conformation is known a%clipsed’. The energy ithe eclipsed conformation is high dueto i)
torsional strain as in ethane and i) @H van der Waalsrepulsive interactions. Now the
dihedral angle is 'zero'.

2) When the hydrogens of (£&and the methyl group @are as far apart as possible, the
conformaion is known asstaggered'. Due to least tsional and van der Waals strain
thestaggered conformation of propane. Now the dihedral anglebecomés ®Be energy
barrier between eclipsed and staggereanformation is 14.2kJ/mole.

3) In one full rotation thre eclipsed and three stagged conformations are obtained

4) The staggered conformation is more stabilized than theeclipsed conformation by 14.2 kJ/mole.
Therefore the mostpreferred conformation of propane is the staggered conformation.

5) Energy diagram andrelative stabilitiesdifferent conformationsof propane.

6) Newman and Sawhorse representation of eclipsed andstagger@@rmation of propane:
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Staggerod
Newman projections of propane conformations

CH,

H

H- 11 H
H
Staggered

Eclisped

Sawhorse representation of propane conformations

1. The difference in energy between anti conformation and fully eclipsed conformation is
about 18. 836 kJ/mol.
2. Between the anti conformation and eclipsed conformation is about 11.72 KJ/mol.
3. The energy difference between anti conformation and gauge conformation is about 4.6 KJ/
mol. Since the energyaorier among the different confonations islow at room temperature
all the confirmations is lowtaroom temperature all the confanations are interconvertible.
Hence 1,2dichloroethaneconsists of an equilibrium mixture of all the possible conformations.
But the most preferred confirmation of 1,dichloroethane is the anti conformation
4. The difference in energy between the anti and gauge conformations edig¢i®oroethane is
larger than that of n butane. This is not due to steric reasons, but because of the strong
dipole-dipole interactions of te carbon chlorine dipoles in the gauche conformation of-1,2
dichlorethane.

Conformational analysis of cyclohexane:

1) Cyclohexane is not a planar molecule like cyclopropey@obutane and cyclopentane. Due to
angle strain, puckeredarrangement is proposk for cyclohexane. The different puckered
arrangements are

i) Chair conformation
il) Boat conformation
iii) Twist conformation and
iv) Half chair conformation

i) Chair conformation of cyclohexane

This conformation is not only free from angle strain bigofree of torsional strain and has
an energy minimum. Chairconformation of cyclohexane is similar to the staggerégdrmation
of ethane. Therefore chair conformation is thest preferred conformation of cyclohexane.

i)Boat form:
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Boat conformation otyclohexane is similar to eclipsed conformation of ethane. Therefore
it has torsional strain. In addition there is van der Waals steric strain due to flagpole interaction. In
the boat form the flagpole hydrogen (Ha and Hb) lie only 1.83A° apart. Thaschsis closer than
the sum of their van der Waals radii (2.5A). Therefore boat form is less stable than the chair form
by about 28.8 kJ/mol.

iii) Twistform (Twist boat form):

In the twist form the flagpole hydrogen Ha and Hb moveapart, but hydrogenstididn
tend to move close to each other.Even then the nonbonded interactions between Ha and Hb,
andHc and Hd are minimum. So the torsional strain is partly relieved.Therefore the twist form is
more stable than the boat form byabout 5.4 kJ/mol and less tahkn the chair form by
about23.4 kJ/mol.

iv) Half chair:
The halfchair conformation of cyclohexane has considerableanglen séad torsional
strain. It isless stable than the chair form by about 46 kJ/ mol

Equilibrium exists only between the chair anddtboatforms (conformers). The most preferred
conformation is onlythe chair conformation.
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UNIT-11I
AROMATICITY AND AROMATIC SUBSTITUTION

Organic compounds have been broadly classified into two types as aliphatic and aromatic. The
term aliphaticis used for compounds having opemin structures.

In addition to aliphatic compounds a large number of compounds were obtained from
natural sources such as resins, balsams, aromatic oils, etc, with pleasant odour. These compound
were termed as aromatic (Greek: aroma= fragrant smell). Careful examination of these
compounds showed that they contain a higher percentage of carbon than the corresponding
aliphatic hydrocarbons. Most of the simple aromatic compounds contains at leastadion
atoms. Aromatic compounds are benzenoid or nonbenzenoid compounds which are cyclic and
their properties are totally different from those of the alicyclic compounds.

3.1. Aromaticity.

Aromatic compounds such as benzene have an unusual stability.Ewe planar cyclic structure
gAGK RSf-eddttohshahdSHave a great tendency to undergo electrophilic substitution
reactions such as nitration, halogenations, sulphonation etc. these properties arise from a closed
ring of electrons. Hencaromatidtymay be defined as the ability to retain an induced ring current.

3.2. Consequences of aromaticity or aromatic characteristics (or) general characteristics of
aromatic compounds

1)High carbon contentAromatic compounds posses a higher percentage diaarcontent than

the corresponding aliphatic hydrocarbons and they burn with a sooty flame.

