ORGANIC CHEMISTRY

VOLUME -1
(ENGLISH)
g CONTENTS
« NOMENCLATURE 2
« GOC 39
e |SOMERISM 75
« HYDROCARBON 111

e ALKYL HALIDE 175




ORGANIC COMPOUNDS - INTRODUCTION AND CLASSIFICATION

ORGANIC COMPOUNDS

v

Open Chain (Aliphatic) Cy|cI|c
v | ¥ v v
Saturated Unsaturated Homocyclic Heterocyclic
I
l v v L ¢ Benzenoid
Alkanes Alkenes Alkynes Alicyclic Aromatic —|:
Non benzenoid

(containing  (containing  (containing
single bond) double bond) triple bond)

ALIPHATIC OR OPEN CHAIN COMPOUNDS :-

Are those compounds in which first & last carbon‘atoms are not connected with each other.
Branched or unbranched chains are possible inthese compounds.

For example :-
C
|
c-c-cCc-c¢C : c-C-C c-c-Cc-cC,
| |
C C
(unbranched) (branched)

There are two varieties in these-compounds -

(@N Saturated Hydrocarbons :~
@ In such type, adjacent carbons are attached with single bonds.
example - CH, — CH, — CH,
(b)  Genera formula of these compoundsisC H,, . .

(© These are d'socalled as paraffins (Parum + Affinisi.e. little reactivity) because these are
less reactive due to absence of © — bonds.

(2 Unsaturated Hydrocarbons : —
@ There"will be a double bond or a triple bond between any two carbon atoms,
Exmaple: CH, = CH — CH; (Propene), CH = C - CH; (Propyne)
(b) ©~Gen. formulaisCH, or CH, .

(©) Alkenes are d o called as ol efins because they reacts with halogens to form oily substances
olefins (Oleum + finesi.e. Oil forming).

(s)) Due to presence of © bonds these are more reactive.
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CLOSED CHAIN COMPOUNDS:

1)

@)

In these compounds first & last carbons are attached with each other.
Example:- Cyclopropane

These are of two types

Homocyclic compounds::

These are the compounds in which the complete ring is formed by carbon atoms only. These
are also of two types

(@ Alicyclic compounds:

These are the compounds having the properties like aliphatic compounds.” These may be
saturated or unsaturated like aliphatic compounds.

Exmple:- Cyclopropane, Cyclopropene, Cyclobutene

(b) Aromatic compounds:

These compounds consist of at least one benzene ring i.eixa Six-membered carbcyclic ring
having alternate single and double bonds. These compounds have some fragrant odour and
hence, named as aromatic (greek word aroma means sweet smell)

GHa CH=CH,

Example: @ Benzene Toluene @ Styrene

Heterocyclic Compounds: —
These are cyclic compounds having ring‘or. rings built up of more than one kind of atoms.

@ Furan Q Thiophene

WRITING OF ORGANIC COMPOUNDSSTRUCTURE

D)

2

Structural formula: The structural formulais more informative as it shows the arrangement of
various atomsin a molecule:A single covaent bond is shown asaline (-) joining the two atoms.
Double line (=) representsiadouble bond while triple line (=)atriple bond.

H H
H—C—C—H
CZH 6
Molecular H H
formula Structural formula
Ethane

Condensed formula: Condensed formulais a short hand method of representing the structural
formula. In a condensed formula, al atoms bonded to acarbon atom are written after ‘C’ in the
same line but their bonds are not shown. The atoms or groups other than hydrogen are written
afterthe hydrogen atom. in acondensed structura formuladoubleand triple bonds are shown by double
line (=) andtripleline (=) respectively.

(5
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Compound | Molecular formula Sructural formula Condensed formula
H H
Ethane (C,Hp) H—C—C—H CH,CH,
H H
lé\
HC// CH
Benzene (CgHp) HC CH ©
N
H

Classification of carbon and hydrogen of an organic compound
Carbon and hydrogen atoms of an organic compound may be classified intwo ways:

* First classification : First classification depends on theimode of arrangement of carbon atoms
in achain. According to this classification we get four types of carbon atoms and three types of
hydrogen atoms. These are:

(1) Primary carbon or 1°C : A carbon atom attached to one (or no) other carbon atom then it
called asprimary carbon.

(i) Secondary carbon or 2° C : If in a carbon.chain a carbon is bonded to two other carbon
atoms, then it isknown as secondary carbon.

(iir) Tertiary carbon or 3°C : If in a carbon chain a carbon is bonded to three other carbon atoms,
thenitisknown astertiary carbon:

(v)  Quarternary carbonor 4°C:If in a carbon chain a carbon is bonded to four other carbon
atoms, thenitisknown asquaternary carbon.

The hydrogen atoms present onprimary, secondary and tertiary carbon atomsare said to be primary,
secondary and tertiary hydrogen atoms respectively. Quarternary carbon has no hydrogen.

1° 1°

Functional Group :
A functional group isan atom or group of atoms present in amolecule that givesthe moleculeits
characteristic chemica properties.
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S. No. Name Functional group Formula
1. Carboxylic acid —|C|:—OH
O
2. Suphonic acid — SO;H
3. Anhydride -ﬁ—o—(ﬁ-
0]
4. Ester —lclz—O—R
0]
5. Acyl halide —(”:—X
0]
6. Amide —C—NH,
7. Cyanide C=N
8. Iso cyanide -N=C
9. Aldehyde —lclz—H
O
10. Ketone i
O
11. Alcohol — OH
12. Thie,alcohol — SH
13. Amine — NH,
14. Ether -0 -
15. Double bond cC=C
Triple bond C=C
16. Halo - X
17. Nitro - NO,
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HOMOLOGOUS SERIES

A seriesof organic compounds, inwhich al themembers can berepresented by onegenera formulais
termed as Homol ogous series and the members aretermed as Homol ogues.

Char acteristicsof Homologous series:

1. All homol ogues can berepresented by one generd formula.

2. Two consecutive homologues differ by 1-CH,, unit.

3. Two consecutive homologuesdiffer by 14 amu.

4, All homol ogues can be prepared by some common methods.

5. They havedifferent physical propertiesbut a most similar chemica properties.

eg., Alkanesformula(C H,,,,)

Methane CH,
I — CH, unit/14 amu

Ethane C,Hg

Propane C,H,

NOMENCLATURE
Mainly three systems are adopted for naming an organic compound —
(1) Common Names or Trivial System
(i)  Derived System
(iti)  TUPAC system or Jeneva System

COMMON OR TRIVIAL SYSTEM

Initially organic compounds are named on the basis of source from which they were obtained.

eg.
S. Organic Trivial Name Source
N. Compound
1. CH,OH Wood spirit Obtained by destructive
or Methyl spirit distillation of wood.
2. NH,CONH, Urea Obtained from urine
3. CH, Marsh gas It was produced
(fire damp) in marsh places.
4. CH,COOH Vinegar Obtained
from Acetum - i.e. Vinegar
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10.

COOH

I
COOH
HCOOH

CHg - CH - COOH

I
OH

CH, — COOH
I
CH(OH)COOH

CH,CH,CH,COOH

CH,(CH.,),COOH

Oxalic acid

Formic acid

Lactic acid

Malic acid

Butyric acid

Caproic acid

Obtained from oxalis plant.

Obtained from formicus
[Red ant]

Obtained from butter.

Obtained from goats.

Some typical compounds in which common & trivial names are also differ.

S.No | Compounds Trivial Name Common name
1. CH, Marsh gas Methane
2. CH,OH Woodspirit Methyl alcohol
3. CH,COOH Vinegar Acetic acid
4. CH3—(|3|—CH3 Acetone Dimethyl ketone
0
i
5. CH,=CH-C-H Acrolein Acryl Aldehyde
e
6. CHS—CIJ—C—H Pivaldehyde Tertiary valer adehyde
CHs
(Common — Names R istermed as akyl -)
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S.N. Compound Name

1. R-X Alkyl halide

2. R - OH Alkyl acohol

3. R - SH Alkyl thio acohal

4. R - NH, Alkyl amine

5. R-O-R Diakyl ether

6. R-S-R Diakyl thioether

7. R—Cﬁ—R Didkyl ketone

R-NH-R Didkyl amine

9. R_T_R Triakyl amine
R

10. R-O-R’ Alkyl akyl’ gther

11. R—(ﬁ—R ' Alkyl.alkyl’ ketone
o)

12. R-S-R’ Alkylakyl’ thio ether

13. R-NH-R’ Alkyl akyl” amine

14. R—l\ll—R ' Alkyl akyl” akyl” amine
R n

GROUP

Atom or a group of atoms which possess any ‘free valency’ are called as Groups.

If their are two structure of same molecular formula then some prefix (n, iso, neo) are used to
differenciate them.

Normal group : —
(@) It is represented by “n’.
(b) Groups having no branch (Straight chain).
(c) Free bond will come-either on Ist carbon atom or on last carbon atom.
n — butyl CHy,~CH, — CH, — CH,, -
n—propyl [CHs - CH, - CH, —

Iso group : —

When one methyl group is attached to the second last carbon of the straight carbon chain is
named @s+so group.

H3C—C|?H— CH3—C|:H—CH2— CHS—(FH—CHZ—CHZ—
&g CH, CH, CH,
Isopropyl Isobutyl [sopentyl
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Exception :

CH, CHj
CH3—C::—CH2—C|3H—CH2— CH3—C:3— |CH—CHz—
CHj CHj CH; CH,4

(i) I1so octyl (i) 1so heptyl

Neo group : —

@ When two methyl groups are present on second last carbon of a straight carboen chain then
group is named as neo group.

(b) It is represeted by following structure -

c C

|
C—T:—C for eg_C—T:—C—Neo pentyl
C

C
(©) There should be one 4° carbon and atleast three methyl group.on 4° carbon.

NOTE : (Opticaly Active) = If al valency are attached to different atoms.
Amyl group : -

H
CH3—CH2—C|:—CH2— CHz —CH, —CH — CHz —CH, —CH, — CH- CH; —~CH-CH-
(|3H3 CH, C|IH3 cle3 (|3H3
S
Active amyl Secondary amyl... Active secondary amyl Active iso

secondary amyl

Secondary group : —
(a) The carbon having free valency attached to two carbon is called secondary carbon.

(b) It is represented by following structure.C—Cli—C—C

eg. () CHy~CHACH,-CH, (il) CH,~CH-CH,~CH,-CH,

(secondary butyl) (secondary pentyl)
Tertiary group : —
(a) The carbon having free valency attached to three other carbon .

C
(b) It is represented by following structure - C- (l;_ C
|
C|3H3 CH,
: |
(Tertiary butyl) (Tertiary pentyl)
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Alkyl group : —

When a hydrogen is removed from Alkane (saturated hydrocarbon) then alkyl group is formed.

A bond is vacant on alkyl group on which any functional group may come.

alkane —5— Alkyl -

(C,
e.g.
(i) CH, ——>CH; -
Methane Methyl

H 2n+2) (Cnl_| 2n+1)

(i) CHS_ CHS_—H) CH3—CH2 —

Ethane ethyl
CH,CH,~CH,-
(iii) CH 37CH27CH3L, n-Propyl
Propane CH,-CH-CH,
iso-Propyl

CH,CH,~CH, CH,~

(iv) CH,CH,~CH,-CH——> n-Buty!
n-Butane CHS—C‘H—CH;CH3
Sec. Butyl
CH37(‘?H7CH27
(V) CH,-CH-CH, A, CH.,
CH, iso-butyl
iso-butane |
CH37C|—CH3
CH,
tertiary<butyl

(Vi) CH,-CH—CH,~CH-GH ——»
n-pentane

— CH.~CH,~CH,CH,~CH~
n-pentyl

\
— CH,-CH-CH,-CH,—CH,
active secondary amyl

L, CZHS—FH—CZHS
secondary amy!
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— CH,~CH-CH,-CH,~

CH,
iso-pentyl

|
— CH-C-CH,-CH,
CH

3
(vif) CH,~CH-CH,~CH, —_  tertiary-pentyl
CH,
iso-pentane — Csz_FH_CHz_
CH,
active amyl
— CHS—cle—cle—
CH,CH,
Active isosecondary amyl
?Hs o
(viii) CHS_?_CH3 A _,cn.ccn-
o
CH, CH,
neo-pentane neo-pentyl
Alkenyl group : —
alkene =" Alkenyl -
(CnH 2n) (CnH 2n—1)
CH, = CH - CH,= CH — CH,= CH; — CH = CH —
Vinyl Allyl Propenyl (1-propenyl)
CH; —-C=CH,

I
Isopropenyl (1-methyl_ethenyl)
Alkynyl group —

alkyne —;— Alkynyl -

(Cn H 2n—2) (CnH 2n—3)
CH=C- CH = C - CH,- CH; - C=C-
Ethynyl Propargyl (2-propynyl) Propynyl (1-propynyl)

[ D)BaNEAL CLASSES NOMENCLATURE [11]

AIEEE DIVISION




Alkylidene group —

—2H

alkane > Alkylidene -
from same carbon

Alkylene group

—2H

alkane from different carbon >Al kylene )

(@) Types of Ethylene:— (Symmetrical & Unsymmetrical)

@ Symmetrical : —

In the given two alkyl groups one group is attached to the one carbon of ethylene &
next on the next carbon.

(b) Unsymmetrical : —

When both the given groups are attached on the same carbon.

Note : — Symmetrical & Unsymmetrical : —
terms are used only when two alkyl groups are given:

Ex.

. H  _CHs; . :
(1) C=C Symmetrical dimethyl ethylene
CH{ H
3
. CHa H . .
(i) L= Unsymmetrical dimethyl ethylene
CH3 H

(iii) H>C=C< H Symmetrical ethyl methyl ethylene

CH3—CH3 CHj
_ CH3\C=C/CH3 . i

(iv) CH3/ \H Tri-methyl ethylene
CH3\C . CHg

(V) CH 3/ = \cHj Tetra methyl ethylene

(vi) CH;-C=C-CH, Dimethyl acetylene

@D Common.— Naming of dihalides :—

@ When two same halogen atoms are attached to the same carbon such compounds are
called Gemdihalides.

(»)] Common names of such compounds are alkylidene halides
eg. : Ethylidene chloride , Isobutylidene lodide
Exception :  Methylidene halide(wrong)

Methylene halide (right)
[ D PANSALCLASSES NOMENCLATURE [12]
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(2)

(b)

(© When two same halogen atoms are attached to adjacent carbon, these are called as
vicinal dihalides.
Common names of such compounds are alkylene halide.

Cl

: | :
Ex. CHz- |CH - |CH2 Propylene lodide  H3;C-C-CH, -ClI Isobutylene chloride

|
I CHy

(d)  When two same halogen atoms are attached at the two ends of a carbon chain its
common naming will be polymethylene halide.
‘poly’ word indicates the number of ~CH,~ groups.

—CH,- 2 3 4 5 6
Poly di tri tetra penta Hexa
EX.  CH,-CH,-CH, CH, — CH, — CH,~'CH5'~ CH,
| | b by
Trimethylene lodide Pentamethylene’Bromide
Exception : —

CH, - X dimethylene halide (wrong)

|
CH, - X ethylene halide (right)

Common - Naming of di-hydroxy compounds:

) When two —OH groups are attached to adjacent carbon’s they are termed as alkylene

glycol.
OH

CH3 —CH, —CH-CH, |
CH3 —CH, —C - CH, —OH
I

OH OH
CHg

Butylene glycol Active amylene glycol

When two —OH group are attached at the two ends of a carbon chain, these compounds are
named as polymethylene glycol-

Poly — Number_of ‘CH, groups.

€J. 1 CH,-CH, - CHy, - CH, |CH2 —CH; —CH; - CH; —CH; - CH,
(|)H (|3H OH OH
Tetra methylene glycol Hexamethylene glycol

Exception :

CH, - OH Dimethylene glycol (wrong)

|

CH, - OH Ethylene glycol (right)

Ex. ¢ Make the structure of following organic compounds -

1. Isopropylidene Bromide
2. Active amylene lodide
3. Isobutylene glycol
4, Isobutylene
5. Trimethylene glycol
[ D PANSALCLASSES NOMENCLATURE [13]
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Br

I
sol. 1. CHe—C-CHy 2. CHz-C-CHy-1
Br (|3H2 ~CHy
OH
3. CHj4 —|C—CH2 ~OH 4. H3C—|C:CH2
(|:H3 CHs
5_ CH2 — CHZ — CH2
OH OH
3 Common - Naming of the functional group having carbon : —
Chart - 1
Functional Suffix Functional Suffix
group group
0o ¢}
| -aldehyde | -ic Acid
-C-H -C-0OH
9] o
—y:—x -yl halide _ICI_NH2 -amide
-C=N -0-nitrile _N=C -o-isonitrile
T
© na®
I So | |
-C-0-R  -ae _c” -ic anhydride
Il
O
Prefix : —
1 Carbon — Form- 2 Carbon — Acet-
3 Carbon — Propion- 4 Carbon — Butyr| {\égrmal -
5 Carbon =~
Normal-
Iso
Valer ESeoondary-
Tertiary-
3C '+ (=) double bond = Acryl-
4 C + double bond = Croton-
9] 0] @)
EA H_(';'_H CH3—|C|3—O—H CH3—CH2—|C—CI
Formal dehyde Acetic Acid Propionyl chloride
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O

| o)
CH3z -CH-C-NH, I
| CH3 -C-H
CHy
Isobutyr amide Acetaldehyde
4 Nomenclature of Ester : —
o)
|
-C-0-R

The group which is attached to the oxygen is written as akyl & the remaining/structure is named
same as defined in chart-1.

O

I
€g. CHy —C -0 CH, Methyl acetate

o
| .
CHg — CHy —C— O—CH, — CHy Ethyl propionate

@
CH3 —QZ—O—CHZ - CHs Ethyl acetate
O
H-C_o_cH, Methyl formate
O
CHy —O- g H Methyl formate

(5) Nomenclature of Anhydride: —
Rule: — Add the total number of carbon atoms & divide it by 2, the substract will give you the

number of C - atom. Now,name it according to Chart - 1.
Toztal = Substract = Number of C atom
. ) 4
In Acetic anhydride = 3 = 2
Propionic anhydride = g =3

If R=R’ You need not to find out substract.

Ex.  Acetic propienic anhydride (right)
Propionic Acetic anhydride (wrong)
Divide,it‘in two parts as above & name it by suffixing ic anhydride (alphabatically)
€g. Butyric propionic anhydride
eg. Isobutyric Secondary valeric anhydride
eg.. Acrylic anhydride
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DERIVED SYSTEM

According to this system name to any compound is given according to the parent name of the
homologous series. This system is reserved for the following nine homologous series.

Series Name of Derived Sructure
Homologous Name of group
series

I
1. Alkane Methane —?—
2. Alkene Ethylene >C=C<
3. Alkyne Acetylene —C&ECc-
I
4, Alkanol Carbinol = ? -OH
I
5. Alkanal Acetaldehyde —?— CHO
6. Alkanoic acid Acetic acid -C - COOH
I
7. Alkanoylhalide Acetyl halide - ? -COX
8. Alkanamide Acetamitde ~C-CONH,
I I
9. Alkanone Acetone - (|3— ﬁ— (|3—
0]
Examples of derived nomenclature system
H
I
@ C,Hg - Cli— CH, ethyl methyl methane
H
H,C C,H,
(i) >C = C< diethyl dimethyl ethylene
H.C, CH,

(iii)  CHg*CH,-CH,-C=C-H propyl acetelene
CH,

I

(iv) CH;-C-OH Trimethyl carbinol
I
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1)

)

)

(vii)

CH,—CH—-CH,

H— Cl:— COOH ethyl isopropyl acetic acid
C.Hs
<:>’(|3CHO cyclohexyl cyclopropyl acetaldehyde
H
i
CH; - Cli— OH ethyl methyl carbinol
C,H;

I[UPAC NOMENCLATURE SYSTEM

STRAI

GHT CHAIN HYDROCARBONS

Writing Formula : Word Root + Suffix

Wordr

oot : Thebasic unit is aseries of root words which indicate linear or continuous chains of

carbon atoms. Chains containing oneto four carbon atoms are’known by special root wordswhile
chains from C; onwards are known by Greek numberroots.