2)Cyclic structureThey are planar and cyclic compounds

3)Carboncarbon bond length:All carboncarbon bonds in benzene (aromatic compounds) are
equal and are irgrmediate in length between single and double compounds.

i) Carboncarbon bond single bond length is 1.53A
Example: Ethane (GIEH)

ii) Carbongcarbon bond double bond length is 1.34A
Example: Propene (G€H=CH

iii) Carboncarbondouble bond in benzene is 1.39A

4)Stability:
Benzene (aromatic compound) is more stable than the corresponding conjugated system
(cyclohexatriene). This fact is proved by the heat of hydrogenation and heat of combustion data.

i) The observed heat of hyagenation of benzene is 49.8kcal

Benzene+3HK§"ﬁ 2F K@RNBISYylLGAzZY kKl 6ndody 0

—D
»

But the calculated value of heat of hydrogenation of cyclohexatriene (conjugated system)
is 85.8kcal.

Cyclohexatriene + SF-IS" i 27 KéﬁNBHS&(]Az)f kKl 6ypdy0

Thus benzene (aromatic compound) is more stable by {89.8) 36 kcal.
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i) Similarly the observed heat of combustion of benzene is 789.1 kcal. But the calculated value of
heat of combustion of cyclohexatrier{eonjugated system) is 824.1 kcal. Thus benzene (aromatic
compound) is more stable than the corresponding conjugated system by35 kcal.

5) Resonance energy:

Benzene is the resonance hybrid of the following contributing structures | & II.

J—-0-&

I II Resonance hybrid

The resonance ybrid is more stable than any of the contributing structures. This increase
in stability is called the resonance energy. Benzene is resonance stabilized by 36 kcal than the
corresponding conjugated systemyclohexatriene. This 36 kcal of resonance staddilon is that is
responsible for the new set of properties called aromatic characters.

6) Participation in addition reaction:
Addition reaction is the characteristic feature of alkene. For example cyclohexene
undergoes rapid oxidation wittlilute alkaline KMn@o . @ SNDa GSado o

OH
Dil.alk. Oi
TS T e
KMnO, OH

Cy %,
Yelobexsiig Cis-1.2-cyclohexane diol

But benzene (aromatic compound) does not undergo this reaction.

. Dil.alk. X
— No reaction
.. KMnO, :

Benzene

7) Participation in substitution reaction:

Benzene and other aromatic compounds readitglergo substitution reaction. Electrophilic
substitution is characteristic feature of aromatic compounds. For example, benzene undergoes
nitration in the presence of nitrating mixture to give nitro benzene.

MNO 1,80,
\ o peceese . *-

Niration

NO,

Nitrobenzene

o®oV0 | dzO1 St Q& onybHUO NHzZ SY

Huckel connected NB Y A O adloAfAGe ¢gAGK GKS LINBaSyoO
I OO2NRAY3I (G2 1dz01 St Qa cABASSY LI OV &} OV eHzI b6 O
aromatic where n is an integer (n=0,1,2,3,etd)ence system with 2 (n=0), 6(n=10Q(n=2),
MnoylTovo~ SftSOGNRBYya gAff 06S INRYFGAO®

Examples:
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| dzO1 St Q& NYz S K2fRa 3I22R Ay OFasS 2F 02YL
LENARAYS o6c”- StSOGNRYyao ylFLKIKFIESYS omn- Sf
are aromatic.

QW@@E?

Benzenec Pyrrolc Furan Thiophene Pyridine -

““‘*

Napthalene Sathraconc Phenanthrene

: ‘ Pyrene (14 7Tt electrons peripheral)

3.4. Non benzenoid aromatic compounds:

Aromatic compounds which do not contain benzene ring are called-bemzenoid
compounds. A large numberofn@anSy 1 Sy 2AR aéaisSya 6A0GK HIcIwmn
character.

AOH- StSOGNRY aeaidsSvyy
Many cyclopropenium salts exhibits aromatic character. They obey 4n+2 rule (n=0)

) SbCI;

Cyclopropenyl hexachloroantimonate

Ph .
)
) : Hydroxy d1pheny1 CYCIOpropenyl bromie
Ph OHBr™ Ehee |
AAO ¢~ StSOGNRY aeadasSvyy
/eOf2LJS)fuIR7\S)/7\ RS al f(a FYR GNBLREAdZY alfia
K* Potassium cyclopentadienide
’ CH =CH
r CH — Fe — CH <l , ?
D) e S e
CH =CH CH =CH @
Dicyclopentadienyliron (Ferrocene)

B ey "
c) 5 Tropylium bromide

d) Heterocycliccompound
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In pyrrole, tiran and thiophene, the hetero atoms contain lone pairs which are in
conjugation with the double bonds. They are used for the formation of aromatic sextet.