Suffix :

1 C—— meth 2C—>¢eth
3C—— prop 4 C—>'but

5 C—— pent 6 C—> hex

7 C—— hept 8 C—— oct
9C——non 10C—— dec

11 C—— undec 12 C—— dodec-
13 C—— tridec- 20 C—— ecos

30 C—— Triacont 40 C—— Tetracont

50 C—— Pentacont

Suffixes are added to theroot words to show saturation or unsaturation in acarbon chain.
C-C bond —ane

C=Cbond —ene

C=Cbond — yne

2 C =C bonds — diene

2 C=C bond — diyne

C=C + C=Chbonds —enyne

UNSATURATED.SFTRAIGHT CHAIN HYDROCARBONS

L owest
1.

locantrule of numbering:
When mere than one double or triple bond is present then
word root = Alka
Ex. CH,=CH-CH = CH,
buta -1,3-diene

2. \When double and triple bonds are present, the hydrocarbon is named as alkenyne
3. The numbering of the parent chain should always be done from that end which gives
lowest sum for the multiple bonds. For example,
1 2 3 4 5 —>2+4=6
GHo—CH=GH-C=CH L 143-4
3-Penten-1-yne not 2-Penten-4-yne
[ D PANSALCLASSES NOMENCLATURE [17]
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4, If, however, there is a choice in numbering, the dobule bond is aways given preference
over the triple bond. For example

5 4 3 2 1
1 2 3 4 5

1-Penten-4-yne not 4-Penten-1-yne

|UPAC naming for Groups
A) R-H—7/>R-
(Alkane, (Alkyl,
CnH2n+2) CnH2n+1)

(C). . Cycloakane —" Cycloakyl

Rule: (i) Longest chainin a branch is selected starting fromthe same end whereit originates from.
(i) Numbering is started from the originating end of a branch.
Example: |UPAC Names
Q) CH, - CH, methyl (Me-)
(2 CHs —C,Hg ethyl (Et-)
B  CgHg —C5H, —~CH,CH,CH, propyl (Pr-)
(B) CnHZn ;H) CnHZ n-1 CnHZ n-2 _—H) CnHZ n-3
(Alkene) (Alkenyl) (Alkyne) (Alkynyl)
Examples: |[UPAC Name
(1) H,C=CH, H,C=CH - ethenyl
(vinyl)
2 H,C = CH-CH, (I)H,C=CH-CH, - 2-propenyl
(alkenyl)
(i) H,C=C-CH, 1-methyl ethenyl
| (isopropenyl)
(iif) HC = CH - CH, 1-propenyl
I
©)] HC=CH HC=C- ethynyl
4 HC=C-CH, HC=C-CH,- 2-propynyl
(Propargyl)

BANSAL CLASSES
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Example:

o A (A)

Cyclopropyl

0 > (OF

Cyclobutyl

(D)  When 2 Hs are replaced in alkanes

either from or from two different
the same carbon carbons
(i.e.Alkylidene) (i.eAlkylene)
Example:
Q) H,C — CH = (ethylidene) H,C-CH, (ethylene)

2 H,C—CH, - CH= (Propylidene) H,C&CH-CH, (1,2-propylene)
|

LS ?H 2 (1,3-propylene)
(H,C)- iscalled methylene

BRANCHED CHAIN HYDROCARBONS

2 4 — Prineipal/Parent chain
1 3 5
/\@/\ Ly/Branch / Substituent

Zmethy] pentane

The numbering.is done in such away that the substituted carbon atoms have the lowest possible

numbers.
CH, CH, CH; CH,
'CH,2CCH,CHCH, 5CH3—4(|3—3CH2—2(|:H—]CH3
&, S,
2,2,4-Trimethylpentane 2,4,4-Trimethylpentane
(Correct) (Wrong)
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RULESFOR BRANCHED CHAIN HYDROCARBONS.

@ Saturated Branched chain hydrocarbons.

Rules:

@ Chainsdection:
() Longest chain selection with maximum number of branches.

(b) Numbering:
(1) Lowest locant rule
(i)~ Numbering in accordance with alphabetical order of names of substituents.
(i)  Lowest sumrule

(©) Writing the names :
i) Names of branches are written in alphabetical order of first letter of their names
(Note: First letter of di / tri / tetrais not considered)
(i)  Complex akyl groups:

* Always write in small bracket
* First letter of complex alkyl group is.considered to decide
alphabetical order evenif itis(di, triy tetra) asit isthe part of name.
Example:
() CHz;-CH,-CH-CH,-CHj,4 3 methylpentane
CHj
CH,
I
CH, -CH,

V. UNSATURATED BRANCHED CHAIN HYDROCARBONS:

Rule:
(A)  Chain sdlection: Longest chain selection with maximum number of multiple bonds
possible.
(= bond is preferred over , = bond in achain selection if there are same
number of carbonsin both possible chains).
Example:

o o A o LI

(B)  Numbering :
(1) Lowest locant rule with respect to multiple bonds.
(i) (=) bond is preferred over (=) bond for numbering if both have same locants/
positions.
(ii) Lowest sumrule.

Example:
(@) N AN 2 H,C=CH-C=C-CH,
(3) H,C-CH=CH-C=CH 4 H,C=CH-C=CH

[ D)BaNEAL CLASSES NOMENCLATURE [20]
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VI.

VII.

CYCLOALKANES
Cycloakanesarealkanesin which carbon atomsare arranged in aring. These are named by adding
prefix cycloto the name of akane having the samenumber carbon atomsasinring.

<:>_®\AI kyl part

“Cydic
) O Cyclohexane
(2 A Cyclopropane
©) Cyclobutane
4 @ Cyclohexene

Cycloalkene and Cycloalkyne: In case of cycloakene & cyclealkyne the numbering of double
or triple bond is done as 1 and 2, the direction is so chosen,as to give lowest numbers to the
substituents.

1-Methyl cyclohexene

<

4-methyl cyclohexene

=
4]

5-methyl cyclohexa-1,3-diene

N
= N O
@

ORGANIC COMPOUND CONTALINING FUNCTIONAL GROUPS
In TUPAC nomenclature functional .groups are catagorized into two categories.

Category | :  Groups of .this'category are not considered as functional groups in IUPAC
nomenclature. They are considered as substituents & therefore represented by prefix. Category |
functional group & theirprefix are shown below :

Prefix
-F fluoro
-Cl chloro
—Br bromo
-1 iodo
-NO, nitro
- NO nitroso
—-OR alkoxy
-C —/C 2
\O epoxy
[ D PANSALCLASSES NOMENCLATURE [21]
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Rulesfor their nomenclature:

VIII.

Rulel : If two substituents are present on same position from different ends, then priority isdecided on
the basisof aphabetical order.

5 4 3 2 1
?Hngch}ngH27$H2
Cl Br

Rulell : Inmultiple bond and category | functional group both are present, the priority isgivento
multiplebond.

1 2 3 4 5

Rulelll : These groups are written is aphabatical order in IUPAC name.,

Example: (i) éHg _ éHz _ (33H2 _ éH _ éH3 2-fluoropentane
:
=
(i) H.C - (le —CH,-CH,-CH-Cl 5-chloro-2-fluoroheptane
&,
&,
F
(i)  H,C-CH,- (liH —CH,-CH-Cl 3-chloro-5-fluoroheptane
5,
K,
Epoxides:
(D) CH, - CE - CH, 1, 2-epoxy propane
2 /\(\\/\ 3, 4-epoxy heptane
@)
Casell : Groupsof this category are treated as functional groups and represented by suffix

in TUPAC nomenclature.
Priority tableforsfunctional group.

Functienal group Name Suffix Prefix
(0]
M o g on Carboxylicacidoicacid Carboxy
2 - SO,H Sulphonicacid sulphonicacid Sulpho
~C-0-C-
3) él) CI; Acid anhydride oicanhydride -

[ D)BaNEAL CLASSES NOMENCLATURE [22]
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(4)

®)

(6)

(7)
(8)
(9)

(10)

(11)
(12)
(13)

(14)

(15)

-C-0R

-C-Cl

-C-NH

-C

-N

N

C

- CHO

(

)

Acidchloride

Amide

Cyanide
Isocyanide

Aldehyde

Ketone

Alcohol

Thio-alcohol

Amine

oate (alkyl+w.r.+oate

oyl chloride

amide

nitrile
ionitrile

al

one

ol
thiol
amine
ene

yne

Alkoxy carbonyl

Chlorocarbony!

Carbamoyl

Cyano
Isocyano

Oxo/ formyl

Oxo/Keto

Hydroxy

Mercapto

Amino

Note:

Rulefor their nomenclature:

Q) Selection of parent 'C' chain :longest possible'C' chain with functional group and having maximum

Double bond & tripple bond are.not'true functional groups.

number of multiple bondsisselected as parent 'C' chain.

CH, - CH, (|:H _CH,- CH,— CH,
G|OOH

H,=CH - C|H- CH,- CH,- CH,

C
I
CJOOH

CHy~ CH,-{C — CH,— CH - CH,
| 1
C

2 Numbering:

(&

Numbering startsfrom the side of functional group. For numbering priority order isgiven

below :
Functional group > Multiple bonds > Substituents

I
H, OH

@ BANSAL CLASSES
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(b) If chainending 'C' containing functional group ispresent then numbering startsfromthe
'C' of functiona group thesefunctional groupsare known asDON category functiona
groupsfunctional groupsof thiscatagoly areshown below :

— COOH - CN
-C-0-C-
| | — CHO
o] O
— COOR

—COCl
— CONH,

Rule3: '€ of primary suffix isdropped if secondary suffix startsfromavowd.
Example of compounds having don catagory functiond groups:

0] CH, - CH, - CH, - COOH Butanoic acid
(i) CH;-CH-CH,-CH, 2-methyl butanoic acid
|
COOH
@)
g
(iii) methanamide
H/ \NHZ
|
Eg R-C-0O+R
er: / =\
alkanoate alkyl
— akyl alkanoate
Example:
@)
- | I
() CH,—-C-0 + CH, Methyl ethanoate

@)
(i) | ethyl methanoate
H-C—-0-CH,—CHy

Anhydride: Nomenclature of anhydrideisdone on basis of the carboxylic acid from whichit is obtained.

I B CH-C ~
CH, C OW+cCH,-C-on  —2% o
I CH-C
O I
O
ethanoic acid ethanoic anhydride
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I
_ Il
CHoO, _HO CH,-C-OH + CH,—CH, - C - OH
H,C-CH,—C -~
|
0

ethanoic propanoic anhydride

| o butanedioic anhydride

IX. POLYFUNCTIONAL COMPOUNDS:

Rule-l : If more than one functional gps are present then one is selected as principle functional gp. and
represented by suffix. Other functional groups are treated as substituents & representated by

prefix.

Selection of principle functional gp. is done according to priority table
0O
1. HS—GL—CH—H—OH
o

3-mercapto-2-methyl propanoic acid

O
2. )l\ chloromethanoylchloride
Cl ¢l
@)
3. | amino methanamide (Urea)
H,N ~NH;

Rule-ll : When principlegp. isselected then thereisno use of priority table.

(|ZOOH
H-C-OH 3-amino—2-hydroxy butane — 1, 4—dioic acid (Incorrect)

|
. _C-
H $ NH, 2 — amino — 3— hydroxybutane —1, 4—dioic acid (Correct)
COOH
[ D)BaNEAL CLASSES NOMENCLATURE [25]

AIEEE DIVISION




Rule-l11 : If any carbon containing functional gp. ispresent assec. functiona gp. thenits'C'isnotincludedin
principle'C' chainexcept—CHO gp.

I
5. NC -[H,C —H,C — C|- OH 3-cyanopropanoic acid
I
CH,- C-OH
6. (l;H2 —Cc-qCl1 3-chlorocarbonyl propanoi¢acid

Rule-1V : Assec. functiona gp., if 'C'of -CHO gp. is included in parcent 'C' chain then oxo is used as prefix,
otherwisewe useformyl group asprefix.

O 0O
. H- yj —CH, - CH~ (”j —OH 4 & eXobutanoic acid

Q
g H- g — CliH2 — CONH, 2—formyl butane—1, 4—diamide

CH, — CONH,
o 0O
9. Cl - g —CH,- g_ CH,— g “H 3, 5-dioxopentanoyl chloride
X. IUPAC nomenclature if Carbon containing category functional gp. is present as principle

functional gp. & its'C' isnot included in parent 'C' chain —»

— COOH Carboxylic acid

-C-0-C-
I I Carboxylic anhydride
O @)

— COOR Carboxylate

—COCl Carbonyl chloride

— CONH, Carboxamide

-CN Carbnitrile

— CHO Carba dehyde

Ex-1

COOH
Benzene carboxylic acid

COOH
1 O/ Cyclohexane carboxylic acid
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XI1I.

Nomenclatur eof cycliccompoundswith functional groups:
OH

Cyclohexanol

=
.
T : 2

3-Methyl cyclohexanol

Cl

Chlorobenzene

CHO
Cyclohexanecarbaldehyde

COOH

Cyclohexanecarboxylic acid

QQQ

Nomenclature of aromatic compound :
Common name of most of the aromatic compounds are accepted as their lUPAC name.

50 & § ©

Benzene Benzenol Benzenamine _ benzene carbaldehyde
(Phenol) (Aniline) Nitro benzene (Benzaldehyde)
COOH T CH,
: C-ClI
Benzene carboxylic acid Benzene carbony! chloride methyl benzene
(Benzoic acid) (Benzoyl chloride) (Toluene)

OH
OH OH CH,
& O
s CH,

2-methyl phenol 3-methy! phenol 2-methyl toluene

(o-cresol) (m-cresol) 4'm$f‘g’r'£2§”°' (0-xylene)
[[D)BaNSAL CLASSED NOMENCLATURE [27]
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COOH | m-Isophthalic

OH OH
COOH CHO
COOH |— p-Terphthalic acid

Phthalic acid
2-hydroxy benzoic acid  2-hydroxy benzaldehyde or Benzene-1,
(Salicylic acid) (Salicyldehyde) 2-dicarboxylic acid
OH oH
O,N NO, ?I]
: _C>0-CH,
O Benzene-1 C:);_'di ol HO
2, 4, 6-trinitro phenoal =
(Pi ;,n é ;g 3) e (Resorcinol) Methyl-4-hydroxy benzoate
OOH H
H
SO,H SO,H
Benzene . ‘ .
sulphonic acid 4—sulpho benzoic acid 1, 4-benzenedisulphonic
acid

SomeAlkyl groups: -
CH, = CH — Vinyl
CH, =CH - CH, - Allyl

Ph-/ @ / CHs - Phenyl

ONC-A of
Benzyl Benzal Benzo
@ Aryl
G
H,
O% QL.
CH 2 CH e
CH,-
O-tolyl m — tolyl p — tolyl

¢
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CH; - CH=CH - CH, - Crotyl
Ph—CH=CH-CH, - Cinnamyl

Some other aromatic :-

H H
OH
OH
Catechol Hydroquinone
H, H, H,
NH,
NH,
NH,
o-toludiene m-toludiene p-toludiene
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EXERCISE-I

01

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Which is an acyclic compound :
(A) Methane (B) Benzene (C) Pyrrole (D) Cyclobutane

Thecommercial nameof trichloroetheneis;
(A) Westron (B) Perclene (C) Westrosol (D) Orlone

The group of heterocyclic compoundsis;
(A) Phenol, Furan (B) Furan, Thiophene
(C) Thiophene, Phenal (D) Furan, Aniline

C,H,,gives___ typesof akyl groups.
(A)5 (B) 8 (C) 6 (D) 4

iSo-octane contains

(A) 5 prim. one sec. & two ter. C atoms.

(B) 4 prim. 2 sec. & one ter. C atoms.,

(C) 5 (1°C). one (2°C), one (3°C) & one (4°C) atoms:
(D) 4 (1°C). two (2°C), one (3°C) & one (4°C) atoms.

The structure of active sec-amyl is
(A) (CH4CH,),CH- (B)«(CH,),CH-CHCH,,~

(C) CHs — CHy —CH, - CH- (D) (CH,),C-
CHj

How many 1°carbon atom will be presentin a simplest hydrocarbon having two 3° and one 2° carbon
aom?
(A)3 (B)4 ©5 (D)6

How many carbonsarein simplest dkyne havingtwo sidechains?
(A)5 (B)6 ©7 (D)8

Which of thefollowingisthetriad of ahomol ogous series-
(A) CHNH,, (CHy),NH, (CH,); N

(B) C,H-.OH, (CHy),CHOH, (CH,),COH

(C) Boththe'above

(D) CH, £ CHj, CH, — CH = CH,, C,H,~ CH=CH,

What 1snot true about homologous series ?

(AYAIl themembershavesmilar chemical properties
(B)They haveidentica physica properties

(C) They can berepresented by ageneral formula
(D)Adjacent membersdifferin molecular massby 14
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Q.11  Whichof thefollowing compoundiswrongly named?

(A) CH,CH,CH,CHCOOH ; 2-Chloro pentanoic acid
&
(B) CH,C=CCHCOOH ; 2-Methyl hex-3-enoicacid
&,
(C) CH,CH,CH=CHCOCH; ; Hex-3-en-2-one
(D) CH, ~CHCH,,CH,CHO ; 4-Methyl pentanal
CH

3

Q.12 Which one of thefollowing I.U.PA.C. nameis correct ?
(A) 2-Methyl-3-ethyl pentane (B) 2-Ethyl-3-methyl pentane
(C) 3-Ethyl-2-methyl pentane (D) 3-Methyl-2-ethyl. pentane

Q.13 The lUPAC name of CgHs -CH-CH, —CCl3 is;
C|:6H5
(A) 1,1,1-trichloro-3,3-diphenyl propane (B) L41-diphenyl-3,3,3-trichloro propane
(C) both (A) and (B) (D)none of these
Q.14 IUPACnnameof:
CH;-CH, _ﬁ_(I:H —Cﬁ—O—CZH5

Hs
(A) Ethyl-4-methyl-3-0x0 pentanoate (B) 2-Ethoxy carbonyl pentan-3-one
(C) 4-Ethoxy carbonyl pentan-3-one (D) Ethyl 2-methyl 3-oxo-pentanoate

Q.15 LU.PA.C. name of (CH,);CH-CH,-CH_Br s

(A) 1-bromo pentane (B) 2-methyl-4-bromo pentane
(C) 1-bromo-3-methyl butane (D) 2-methyl-3-bromo propane
F Cl

| I
Q.16 CHa~C-Chp-C-CH,

|
CH,CHg CH,CH,

The IUPAC 'hame of this compound is:

(A) 2-fluoro-4-chloro-2,4-diethyl pentane
(B).3-fluoro-5-chloro-3-methyl-5-ethyl hexane
(C).3-chloro-5-fluoro-3,5-dimethyl heptane
(D) 3,5-dimethyl-5-fluoro-3-chloro heptane

[ D)BaNEAL CLASSES NOMENCLATURE [31]

AIEEE DIVISION




Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

ThelUPAC nameof the structureis:
H,N-CH-CH-CHO

|
HOOC COOH
(A) 3-Amino-2-formyl butane-1, 4-dioic acid
(B) 3-Amino-2, 3-dicarboxy propanal
(C) 2-Amino-3-formyl butane-1, 4-dioic acid
(D) 1-Amino-2-formyl succinicacid

ThelUPAC name of C;H.CH=CH-COOH is:
(A) Cinnamicacid (B) 1-Phenyl-2-carboxy ethane
(C) 3-Phenyl prop-2-encic acid (D) Dihydroxy-3-phenyl propionic acid

IUPAC namewill be CH, —CH-CH,
| |
CN CN CN
(A) 1,2,3-Tricyano propane (B) Propane-1,2,3-trinitrile
(C) 1,2,3-Cyano propane (D) Propane-1,2,3-tricarbonitrile
1
(|3H2—C—OH
OH
? <coon
CH,-COOH

(A) 1,2,3-Tricarboxypropan-2-ol

(B) 2-Hydroxy propane-1,2,3- tricarboxylicacid
(C) 3-Hydroxy-3-carboxypentane-1,5-dioicacid
(D) None

ThelUPAC nameof compound

CH,-0O-C—CH, - COOH
I
o)

The correct IUPAC systematicname of theabove compoundis:
(A) 2-Acetoxy ethanoicacid (B) 2-Methoxy carbonyl ethanoic acid
(C) 3-Methoxy formyl ‘ethanoic acid (D) 2-Methoxy formyl aceticacid
oH
ThelUPAC nameof || is
CH,
(A) 3-Methyl cyclobut-1-ene-2-ol (B) 4-Methyl cyclobut-2-ene-1-ol
(C) 4-Methyl cyclobut-1-ene-3-ol (D) 2-Methyl cyclobut-3-ene-1-ol

ThelUPAC name of CH, = CH — C=CH is -
(A) 1-Butenyne—3 (B) 1-Butynene—3
(©) Vinyl acetylene (D) dl of them
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Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

NH,

COOH
The IUPAC name of is -

(A) 1-amino-2-carboxybenzene

(B) 2-amino-1-carboxybenzene

(C) 1-amino-2-benzenecaroxylic acid
(D) 2-aminobenzenecarboxylic acid

O
I
ThelUPAC nameof @ C-CH, is:

(A)Phenyl ethanone (B) Methyl phenyl ketone
(C) Acetophenone (D) Phenyl methyl ketone

O OH
ThelUPACnameof)l\/\is-

(A) 4-oxo-2-pentanol (B) 4-hydroxy-2-pentanone
(C) pentane-4-ol-2-one (D) pentane-2-one-4-ol
The IUPAC name of I\( IS -
Br
(A) 2-bromo-4-isopropylpentane (B).2, 3-dimethyl-5-bromohexane
(C) 2-bromo-4, 5-dimethylhexane (D) B-bromo-2, 3-dimethylhexane

The IUPAC name of the compound

CH3CHCH,CHj3 IS
|

CeHs
(A) 2-cyclohexyl butane (B) 2-phenyl butane
(C) 3-cyclohexyl butane (D) 3-phenyl butane

ThelUPAC nameof CHCH,~N-CH,CH, is
|

CH,
(A) N-Methyl-N-ethyl ethanamine (B) Diethyl methanamine
(C) N-Ethyl-N-methyl ethanamine (D) Methyl diethyl ethanamine
Which of thefallowingiscrotonic acid:
(A) CH,= CH-COOH (B) CgH,~CH=CH-COOH
(C) CH,-CH=CH-COOH (D) CH-COOH
CH-COOH
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EXERCISE-II

Q.1  Of thefollowing compoundswhich hasawrong lUPAC name- [AIEEE-2002]
I CH,— CH, - CH,— C— O — CH,— CH,
(!
ethyl butanoate

I CH;—CH —Cc— CH —CH,4
h, & &,
2,4- dimethyl -3- pentanone
CH,

111 H,C - CcH- cl:H —CH,4
I
OH

2-methyl -3- butanol
IV CH,- CH,-CH,—- CHO

butand
(A)1 (B) 1 (C) m (D) IV
Q.2 ThelUPAC nameof CH;COCH(CHy),is— [AIEEE-2003]
(A) 4-methylisopropyl ketone (B):3-methyl-2-butanone
(C) Isopropylmethyl ketone (D) 2-methyl-3-butanone
Q.3  ThelUPAC nameof thecompound [AIEEE-2004]

Q s
HO

(A) 3,3-dimethyl-1-hydroxy cyelohexane (B) 1, 1—dimethyl-3—hydroxy cyclohexane

(C) 3,3-dimethyl-1-cyclohexanol (D) 1,1 - dimethyl - 3- cyclohexanol
Q.4  ThelUPAC nameof thecompound shown below is- [AIEEE-2006]
Cl
Br
(A) 6-bromo-2-chlorocycl ohexene (B) 3-bromo-1-chlorocyclohexene
(C) 1-bromo-3-chlorocylohexene (D) 2-bromo-6-chlorocycohex-1-ene
Q.5 ThelUPAC name of [AIEEE-2007]
/\)Y\ is—
(A) 1, 1-diethyl-2-dimethylpentane (B) 4, 4-dimethyl-5, 5-diethyl pentane
(C) 5, 5-diethyl-4, 4-dimethylpentane (D) 3-ethyl-4, 4 dimethylheptane
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Q.6

Q.7

Q8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

The correct decreasing order of priority for the functional groups of organic compoundsin the
IUPAC system of nomenclatureis [AIEEE 2008]

(A) -SO_H, -COOH, -CONH,,, -CHO (B) -CHO, -COOH, -SO_H, -CONH,

(C) -CONH,, -CHO, —-SO_H, -COOH (D) -COOH, -SO,H, -CONH,,, -CHO

Compound having open chainis -
(A) Pentane (B) Isopentane (C) Neopentane (D) All the above

In unsaturated compound have —

(A) Carbon - carbon double bond

(B) Carbon - carbon tripel bond

(C) Carbon - carbon double and triple bond
(D) Carbon - oxygen double bond

O
V4
No. of heteroatoms (other than C) present in the following heterocyclic compound Q\J—H
is— ©
(A)3 (B) 2 ©1 (D)0

Alicyclic compound is
(A) Aromatic compound (B) Aliphatic compound
(C) Hetero cyclic compound (D) Aliphatic cyclic compound

Which of the following radicas are bivaent ?

(a) Ethylidene (b) Vinylidene (c) Benzyl (d) Methylidyne
(A)a, d B)a, by, d Ca,b (D)a b, c
Which of thefollowing pairshaveabsence of carbocyclic ringin both compounds?

(A) Pyridine, Benzene (B) Benzene, Cyclohexane

(C) Cyclohexane, Furane (D) Furane, Pyridine

How many secondary carbon atoms does methyl cyclopropane have?
(A) None (B) One (C) Two (D) Three

Which of thefallowing isthefirst member of ester homol ogous series?
(A) Ethyl ethanoate  (B) Methyl ethanoate  (C) Methyl methanoate (D) Ethyl methanoate

In homologous series :

(A) Malecular formulais same (B) Structural formulais same
(C) Physica properties are same (D) Generd formulais same

[ D)BaNEAL CLASSES NOMENCLATURE [35]

AIEEE DIVISION



Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Which of the following isthe first member of ester homologous series ?
(A) Ethyl ethanoate (B) Methyl ethanoate
(C) Methyl methanoate (D) Ethyl methanoate

The correct |lUPAC name of CH,-CH,-C-COOH is:

I
CH,

(A) 2-Methyl butanoic acid (B) 2-Ethylprop-2-encic acid
(C) 2-Carboxybutene (D) Noneof theabove

HO-C=0 CH,

I |

ThelUPAC nameof compound CH, -C=C—C-His
|
NH, Cl

(A) 2-Amino-3-chloro-2-methyl pent-2-enoic acid
(B) 3-Amino-4-chloro-2-methyl pent-2-enoic acid
(C) 4-Amino-3-chloro-2-methyl pent-2-enoic acid
(D) All of theabove
ThelUPAC nameof BrCH, -CH-CO-CH, -CH,CH,is

I
CONH,

(A) 2-Bromomethyl-3-oxohexanamide (B)1-Bromo-2-amino-3-oxohexane
(C) 1-Bromo-2-amino-n-propyl ketone (D) 3-Bromo-2-propyl propanamide

ThelUPAC nameof CH; -C-O-CH;—-C-OH is.
| [
o) O

(A) 1-Acetoxy acetic acid (B) 2-Acetoxy ethanoicacid
(C) 2-Ethanoyloxyaceticacid (D) 2-Ethanoyloxyethanoicacid
ThelUPAC nameof OzN@ CHO s

OCH;
(A) 2-Methoxy-4-nitro benza dehyde (B) 4-Nitro anisaldehyde
(C) 3-Methoxy-4=formyl nitro benzene (D) 2-Formyl-4-nitroanisole

ThelUPAC name of compound

H,COOC~- CH - COOCH,
I
CH,OH
(A) 2-(Hydroxy methyl) methyl propanedioate
(B) Methyl-2-(hydroxy methyl) propanedioate

(C) 2-(Hydroxy methyl) dimethyl propanedioate
(D) Noneof these
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Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

The suffix of the principal group, the prefixesfor the other groups and the name of the parent in the

HO-CH,-CH-CH=C-CH,-C-C-0OH

I ol
Cl O O

sructure
|
CH,
(A) -oicacid, chloro, hydroxy, oxo, methyl, hept-4-ene
(B) -oicacid, chloro, hydroxy, methyl, oxo, hept-4-ene

(C) -one, carboxy, chloro. methyl, hydroxy, hept-4-ene
(D) -one, carboxy, chloro, methyl, hydroxy, hept-4-ene

The I.U.PA.C. name of (C,H;), CH.CH, OH is

(A) 2-ethyl butanol-1
(C) 2-ethyl pentanol-1

(B) 2-methyl pentanol-1
(D) 3-ethyl butanol-1

The correct name of 3,3-dimethyl propanamideis

(A) 2-methyl butanamide
(C) iso-propyl ethanamide

The IUPAC name of

CHz —CH, - CH-COOC,Hs is

|
CHg

(A) 2-ethyl-ethyl acetate
(C) ethyl 2-methyl butanoate

(B) 3-methyl butanamide
(D) iso propyl acetamide

(B).ethyl.3-methyl butanoate
(D).2-methyl butanoic acid ethyl ester

The IUPAC nameof N=C ~CH,-CH,-OH is;

(A) 1-hydroxy ethanenitrile
(C) 2-hydroxy ethyl cyanide
HO
CH3—CH2—iH—CH —CH,
H 3
The IUPAC name of this cempound is

(A) 2-isopropyl butanal
(C) 3-ethyl-2-methyl butanal

The IUPAC name of
CH, - CHO

| .
OHC — CH, 4CHy— CH-CH, —CHO iS:

(A) 4, 4-di(formylmethyl) butanal
(C) hexane-3-acetal-1, 6-dia

ThelUPAC name of compound

COOH" - CH - COCH

I
COOH

(A) Tricarboxy methane
(C) Tributanoic acid

(B) 3-hydroxy propanenitrile
(D) 1-hydroxy-2-cyanoethane

(B) 2-ethyl-3-methyl butanal
(D) 2-methyl pentane-3-aldehyde

(B) 2-(formylmethyl) butane-1, 4-dicarbaldehyde
(D) 3-(formylmethyl) hexane-1, 6-dia

(B) Propanetrioic acid
(D) 2- carboxy propanedioic acid
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ANSWER KEY

EXERCISE-I
Q1 A Q2 C Q3 B Q4 B Q5 C Q6 C Q7 B
Q8 B Q9 D Q10 B Ql1 B Q12 C Q13 A Q14 D
Q15 C Q.16 C Q17 C Q18 C Q19 D Q20 B Q21 B
Q22 B Q23 A Q.24 D Q25 A Q.26 B Q27 B Q28 B
Q29 C Q30 C

EXERCISE-II
Q1 C Q2 B Q3 C Q4 B Q5 D Q.6 _~B Q7 D
Q8 C Q9 C Q.10 D Q11 C Q12 D Q13 C Q14 C
Q15 D Q16 C Q17 B Q.18 B Q19 A Q20 D Q21 A
Q22 B Q23 B Q24 A Q25 B Q26 G Q27 B Q.28 B
Q29 D Q30 D
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1. BOND CLEAVAGE

o Organic reaction is a process in which breaking and formation of covalent bonds takes place
Smultaneoudy.
o In organic reaction, the organic compound which is converted into a new compound by breaking

and formation of covalent bonds is known as the reactant or substrate and the new compound
formed is known as the product.

o The chemical species (more reactive) which causes the changeis called reagent.
CH,— CH,— Br + OH —> CH,— CH,— OH + Br-
subgtrate Reagent Product
or
Reactant
Breaking of covalent bondisknown asbond cleavage. A bond can be broken by two ways:
Bond Cleavage
|
. v
Homolytic Hetrolytic
Free Radical Cation & Anion

Homolytic Fission or Homolysis
o The covaent bond isbrokenin such away that each resulting speciesgetsitsown dectron. Thisleadsto
theformation of odd electron speciesknown asfreeradical.

o Homolytic bondfission givesfreeradical asthe reaction intermediate.
AN B —»A+8B
~ freeradical
o Thefactor which favourshomolysisiszeroor.asmall differencein e ectronegativity between A and B.
. Homolytic bond fission takes placeingaseous phase or in the presence of non polar solvents (CCl,
Cs).

Hetrolytic Bond Fission or Heterolysis

o Inheterolysis, thecovaent bondisbrokenin such away that onespecies(i.e., lesse ectronegative) loss
itsown eectron, whiletheother species(i.e., more e ectronegative) gainsboth the e ectrons.
—~ o @
AYB —>*A+B
o Thusformation of oppasite charged speciestakes place. In case of organic compounds, if positive

chargeispresent onthe carbon then cationistremed as car bocation. If negative chargeispresent on
the carbon thenanion istermed ascar banion.

o Thefactor which favoursheterolysisisagreater difference of e ectronegativity between A and B.
2. REACTION INTERMEDIATES

Reaction intermediates are generated by the breaking of covalent bond of the substrate. They are
short-lived species (half life> 1079 sec.) and are highly reactive. few important types of reaction-
intermediates are as follows.

(1) Carbocation
(2) Carbanion
(3) Freeradica
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21 Carbocations

An organic species which has a carbon atom bearing six electronsin its outermost shell and has
apositive chargeis called a carbocation.

Characteristics of Carbocation :

0] Carbocation have apositive charge on carbon.

(i) Carbocation hasonly 6 el ectronsin the outermost shell. It hasanincomplete octet. So it behaveslike
alewisacid.

(i)  Sinceal éectronsarein paired state so carbocations are diamagnetic.

(iv)  Carbocationsare sp? hybridised.

v) Carbocationsare planar with aperpendicular empty p-orbital. Dueto planar structureearbocation leads
racemization in stereogenic conditions.

(W) Carbocationsareformedin polar solvent.

(vii) It gabilizeby presence of e donating group (EDG)

2.2 Carbanions

Anion of carbon is known as carbanion. Carbanion carries three bond pairs and one lone pair,
thus making the carbon atom negatively charged thus carbanion may be represented as

0
_C_
I
Characteristic of Carbanions:
M It isformed by heterolytic bond fission.
(ii) There are eight electrons in the outermost orbit of carbanionic carbon henceits octet is compl ete.
(i) It behaves as charged nucleophile.
(iv) It is diamagnetic in character because al eight-electrons are paired.

v) Hybridisation and geometry : Alkyl carbanion has three bond pairs and one lone pair. Thus
hybridisation is sp® and geometry is pryamidal.

0

C
71\
Note : Geometry of alyl andbenzyl cabanion is almost planar and hybridisation is sp?.
(W) It reacts with electrophiles.
(vi) It stabilize by presence of e withdrawing group (EWG)

2.3 Carbon Free Radical

0] Carbon free radical's are odd electron species in which carbon atom bears the odd electron.
@i Homolytic bond fission of a covalent single bond givesrise to free radicals.

(i) There are sevenelectrons in the outer most shell of carbon free radicals.

(iv)  Owing to.the presence of an odd electron; a carbon radical is paramagnetic in nature. Due to this
reason free radicals are highly reactive.

V) Hybridization state of free radicals changes from radical to radica depending on the hybridization
state of C inits original state.

(W) Free radicals are neutral electrophiles.
(vii) .. Freeradical generally reacts with freeradical.
(viii)._ It stabilize by presence of e releasing group (ERG)
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QUESTION BASED ON BOND CLEAVAGE AND INTERMEDIATES

Ex.1 Which oneisthe characteristic feature of afreeradica :
(A) presence of negative or positive charge (B) presence of unpaired electron
(C) presence of even number of electrons (D) assiociated with high stability
Sol.  (B) Presence of unpaired electrons

Ex.2 Thenumber of eectrons present in the valency shell of carbon of CH3C+: H , ion bearing +ve charge

(A) 8 B) 7 © 6 (D) 4
Sol.  (C) Carbocation consist 3 bond pair in outer most orbit and containing 6 electron in valence shell.

Ex.3 Benzoylperoxide, when heated to about 80°C gives a-

(A) Freeradical (B) Carboniumion (C) Carbeniumion (D).Carbanion
Sol.  (A) CGHS—ﬁ—O—O—lCll—CGHF,—>2C6H5—ﬁ—0'
O @ O
Ex.4 Which oneisal® carbocation of the following:
+ ¥ +
(A) CH36H2 (B) CH;CH—C,Hg  (C) (CHy),CH (D) (CHy)5C
Sol. (A)

3. ELECTRONIC DISPLACEMENT EFFECTS (EDE)
Electronic Displacement effect

{
\! 1
Permanent Effect Temporary Effect
2 \J
\J \A \ 2 2
Inductive  Mesomeric Hyperconjugation Electromeric Inductomeric

Effect Effect

3.1 Inductive Effect (I-effect)

The displacement (shifting) of an e ectron (shared) pair along the carbon chain due to the diffrencein
electron nagativity of the groups present along with carbon chain isknown asinductive effect.

56+ &+ o—
> C--—--C--—-- C+> G (G: I-effect showing group)
88 — 7, 0 — o+

C-«-C--¢-C <G
But the effect isinsignificant beyond third carbon atom. (distance dependent effect)

> This effectistransmitted through the chain of o bonds and diminishes, with increasing chain length.
Inductive effect is thus

0] A permanent effect

(i) The electrons never leave their original atomic orbital.

(i) /=Operates through o bonds

(iv) Polarisation of electronsis awaysin single direction.

V) It isgenerally observed in saturated compounds.
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(i)

(@)

(b)

Its magnitude (i.e., electron withdrawing or donating power) decreases with increase in distance.

On the basis of electron releasing group (ERG) or €l ctron withdrawing group (EWG) inductive
effect, can be of two types.

— | effect : The group which withdraws electronsis known as— I group and its effect is known
as— | effect.

— 1 power of various group & cation.

“NF;> ~NH;> -NO, > ~SO,H > —CN > —CHO > —CO > ~COOH > ~COOR >
~CONH, >-F>-Cl >-Br > >-OH > —OR >-NH,> ~C¢Hs > ~CH = CHy>-H

— | power of groups in decreasing order with respect to the reference.H

+ | effect : The group which donates or gives electron is known as.+ group and effect is known
as + | effect.

e.g., Alkyl groups, 8 , 008 are + | groups. (Generally negative charged atoms or groups)

+ 1 power of different type groups and anions:
—CH,>-NH >-0" > -COO" > tert. alkyl > sec/alkyl > pri. akyl > -CH; > -H

+ | power in decreasing order with reference to'H

+ | power of same type of alkyl groups:
+ 1 power o« number of C’s in same type of alkyl group

CH, — CHy- + [ power in
CH, <{CH,—- CH, - increasing

For example order
CH,=CH, — CH,— CH,-

APPLICATIONSOF INDUCTIVE EFFECT

(A)  Stability of reaction intermediates
(i) Stability of carboeation (i) Stability of free Radical  (iii) Stability of carbanion
0] Stability of carbaecation
R . - l
Stability of «carbocation o« Presence of electron releasing group o +l group o m.
eg. : Stability of carbonium ion decrease in the following order
@ (CH)C > (CH,),CH* > CH,CH," > CH,*
30 20 10
@ @ @ )
() “CHy— CH,>Br— CH, — CH, > Cl— CH,— CH, >F — CH, — CH,
Maximum —1I of F
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@ ® ®
© CHZ_Cl:H_CH2CH3 < CHz_CHz_Cl:H_CHs < CHz_CHz_CHz—CHZ—F

F F
Maximum —I Minimum -I
Minimum distance Maximum distance

® (&)
(d) CHZ—(llH—CHZCH3 > CHZ—CHZ—CllH—CH3 (Distance dominates over power)
F NO,
(i) Stability of free Radical

1

Stability of F.R. oc Presence of electron releasing group oc +| group oc W'

Stability of F.R. decrease in the following order
€) (CH),C>(CH,),CH* >CHCH>CH_
3 2° 1°
® CH,— CH,>Br— CH,— CH,>Cl— CH,— CH,>F— CH,— CH,
Maximum —I of F
(iii) Stability of carbanion

Stability of carbanion oc Presence of electron withdrowing group oc —I group oc m :
€) (CH,),C < (CH,),CH < CH.CH, < CH,
3 2° 1°

° o) ) )
() CH,-CH,»NO, > CH,-CHF"> CH,-CH,> OH > CH,-CH,—> NH,

(B) Acidic Strength
Strength of Carboxylic Acid : Acid strength is measured by the position of equilibrium of
ionisation in water.
HA = H" + A"
conjugate base

H'J[A” L
or Ky = % (K4 = acid ionisation constant)
1
or, acidéstrength oc [H*] o« K o pT

(here pK, = —logK,)
or Acid strength oc concentration of [H*]
or Acid strength oc stability of conjugate base

Thus strength of acid is the function of stability of conjugate base.