L) s )

Pvrrole - Furan Thiophene
AA0O mn~- StSOGNRY &aeadsSvyy
a) 5ALIRAGFaaAdzy0eoOf 220GFGSGNI SYARS A& FNRBYLFGA

)
b) Azuleneis a nonbenzenoid system containing seven and five membered rings fused. It has
Mmn- StSOGNRYa YR AG A& FNRBYFGAO®

oo —OD

3.5. Anttaromatic compounds:
Cyclic compounds which do not obey 4n+2 rule are-ardmatic and are Igs stable

3.6. Aromatic electrophilic substitution

. SyT SyS ydzOf Sdza Kl & 6nybuH0y RSEt20FfAT SR - &
Therefore it is easily attacked by electrophilic reagents. Thus benzene undergoes only electrophilic
substitution eactions. The common electrophilic substitution reactions of benzene are
halogenations, nitrationsulphonation, Friedel Crafts alkylation and acylation. These electrophilic
substitution reactions are given by almost all aromatic compounds and hence tedgnawn as
aromatic electrophilic substitutiorreactions.

3.7. General Mechanism of electrophilic substitution
1) Aromatic electrophilic substitution proceeds by a bimolecular mechanism via formation of an
intermediate sigma complex
2) The formation ofhe intermediate is the rate determining step (slow step)
3) The intermediate sigma complex or benzonium ion exhibits resonance.

Y -H Y H Y H
O=10-Q—
Y+ —_—

g = ﬁ@/} )

The three resonance structures are combined and the intermediate sigma complex is
represented as follows.

Page33of 77



STUDY MATERIAL FOR BSC CHEMIST
ORGANIC CHEMISTIRY ey

-
>

| SEMESTERV, ACADEMIC YEAR 2020 #%

N [

o-complex

4) The sigma conhgx releases a proton in the presence of base and gives the substituted
product.

5) Rde = k[substrate][electrophile]

3.8. Mechanism of Nitration
1. The mechanism of nitration can be illustrated by considering the nitration of benzene. Benzene
undergoesitration with a mixture of con.HN£and con.HSQ to give nitro benzene.

; 2
() o, 22 (03

Benzene

2. The electrophile nitronium ion. NOis generated by the reaction of con.Hh#Nd con.HSQ.

—
HNQ+ 2HSQ NG +HO* + 2HS®
44—

3. The N@ attacks the benzene ring and forms the intermediate sigma complex or benzonium
ion. This intermediate is stabilized by three resonating structures.

& NO, H NO, H - NO, H
@
NO, + R —— —— ———
_ * R : s

o-complex

4. The sigma complex releases a proton in the presence of base 8@ gives the product
nitro benzene.

; ‘NOZ_.
—— > .+ H,S0,
c-complex e nitrdbe‘nZeﬁe‘ '
pd ¢KS F2NXIFGA2Y 2F ° O2YLX SE Aa (GKS atz2¢ a
FNRY ° O2YLX SE A& GKS FlLad adgsSLio

6. The overall reaction may be represented as follows.
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@D
NO, + H;O0"+2HSO,~

HNO; + 2HZSO4 —_—

3.9. Mechanism of halogenations
1) The mechanism of halogenat® can be illustrated by considering the chlorination of

benzene. Benzene undergoes chlorination with chlorine in the presence of catalyst such as
ZnCJ, Fed, AIC4 etc. to give chlorobenzene

2) The catalyst Fef polarises the chlorine molecule andngeates the electrophile ClI

3) The electrophile €I GG 01a GKS oSyl SyS Nay3da FyR F2N
by three resonance structures

no ¢ Kodnplex releases a proton in the presence of baseFe@d gies the product
cholorobenzee

3.10. Mechanism of sulphonation
1) The mechanism of sulphonation can be illustrated by considering the sulphonation of benzene.
Benzene reacts with con28Q to give benzene sulphonic acid.

: o ‘ SOH
Benzene Benzene sulphonic acid

2) The electrophile in sulphonation is sulphur trioxidez.SM®e sulphur atom of sulphur trioxide is
highly electron deficient. The electrophile is generated by the following reaction.

O
220
S— ," 3
O— S ‘8-!-
(@}
S—

3) The electrophile @ GG O1a GKS 06SyT Sydmphdwhish id staiilized ByNJY
three resonance structures

e

o-complex

AR s e T e SR e s e S L eSS 3% OIS B

no Gddriplex releases a proton and finally benzene sulphonic acid formed.
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e A SO.H
HSO, @
i| =—= (o —

5) In contrast to other electrophile substitution reactions sulphonation is a reversible reaction. i.e,
benzene sulphonic acid undergoes de sulphonation in the presence ahstea

6) The overall reaction may be represented as follows

7) Kinetics studies of sulphonation show that when the H atom of benzene is replaced by heavy
Aa20G2LIST GKS NIGS 2F NBFOGA2Y A& af zamPlBxisR2 g
alsoinvolved in rate determining step.

odmMmMd aSOKIyAayY 2F CNASRSt / NIFaGQa !'f1eftldAz
The mechanism of alkylation can be illustrated by considering the alkylation of benzene.

1) Benzene undergoes alkylation with alkyl chloride in the presence of anhydroygl&i®is
acid) to give alkyl benzene.

R

|/ A unhy.'/\l(‘l3
\O \-* RCl —m4mM=| O

Benzene ; Alkylbenzene

2) The electrophile Ris in the form of complex. It is generated by the following reaction.

d+  O-—
rR—Cl + AlC_l3‘ — R -——- ClAlCl3

3) ¢KS St SOGNRLIKAES FdGFrO01a GKS o0SyiTSyS NAy:
three resonance structures.

R H R H R H
S+ O-— @
= R— CIAICH, @
| siow

S— @ o

e
(or)

R, H

o-complex
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4) ¢ K Scomplex releases a proton in the presence of base;Al@d forms alkylbenzene.

R

c—cornplf:x ) Alkylbengen.
5) The overall reaction may be represented as follows.

5+ 5. M

cl+ Al = R~--(1Alu

R_-—
$4 8=
//\\w R CIAICL,
1Sw..-—--—‘:——"""———w

N

3.12. Mechanism of Friedel Crafts acylation
The mechanism of acylation can be illustrated by consideringtiyation of benzene.

1) Benzene undergoes acylation with acetylchloride (or) acetic anhydride in the presence of
anhydrous AlGl(Lewis acid) to give acylbenzene.
2) The electrophile acylium ion is generated by the following reaction.

@ —
RCOCI +AICl; == RCO+AICl,

3) The electrophile attackf KS 06 Sy T Sy S NX ydnpléxywhch & athhized by K S
three resonance structures.

—————avo.

o-Lvrrx
OR
) @
RCO + <——>
H COR
—
o-complex

4) ¢ K Scomplex releases a proton in the presence of basesAl@ forms acylbenzene
5) The overall reaction may be represented as follows.
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AlCl

fast
Acylbenzene

3.13. Orientation in monosubstituted benzene (Aromatic disubstitution)
Monosubstituted benzenes undergoes further substitution to give disubstituted benzenes. There
are three isomeric disubstituted benzenes. They are ortho, para and meta.

Ortho-para direcing groups

Substituents like hydroxydOH, aminagNH, halogen X, methyl¢CH, etc. when attached to the
benzene ring will direct the incoming electrophile to ortho and para positions. Hence they are
called as ortho, para directing groups.

Meta directinggroups
Substituents like nitrogNQ,, sulphonic acidcSQ H, cyane CN, etc. will direct the incoming
electrophile to meta position. Hence they are known as meta directing groups.

3.14. Ring activating and deactivating groups

The electrordensity of the bemene ring is uniform at all carbon atoms. However pinesence of
substituent in the lenzene ring will change the electron density at various carbon atoms. Some
substituents will increase the electron density at ortho, para positions by +l and +R effiects a
activate the benzene ring towards electrophilic substitution. They are known as activating groups.
Example:OH,-NH, -CH groups.

But substituents like¢Cl, -NG, -SQH etc. decrease the electron density at ortho, para
positions bycl and¢Reffects and deactivate the benzene ring towards electrophilic substitutions.
They are known as deactivating groups.

3.15. Electron interpretation of orthepara orientation

Groups like OH, NHX, etc. contain lone pair of electrons on the keynatd his lone pair is in
O2yadzaAldAzy ¢6A0GK GKS -~ StSOGNRya 2F o0Syil SyS
become electron rich and thus the benzene ring gets activated towards electrophilic substitution
occurs at the otho angara positims.

Methyl or other alkyl groups repel electrons towards the ring by inductive and
hyperconjugation effects and activate the benzene ring towdingselectrophilic substitution

Thus¢l effect and +R effect in chlorobenzenase opposed each other. However the
stronger ¢ | effect causes net electron withdrawal and hence benzene ring gets deactivated
towards electrophilic substitution. But chloro group (halogen) is orthopara orientating.

Examples:

i) Nitration of toluene:
Toluene on nitration with a mixture of con.HhN.HSQ gives a mixture of ortho and
para nitrotoluene.
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5 CH, CH,

cH
ConHNO, NO,
——— -
TanH,SO, 53

O-nitrotoluene

o trotoluen®

Mechanism:

CH group is orthepara directing. The orth@and para positions have more electron
density and hence electrophilic substitution like nitration, halogenations, sulphonationetc occur at
the ortho and para positions.

CH;

l + NO,"' ————
=

o-complex NO,
CH, Y G,
': NO,
o-nitrotoluene NO,

p_nitrotoluene

3.16. Electronic interpretation of metarentation

Groups like N@-SQH,-/ bX Si0® KIF @S | YdzZ GALX S 02YyR
electrons of benzene ring. They also contain electronegative atoms. DgRe éffect there will be
a decrease in the electron density at the ortho and para positions. Thus the orthqpaitéons
get deactivated towards electrophilic substitution. The meta positions have relathviglyer
electron density. Hence electrophilic substitution occurs at the meta position.

Examples:

i) Nitration of nitro benzene:
NG groups is meta directingTherefore further nitration with fuming HNOand
conc.HSQ gives metadinitro benzene.