1

. Stability of carbanion o«c Presence of electron withdrawing group oc —I group o m
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. acidic strength oc Presence of electron withdrawing group oc —I group oc

+ 1 group

The influence of the inductive effect on acidity can be summarised as follows :

Acidic strength of carboxylic acid

@

()

©)

Cl-CH, COOH < Cl,CH-COOH < CCl;- COOH
-17 acid strength T

H-COOH > CH,— COOH > CH,— CH,—~ COOH > CH,- CH,— CH,— COOH

+ | power of alkyl groups T Acid strength |

Acidity of Alcohols: Acidity of acohol depends on the stability of alkoxide ion (i.e., conjugate
base of acohol) which is obtained by the dissociation of alcohols.

R-O-He==R-0+n
Acid strength of alcohol oc stability of alkoxideion

CH,-OH > CH,-CH,-OH

| |
Cl NO,

! [
(CH3)3COH < (CH3),CHOH < CH4CH,OH-<CH,OH

Basic Strength
Basicity of Amines :

Basicity is defined as the tendency to donate an electron pair for sharing. The difference in the base
strength in various amines can be explained on the basis of +I - effect.

The groups producing +I effects(alkyl groups) tends to intensify electron density over N in amines
thereby producing a base strengthening effect.

1
Thus, strength of base «¢ + 1 power of group present on — NH, o« K, oc ——

PKy,
Whereas, a group producing -1 effect [-Cl, -NO,] tends to decrease €l ectron density on N -atom
in amines, there forproducing a base weakning effect.

1
— | power of group present on — NH, *

Thus, strength'of base o« Kp

The order of basicity is as given below :

Alkyl groups (R—) Relative base strength

() CHj R,NH > RNH, > R;N > NH4

(if), (CH;),CH RNH, > NH; > R,NH > R3N

(iif) (CH5)5C NH; > RNH, > R, NH > R3N

Comparing with increasing + I effect, trend is rather surprising. Thisis dueto the inability of 3°
amines to give up their eectrons due to presence of three bulky alkyl groups over N (steric effect).

&
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Ex.1

Sal.
Ex.2

Sol.

Ex.3

Sol.

Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sal.
Ex.7

Sol.

- O

I I
QUESTION BASED ON I-EFFECT AND IT’S APPLICATION

\Y

I—2z=:

Inductive effect refersto -

(A) o electron displacement along a carbon chain

(B) complete transfer of one of the shared pair of electrons to one of the atomsjoined by a double
bond

(C) complete transfer of electron with the help of conjugation

(D) none of the above

(A) partia displacement of o eectron takes place.

Most acidic hydrogenispresent in-
(A) Ethyne (B) Ethene (C) Benzene (D) Ethane
(A) Termina akyne are stronger acid becausethey containsp - hybridized carbon whichismoreelec-
tronegative dueto 50% s character.
H-C-C-H>CH,=CH,/>CH,-CH,
Hybrid carbon atom p p? SN
% s-character 50% 33 % 25%

Which of the following groups has the highest +'I effect ?
(A) —CH3 (B) CH;-CH*- (C) (CH,),CH*- (D) (CH,),C*—
(D) ter. akyl group have highest + | effect.

Maximum —I effect is exerted by.the'group-
(A) CgHs (B) -OCHj (C) -C1 (D) -NO,,
(D) NO, has partia positive charge on nitrogen so shows maximum —I effect

Theleast acidic amongthefallowingacidsis-

(A) Trichloroacetic acid (B) Dichloroacetic acid

(C) Monochloroaceticacid (D)Aceticacid.

(D) Morethe number-of e ectron withdrawing atom attached stronger will betheacid. Trichloroacetic
acid isstrongest aciddueto strong— I effect of three Cl atom

Basic nature,of H,0*, H,O and OH" is in order -

(A) H;O% < H,0 < OH~ (B) H,O < OH™ < H,O"
(C) OH" <. H,0 < H,O" (D) OH~ = H;0* = H,0
(A) Anions are always more basic due to presence of real charge.

Among thefollowing compounds, theweskest acid is-

(A)HC=CH (B) CH, (C) CH, (D) CH,OH

(C) Among hydrocarbon strength of acid depend upon hybrid state of carbon atom so akyne possess

sp hybridized carbon atom (50% s character) isstronger acid. Order of acid strength isgiven below
CHOH>H-C=CH>CH, >CH,-CH,
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Ex.8

Sol.

Ex.9

Sol.

3.2

Among the following which oneis most basic-

(A) NH,4 (B) CH3NH, (C) CH;CH,NH,, (D) cH,—NH,
&

(C) +I group increases the basicity of amine.

Which of thefollowing compoundsismost acidic ?
(A) CH,COOH (B) CH,CH,OH (C) CH,CICOOH (D) CCI,COOCH
(D) Electronwithdrawing group (—Cl1 ) increases the acid strength of acetic acid because of stabilization
of carboxylateion.
CCI.COOH > (ll H, -COOH >CH,COOH > CH,CH.,OH
Cl
Resonance

When amolecule or ion can not be represented by single lewis dot-structure then more than one
structure are needed to represent all properties of the molecule these structures are known as
resonating structure and combind structure of all resonating structure is known as resonance
hybride and this phenomenon is known as resonance.

Resonating structure have the same arrangement of atomic nuclel but differ in distribution of
electrons, (only © electron delocalised)

Resonating structure are hypothetical and actual structure is a resonance hybrid.

In the molecule if resonance is present then mesomeric effect may be present or may not be
present. Resonance generally occurs when thereis aconjugation of -bonds (alternate double -
single - double bond arrangement) known as conjugated system.

Consider structures of benzene:
1 1
>
[ I

| and 11 are resonating structures.of CgHg.

Observations:

@
()
©

(d)

According to resonating/stfucture 1, C, C bond length between C, and C, will be 1.34 A.
According to reasonatingstructure i1, C, C bond bond length between C, and C, will be 1.54 A.

According to resonance;bond length between C, and C, will neither be 1.34 nor 1.54 A but will
be in between 1.34/and 1.54 A, i.e., bond length between C; and C, is > 1.34 and
<154 A.

Experimental valueis 1.39 A, this result coincides with the result obtained by resonance, hence
resonance theory or concept is correct.

Condition for Resonance:

(i) Panaity
(i) “Conjugation

Conjugation : Planer system in which orbitals are present parallel & continously. If = bond, positive

charge, negative charge, odd electron or lone pair of el ectrons are present at aternate position then
system is known as conjugative system & phenomenon is known as conjugation.
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Type of Conjugation

(1)

2

3

(4)

()

(6)

Negative charge, © bond conjugation : If in a conjugated system n bond and ® charge are
present at alternate position then conjugation is known as negative charge, = bond conjugation

CH, = CH — CH,
CH,=CH - CH = CH — CH,

Lone pair, © bond conjugation : If in aconjugated system = bond and lone pairare present at
alternate position so conjugation is known as ¢p, © bond conjugation.

CH, = CH — NH, CH, = CH — &:

CH,=CH - CH= CH - CH = CH - NH,

w, © conjugation : If = bond alternate with = bond then conjugation is known as i, T conjugation
CH, = CH - CH = CH,

CH; - CH, - CH= CH - CH = CH - CH = CH,, @

All of the above compounds have &, © conjugation.

n bond, Vacant orbital (Positive charge).econjugation : If = bond is present at aternate
possition with vacant orbital so conjugation isknown as positive charge, © conjugation.

@
CH,=CH - CH,
It has positive charge, © conjugation.
CH, = CH — CH = CH — CHj

This species has two type of €onjugation i, 7 conjugation and positive charge, = conjugation.

n bond, Odd electron (free radical) conjugation : If = bond and odd e are present at
aternate position.

CH, = CH — GH =*CH — CH,
L one pair Macant orbital (Positive charge) conjugation : If lone pair and vacant orbital are
at alternateposition then conjugation is known as lone pair vacant orbital conjugation.

@ (X ®
B\ 1 CH;—~CH-NH, «—>CH,-CH=NH,

@ oo @
2 CH;-CH-OH «<—>CH;-CH=0H

&
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Rulesto draw valid resonating structures

1. Position of atom cannot be change, only the n-electrons are del ocalised.
0 o°
Ex ) |
: CH;-C-0 «—>CH;-C=0
(A) (B)

A & B are Resonance forms.

@ OH
Above forms are not resonating forms because position of H is changed.

2. Second period elements sould not violate the octet rule while drawing resonating structures
H H
| @ @ |
CHS—CH:CH—I}I -H «— CHS—CH—CH:I?I—H
H H

I I
Above structures are not resonance form because in structure ly-nitrogen has 10 valence e ectrons
which violates octet rule.

3. Each Resonating structures must have the same number-of unpaired and paired electrons.

I I
| & Il are resonating structure because both/have 8 pair of electrons and 1 unpaired electron
4, Net charge should be conserved in all resonating structures.

@ ®
CH,=CH-CH=CH, «—>CHs-CH=CH-CH,
Net Charge=0 Net Charge=0
Both structures have same net chargeso both are resonance forms.
Rules for stability of resonating structures
1 Among various resonating structure non polar resonating structure is more stable than polar

resonating structure or more number of covalent bondsis considered to be more contributing than
others.

&) (C]
CH,=CH-CH=CH, «—>CH,-CH=CH-CH,
(more stable)

2. If two resonance struetures have same number of bondsthen that structureinwhich octet of every atom
iscompleteismoreeontributing than structure having incompl ete octet.

@ ®

(morestable)

3. Neutra structureismore stablethan charged structure and if both are charged Resonating structure then
lesscharged resonating structureismore stable.

0 v

+
CH;-C-OH«——>CH;-C=0H
(morestable)
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4, In case of charged resonating structures, the most stable oneisthat in which the positivie and negative
chargesreside onthemost e ectropositive and most e ectronegative atomsof the structure respectively.

CHy ~-CH=0 «—>CH,=CH-0°
(A) (B) (morestable)

stability of B>A

5. Resonating structurein which unlike chargesare cl oser ismore contributing than that structuresinwhich
unlikechargesarefar avay.

{OH O-H O-H O H
(€]
0] (11) (111) (V)

Hencestahility of 11 and 1V will bethesameand both will bemoresteblethan11. Theorder of stability of
resonating structuresin decreasing order will beasfollows:
[ >1=1V > Il

6. Resonating structureinwhich like chargesarefar away i smore contributing as compared to structurein
whichlikechargesarecloser.

Resonance Energy :
The energy difference between more stabl e resonating structure and resonance hybrid isknown as
resonace energy.

o Itisan experimenta valuewhichiscal culated by heat of hydrogenation (HOH)

o Higher thevalue of resonance energy, greater isthe resonance stabilization.

Resonance Ener gy of Benzene:

Ghrs®

Theresonance energy of benzeneis cal cul ated from the heat of hydrogenation asgivenbelow :

@ *¥H, — ©+29Kcal.
@ +3H, —> O +3x 29 Keal. = 87 Kcal. (Caculated theoretical viaue)

but experimental valueis51 Kcd. so,
Resonanceenergy = Cdculated value— Experimental value
=87-51
=36Kcal.
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Ex.1

Sol.

Ex.2

Sol.
Ex.3
Sol.

Ex.4

Sol.

Ex.5

Sol.
3.3
@

()
(©
(d)
€
()
@

QUESTION BASED ON RESONANCE

Polarisation of electronsin acrolein may be written as -

§5* 5 & 5~
(A) CH, =CH - CH = 0O (B) CH, = CH — CH=0

S— S+ c— 6+
(C) CH, = CH —CH =0 (D) CH, =CH — CH = O
(A) O atom is more el ectronegative so negative charge is more stable on oxygen

N
In pyridine; @ Number of conjugated electrons are -

(A) 6 (B) 8 (C) zero (D) 5
(A) Lone pair of N-atom does not take part in resonance.

In which compound delocalisation is not possible -
(A) 2-butene (B) 1, 3-butadiene  (C) 1, 3, 5-hexatriene (D) Benzene
(A) 2-butene, no conjugation present

Consider the following compound :
CH, = CH — CH = CH,
1 2 3 4

carbon-carbon bond length between C, and C, will.be -

(A) 1.54 A (B)1.3 A

(C)1.21 A (D)'Less than 1.54 A and greater than 1.34 A
(D) C, - C5 are at conjugated position.

+ R power of the given groups -

(@) -0 (b) -NH, (c) OH (d) “NHCOCH,
increasing order is -

(A)a>b>c>d (B)dsc>b>a (Ca>c>b>d (D)a>d>c>b

(A)

Mesomeric effect

Thisisapermanent effect where the displacement of conjugationa © e-(s) are influenced by the group
attached to carbon chain:

Thereisapush or pull of = electrons of the conjugated system of molecule.

M effect operatesonly inthe conjugated system.

If the conjugation isnot available, M effect does not propagate further.

M—effect has no.correlation with the electronegativity of the connecting atom of the group
M-effectistwo type; +M and—-M

+M effect (+R) : If the group pushes the electrons into the = e-system, the effect is said as +M
effect and'the group is called ERG (electron releasing group) or +M group.

A
e.gd. —9 C- m ﬂ or C%_G

+ M Effect is shown by : —ClI, —Br, -NH,, -NHR, -NR,, -NHCOCH,, -OH , -OR
Condition : Electron pair must be present at first atom of group.
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Note :

(i)

(i)

—M effect (—R) : If the ® e- system is pulled by the group then the effect is called —M effect and the
groupiscalled EWG group (el ectron withdrawing group) or —M group.

eg. -C fevcfea or @JG

—M effect is shown by :
-CHO, > C = O, -COOH, —NO,, -CN, —SO3H, —SO,CI
Condition : (i)  Vacant orbital must be present
(i)  Multiple bond with more el ectron negative second atom.

The various resonating structures of chlorobenzene, aniline and nitrobenzene are illustrated in
following diagrams. Note that — Cl and — NH,, show + M effect and — NO, show — M effect.

Cl ollC) ll<) ellC) Cl Cl
e Y P F - -0
S ]
«—> «—> «> «> =
©
H
(@ (b) (© (d) (e
H e H H e H
H H
NH. SN N7 N7 INH,  NH,

£ )
@ (b) © (d) (e
QJ P @o\ 0 @o\ e @ e QR
N N
E) —> N “—> “—> 3 ®<——> =
Q =
@
€Y (b) (c) (d) (e

Thus, mesomeric effect'works at only ortho & paraposition, it is absent on meta position, while
inductive effect works at al three position o, m, p however intensity of effect decreases as the
distance increases.

M esomeric effect always dominates on inductive effect except halogen (Cl, Br, | only).

Application of M.esomeric effect :

(A)

Stability of reaction intermediates

(iy~Stability of carbocation

e More resonance in carbocation, more stable.

e Aromatic cations are more stable than non aromatic cations.
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Example: Stability order :

@ ® ®
()  CHy—C-CH=CH,>CHy~CH-CH=CH,>CH,~CH=CH,
CH,

® ® @
()  CH,=CH-CH,> CH;—~ CH,-CH,>CH,=CH-CH,~CH,

(i) @&z < @&2 < @8H2

Maximum resonance

@iv) @—CH < @@ < .—CH

®
" e g

. @ @ ®
(vi) (C6H5)3C> (CsHs), CH > C6H5CH2 >CHy=CH-CH, > (CH,);C>(CH,),CH>

@
~CH,>CH,>CH, =CH>CH =.0

“ O - - O~ 5

(i) CH, = CH - cH, CeHs — CH2
Number of resonating Number of resonating
Structures = 2 Structures = 4

Hence the benzyl carbocation.is more stable than the allyl carbocation.

? &n

B, CH, i
w9 QA

NO, NO,

M (1) (1)
Increasein Increase in Increasein
positive charge by positive charge Positive charge by

—I and = R effect only by —I effect —I and — R effect

stability order 11 > [l > |
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(x)

@
CH,
o Q
OCH

Stabilised by + R effect

@
CH,

3

Stabilised by

destabilised by I effect I effect only
—I power is maximum

(dueto distance)

stability order 11 > 1 > 1l

OCH,

Stabilised by + R effect
destabilised by -1 effect
—I power is minimum
(due to distance)

(il) Stability of carbanion : Moreresonancein carbanion, more stable
Example: stability order for following

@)

)

()

(vii)

(C] ® ®

stability order | > I1 > 1ll

©]
CH,-OH
maximum(-1)

(€] (C]
CH,-NO, CH,-CH,-NO,
stability order | > 111 > |l

o O X
resonance maore resonance

stability order 11 > 1 > Il

) (€] ) (]
(CeHs)3 C>(CgHs5),CH > CH;CH, > CH,=CH-CH,>CH,=CH

(€] ®
> CH,-CH,-OH > CH,-CH,-CH,-OH
Minimum (-1) of OH

(©)
CH,~CH,-NO,

localized o charge

® ® 0 ®
CH, > CH,— CHg(CH,), —CH > (CH,);C

C>@ @»CH > @—CH

2° anion ° anion ° anion

o (S}
CH, CH,

CH,

+R effect decrease
stability

+| effect also decrease
stability

+| power is maximum

Destabilised only
only by +l effect only

Stability order 11 > 111 > |

Destabilised only
by + R and + | effect
(+ | power is minimum)
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NO,
(vii) .

NO,
stability order | > [11 > |1
0
Q CH
CH, CH, 2
OCH, OCH,

stability order 11 > 1 > Il

(i)  Stability of freeradicals.
e Moreresonance, more stable
Example: Stability order

@) CH,=CH-CH, CH,=CH CH,=CH-CHZCH=CH,
| ess resonance NO resonance more resonance

stability order 11 > 1 > Il

v O OO

resonance more resonance localized
stability order 11 > | > 1ll

(i)  (CeHg)sC > (CHg), CHu> (CHs)CH, > CH,=CH-CH, > (CH,);C

> (CH,),CH > CH,CH, >CH,

(B) Acidic Strength

Acidicstrengthoc stability of conjugatebaseoc — M effect o iM oc—|oc il
+ +

Acidity of Phenolw/s acohol

CeHsOH —=—> CHe0 + 1
stabilized by resonance

R-OH—H" ,R_0°4+ _H®
No resonance
thus acidic strength of phenol > alcohol
more is the stability of phenoxideion more will be the acidity of phenol

feanas, cLasses Goc >4

AIEEE DIVISION



Acidity of Substituted Phenols: Acidity of substitued phenols depend on the stability of the
phenoxide ion because acidity is the function of conjugate base.

o ol
0
3 o)
o8 @l
NO, NO,

| I 1l
Stabilised by-R and -1 . Stabilised by-R and*I

effect and I Stebilised by -1 effect and 41

effect only

power is maximum
stability order | > 111 > |l

power is maximum

Thus according to stability of anions o-derivative will be more acidic than p-derivative which will
be more acidic than m-derivative. But result is as follows in case of nitrophenols, p-derivativeis
more acidic than o-derivative which is more acidic than m-derivative. In o-derivative, thereis
intramolecular hydrogen bonding which decrease acidity. Thus order of acidity isasfollows:

p-derivative > o-derivative > m- derivative > phenol.