NO,
i F ummg HNO,
conc.H, SO

Mechanism: )
HNO, +2H,S0, —» N02+ +2HSO, +H,0" -

NO, ‘ NO,
+NO,*" A ‘\
H
‘ ’ NO,

Nitro benzene o-complex

Methods of orientation:
Orientation is the process of finding out the relative position of substituents in substituted
benzene derivatives. The following are soméhaf important methods to find out orientation.
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OPMTPD® Y2NYSNRa [6a2fdziS YSGK2R 2F 2NASyGl A2
Y2NYSNDRa YSGUK2R A&a olFlaSR 2y (GKS 02y OoSLJi =27
derivative is converted into trisubstituted product, the para isomer forme,ahe ortho isomers
forms two and meta isomer forms three isomers. Korner applied this principle to confirm the
orientation of the isomeric dibromobenzenes.

i'.} LS R S : . Br
HY) para isomer:

¢ i HNO,

' | s 9
: B H,SO,

3

3 Br Br
P p-dibromobenzene one trisubstitution product

A o I\(\l“t r:
- §i) orth Br

Br
. Br
% = I O
HSO
l\ \ NO’)
- NO,
— —~— —

!

L i) meta isomer P —

3 Br Br Br ay

3 t HNO, CIN% /@\

1% —_—

| »

R H, SO, ’

?9% Br Br Br NO, Br
3 i " three isomers

3.18. Dipole measurement method

When two substituents posses linear momen(&g. Chloro, bromo, nitro, methyl etc.,)
measurement of dipole moment of the compound helps in finding the orientation. Out of three
disubstituted isomer the value of dipole moment will be zero for para (as the two dipole moments
cancel each other), maximufor ortho and in between these two for meta isomer. Thus for three
dichlorobenzenes the dipole moments are given below.

Cli
= ci
o @
Cli Cl
ortho meta para
n=2.68D pr=1.55D p=0

This is applicable only when the two substituents are linear and identical.

3.20. Rules of orientation
In order to predict the position to be occupied by the new incoming group, various rules
were suggested as given below:

1) Y2NY SNE | dzo SNJ | AcBording2té thisi rile” EhSiciare MHakhysacidic groups
like (COOH;SQH etc, are metalirecting. The rule, however, fails to explain the nature of
¢CH, -CI,-CN,-CHO etc.

2) Crum brown and Gibson rule:This rule states that if a group or atom already present
forms a compound with hydrogen, and if it is converted into hydroxyl compoundrbgtd
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oxidation, the group is meta directing, otherwise ortho and para directing. The following
table explains the application of this rule.

pcr;ézzgt cll)::;)(;%ir(]j Hydroxyl Whea.ther. direct 5;322\2
HX compound HO.X oxidation
-CL HCL HOCL No Ortho & para
-OH H.OH HO.OH No Ortho & para
-NH H.NH HO.NH No Ortho & para
-Ch H.CH HO.CH No Ortho & para
NG H.NQ HO.NQ Yes Meta
-CHO HCHO HOCHO Yes Meta
-SQH HSGH HOSEH Yes Meta

This rule has the following limitations

i)  Thisrule fails to explain the directive influence @CN group.

i) This rule doesnot mention the propotions of ortho and para isomers.

i) ¢ KS 2EARIFIGAZ2YQ A&

0dSNY WRANBOI

gl 3dzS I YR

3) + 2 NI | y R Q\bkbrding todilzis &1 the unsaturated groups containimmglole or triple
bonds such agNQ®,, -CHO,-COOH;SQH, -CN, etc. are meta directing, while saturated

groups likecOH,-NH, -Ch etc., are ortho and para directing.

3.21. Aromatic nucleophilic substitutions
Generally aromatic compounds are more reactive towards electrophilic substitution and less

reactive towards nucleophilic substitution. But the presence of eleetwathdrawing substituents

such as N& CN, COOH, g&®c., will active the benzene ring tovdsrthe nucleophilic substitution
reaction. for example: chlorobenzene (arylhalide) is converted into phenol by aqueous sodium
hydroxide above 33. butortho or para nitro chlorobenzene (activated arylhalide) is converted

into the nitro phenol by aqueousdium hydroxide at 16@.
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Cl ; - OH

@ uon 0% @ R

Chlorobenzene Phenol

cl
-+ NaOH ~_160°C © + NaCl

NO,

p-nitrochlorobenzene p—mtrophenol

In p-nitrochlorobenzene, the nitro group withdraws electrons from the benzene ring and makes
the carbon bearing the chlorine atom more positive. Hence the nucleophilic attack is more easy in
p-chloro nitro benzene than inhlorobenzene.

S« § cl oH - OH
S + ;
- ' ’ NO
N N 2 .
_O~/+\\<8 - O/+\O_, pﬂ)jtl'ophcml

Mechanism of nucleophilic substitution:
Three mechanism have been proposed for aromatic nucleophilic substitution reactions. They
are;

1. Unimolecular (§1) mechanism.
2. Bimolecular (&) mechanism.
3. Elimination¢addition mechanism (beryne mechanism)

3.22. &1 mechanism.
Substitution reaction of diazonium salts followlSnechanism.

Example;
Benzene diazonium chloride reacts with potassium iodide to give iodobenzene.

The mechanism involves two steps. Thetfstep is the decomposition of diazonium salt to
form a highly reactive phenyl cation. It is the slow step (rate determining). In the second step, the
phenyl cation reacts with the nucleophile iodide ioht@ give the product.

R

eczoninmysall " Phenyl catlon

@ .
Step 2: O :

Step l:
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Evidences for & mechznism
i) The dissociation of diazonium salt is a reversible reaction which is proved by isotopic

studies.
i) The rate of substitution depends only on the concentration of diazonium salt.
iif) The mechanism follows first order kinetics.

3.23. &2 mechanism
Nucleophile substitution reactions of aryl halides (chloro benzene) and activated aryl
halides (pnitrochlorobenzene) followsN@ mechanism.

Example;
Conversion of mitrochlorobenzene to pitrophenol.

The mechanism involves two steps. The first step is the attack of the nucleophile on the aryl halide
G2 IOSFLAESED LG A& (GKS &f 26 &GS LIcanpexiCh girS i S
the product pnitrophenol.

SegRe Ql l
“ | Slow il :
e — > [i—-1}
penitro. Sy OH |\/
chiorobenzenc NO. NO,
Slep 2 ’ a-complex
1 OH OH
Fast
@ e e
NO, NO,
¢ K S complex isa resonance hybrid of structures 1, Il, lll & IV and represented by the single
structure |.
i on a OH < OH ] a
- Oy
© Q ) g
H f—
H’ .
NO, NO, NO, NO
2
L a A (I av)__|

Evidence for & mechanism:

) Kinetic studies prove that the mechanism follows second order kinetics.
i)  The rate of substitution depends on the concentration of bdtk tucleophile (Ofiand

the substrate.
iii)  The rate of substitution is independent of the nature e€Chbond.
Iv)  This mechanism is also supported by spectroscopic studies-aayl ahalysis.

3.24. Benzyne Mechanism
(Elimination- Addition mechanism)
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In severalcases of nucleophilic aromatic substitution, the entering groups does not occupy the
position vacated by the expelled group. Such reactions are calledsGbstitution.

When chlorobenzene labelll with C at the carbon atom df-Cl group is treated with
sodamide in liquid ammonia, the amingroup enters partly at the labelledarbon and partly at

the ortho- carbon atom.

Mechanism:
I) Benzyne is foned by a stepwise elimination.
i) Benzyne undergaestepwise addition to give thieal product aniline

Step (D) Elimination :

Vn
o U e Lo .
—— > NH, — (Ol |

i Benzyne

chlorobenzene

#Step (ii) Addition:

A

3 Benzyne

liquid ammonia
tNH, ———> Norcaction

1 -dimethyl bromo benzene
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UNIT- IV

HETEROCYCLIC COMPOUNDS

Heterocyclic compounds are stable cyclic compounds with the ring containing carbon and
other cyclic carbon and other elements like O,N,S .,etc., Example: Pyrrole, Furan,Thiophene.

PYRROLE(AZOLEH)S
Pyrroleis a 5 membered heterocyclic compound containing nitrogen as the hetero atom

B4 3(B)

(005[/ N \52(0;.) Pyrrole
N T

H

4.1. MOLECULAR ORBITAL PICTURE OF PYRROLE
The ring structure of heterocyclic compound Pyrrole is made up of four carbon atoms and
one nitrogen atom. All the carbon and nitrogatoms are sp2 hybridized.

The three sp2 hybridized orbitals of each carbon and nitrogen atoms form three sigma
bonds. These three sigma bonds lie in a plane with an angle 6&f Ea6h carbon has a free p
orbital with one electron. Similarly the nitrogextom has a free prbital with a pair of electron.

These five unhybridized free p orbitals which lie perpendicular to the plane overlap
laterally. This lateral overlapping gives rise to cyclic delocalized pi electron clouds one above anc
one below the plae of the ring. These delocalised Pi electrons clouds contain a total of six
electrons. This is known as aromatic sextet. This delocalisation of Pi electrons gives the aromatic
character of pyrrole that is.,

1) Pyrrole has low heat of combustion

2) Pyrrolering is resonance stabilized

3) Pyrrole undergoes electrophilic substitution reactions

4) Resemblance of pyrrole with phenol and aromatic amines

Molecular orbital picture of pyrrole

4.2. ELECTROPHILIC SUBSTITUTION REACTION

Prefered site ofelectrophilic substitution is lpha (2 or 5). This is duto greater
stabilization of carbonium ion intermediate form during Alpha substitution

1) On chlorination with sulphuryl chloride it gives tetrachloropyrrole
2) On bromination with bromine/C$DH it gives tetrabromopyrrole
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3) On iodindion with iodine/NaOH it givetetra iodopyrrole

4) On nitration with nitric acid/acetic anhydride it givesi\Rropyrrole
5) On sulphonation with Sgpyridine it gives pyrroleé-sulphonic acid
6) On Friedel @&fts acetylation it gives-acetyl pyrrole

Cl : cl
i) Chlorination U
i
S, Cl B
o N . Cl Tetra chloropyrrole

Bromination

Br,/CH,OH

i)

Tetra bromo pyrrole

Ibdination

I2/NaOH

Tetra iodo pyrrole

iii)

: ﬁ Nitration l ‘
; iv
Pyrrole M TS JAC, o

2- Nltro pyrrole

;o =
sm—

9 Sulphonation l ‘
SO,/Pyridine
’ - SO 5H
. Pyrrole - 2-sulphonic acid

\i) FC reaction ‘ | ‘ ‘ TSR Yol
AC,0/SnCl,

COCH

4.3. Resemblance of pyrroleith phenol
Following reactions or some of the examples to prove the resemblances between pyrrole
and phenol.