»
»

Acidity in decreasing order

Acidity of substituted acids Ortho substituted banzoic acid is always a stronger acid than
m- and p-derivative due to the ortho effect.
O o}

%
NS 0
C
Q‘O N\~ ®

C
N o)
N N/
o) NY O@
9]

Thus, anion is stabilised by <R ‘and —I effect and — I power is maximum.

ON
C=0
\NOZ
(1)
Anion is stabilised only by —I effect of NO, group
B o o, 0
\C// N
N: =0 N—3
0 o
(1)
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©)

Anion is stabilised by -R and -1 effect of NO,, group

C)

o)
\C=

(1v)
Thus decreasing order of the stability of these anionsisfollows: 1> 11> 11 > TV

We know that ortho derivative is the most acidic therefore decreasing order.of ‘acidity of these
acidsisasfollows :

o-derivative > p-derivative > m-derivative > benzoic acid

v

Acidity in decreasing order
Basic Strength

basic strength o«c +M oc —— oc + | oc —

Basicity of Aromatic Amines: Basicity of nitrogen containing compounds o« Electron density on
nitrogen.

In aromatic amines, lone pair of elecrons present on nitrogen is delocalised, hence e ectron density
decrease due to resonance.

Ex. C6H5NH2 isless basic than CH3NH2

@ NH, @ CH,-NH; @ NH-CH,

(.p. isparticipating in no reso. of /.p. £.p. is participating in resonance
resonance so maximum basic and +l of CH,

" (I (1)

basic order 1l > 111 > |

Effect of cross conjugation‘en basicity :

€]

i i
CH,— C X NH,.e— 5 CH,— C=NH,
O
Due to delocalisation and — | effect of )j\ group, amides are |less basic than amines.

I

In this amide there is cross conjugation which increases basicity; thus C;H.CONH,, is more basic
than CH,;CONH,,.. = bond of C = O group isin conjugation to benzene ring as well asip of NH,,

group.

&
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(D)  Aromaticity
(@ Aromatic Character of Compounds: AccordingtotheHiickel rule, acompoundwill bearomaticif
itfulfilsthe
following four conditions:
(i) Compound should becyclic
(i) Compound should be planar or nearly planar.
(ii1) Compound shoul d be conjugated through out ring and
(iv) Compound should have (4n + 2)rt conjugated or del ocalised el ectronswhere nis awhoele number
n=0, 1,234,5,6, ...
n= 0, 1, 2, 3, 4, 5.
(4n+ 2)ne” = 2 6 10 14 18 22....

slecinAnAein
A\ N NG/
I o0

H H
v.0.0
(b) Antiaromatic Compounds: Accordingto Hucke rule;compound will beantiaromaticif it fulfitsthe
following four conditions:
() Compound should becyclic
(D) Compound should be planar.

(iii) Compound should be conjugated through out ring and
(v)  Compound should have (4n)r conjugated or del ocalised e ectronswherenisawhole

Exmples:

number
n=1,23,4,56
n= 1, 2, 3, 4, ST
(4nyre = 4 8 12 16 20......

save [ /NG

(© Non aromatic compounds ;: these compounds are niether aromatic nor antiaromatic

Example ©

Although cycl ooctatetraene has (4n)r el ectronsbut even then it isnot an antiaromatic. Geometry of this
compound isnon planar. Thusitisnon aromatic.

(E) Bond order:: Bond order in conjugated compound or bond order in compounds which exhibit
resonance

Total rﬂnber of_bcms on central atom

Number of resonating structures

For.examples :

one bond Two bonds
& (Total bonds on
> this carbon is 3
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Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sol.

Bond order of carbon in benzene = 27“ =15

Example: Give the correct order of bond length of following mentioned compounds.
(i) CHs—CH, = N H, (i) CH, =CH-NH,

no resonance(only single bond charecters)  resonance (partial double bond characters)
bond length order a> b

QUESTION BASED ON MESOMERIC EFFECT AND IT’S APPLICATION

Which of the following carboxylic acids is most acidic in character -
(A) o-methyl benzoic acid (B) m-methyl benzoic acid
(C) p-methyl benzoic acid (D) Benzoic acid

(A) due to ortho effect.

Whichoneof thefollowingismost acidic-

(A) p-nitrophenol (B) phenal (C) m-nitrophenel (D) o-nitrophenol

(A) Electron withdrawing group (— NO,) increasesthe acidity of phenoal. Its effect is more dominant
whenitispresent on o- & p- position rather than on m- position:

Consider the follownig carbocations -

@ ® ® ®
(&) CHy-CH, (b) CHp=CH (c)CH;~CH —CH, (d) CeHs— CH,

Stability of these carbocations in decreasingorder is -
(A)d>c>a>b (B)d>c>b>a (€)c>d>b>a (D)c>d>a>b
(A) d have more resonating structure than.c

Increasing order of acid strength among p - methoxy phenol, p-methyl phenol and p-nitrophenol is-
(A) p- nitrophenol, p-methoxyphenol, p~<methyl phenol

(B) p- methyl phenol, p- methoxyphenol, p-nitrophenol

(C) p- nitrophenoal, p- methyl phenol, p- methoxyphenol

(D) p- methoxyphenal, p- methylphenal, p- nitrophenol.

(D) Electronwithdrawinggroup (-NO, ) increases acidity of phenol. Whereasel ectron rel easing group
(—-OCH,, —CH, ) decreasesthe acidity of phenol

The groupswhich when present in paraposition tend to decrease the acidity of phenol are-

(A) -NO, (B) -CN (C) -OCH, (D)-F

(C) Electron releasing group decreasesthe aci dity of phenol whereas el ectron withdrawing group increase
theacidity of phenol.

Which free radical isthe most stable -

(A).CeHs — CH,  (B) CH,=CH-CH, (C) CHyCH-CH; (D) CHy C- CH,
I
CH,
(A) more resonance due to phenyl group
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Ex.7 Which carbocation is the most stable -

&, CH, CH, CH,
(A) @ (B) @ © @ (D) @
OH Cl NO,

CH
Sol. (B)+M effect of —OH is highest, which decrease magnitude of charge thus stability.increases.

34  Hyperconjugation :

® delocalization of conjugated (C-H) sigma electrons with mt-bond or positive charge or free radical
iscalled hyperconjugation or H-effect.

(D) hyperconjugating structures may be written involving “no bond” between the alpha carbon and
hydrogen atoms so known as “no bond resonance.”

(i) Nathan baker observed this effect so known as “Nathan baker effect”
(iv) It isalso permanent effect

Condition for hyper conjugation:

0] Compound should have at least one sp2-hybrid carbon of eitheralkene, alkyl carbocation or alkyl
freeradical.

(i) a-carbon with respect to sp? hybrid carbon should/have at least one hydrogen. If both these
conditions are fulfilled then hyperconjugation will take place in the molecule.

Hyperconjugation is of threetypes:
(i) o (C - H), ® hyperconjugation : This typeof conjugation occurs in akenes.

CH,
a |
CH;— CH = CH, CH; — cH-CH =/CH, CH; - Cc- CH=CH,
o al
C|IH3 CH,
no.of a H=3 no.of a =1 no.ofaH=0

(i1) o (C — H), vacant orbital (positive charge) hyperconjugation : Thistype of conjugation occurs
in alkyl carbocation.

+

a a @ 3
CH; — CH, CH, — CH — CH, CH; — ?— CHs
CH,
no. of o« H=23 no.of a H=26 no.of a H=9
(iii) o (C — H),edd electron hyperconjugation : This type of conjugation occurs in akyl free
radicals -
o sz |
CH,

Note: \If thereis one—C-H sigma bond alternate with negative charge then there will be no H-effect
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(D) Resonating structures due to hyperconjugation may be written involving “no bond” between the
a pha carbon and hydrogen atoms.

H IQ-)I H H

| (" 6 o | © | 0
H-C-CH=CH, «— H-C=CH-CH, «— H C=CH-CH, «— H- C=CH CH,

I I

H |-|| H "y
In the above resonating structures there is no covalent bond between carbon and hydregen. From
this point of view, hyperconjugation may be regarded as “ no bond resosnance ».

Application of Hyper conjugation :
(A)  Stability of Alkenes:Hyperconjugation explainsthe stability of certain.akenes over other alkenes:
Stability of alkenes «« Number of alpha hydrogens o« Number ‘of hyperconjugating

structures

CH4CH=CH, CH4CH,~CH=CH, CH4CH “CH = CH,
|
CH,

() (1 (nn
stability order | > 11 > 1ll
CHs\ /CH3 CH3\ CH3\
cC=C C =CH-CH C=CH
CH,~” "\ CH, CH,”” : CH,”” 2

) (1) (1
stability order | > 11 > 1ll

(B) Bond length in alkenes. Moreis the number of hyperconjugating structures, the more will be
single bond character in carben<carbon double bond.
The bond length between carbon-carbon double bond « number of hyperconjugating
structures.

(C)  Stability of Alkyl Carbocations: Stability of alkyl carbocations «c number of hyperconjugating
structures oc number of a—hydrogens.

® ® ® ®
CH,

()] (I (1) (V)

no.ofa H=0 no.of a H=3 no.ofa H==~6 no.ofa H=9

stability order IV >[Il > 11 > |
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(D)

@
(i)

(E)

(F)

@

()
(©

Stability of Alkyl free radicals : Stability of akyl free radicals can be explained by
hyperconjugation. Stability depends on the number of hyperconjugating structures.

structure

CH, CHy CH, CHy-CH-CH, CHy C- CH,
|
CH,
(1) (I (1) (V)
no.of a H=0 no. of a H=3 no. of o H=26 no. of o H=9
No of hyperconjugating Str. 0 4 7 10

Number of hyperconjugating structuresin increasing order
Stability isin increasing order

Electron releasing (or donating) power of —R in alkyl benzene : CH; — (or alkyl group) is
+H group, ortho-para directing group and activating group for electrophilic aromatic substitution

reaction because of the hyperconjugation.
H H H H
|

H-C-H HCH@ HCH@
F - 00

The electron donating power of alkyl groupwill-depends on the number of resonating structures,
this depends on the number of hydrogenspresent on a-carbon. The electron releasing power of
some groups are as follows -

CH
CH 3
o o aNE lo
CH,> CHy-#CH, > CH>CH,-C
CH; |
CH,

Electron donating power in decreasing order due to the hyperconjugation
Heat of hydrogenation (HOH) :
R-CH=CH, + H,/~—~—— R-CH,CH; + AH
heat evolved whentany unsaturated hydrocarbon are hydrogenated is called heat of hydrogenation
(AH) If alkene'is'more reactive towards hydrogen then it will evolve more AH.

1 1
. stability of alkeneoc number of a-H

o,

AH oc'number of 7 bonds
It is exothermic process (energy release)

Note :"Reverse Hyperconjugation (—H effect) :

&
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3.5

(i)

The phenomenon of hyperconjugation is aso observed in the system given below :

X

|
-C-C=C where X - halogen
|

In such system the effect operates in the reverse direction. Hence the hyperconjugationin such
system is known as reverse hyperconjugation.

€}

CCI Cl Cl Cl

| ® | |
CI-C¥CHY CH, «—» CI-C = CH-CH, +— & C=CH - CH, +—CL~ c- CH —CH,
I
C|| Cl Cl Cl
(€]
The meta directing influence and deactivating effect of —~CX5 group for.electrophilic aromatic
substitution reaction can be explained by this effect.

X X X X

e
X-C X X-C X

|
x—-c X L e k=G x°
C— O —Q S0
“—> +—> +—>
@
Electromeric Effect : (E-Effect)

It istemporary effect.

The organic compounds having a unsaturation (a double or triple bond) show this effect in the
presence of an attacking reagent only. It is defined as the complete transfer of a shared pair of
-electrons to one of the atoms joined by-a multiple bond on the demand of an attacking reagent.
The effect is annulled as soon as the attacking reagent is removed from the domain of the reaction.
It is represented by E and the shifting of the electrons is shown by a curved arrow ().
When inductive and electromeric effect operate in opposite directions, the electomeric effect
predominates.

There are two distinct types of.el ectromeric effect.

Positive ElectromericEffect (+E effect) : In this effect the n-electrons of the multiple bond are
transferred to thet atom to which the reagent gets attached. For example :
®
>clts H'——>C-C<
i
wmy o w
NegativeElectromeric Effect (-E effect) : In this effect the n-electrons of the multiple bond
are transferred to that atom to which the attacking reagent does not get attached. For example.
(©)
>c?'c:+ CN——>C-C(

. |
attack
s CN

&
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QUESTION BASED ON HYPERCONJUGATION

Ex.1 Which of thefollowing is most stable carbocation.

(A) CHy—CH,  (B) CHy—CH=CHy(C)CH;—C~CH, (D) (CHy—CH),C
CH,

Sol.  (C) Because CH, _E;_ CH, has'9" o H atoms which is maximum in all fouriexamples.
|

Ex.2 Deactivating effect of —-CCl, can be explained on the basis of
(A) —1 effect (B) + R effect
(C) negative hyper conjugative effect (D) none
ccl,

Sol. (C) Thereis anegative hyperconjugativein @ as-

<|:| (|:| <|:|
cl-C-cl cl-C cPe ci-C cI® cl=c. cl®

> ® > @ . ®© >
@

Ex.3  Which of thefollowing alkenes will react fastestwith H,, under catalytic hydrogenation conditions-

|CI
C

R R R H R R R R
(A) /7 \ B) /—\ © DO /—\
H H R H R H R R
Sol. (A)
Ex.4 Which of following has maximum-hydrogenation energy.
(A) CH, - CH, - CH = CH, (B) CH, — CH = CH — CH, (ci9)
(C) CH; — CH = CH,— 'CH; (trans) (D) All have the same

Sol.  (A) Dueto lower no,/of a'H' it is unstable than others.

Ex.5 Which statementris correct for electromeric effect -
(A) It isatemporary effect
(B) It is theporperty of = bond
(C) It takesplace in presence of reagent, i.e., electrophile or nucleophile
(D) All are correct
Sol. (D)

4. ATTACKINGREAGENTS
Thespecieswhich attack on asubstrate and form aproduct iscalled as attacking reagents. These are of

two types
(A) Electrophile (B) Neucleophile
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(A)  Electrophilesor electrophilicreagents (E®):
(&) They areeectron deficient species.
(b) They have atendency to accept € ectron from another molecule
(¢) Inareaction, an €l ectrophile attacksthe substrate at the point of maximum el ectron density:

Typesof Electrophile:
()  Postively charged dectrophiles

© © © 6 o 1e)
2 R0 R(CH, CHo)» SoH

(i) Neutra eectrophiles
(@ All Lewisacidsas: BF,,AICl, SO,, ZnCl,, BeCl,, FeCl,, SnCl,
(b) Freeradicals, carbenes acts as el ectrophiles.
(c) Transition metal cations are electrophiles, e.g. Fe**, Fe*, Ag',-Cd*etc.
(B)  Neucleophlic reagents or nucleophiles:
@ They are electron rich species so they have a tendency to donate electron pair.
(b) All nucleophilesarelewishbases.
(© They attack thecentre of minimum electron density inamoleculeinachemica reaction.

Types of Neucleophile:

) Negetively Charged nucleophiles:
F,Cl, Br, I, 0OH, CN,RCOO,RO,R,R-C=C,NH,, SH etc.
(i) Neutra nucleophilecontaininglonepair :
H,0,R-OH, R- 0 -R, NH,, R— NH;3
(i)  melectron containing compounds
CH,=CH,CH=CH
(C)  Ambiphiles:

Ambiphilesarethosewhich act asboth e ectrophile and nucleophile.
Example :

R~ CH = (), RCOR, RCQOH etc.

S. No. Electrophile Nucleophile
1 Accept electron Supplies the electron pair
2 | Electfondeficient (electron loving) Electron rich
3 |Usually positively charged species Usually negatively charged species

4 _|Attacks the points of high electron density |Attacks the point of low electron denisty

e.g,F,CI,Br,I,HO

© (&)
®&» H, CH,, CO,NO
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Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Ex.4

Sol.

QUESTION BASED ON ATTACKING REAGENTS

Sdlect thenucleophile-

(A) BF, (B)CI* (OAICL, (D)CH,
(D)

Andectrophileamongthefollowingis-

(A)NH, (B) CH,NH, (C)H,0 (D)AICI,
(D)

Nucleophile : H-O-H, NH,, CH_-NH,
Electrophile : AICI, (6 €lectron)

A nucleophileis:

(A) electron-rich species (B) eectron-deficient species
(C) aLewisacid (D) Positively charged species
(A) A nucleophileis electron-rich species

Which of thefollowing speciesisan e ectrophile?
(A)NH, (B) OH- (C) CHy (D) SO,
(D) Nucleophile: OH-, NH,

CH, isneither electrophilenor nucleophile.
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EXERSICE # |

Q.1  Theshapeof CH,*cationislikelytobe:
(A) pyramida (B) tetrahedral (©) linear (D) planar

Q.2 Carbon freeradicals are -
(A) Diamagnetic (B) Paramagnetic (C) Ferromagnetic (D) Non magnetic

Q.3 Whichisthecorrect stahility order of following intermediates:

@D
@ @ (b) é@ ©

(A)a>b>c (B)a>c>Db (Cc>b>a (D)b>a>c

Q.4  Arrangein Increasing of basic strength

NH, NHCH;, N(CH,),
I [l 1
Al <l <1 B)I>1>1 O©nL=s1<d D) I <<l

Q.5 Whichisthecorrect order of increasing basicity ?
(A) CH4CH,CH, < CHLCH,SH < CHCH50H < CHLCH,NH,,
(B) CH5CH,CH4 < CH5CH,OH < CHgCH,SH < CH,CH,NH,
(C) CHZCH,NH,, < CH4CH,SH <CHCH,OH < CHCH,CH,
(D) CH3CH,CH,4 < CH,CH,0H< CH,CH,NH,, < CH,CH,SH

Q.6  Arrangeinincreasingorder of basicity :
CH_,NH,, (CH,),NH, CH.NH, (CH,).N
(A) (CH,),N < (CH,),NH <'CH,NH, < C.H.NH,
(B) (CH),N > (CH,),NH> CH,NH, > C.H.NH,
(C) CHNH, < (CH);N < CH,NH, < (CH,),NH
(D) CHNH, > (CH,),N > CH,NH, > (CH,),NH

Q.7  Whichof thefollowing ordersof acid strengthiscorrect ?
(A) RCOOH >ROH >HOH >HC=CH (B) RCOOH >HOH > ROH > HC = CH
(C) RCOQH>HOH >HC=CH>ROH (D) RCOOH >HC = CH >HOH > ROH
Q.8  Whichaf the following is the strongest base -

/ NH2
) o) oy oy
N N |N|
H

H
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Q.9 Sdecttheleast stableresonating structure among following carbocation.

O O
+/ + — +/
(A) CH2=CH—N/ (B) CH2CHN\/
\O_ O
— + +/ + +/O
(C) CH,—CH— N\ (D) CH,-CH = N\
O O
Q.10 Arrangethefollowing inincreasing of pH value
NH, NH C,H, NH,
| I I
A)n<i<ii B)m<i<u O m<n<i D)# <1 <1
Q.11 Polarisation of eectronsinacrolein may bewritten as:
5t 5~ 5t &
(A) CH,=CH-CH=0 (B) CH,=CH-CH=0
8- 8t 8 8t
(C©) CH,=CH-CH=0 (D) CHs=CH-CH=0
Q.12 Hyperconjugation occur due to overlaping of-
(A) © M.O. with 'S (B)p' orbital with o

(C) o M.O. with t M.O. (D) None

Q.13 Hyperconjugationisbest described as.
(A) Delocdisation of nt € ectronsinto anearby empty orbital.
(B) Delocdisation of ¢ eectronsintoanearby empty orbital.
(C) Theeffect of dkyl groupsdonating asmall amount of e ectron density inductively into acarbocation.
(D) Themigration of acarbon.or hydrogen from one carbocation to another.

Q.14 Which of the following properties cannot be explained on the basis of hyperconjugation.

(A) Dipole moment of CH;— NO, (B) o-p directing character of — CH, group.
CH,
I

(C) Greater stability of CH; - ?: —~CHY (D) Metadirecting character of CCl, group.
CH,

Q.15 Whichof thefollowingisandectrophilic reagent ?
(A)H0 (B) OH- (C) NO,* (D) None

Q.16 ‘WhichamongthefollowingisnotalLewisacid
(A) BF, (B)AICI, (C) NH, (D) Hg?*
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Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Which of thefollowingisan eectrophile
(A) NH, (B) ROH (C) OR (D)BCl,

Which of thefollowingisnot anucleophile
(A)NH, (B) BF, (C) OH (D) HSO,

:C7:H2—C—CH3 and CH,—C—CH; are —

I
o 9
o0

(A) resonating structures (B) tautomers
(C) geometrical isomers (D) optical isomers

Select theleast stable resonating structure among following carbocation:

O O
/) + — +/
(A) CH,=CH—N” (8) CHZ—CH—N\/
\O_ O
@) O
— +/ /
©) CHzéH—N\/ (0) &3, CH =1
O \O_
‘M’ effect isthe resonance of -
(A) melectronsonly (B) o dectronsonly
(C) = and ¢ both (D) (+)veand (-)vecharge.
Which of the following is the strongest - | group -

(A) — N*(CH,), (B) —NH, (C) - *S(CH,), (D) -F

Which of thefollowing ordersiscorrect regarding the— | effect of the substituents ?

(A)—NR:>-OR>-F (B)-NR2<-OR<-F
(C©) —-NR2>-OR<—~F (D) —NH2<-OR>-F
Zeroinductiveeffectisexerted by :

(A) CH.— (B)H (C) CH,- (D)l
Inductiveeffect refersto:

(A) Electron displacement dong acarbon chain

(B) Completetransfer of one of the shared pair of electronsto one of the atomsjoined by adouble
bond.

(€) Campletetransfer of € ectronseither to unshared

(D) Noneof theabove
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Q.26

Q.27

Q.28

Q.29

Q.30

Heterolysisof propanewill yidd:
(A) CH,and C H, radicals (B) CH, and CH,CH," ions
(C) CH,*and CH,CH, ions (D) CH,"and CH,CH,"ions

Homolyticfission of C—C bondin ethanegivesanintermediateinwhich carbonis
(A) sphybridised (B) sp?hybridised (C) sp*hybridised (D) sp?d hybridised

Thehomolyticfisson of acovaent bond produces
(A)freeradicals (B) carboniumions  (C) carbanions (D) carbenes

Which among the given acid has lowest pKavalue -
(A) Chloroacetic acid (B) Bromoacetic acid
(C) Nitroacetic acid (D) Cyanoacetic acid

Rank the following radicals in order of Decreasing stability

J 09 g

Am=>1n>1>ivB)l>l<i<iv ©CIL=1k>11>IVD) Il <ll<I<IV
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EXERSICE # I

Q.1 Inthefollowingbenzyl/dkyl sysem

R-CH=CH, o £ >R (Risakyl group)

increasing order of inductiveeffectis— [AIEEE-2002]
(A) (CH;); C—>(CHy), CH —> CH,CH,—

(B) (CH4CH, — > (CH,), CH —> (CH,),C —

(C) (CHy), CH —> CH,CH, —> (CH,),C—

(D) (CH,)C —> CH,CH, —> (CH,),CH—

|
Q.2 When-CH;, CH;-CH- & CH;-C- groupsare introduced on benzenering then correct order

CH, CH,
of their inductiveeffect is- [Al EEE-2002]
CH, CH4
(A) CHy- > CHy—CH - > CH3—(|3— (B) CH3—C|Z— > CHy—CH - >CH,-
b b OB L
CH, CH,
(C) CHy—CH—- >CH, > CH3—(|I— (D) CH3—C|2— >CH,—> CHy—CH -
b, LY b b,

Q.3  Thecorrect order of increasing basic no-of thebasesNH,, CH;NH,, and (CH,) ,NH is—

[AIEEE-2003]
(A)NH; < CH;NH, < (CH,),NH (B) CH;NH, < (CH,),NH < NH,
(C) CH3NH, < NH; < (CHZ),NH (D) (CH3),NH < NH; < CH;NH,
Q.4 Rateofthereaction [AIEEE-04,05]
O O
R-& +NT—sRrR-& +F
\ \
Z Nu
isfastest whenZis-
(A)CI (B)NH, (C) OC,Hg (D) OCOCH,
Q.5 Consdertheacidity of thecarboxylicacids: [AIEEE-2004]
() PhCOOH (b) o—- NO,C,H,COOH
(c) p—NO,CH,COOH (d) m-NO,CH,COOH
Which of thefollowing order iscorrect ?
(Ada>b>c>d (B)b>d>c>a (Cb>d>a>c (D)b>c>d>a
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Q.6 Whichof thefollowing isthestrongest base- [AIEEE-2004]
H,
Q.7  Thedecreasingorder of nucleophilicity among the nucleophiles [AIEEE-2005]
O
(a) CH,C-0" (b) CH,O (c) CN- (dH,Cc —@—%— o~
ll
o 0]
is
(A)d>c>b>a (B)a>b>c>d (C)c>b>a>d (D)b>c>a>d
Q.8 Amongst thefollowing themost basic compound is- [AIEEE-2005]
(A)aniline (B) benzylamine (C) pnitroaniline (D). ecetanilide
Q.9 Theincreasingorder of stability of thefollowingfreeradicasis— [AIEEE 2006]
(A) (CgHg)3C < (CgHg),CH < (CH3)3C <(CHo),CH
(B) (CgHg),CH< (CgHg)3C <(CHa)3C <(CHy),CH
(C) (CHa),CH <(CHg)3C <(CgHg)3C < (CgHg),CH
(D) (CH),CH < (CHg)3C < (CgHs),CH < (CgHa)5C
Q.10 CH4Br+Nu — CHz—Nu+Br-
Thedecreasing order of therate of the abovereaction with nucleophiles(Nu)AtoDis
[Nu™=(A) PhO, (B) AcO, (C) HO, (D) CH;07] [AI EEE 2006]
(A)bD>C>B>A (B)A>B>C>D (CB>D>C>A (D)D>C>A>B
Q.11 Thecorrect order of increasingecidstrength of the compounds [AIEEE 2006]
Me
(@) CH,CO,H (byMeOCH,COH  (¢) CF,CO,H (d) >—C02H is
Me
(A)d<a<c<b (B)d<a<b<c (C)a<d<c<b (D)b<d<ax<c
Q.12 Which one of the following is the strongest base in agueous solution ? [AIEEE-2007]
(A) Trimethylamine  (B) Aniline (C) Dimethylamine (D) Methylamine
Q.13 Presence of anitro group in a benzene ring- [AIEEE 2007]

(A) ectivates the ring towards dectrophilic subgtitution
(B).renders the ring basic
(C) deactivates the ring towards nucleophilic substitution

(D) deactivates the ring towards electrophilic substitution
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e 0 )
Q.14 Arrange the carbanions, (CHz);C,CCl; (CH;),CH C6H58|_|2 , Inorder of their decreasing

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

stability- [AIEEE 2009]
(A) (CH3)2CH >CC|3 . C6H5CH2 > (CH3)3C

® e e e}
(B)CCl;> CgH;CH, > (CH3),CH> (CHy)5C

C] (] ¢} o0
(C) (CHy);C> (CHy),CcH>CiH ¢ H, >CCl,
o (S} ® ®

(D) CeHscH,>CCls> (CHy);C > (CHy),CH

Thecorrect order of increasing basicity of the given conjugatebases (R = CH,) is: [AIEEE 2010]

(©) (©) (C] (C] 0 ® (€] (©)
(A) RCOO<NH, < HC= C < R (B) RCOO" < HC = C< NH, <R

(S} (S} (©] (S} ($]

(0] 0 ®
(O RCOO <HC = C< R < NH, (D)IR<HEC = C<RCOO < NH,

Thestrongest acid amongst thefollowng compoundsis [AIEEE 2011]
(A) CH,COOH (B)HCOOH

(C) CH,CH,CH(CI)CO,H (D) CICH,CH,CH,COOH

Electromericeffect :

(A) Comesinto play at thedemand of attacking reagent

(B) Involvesdisplacement of e ectronsinasigmabond

(C) Comesinto play inthemolecule when at | east one atom has unshared pair of e ectrons
(D) Involvesthedistortion of theelectron cloud

Which of thefollowing statementsiscorrect about acarboniumion ?
(A) It reactswith nucleophile (B) It can undergo rearrangement
(©) It caneliminatean H* taform an olefin (D) All arecorrect

What isthe decreasing order of strength of the bases ,OH (1), NH, (I1), H - C=C (llI), CH.CH,
(v)?
A)IV>Ik>T>T B)HE=>1Iv>1i>1 ©1=>1>1>1v O)U>1>1>I1v

The meta-directing power of the groups -NH,,, -OCH,, -CH; and — NO, follows the order
(A) “NH, > -OCH4 > -CgH; > -NO,  (B) -NO, > -C;Hy > -OCH; > -NH,,
(C) +OCH4 > -NH, > -C;H; > -NO, (D) -OCH4 > -NO, > -NH,> -C¢H;

Which oneisthe correct order of decreasing stability of carbanions?
(A)P>S>T>CH.CH, (B) CH.CH,>P>S>T
(©)T>S>P>CH,.CH, (D) CH,CH,>T>S>P
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Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

The stability order in the following carbocations, CH,CH,* (1) (CH,),CH* (I1), (CH,),C* (l11) and
CH.CH, (IV)is:
AYI>IV>HI>I B)I>H>1>IV (©>IV>I>Il (D)IV>IE>1>]

Whichistheincreasing order of acidity in, HCOOH (1), CH_,COOH (ll), CH,CH,COOH.(lI).and
C,H.COOH (IV) ?
AYI=>1>H>1v B)IVv>Ia>1>1 (©Iv>I>1i>11 (D)I>Iv>I1=1i

Which oneof thefollowing compoundsismost acidic ?
(A) Phenal (B) Trichloro aceta dehyde
(C) Trichloro acetic acid (D) Benzoicacid

Correct order of reactivity—

(A) CH,=CH, > CH;—CH=CH, > (CH,),C=CH,
(B) CH,=CH, > CH;—CH=CH, > (CH,),C=CH,
(C) CH,=CH, < (CH,),C=CH, < CH;—CH=CH,,
(D) CH;—CH=CH,, < CH,=CH, < (CH,),C=CH,

Inthe following compounds phenal (1), p-cresol (11), m-nitrophenol (111) and p-nitrophenal (1V), the
order of acidityis:
A N>IV>I>IE B)I>IV>II> (© US>V (D)IV>IE>I>I

The order of stability of the following carbanionis:

) 30 O

Q) (I (1 (V)
A)1>11>101> 1V B)1>1>1>1Vv
OGS Iv>ian>1>1 D) H>1v>1>ll

Consider thefollowing akenes:

(@ H,C=C(CH,CHJ) CH(CH,), (b) (CH,),C = C(CH,)CH.CH,
(c) CH,CH = C(CH.).CH (CH,),

The correct sequence of increasing order of stability of thesealkenesis:
(A)ab,c (B)c,b,a (C)b,ac (D)acb

Which among the following compounds behave both as an electrophile as well as a nucleophile:

0 0

I Il
(@ CH,=CH, (b)) CH,=CH CH; (C) CH,-C-CH,  (d) CH;—C~Cl
(AyOnly a (B) aand b (C)candd (D) b,cand d
Which of thefollowingismost basic ?
(A) N-methyl aniline (B)Aniline
(©) N, N-dimethyl aniline (D) p-nitroaniline

FTJEANSAL CLASSES GoC 73]

AIEEE DIVISION



ANSWER KEY

EXERSICE #1

Q1 D Q2 B Q3 C Q4 D Q5 A Q6 C Q7-8B
Q8 A Q9 C QI A Q11 A Q12 C Q13 B Ql4.C
Q15 C Q16 C Q17 D Q18 B Q19 A Q2 C Q2 A
Q2 A Q23 B Q2 B Q2 A Q26 B Q27 B4 Q28 A
Q29 C Q30 A
EXERSICE #I11

QL A Q2 B Q3 A Q4 A Q5 D Q6<D Q7 D
Q8 B Q9 D Q0D QU B Q12 C Q13D Q14 B
Q15 B Q16 C Q17 A Q18 D Q19 A . Q20 B Q21 B
Q2 D Q23D Q2 C Q2 B Q2 D %Q27 D Q2 D
Q29 C Q30 C
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(i)
(ii)

(N

INTRODUCTION

The compound which havethe samemolecular formulabut differ in physica and chemicd propertiesare
called aslsomer and the phenomenoniscalled Isomerism.

Theterm ‘isomer’ was given by Berzellius.

Theisomer wasderived from Greek word meaning ‘equal or like part’ (isos= equal; meros = parts)

| somerism
Structural |somerism Stereoisomerism
—— Chain isomerism | l
—— Position isomerism . . .
. . . Configurational Conformational
—— Ring chain isomerism |
— Functional isomerism
—— Metamerism l _ l )
] Geometrical Optical
— Tautomerism Isomerism Isomerism

Structural | somerism/ Constitutional | somerism:
Structurd isomers possessthe same mol ecul ar formulabut different connectivity of atoms. Theterm
condtitutiona isomerismisamoremodernterm of structural isomerism. Itissub-classifiedinto

followingtypes.

(i) Chain I somerism : Thedifferent arrangement of carbon atomsgivesriseto chainisomerism.
Chainisomerspossessdifferent lengths of.carbon chains (straight or branched). Suchisomerismis
shown by each and every family of organie compounds.

Butane: C,H,,

CH;— CH;=CH,—CH, n- butane
CH3—C|3H—CH3 iso butane
CHy

n-butane has the chain of four carbon while isobutane has three. Hence they are chain isomers.
Butyl alcohol ;'C;H,OH

CH,- CH,- CH,—CH,OH n-Butyl alcohol
CH3—C|)H—CH20H Isobutyl acohol
CHs

These two'hutylval cohols are chain isomers.

(i1) Positiond somerism -Position isomerism is shown by the compounds in which thereis difference
in the pogition of attachment of functiona group, multiple bond or substituent along the same chain
length of carbon atoms -

0] The same molecular formula

(i) The same length of carbon chain

(iii) The same functiona group.

&
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Example:

€) CH,- CH,-CH,Cl and CH3—C|)H—CH3
Cl
1- Chloropropane 2- Chloropropane
(b) CH3— CH2 — CHZOH and CH3—(|:H—CH3
OH
1-propanol 2 -Propanal
(© CH;—CH,—CH,—NH, and CH3—(|3H—CH3
NH,
n-Propylamine Isopropylamine
(d) CH,—-CH,~CH=CH, and CH,—CH=CH=CH,
1-Butene 2-Butene
CHg
CHs s
@CHg @
e
© r CHs
0-Xylene m-xylene p-xylene

(i)  Ring chain isomerism —
Such isomerism arises because of the difference of carbon-chain or ring.

For example:

(i) A CHBCH:CHZ

Cyclopropane Propene

Cyclopropaneand.propene are ring chain isomers.

()  GHy—CH,—CH=CH,

Cyclobutane
Cyclobutane is the ring-chain isomer of 1-butene.
Note: Acyclic Alkanes do not exhibit ring-chain isomerism.
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Functional group isomerism:

Compoundswith thesamemol ecular formulabut differing inthetype of functional group they
possessare classed asfunctional isomersand i somerism between themisknown asfunctiona
isomerism. For example:

(iv)
@
()
©
(d)
v)

CH,; - CH, - OH and
Ethyl alcohol

(Alcohol)

CH,-CH,-COOH and
Propanoic acid

(Acid)

CH,- CH, — CH, — NH,

CH, - CH, - NH - CH,
CH,;—N—-CH,

dh,
Alkyne and Alkadienes
C4H6

CH = C - CH, - CH,4
CH, = CH — CH = CH,

CH; -0 - CH,
Dimethyl ether
(Ether)

0]
CH3—g—O—CH3
Methyl acetate
(Ester)
1° amine
2° amine

3° amine

1-Butyne
1,3-Butadiene

around a polyvalent functional group.
Some example of Polyvaent functiona groups.

—O- Ether

—N — tert.amine

— C - Thioketone

I
S

O

C
AN
O

J
O

acid anhydride

Example :-

@

CH;-C-CH,-CH,-CH, and

|
O

—C- Ketone
I
O

—S— Thioether

— COO - Ester

(2— Pentanone)

CH3—CH2—ﬁ—CH2—CH3

O
(3— Pentanone)

Metamers: Thistype of Isomerism arises due to unequal distribution of alkyl substituents

&
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(i) Diethyl ether and methyl propyl ether
CH,CH,OCH,CH, (Diethyl ether); CH,OCH,CH,CH (Methyl propyl ether)

(i) Diethyl amine and methyl propylamine
CH,CH,— NH — CH,CH, (Diethyl amine);
CH, CH,CH,-NH-CH,(Methyl propyl amine)

Q 0
Lo OH I
(iv) (j - © and O\(j&o@ are metamers

(vi) Tautomerism -

0] Tautomerism isa specia type of functional group isomerism which arises due to the transfer
of H-atom as proton from a polyvalent atom to other polyvalent‘atom.

(i) Such isomers are directly and readily inter convertible under-ordinary conditions, and the
isomers are called tautomers.

(i)  Tautomersexist in dynamic equilibrium.

(iv)  They have no separate existence under ordinary eonditions like other isomers mentioned
above.

v) The other names of tautomerism are ‘desmotroprism’ or ‘prototropy’.

(vi)  Tautromerism is thus the property shown.by certain compounds exhibiting different
properties, as if they posses different structures and these constitutional isomers are called

tautomers.
(vi)  If theH atom oscillates between two polyvalent atoms linked together, the systemiscalled
as Diad.
H-C=N “ C=N-H
Hydrocyanic acid isocyanicacid
(viii)  Hatom oscillatesin betweenfirst and third atomsin achain, thesystemiscalled astriad.
H-O-C=N o O=C=N-H
@ Keto - Enol Tautomerism -
0] When the tautomers exist in the two forms keto & enol then, such type of

tautomerism.is called keto-Enol tautomerism'.
(i) It was discovered by the scientist 'Knorr' in 1911 in acetoacetic ester.

(i)  The Keto means the compound has a Keto group > C = O, and the enol form
hasboth double bond and OH (hydroxy) group Joined to the same carbon.

H O (|3H
lo I
_(lj_c_ o —C|=C—
Keto forms Enol forms

Conditionsfor tautomerism

0] Presence of polyvalent atom

() In order for conversion of aketo form to its enol form it must have an a-hydrogen (i.e.,
hydrogen attached to the carbon adjacent to the carbonyl group). Thus benzaldehyde,

m-chlorobenza dehyde (in genera, aromatic a dehydes) forma dehyde, trimethylacetaldehyde
do not exist as their enol forms.
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|| C-H
OC—H
Cl
Benzal dehyde m-Chlorobenzal dehyde
T
H—(ﬁ—H CH3—C| — C”—H
O CH; O
Methand Trimethyl-acetal dehyde

(i)  Keto enol tautomerism can occurs both in acidic and basic medium.

Example of Keto enol tautomerism :-

H @)
0) CHZ:C‘!—OH SN CHyC”H
Vinyl alcohol Acetadehyde
Q H OH
(ii) CHg—él—ClH—COOC2H5 SN CH 3—C|=CH—COOC2H5
Aceto acetic ester B-- Hydroxy crotonic ester
Keto form Enol form
ﬁ) OH
(iii) CH3;-C—CH3 = CH,=C-CHj3
Acetone Isopropenyl acohol
(l)H
(iv) HS ./ C-OC,Hs - Ho C// C-0CoHs
H” N\ CO-0C,Hsg NCO-OC;Hs
Malonic ester'(keto) (Enal)

SOLVED EXAMPLE
Ex.1 Aldehydesshow with each other -

(A) Chain isomers (B) Position isomers
(C) Functiond isomers (D) BothA & B (Ans. A)
Sol.  CH;~CH,—CH,— CHO — 4 membered principal carbon chian
CHg—CfH—CHO — 3 membered principal carbon chain
CHj
So both structure are chain isomers.
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Ex.2 Themoleculeswhichexhibit metamerismare:

(A) C,H,,O (ether) (B) C,Hg (alkene)
(C) CgH,,O (ketone) (D) C,H,;N (amine) (Ans.A,C,D)
i i
Sol.  Compound having bivalent functiona grouplike-O—, - C —,—S— —NH, -C -0 —
showsmetamerism

(A)  C,H,,O(ether)
CH, - CH, - O - CH, - CH, and CH,-O—CH, — CH, - CH,

(©)  CH,,O(ketone)
CH,—CH,—C-CH,—CH, and H3C—‘(‘?—CH2—CH2—CH3
} i
(D)  C,H;;N(sec.amine)
CH,~CH,-NH

(%H;CH3 and CH; - NH - CH, - CH, - CH4

(B) C,Hg (akene) doesnot show metamerism.