1) Acidic character
Pyrrole is a weak acid. With potassium hgxide it forms potassiopyrrole.
Acidic character of pyrrole is due to
1 Relative easylissociation of proton attached to nitrogen
1 Greater resonance stabilization of pyrryl anion

2) Reaction with Gignard reagent
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Pyrrole reacts with @gnard reagent to form salt like -Nmagnesium halide. This also preve
its acidic character

3) Kolbe Schmidt re&tions
Potassiopyrrolereacts with carbon dioxidegive pyrrole2-carboxylic acid

4) RiemerTiemann reaction
Pyrrole reacts with CH§2ind KOH or NaOH to give pyrréealdehydeor 2- formylpyrrole

"~ cHal,
" N I] .. KOHsl 7 [l Nl'

N7 NeHo

Pyrrole ~Pyrrole-2- aldehyde
4.4. ELECTROPHILIC SUBSTITUTION REACTION
The preferred site of electrophilic substitution is only alpha (2 or 5). This is due to the
greater stabilization of carboniurom intermediates formed duringlha substitution

1) It reacts readily with halogens but the liberated halogen acid cayssgmerization.
Chlorination of furan at45°C gives a mixture of-Zhloro, 2,5dichloro, 2,3,5trichloro
furan. Bromination and iodination occurs through mercuration

2) On nitration with acetyl nitrate it gives-@itrofuran

3) On sulphonation with Sulphur txide/pyridine it gives furai2-sulphonic acid

4) On Kiedel crafts acylation it gives&etyl furan

5) On Kiedel crafts alkylation givesa&kyl furan

6) It reacts with nbutyl lithium followed by treatment with carbon dioxide gives furoic acid

7) On GattermanrKod reaction it gives furfural
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enation - .
Halog = Violent reaction |ead|ng to

) [ Rroom temp. destruction of furan ring p°'vmensed or

Chmrination I
—a00c S 6/

2-Chloro furan

-5 Dichloro furan Tr 2 3,8
ic

hloro furan
Mercuration I |

; ‘ Br,/l, I
E chlzchSCOONa \ .CS/\ .
~HgCl O~ B
2-Chloromercuri furan 2-Bromo (or) 2-iodo furan

\ I I’ Nitration : : .
| sl . 2-Nitro fura
{3/ W[ cH,COONO, N o “Nno. )
| puran (Acetylnltrate) 2

5 " | sulphonation

Furan - 2-sulphonic acid

if) it
sO./Pyridine ..
. N0 soH

FC Acetylation
reaction 2-Acetyl furan

AC,0/BFj/ether ~_ & _~ \COCH;, ¢

")

1 EC Alkylation 2-Ethyl furan
v —— :
CleHscirsncly K ANe
) n-Butyl lithium - Furoic acid
vi : il

COZ/ H* \ 6/\COOH

: " Furfural
: _Koch reaction | |
vi Gattermann EO’//,_._» [-/-J\CHO
\ ‘ HCN/HCI s o _

A0

THIOPHENE (THIOLELS

Thiophene is a five membered hetegmtic compounds containingiphur as the heteroatom

4(B) 3(B)

5(a) 2(a0)

4.5. MOLECULAR ORBITAL PICTURE OF THIOPHENE
Ring structure of heterocyclic compounds thiophene is made dpuwfcarbon atoms in
one sulphur atom. All th carbon and sulphur atoms arpZhybridized.
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opy 1
' |14 |Ground state

lg l IT{-| Excitedstate
s L Unpaired electron involvedi
S Tyoridized aromatic sextet.

S(16) 1s2 252 2p6 352 3p?
Ground state } 1|4 l}

: Unshared airofe!ec;f"“,

. , unsha oy
- Excled state D | ” w avalAI.ablem sp* hybridize

e Electron pair involved”

.
S hybridized " aromatic sextet

The three sp2 hybridized orhbis of each carbon atom form 3gma bonds. Each carbon
atom has a free P orbital with one electron. But theteroatoms sulphur forms twoigma bonds
by overlapping of 2 sp2 hybridized orbitals containing odd electron.pHireof electrons in the
third 302 hybridised orbitals of sulphur atom remain unshared.