Ex.3 Compound C,H,,O can show -
(A) Metamerism (B) Functional isomers
(C) Positiona isomers (D).All.above (Ans. D)
Sol.  (A) Metamers:
CH, - CH,- O - CH, — CH,
&
CH, -0 -CH, - CH, - CH;
(B) Functional isomers:
CH, - CH, — CH, - CHs —OH
&
CH; - O - CH, - CH ;= CH,
(C) Positional isomers :
H,C - H,C - CH; - CH, - OH
&
CH; - CHy — (l:H — CH,
OH

Ex.4  Whichof thefoll owing compound can exhibit tautomerism.

i —0

(A) QO (B)

O

©) Oi<i>:0 (D) @CH:CH—OH (Ans.ABD)
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. (A) Qo N QOH
O OH
0] OH
(B) -
0] OH
D) @CH=CH—OH IR QCHz—CH=O
Ex.5 Thenumber of structural isomersshownby CH, ,
(A4 (B)5 (©) 6 (D)8 (Ans. B)
Sol.  Stuctural isomer of C;H, , areshown below :
(A) CH, - CH, - CH, - CH, - CH, - CH, (B) CH3—(‘IH—CH2—CHZ—CH3
CH,
3
(C) CH3—CHZ—(‘7H—CHZ—CH3 (D) CH3—$—CH2—CH3
CH, CH,
(B CHs—C‘ZH—(‘IH—CH3
CH, CH,
Ex.6 Estersarefunctional isomers of -
(A) Hydroxy aldehyde (B) Ketone
(C) Diketone (D) Didl (Ans. A)
Sol.  Ester arefunctional isomers of hydroxy aldehydes.
CH; - C -0 - CH, & CH, - CH - CHO
I |
o OH
methyl ethenoate 2- hydroxy propanal
Ex.7  How many primary aminesare possiblefor theformulaC,H,,N ?
(A)1 (B) 2 (©3 (D)4 (Ans. D)
Sol.  Primary aminesef molecular formulaC,H,,N
(1) CH,—CH,—CH,—CH,—NH, (2) CH;—CH-CH, —-CHj,
NH,
T
(3) GH; —CH-CH, —NH, (4) CH;—C—NH,
|
CH, CH;
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Ex.8

Sol.

)

Which of the following is an example of isomerism -

i i i i
(A C-C-C-C & C—clz—c B) C-C-C-C& C—C—C|Z
C C
C
C | |
C>c-c-c &C—C—clz (D) C—C—(I: & (I:—C—C—C
C C C (Ans. A)

In the A option the compounds are 2-methyl butane and 2,2- _dimethyl propane
respectively. In B & C option both the compound are samei.e. 2-methyl butane.In D option both
structure are samei.e. n-pentane.

Stereoisomerism/ Spaceisomerism:

Compound having same molecular formula, same connectivity and structureformulabut differ dueto
spatial arrangement of group or atomissaid to be stereo i somers and phenomenonistermed as
sterecisomerism.

It isdivided into two parts

(1) Configuration isomerism
(2) Conformationa isomerism

Configuration isomerism : Stereoisomers which are not interconvertible at room temperature are
known as configurational isomers

Configurational isomerism is further divided.into'two parts
(A) Geometrica isomerism
(B) Optical isomerism

Geometrical isomerism : It istype of configurational isomerism which arises due to restricted
rotation of atoms or groups areund a double bonded system or cyclic system.

Conditions

@ Planarity

(ii) Restricted rotation

(iir) Different functional group around system which isshowing geometrica isomerism.

For example:
X \ /Y X \ /Y
@ (b)
X / \Y v / \x
Not showing G.I. Showing G.1.

Geometrical isomersarenamed as
(8 cis-transisomers (b) Eand Z isomers
(¢) Syn-anti isomers
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@ Cis- transisomers. When likeatoms or groups attached at the same side of double bonded
C-atom-called ascis. isomers. When like atomsor groups are on the opposite sides of
doubly bonded carbon, are called. transisomers.

a_ _a
a_ b
C C
cisisomers trans isomers
Cl\ /CI CI\ /H
cisisomer trans isomer
HOOC\ /COOH HOOC\ /H
H/ \H H/ \COOH
Maleic acid Fumaric acid
(cisisomer) (transisomer)

(b) EandZ isomers,
0] Theabove systemisused for derivativesof @dkenesinwhich al thefour substituents

should bedifferent
a o
~N~._ S
b/C—C\B

(i) Following aset of rules (Cahn - lngold-Prel og rules) the substituentson adouble
bond areassigned priorities,

(iii) The doublebond i sass gnedthe configuration E (From entgegen, the german word
for opposite) if the twogroups of higher priority are on the oppositesidesof the
doublebond.

1 2

Z/Ccl

E form

(iv)  Ontheether hand, the doublebondisassigned the configuration Z (From zusamenn,
the Germanword for together) if thetwo groups of higher priority areonthe same

sideof thedoublebond.
1 1
5 ,C C ~5
Zform

Proirity rule: chann,ingold & prelong proposed asequencerule.
Rule-1 When atom or group of atom which are directly attach to the stereogenic
centre have higher atomic number will have higher proirity. Example

) )
T:C ¢ :Cl (2)NH, _ NG D)
(1) Br (1) QF”~ “CH; ()
Z-form E-form
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Rule-2 When the atomic number will be same, then higher atomic weight or group
of atom have higher proirity

(1) NHy~ _H(@®

c=C
(2)CH; - CH, — ~D (1
E-form
Rule-3 When both atomic number and atomic weight are same then prairity will be
decided by the next joining atom.

CH3

1 I
@) CH; - CH

_CcHy @

CH,y— CH,— CH, 7 ™ CH,—CHy
2 (1)

(E-form)

) ?Hg Clle
CH
3™C _CH, — CHZICH,
/7 “C=C

CH; , N\ (2

CH, CH#& CHjy
D
(1) OH CH;

(Z-form)

Rule-4 If multiple bonded group attach to the double bonded carbon, then they are
considered in follewing manner.

>C=0 => >|C_oI CoA_cC

P - -C ,

C c-A C
C

For example :

_~D
(1)NH2/ \CHZ—OH ©)
(E-form)

2 CH=cH,?

NC .

(1) CH - N C=CH (2)
y) (Z-form)

Ex.-2

BANSAL cLAssES | SOMERISM [84]

AIEEE DIVISION



H3C\ /H H

H

Cc=C H ~_._

_— g CH,
(2E, 4E) hexadiene (2Z, 4Z) hexadiene
H\ /H H C\ /H
/ el e S W e

H/ \ H, H/ " H

(2Z, 4E) hexadiene (2E{/4Z) hexadiene

(© Syn-anti isomers This type of isomerism exhibit by oximes and/Azo compound. Oximes are
the compounds formed by the reactions of aldehydes or.ketones with hydroxyl amine. The
products obtained have all the necessary conditions for Geometrical isomerism. i.e. restricted
rotation they can be represented by the general formula

>C:O+H2 [ N-OH _,
Oxime of‘adehyde
~ . and oxime of unsymmetrical
/C_N_OH ketone d so show
Oxime Geometrical 1somerism
Aldoximes
I Il
Synform Anti form

When —OH group and H atom is same side, then it is syn form otherwise anti form
CH, \C/CHZ_CHz CH,—CH, \C/CH3
I Il
N oH N~ on
Synform Anti form

In unsymmetrical Ketoxime, if-OH and the a phabetically alkyl present on the same side of
double bond, then it is called as syn form and other isomer is anti form
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Geometrical Isomerism in AZO compound :

Eq. Ph— N =N - Ph
Ph Ph
QN/ & J/
& e S
Syn form Anti form

Geometrical Isomerism in cyclo alkane:

In cyclic compound the rotation about C — C single bond is not free because of the regidity caused
by the presence of other carbon of the ring which keep them tightly held, thus adisubstituted cyclic
compound (having the two substitution at the separate carbon) will aso show Geometrical
Isomerism.The substituents on the same side are cis-isomers while'the substituents on opposite
sides represent trans-isomers.

H
Cl H Cll i \_\
cl
H Cl
Transform
H i i H i i
cl Cl cl cl
Cisform
HOOC COOH H COOH
H H HOOC H
Cisform Transform

No. of geometrical isomers in polyenes :
Case-1 Incase/of unsymmetric alkene. If R, » R, (R, - CH = CH - CH = CH - R,)

no.of. G.1.=2"

n -5 number of double bond showing geometrical isomerism

Ex\“CH, - CH = CH - CH = CH - CH, - CH,
N=21=22=4
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Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Ex.4

Sol.

Ex.5

Case-2 Incase of symmetric akene. If R, =R, (R, -~ CH=CH - CH = CH -R,)

no.of G.l.=2"14+2P1

ifnisevenno.then,P:%

n+1
2

Ex- CH,- CH=CH - CH=CH - CH = CH - CH,

if nisodd no. then, P =

=3
3+1
N=22+21=6
SOLVED EXAMPLE
Which of the following compounds exhibits geometrical isomers ¢
(A) C,HBr (B) (CH),(COQH),,
(C) CH,CHO (D) (CH,),(COOH), (Ans. B)
(CH),(COOH), in fact represents
HOOC — CH = CH — COOH and hence shows geometrical isomerism.

The number of geometrical isomers of

CH,CH =CH - CH =CH - CH = CHCl is ¢

(A) 2 (B) 4 (C).6 (D) 8 (Ans. D)
Since both the carbon atoms of each of the three double bonds are differently substituted, therefore,
23 = 8 geometrical isomers are possible.

Maecandfumaricacidsare

(A) Geometrical isomer (B) Tautomers
(C) Opticd isomers (D) Metamers (Ans. A)
Geometricd isomerism
H-C-COOH H-C-COOH
I I
H-C-COOH HOOC-C-H
(Maleicacid) (Fumaricacid)
Which of the following can exhibit cis-transisomerism —
(A) HC = CH (B) CICH = CHCI
(C) CH,.CHCI, COCH (D) CICH, — CH.CI (Ans. B)

Remember that cis-tans geometrical isomerism is possible only in alkenes and further only in those
alkenes in which the doubly bonded carbon atoms individually have different atoms/groups.

Geometricd isomerismispossblein caseof:
(A)-Pent-2-ene (B) Butane (C) 2-Butene (D) Ethene  (Ans. A& C)
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Sol.

Ex.6

Sol.

Ex.7

Sol.

@

()
©

(d)
©

®

Geometrical isomerismispossiblein caseof 2-Buteneand 2-Pentene

H CH H CH H CH H CH
\C/ 3 \C/ 3 \C/ 3 \C/ 3
C C C C
H™ SCH, HC™ H H” 7~ SCH,CH, CH,CH;  H
Cis Trans Cis Trans
2-Butene Pent-2-ene

Givethe E-Z designation of the following compound -
CeHs I
De=e
CH3NH Br
(A)E (B) Z (C) E-Z (DY E-E (Ans. A)
Priority order =

@ O O @

Which of thefollowing compoundswill exhibit trans(geometrica) isomerism?

(A) 2-butene (B) 2-butyne (C) 2-butanol (D) butand (Ans.A)
Ol efic compound showsgeometrical isomerism dueto restricted rotation around

Carbon-Carbon single bond

H-C - CH, H-C-CH,

H-C-CH, CH;-C-H
Cis Trans

2-Butene (B-Butylene)

Optical isomerism : Configurational isomers which are differ in their optical activity.

Optical Activity : The ahility of optically active substances to cause rotation in the plane of
oscillations of polarizeddight is called optical activity. The substances which do not have any
interaction with plane polarized light are called optically inactive substances.

Following experiment was conducted to determine the optical activity of a substance

Under ordinary conditions, thelight wavesoscillateininfinite number of planespassing throughthe
lineof propagation at right angle.

Plane polarized light isalight whosevibrationstake placein only one of these possible planes.
Ordinary light can beturned into plane polarized light by passingit through Nicol prism (made up of
calcite, aspecia crystalineform of CaCO3)

Whenplane polarizelight ispassed through theliquid or dissol ved state of such substances.

The planeof oscillation getsrotated through some angletowards| eft or right of theorigind plane of
oscillations. The substanceswhich rotate the plane of polarized light arecaled optically active
substances.

The substanceswhich rotatethe plane of polarized light inthe clockwisedirection, i.e., towardsright
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©

arecalled dextrorotatory substances (L atin : dexter meansright). Thisisindicated by putting abetter
dor (+) sign before the name of the substances.

The substanceswhich rotate the plane of polarized light in the anticlockwisedirection, i.e., towards
|eft are called leavorotatory substances (Latin : laevus means|eft). Thisisindicated by putting letter © T
¢ or (—) sign before the name of the substance.

Theanglethrough whichthe planeof polarized light isrotated isrepresented by «.andiscalled
observed angleof rotation.

5O

Ordinary Polarizer Plane polarized Tube containing sample of Plane is rotated
light light optically active substance through angle o

Analizer

Polarimeter

(i) Theamount of rotation caused by an optical active compounddependson variousfactors-
(a) Waveength of light beam
(b) Temperature
(c) Dendty or concentration
(d) Length of the sol ution through which light beam has been passed.

SPECIFIC ROTATION : Thespecific rotationof optically active compound can be defined asthe
amount of optical rotation observed when plane polarised light i s passed through asolution of 1. gm
per ml concentration solutioninal dmlongtube.

(04

- a1t
Specificrotation= [a];, o &

Causeof optical activity:-

Inorder to exhibit optical activity,an object or moleculemust bechiral.

Any moleculeor object issaidto be chiral if doesnot have any element of symmetry i.e. aplane of
symmetry or acentre of Symmetry.

Planeof symmetry:- A'Plane of symmetry' isaplanewhich dividesan object in such away that the
part of it on one side of the planeisthe mirror image of that on the other sidefor eg. abal is
symmetrical whileahandisasymmetric

A chira moleculeor object isnon-superimposableonitsmirror images.
Hence, chira objectsor moleculesare a so called dissymmetri c objects or moleculestheword chiral

&
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infact isderived from the Greek word cheir, meaning hard.

Chiral centre-
(1) A carbon atom bonded to four different atoms/ groupsin themoleculeiscalled Chira centre;

(i) Thechira centreinthemoleculeisrepresented by asterisk (*). For example, thesecond carbonin
lactic acidischira centre becauseit isbonded to four different groups
(- H, - CH,, — OH and — COOH).

Chiral centre
H
*/
CH,— C — COOH

|
OH

(iif) Somemoreexamples of moleculeshaving onechira centreare

* * *
CHy~CH-Cjll;  CHy=CH-CjHly  CH.CH,CHy GH -~ CoH
Br OH CH,

2-Bromobutane 2-Butanol 3-Methylhexane

(d) Compoundswhich aremirror images of each other and are not'superimposable aretermed
enantiomer s and the phenomenon i s described as enantiomerism.

ENANTIOMERS:
Enantiomersare moleculeswhich aremirror imagesof each other i.e. they should be

non-superimposable.
d d
c/bKa b ¢

Mirror

CHARACTERISTICSOF ENANTIOMERS:
Some of theimportant characteristics of enantiomersareasgiven below :
0] Enantiomershaveidenticaphysica propertiessuch asmelting point, boiling point, density, refractive
index etc.
(D) Enantiomersare opticaly active substances. They rotatethe planeof polarized light in opposite
directionsbut to theequal extent.
(+)-2-Methyl-1-butanol (-)-2-Methyl-1-butanol

Specificrotation: + 5.90° —5.90°
Rddivedendty: 0.8193 0.8193
Bailingpoint : 128.9°C 128.9°C
Refractiveindex : 1.4107 1.4107

(iii) Enantiomershaveidentical chemical properties. Thismeansthat they form same productsasaresult
of chemica combination. However, their reactivity, i.e., rates of reaction with other optically active
substancesaredifferent.

(iv) Enantiomershavedifferent biologica properties. For example (+) -sugar playssignificantrolein
animal metabolism. Ontheother (—)-sugar does not play any role in metabolism.
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(@)

(b)

(1)

REPRESENTATION OFENANTIOMERS:

(a) Wedgeand dashformulae  (b) Fischer Projection Formulae

Wedgeand dash formulae:

(i) Inthismethod, thefour groupsbonded to the chira centre are represented by different means.

(i) A normad linerepresentsthebond lying in the plane of paper.

(iii) A broken line represents the bond going behind the plane of the paper and asolid wedge
representsthe bond projected out towardsthe viewer.

W
below the plane ‘
\\w.c
X3 L\Z
Y
Fischer Projection Formulae

(i) Emily Fischer devised amost s mpleand convenient method torepresent the three dimensional
arrangement of groupsbonded to chira centre.

in the plane

above the plane

(i) He used the point of intersection of two perpendi cularlinesto represent the chira centre.
(iii) Horizontal linesrepresent the bonds projected out of the plane of the paper towards viewer.

(iv) Vertical lineson the other hand, representedthebonds projected back from the plane of the
paper away fromtheviewer.

(v) TheFischer projection formul ae of enantiomersof 2-butanol and lactic acid areasunder
Chiral centre

CH, cy \cH3 CH,
H OH H H H OH H H

C,H, C,H, COOH COOH

Enantiomers of 2-butanol Enantiomers of lactic acid

I mportant PointsAbout Fischer Projection Formula:

Fischer projectionof astereoisomer must not belifted from the plane of the paper and turned over.
Such an operationwould result into an arrangement which isenantiomer of the origina stereoisomer.

X Z timoe Z X
Y Y
(A) Enantiomer of A

&
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3)

(4)

Fischer’s projection can be rotated in the plane of the paper about the chiral centre through 180° or
itswholenumber multiple. Such an operation producesthe samearrangement

Rotate in the paper ‘
Z plane through 180° Z ‘ X

Y W
(A) (SameasA)

X

Fischer projection should not beturned inthe plane of the paper through angle of 90°.about the chird
centre. Such an operation a so produces enantiomer of the original compound.

1 \
Turn through 90°
X ‘ Z inutrr?et p:grlig of papef Y ‘ w
Y Z
(A) Enantiomer of A

K eeping onegroup as steady, the other groupsin the Fischerproj ection can berotated clockwise or
anticlockwise smultaneoudly. Such operation would give samearrangement astheorigind.

/Q\?/\Fixed W
7 Clockwise movement \% L X

>£\ ‘ / of groups other than W~ [
Y Z

(A) (Same asA)

DIASTEREOMERS:

The stereoi somerswhich are non-superimpesabl e and do not bear mirror imagerelationship are
called diastereomers. For Example, acompound having two asymmetric carbon atomscan havefour
stereoi somersas shown below in the caseof tartaric acid :

?OOH HOOS: ?OOH HOOﬁ:
H—(‘j—OH HO—(‘D—H H—(‘Z—OH HO—(‘I—H
HO—(‘j—H H—C‘—OH H—(‘Z—OH HO—C‘—H
COOH HOOC COOH HOOC
(1 (I (1 (V)
Mirror Mirror
One pair of enantiomers Second pair of enantiomers

(1) ismirror imageof (11); smilarly (111) and (IV aremirror images of each other. Thus, thefour
isomers aretwo pairs of enantiomers. Now compare (1) with (111); they are neither superimposable
nor they aremirror images. They are called diastereomers. (1) and (IV) area so diastereomers, as
are(Iyand (111) and (I1) and (1V).

&
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Characteristicsof Diastereomersare:
0] They show similar but not identical chemical properties. Theratesof reactionsaredifferent.