The hetero atom sulphur also has a pair of electran he unhybridized P orbital. The
sgma bonding overlapping of 4 carbon atoms and one heteroatom sulphur gives a planar
geometry with the bond angle of 120

The five unhybridized free pi orbitals lie perpendicular to the plane. They overlap laterally
to give a cyclic delocalised Pi electron clouds one above and below the plane of the ring. This
delocalised Pi electron clouds contain a total of 6 electrons.

4.6. Electrophilic substitution reaction

1) Onchlorination at 30C thiophene gives-Zhloroand 2,5dichloro thiophene

2)Onbromination gives 2 5dibromothiophene

3) On iodination gives 2o0do thiophene nitration with acetyl nitrate it gives &itro thiophene

4) Onsulphonation gives thiophene 2,5ulphonic acid

5) OnFriedel-Qrafts acylationgives 2acetyl thiophene. With acetic anhydride and sulphuric acid it
gives a better yield of-Zcetyl thiophene.

6) Onchloromethylation gives-2hloro methyl thiophene

7) Onmercuration it gives -acetoxy Mercurithiophene

8) Onformylation it gives 2formylthiophene
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jodination

1)} Iy / HigO l . I ‘2 ~lodo thiophene
o
itration / -10°C
V) _,_’i.’———b— I I 2 ~Nitro thiophene
Cl-|SCOONO2/AC20 ig
(Acetyl nitrate) S NO,
uming HNO
i . S l I 2 - Nitro thiophen
AC,O @ °
NO,,
Nitration l
I e N | l 2,5 ~ Dinitro thi
V) HNOS . l o ophene
S NO
NO, 2
Sul honation :
) P - Thiophene-2-sulphonic acid

HzSO /room temp.

U FC reaction
57
vi) CH cocsncl,

SO,H.

2-Acetyl thiophene

COCH,

mlopheﬂé (or)
(AC),0O + H;PO, ] .
vil) Chloro methylation l || 2 - Chloromethyl thiophene
: HCHO/HCI Ng CH,CI '
'. = HCON (CHa)z ' I Thiophene -2 -aldehyde
ix ; I :
Dimethyl formamide NS CHO ’
X) Mercuration l ” - 2-Acetoxy mercuri thiophene
"|(CH,COO), Hg/H,O - 4
(CH, )2 HOMH0 N5 Hg. O . OCCH,
.- N-C H,Li s ]
of MO oo,
n-Butyl lithium .. iy HCI -
S Li . S COOH
Thiophene -2 - carboxylic acid
143

4.7.COMPARISON OF AROMATIC CHARACTER OF THIOPHENE PYRROLE AND FURAN
The order of aromatic character of thiophepgrrole and furan can be given as follows

Thiophene > Pyrrole > Furan

[
——

Decrease in the order of aromatic character

4.8. COMPARISON OF REACTI@H FURAN, PYRROLE AND THIOPHENE

The important reaction of these aromatic heterocyclic compounds is electrophilic
substitution reaction. This involves the formation of carbonium ion intermediat@ch is
resonance stabilized.

Furan is less reactive than pyrrole because oxygen accoate®d positive charge less
readily than nitrogen. The +M effect of sulphur smaller than that of oxygen. The reason is that the
overlap between 3p orbital oftdphur and 2P orbital of carbon is lesser than the overleapeen
the same 2P orbitals ofxygenand carbonThereforethiophene is less reactive than furan.
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4.9. Synthesis of pyridineGHsN

a)Hantzsch synthesis

Condensation of Alpha, beta dicarbonyl compound with an aldehyde and ammonia gives
dihydropyridinederivative. This on oxidation with nitric acid gives pyridine derivative.

cH,—C = CH COOC H
LI.’H \"-‘.\“— COOC 1,
H -:H_,VLW
vl  + OHC—CH, = HN CH,
H 7/
i Acetaldehyde HC COOC,H,
OH Dihydro pyridine derivative
|
cH,— C = CH COOC_Hg CH, COOC._,\HS
Acstoacetic ester (enol form) Y HNOS
(a. B - dicarbonyl compound) \ CH.K

[ P ©)
| H,C COOC,H,
i Pyridine derivative

4.10. Molecular orbital picture of pyridine

The ring structure of heterocyclic compound pyridine is made up of 5 carbon atoms and
one nitrogen atom. All thearbon and nitrogemtoms are s@ hybridised.

! 06) 182 22 o0

Ground state

H:l “ll Excited state

Unpaired electron involved in
[ sp° hybrldlzed ' aromatic sextet.

i ctron involved in
N(7) 1s2 232 Unpalred ele '
aromatic sextet.

sp hybnduzed
—» Unshared electron pair

Each carbon atom has 3gma lbnds and nitrogen atom has two sigma bonds. All the
sigma bonds lie in a plane with an angle of 120 degree. One ofsphaybridised orbital of
nitrogen contains lte unshared pair of electronn karbon atom and nitrogen atom have a free P
orbital with one electron.These six unhybridized free P orbitals which lie perpendicular to the
plane overlap laterally. This lateral overlapping gives rise to cyelacalised by electron clouds
one above ad one below the plane of the ring. This be localised electron clouds contain a total of
6 electrons. This is known as aromatic sextet.
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