@i They havedifferent physica properties, such asmelting points, boiling points, dengities, solubilities,
refractiveindices, etc.

(iii) They can beeasily separated through fractiond crystallization, fractiond distillation, chromatography,
etc.

(v)  Diastereomersarealso encountered inthe case of geometrical isomers:
H 3C\ /CHS H3C\ e H
c=C c=C
H NH e CH;,
Cis Trans

MESO COMPOUND :

@ The compounds containing two or more chiral centres but possessing achiral molecular structure
because of having plane of symmetry, are called meso compounds.

CH, CH,CH,
H—*—Br H—*%£2 OH
H—y—Br H-~FZ OH

CH, CH,CH,

(2S, 3R) (2S, 4R)

Meso Compound

Plane of symmetryisrepresented by dotted line

(b) M eso compounds do not rotate the plane of polarized lightinany direction, i.e., they areoptically
inactive.

(© Thisisbecause of achiral nature of their molecules. Because of the present of plane of symmetry the
optical rotation caused by half of the moleculeis compensated by the rotation caused by the other
hdlf.

(d) Thiscancellation of retation withinthemoleculeisreferred to asinter nal compensation.

(e Inshort, themeso compounds are optically inactivedueto internal compensation.
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(i)
1)

CONFIGURATION :

Threedimensiond arrangement of groups about thechiral centreiscalled configuration
Therearetwo methodsfor assigning configurationtoamolecule:

(8 Relativemethod (b) Absolute method.

Relativemethod of configuration (D, L System) :

(a) It uses D—Glyceraldehyde and L-Glyceraldehyde as the basis for the configuration determination.

(b) Thestereochemical descriptor D refersto thearrangement inwhich— OH group attached to the
chira centreison theright side of Fischer projection, whereas descriptor L referstoarrangement in
which— OH group is on the left side of the Fischer projection of glyceraldehyde.

C|3HO C|2HO
H,C-C—HO HO—-C—CH,

I I

CH,OH(D) CH,OH(L)

(d) Thismethod wasfound suitablefor the study of optically active sugars asthe sugarsare defined as
poly hydroxy aldehydes and ketones.

(e) Glyceraldehyde a so contai ns hydroxy and a dehyde groups but this method cannot beused for
those mol ecul eswhi ch do not process hydroxy aldehyde groupslike CFCI Brl.

R-S system (Absolute configuration)
R — Rectus (Right)

S — Sinister (Left)

R-S nomenclature is assigned as follow :

Sep-1 :- By the set of sequence rule,we give the priority order of atom or group connected
through the chiral carbon.

Sep-I1 :- If atom/group of minimum priority present on the verticle line, then

Movement of eyesin clockwisedirection = R

Movement of eyesin anticlockwise =S

Movement of eyes takenfrom 1 — 2 — 3 through Low molecular weight group (if needed)

7l e

1 3  F
R/‘ oW R>( ACW
4 4
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Sep I :- If minimum proirity group present on the horizontal line, then
clockwiserotation = S

anticlockwiserotation = R
1 1

ACW R

COOH COOH
{iﬂ\$0N t>/
4 1 1
OH 3 Br
(1) " N 4)
R 3 R .

CH3 OH

OPTICAL ISOMERISM IN COMPOUNDS CONTAINING NO CHIRAL CARBON ATOM :

Varioustypesof compounds belonging to thisgroup are alenes, alkylidene cycloalkanes, spiro
compounds (spiranes) and properly substituted biphenyls:

M Allenes Theseare the organic compounds of thefollowing general formula.
>C=C=C<
Allenescontaining even number of doublebondsexhibit optical isomerism provided thetwo groups
attached to each terminal carbon atom are

a a a X
\CZCZC/ or \CZCZC/
b b b .y

(i) Alkylidene, cycloalkanesand spir o compounds:
When one or both of the doublebondsin allenesare replaced by one and tworings, theresulting
systems arerespectively knewn as akylidene cycl oal kanes and spiranes.

H,C Z

a
c or \C/ 2\C/ N4
H “\cooH o ey Nory Np
1-Methyl cyclo hexylidene-4-acetic acid _
(Alkylidene cycloakane) Spiranes

(iii) Biphenyls:Suitably substituted diphenyl compoundsare a so devoid of individua chira carbon atom,
but themoleculesare chiral dueto restricted rotation around the single bond between thetwo
benzenenucle and hencethey must exist in two non-superimposable mirror images of each other.

COOH O,N F HOOG
ENo2 HoocE ECOOH j
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(d)

Number of optical isomers:

Case -1
For eg.
Case - 2

When the molecule is unsymmetrical. (It cannot be divided into two halves)
Number of d and | isomers = 2"

Number of meso form =0

Total number of optical isomers= 2"

Where n isthe number of chiral carbon atoms.

2, 3 - Pentane diol

CH,
L,
H—C — OH
L,
H—‘f—OH dand | isomers= 22 = 4
CZHS

When the molecule is unsymmetrical, number of chira.carbon = even number
Number of d and | forms =2 -1

Number of meso form =2("2-1)

Total number = addition of the above

—on-1,4 927!

For eg.: Tartaric acid

COCOH

|
H—C—OH
|

H—C—OH
I
COOH

Number of d and | forms = 202=1) =2
Number of meso form = 2@25) =20 = |
Total optical isomers=3

Case- 3.

When the moleculeiis symmetrical. Number of chira carbon = add number of d and
| form

=20-1)_ o ®2-"%)

Number of /meso form = 2(W2-")

Total number of isomers = 2™!

RACEMIC MIXTURE :

Aneguimolecularmixtureof apair of enantiomersiscalled racemic mixtureor racemic modification.
A racemic mixtureisoptically inactive. Thisisbecause of thefact that in equimolecular mixture of
enantiomeric pairs, the rotation caused by the molecul es of one enantiomer iscancelled by therotation
caused by themol ecules of other enantiomer.

Thistype of compensation of optica rotationin aracemic mixtureisreferred to asexternal
compensation. Thus, racemic mixture becomes optically inactive because of external compensation.
Representation of Racemic mixture : Theracemic mixtureof aparticular sampleisindicated by using
theprefix (dl ) or (+). For example, racemic mixture of lactic acid is represented as (+) lactic acid.

&
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RACEMIZATION:

Itisaprocessof conversion of an optically active compound into the racemic modification. Both (+)
and (-) forms of the compound are capable of racemizations under the influence of heat, light or
chemical reagents.

RESOLUTION:
The process of separation of constituent enantiomeric formsfrom theracemic mixtureisknown as
resolution.

SOLVED EXAMPLE

Ex.1 A Fischer projection of (2R, 3S)-2,3-butanediol is: -
CHs

T 7 H——OH THa
HO—— HO—— H——OH
(A) o1 ® "oy © HO——+ O
CH3 CH3 3 CH3
(Ans. A)
'CH, R
o, HO— ZH s
" HO—3=H
4
CHg
Ex.2 How many aldohexosestereoisomersexist ?
(A)8 (B) 10 ()16 (D) 64
(E) 48 (Ans.C)
Sol.  Aldohexosehave 16 stereoisomer dueto presence of 4 asymmetric carbon atom
NN
CHO-“C -"C -'C -'C - CH,OH
OH H OH OH
n=4
No. of optical isomer = 20 =24= 16
Ex.3 Thecorrect statement about the compoundA, B and C.
COOCH, COOH COOH
H—=—0H H————OH H————OH
H--{— OH H————OH HO—+—H
COOH COOCH, COOCH,
(A) (B) ©)
(A) “A*and ‘B’ are identical (B) ‘A’ and ‘B’ are diastereomers
(C) “A’and ‘C’ are enantiomers (D) ‘A’and ‘B’ are enantiomers (Ans.B)
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Sol.

Ex.4

Ex.5

Sol.

Ex.6

Sol.

COOCH, 'cooH 'cooH

H—3——OH H—2R—OH H—24R—O0H
H—Ri—OH H—3—OH  HO—35—H
COOH COOCH, COOCH,

(A) (B) ©
A & B diastereomers

The correct statement about the compounds I, Il and 111

COOCH; COOH COOH
H——1+—OH H——1—OH H——1—OH
H———OH H—1—O0OH HO—F—H
COOH COOCH; COOCH;
) an (1
(A)landll areidentica (B) I and 11 are diastereomers
(C) I and I1l areenantiomers (D) I and ll-are enantiomers (Ans.A)

Thenumber of optically activeisomer possiblefor

CH;-CH-CH-CH-CH,0OH

[ is
OH OH OH

(A)2 (B) 4 (C)6 (D)8 (E) 10
(Ans. D)
CH,;—CH —CH —CH —CH,OH

OH OH OH

No. of asymmetric carbonatom~=3
Total opticdly activeisomer:
Number are=2"=23=8

Which of thefollowingeompoundsischira?

I|3r
(A) BrCH,CH,CH,CH,CH, (B) CH3CH,CHCH,CH,
© CH3C|: =C=CHCH,4 (D) BrCH = CHCH,CH,CH,

Br

(E) Noneof these (Ans.E)
No-compoundischira because asymmetric carbon atomisabsent inall the compound.
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Ex.7 Thefollowinghydrocarbon canexhibit.

H
H,C CH=CH,
CH,CH,
(A) Geometrica isomerism (B) Opticd isomerism
(C) Both geometrical and optical isomerism (D) Tautomerism (Ans.B)
H
Sol. HC— CH=CH,
CH,CH,

Thiscompound shows optical isomerism dueto presence of asymmetric earbon atom.

CH, CH,
Exg Cl-C-H H-C-Cl
H-C-Br H- C‘? —Br
CH, CH,
Structurel and 11 for 2-chloro-3-bromobutane represented in Fischer projection are
(A) Enantiomers (B) Diagterecisomers  (C) Metamers (D) Noneof these
(Ans.B)
4 4
Cl—3*—H —35
H—%2—Br H—22 —Br
Sol. 1 1
CH, CH,

) (i)

| & |l arediastereoisomers.

Ex.9 Thecompoundwhosestereochemica formulaiswritten bel ow exhibitsx geometrical isomersand optical

isomers.
CHj H
\C _ C/ ?H
cl~~  TNCH,- CH,- C-cHy
H
Thevaluesof x andy are
(A)4and 4 (B)2and 2 (C)2and4 (D)4and 2
(E)Noneof these (Ans.B)
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Sol.

Geometrica isomers=2

CH3\ B /H OH Cl\ /H OH
/C - C\ *‘ /C = C\ *‘
Cl CH,— CH,- (‘j — CH,4 CH; CH,-CH,-C-CH,
. i’
[Z] [E]
Optical isomers=2
n=1

Number=2n=21=2

CONFORMATIONAL STEREOISOMERISM S

Different non-identical arrangement of atoms or group in a molecule that result by the rotation
about a single bond and that can easily be reconverted at room temperature are known as
conformational sterio isomers of conformers.

Projection of Tetrahedral Carbon Atom :

@

)

3)

Newman projection : In this method the molecule is observed aong the central carbon-carbon
bond. acircleis drawn and centre of the circle representsthefront carbon. the bonds of the front
carbon are drawn from the centre of the circle while the bonds at the hack carbon are drawn from
the periphery.

C-H bond of back.carbon

H C-H bond.of front carbon
H H H

Saw horse projection : In this method, eentral carbon-carbon bond of the molecule is represented
by astraight line written in bond of the molecule is represented by a straight line written in dightly
tilted manner and the molecule isobserved from the right side.

H

o

¢
H/ " \H

Fischer projection.(Itis not used in conformation)

Conformation.of ethane:

&
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H H H
H| H H H Y
H H
H H HAX H I H
H H

@ = 180° O = 240° @ = 300°
(V) V) (V1)
Eclipsed=1=111 =V

Staggered = 1l =1V = VI

H H
H
H H
H
H ~H H H H
Eclipsed conformation Staggered conformation

Note: Here @ denotes dihedral angle

Dihedral angle :— Angle between valencies of two adjescent atoms

0] Ethane molecul e contains infinite number of conformers:
(i) The extreme conformation of ethane molecules are staggered and eclipsed.
(i)  Theenergy of staggered conformation is lower than.eclipsed conformation by 2.8 kcal/mole
(11.7 kJmole).
(v)  Staggered conformation is more stable thanithe'eclipsed conformation.
v) The mixture contains 99% staggered conformation and 1% eclipsed conformation.
(W) Eclipsed and staggered conformations are not isolated from the mixture.
Conformation of Butane:
CH CH
Chs 3 ’ 3
CH, H CH3
"|| "|| H CHj,
H 3cfcrc |4:H 3 H H H H H H H
H H
HH ®=0° @ = 60° ® = 120°
() an (1)
CH, CHj CHs
W3
H H R L H
H
H H H H H H
@ =180° @ = 240° ® = 360°
(V) V) (V1)
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() = Fully eclipsed (CH; group eclipsed by CH, group)
(1)  =(1V) = Gauche (Staggered)

(V) = anti or trans (Staggered)

(1) =(V) = Partial eclipsed (CH; group eclipsed by H)

CH CH .
CHs 3 3 & 7CH3
CHg H CHg H H &
N CHs
H \é?H
H H H H H
H H H H
H CHy ]
(d)

Eclipsed Gauche Staggered (anti)
@ (b) (©

If the dihedral angleislessthan 60. it is known as skew. Here stability. of (c) > (b) > (d) > (a).
Partid eclipsed stability > Fully eclipsed stability.

Conformers of Cyclohexane : The two important conformations of cyclohexane are the chair
from and the boatform

Chair conformer Boat conformer

Chair form is more stable than boat form.

Chair conformation Boat conformation
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EXERSICE # |

Ql YN& A~ aecaledas—
(A) Positionisomers  (B) Chainisomers (C) Functionisomers (D) Ringchainisomers

Q.2  Out of following carbon chainswhich oneisdifferent from other threechains—

Cc-C-C-C Cc-C-C-C —C—C— L
@] ® ] ©“ 7 D) C§°
C C—C c-C c-C CcC-C-C Cc-CC-C

Q3 A\ & A\ are—

(A) Tautomers (B) Functiond (C) Podtion (D)All theabove
Q.4 CH,CONH, & HCONHCH, are called -

(A) Position (B) Chain (C) Tautomers (D) Functiond
Q.5 Diethyl ether and methylpropyl ether are:

(A) metamers (B) chainisomers (C) positionisomers (D) geometrical isomers
Q.6 Whichof thefollowing pairsexhibitschainisomerism ?

(A) o-butyleneand p-butylene (B).a-butyleneandisobutylene

(C) isobutylene and cyclobutene (D) eyclobutaneand isobutylene

Q.7  Which pair of thefollowing isnot an exampleof positionisomerism:
(A) Ethylenechlorideand ethylidenechloride’  (B) n-Propyl a cohol and isopropyl acohol
(C) n-Pentaneand i sopentane (D) n-butyl alcohol and sec butyl acohoal.

Q.8  Whichpair of thefollowingsisthe exampleof both metamerism and positionisomerism ?
(A) Diethylamineand methylisopropylamine  (B) Propyl ethanoate and i sopropy! ethanoate
(C) Ethoxyethane and 2-methexypropane (D) Diethylketone and methyl n-propyl ketone.

Q.9 Geometrica isomerismisdueto -
(A) The resticted rotation about a double bond
(B) The presenceof keto group
(C) The presence.of CH(OH) group
(D) The presence of an asymmetric carbon

Q.10 The corregct structure of trans-2-hexenal is -
(A) e~ ~CHO (B) MO
(C) N TNCHO (D) /\/\/CHO

Q.11 cistransisomerscan bedifferentiated by:
(A) Mdtingpoint (B) Dipolemoment  (C) Bailing point (D) All of these

[ D)RANEAL CLASSES | SOMERI SM [103]

AIEEE DIVISION



Q.12 Compounds containing which of the following functional groups can exhibit geometrical isomerism ?
(A)>C=C«< (B)>C=N - (C) N=N - (D) All the three above

Q.13 Whichamongthefollowing compoundswill show geometrical isomerism:

(A) CH;,—CH=CH, (B) CH;—C=CH,
I
CH,
(C) CH;—C=CHD (D) CH;—CH=CHD
I
CHs

Q.14 Whichof thefollowing compoundswill show geometricd isomerism?
(A) 2- Butene (B) Propene (C) 1 -Phenylpropene..(D)2-Methyl -2 - butene

Q.15 Thecorrect stereochemica nameof

H3C\ /H
TR
H CH,
COOQOCH
\C = C/ ’
H Nen,

(A) methyl 2-methylhepta(2E, 5E) dienocate  (B) methyl 2-methylhepta(2Z, 5Z) dienoate
(C) methyl 2-methylhepta(2E, 5Z) dienoate.. (D) methyl 2-methylhepta(2Z, SE) dienoate

Q.16 Thefollowingaremetamersof ethyl acetate except :
(A) methyl propanoate (B) methyl acetate
(C) isopropyl formate (D) propyl formate

Q.17 Whichpair of thefollowing exhibits different type of isomerism than theother three?
(A) Methyl cyanide and methyl isocyanide (B) Methyl nitriteand nitromethane
(C) Ethyl methanoateand methyl ethanocate (D) 2-Butyneand 1, 3-butadiene

Q.18 The name of which'earbon chain starts from 'iso’ in the following chains —
c_cC C-C c-c-C

@ I @®cctc ©cttbtc @cll
cLc-c T T

Q.19 How.many aliphatic carbonyl compounds are possible having the molecular formula
CgH30 —
(A)4 (B)5 (C6 (D)7
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Thefollowing classesof organic compounds exhibit metamerism except :
(A) secondary amines  (B) esters (C) ethers (D) dkanols

In keto-enol tautomerism of dicarbonyl compounds, the enol form is preferred in contrast to the keto-
form, thisisdueto

(A) Presence of carbonyl group on each side of -CH,—

(B) Resonance stabilization of enol form

(C) Presence of methylene group

(D) Rapid chemica exchange.

Thetypeof isomerism shown by nitromethaneis-
(A) Metamerism (B) Opticd isomerism  (C) Tautomerism (D) Pesitionisomerism

The phenomenon involving the migration of a proton to give two structuralisomers in equilibrium with
each other isknown is—

(A) Matamerism (B) Tautomerism

(C) Cistransisomerism (D) Stereo isomerism

Which of the following does not show tautomerism ?
(A) CH.COCH, (B) CH,CHO (C) CH,COCHg4 (D) C,H.COC(CH,),

Which of thefollowing can exhibit tautomerism ?
(A) CgH,CH, - CO - CH,CH,CHO

(B) C4H;—CO -~ CH, - CO - CH, — CH,CH,
(C) C4Hg; — CO — CO — CH,CH,CH,

(D) All of theabove.

The ‘E-isomer is -

wDeell (S e

(®) H>C =C < (D) None of the above

CH(CHg)»

How many non-cyclic structures may bewritten down for C;H,Cl,,, counting geometriciso
mersseparately ?

(A)5 (B)7 ©4 (D)6
Which of the following will show geometrical isomerism ?

(A) 1-Butene (B) 1,2-Dibromoethene

(C) Propene (D) Isobutylene

Thenumber of isomeric aldehydesand ketoneswithformulaC.H, O are-

(AL (B)6 ©)5 (D)8

Thenumber of chanisomersfor C_H, are-
(A)6 (B)7 €)8 (D)9
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EXERSICE # I

Q.1 Stereo-Isomerismincludes- [AIEEE-2002]
(A) Geometricd isomerismonly (B) Optical isomerismonly
(C) Both geometrical & optical isomerism (D) Position & Functional isomerism
Q.2  Whichof thefollowing doesnot show geometrical isomerism- [AIEEE-2002]
(A) CH;—CH=CH-CH,4 (B) CH;—CH,—-HC=CH,
(C) CH;— C=CH-CH,4 (D) CIHC=CH-CH,—-CH,
Cl
Q.3  Racemicmixtureisformed by mixingtwo— [AIEEE-2002]
(A) Isomeric compounds (B) Chiral compounds
(C) Meso compounds (D) Enanitiomerswith chira carbon
Q.4  Geometricd isomerismisnot shown by — [AIEEE-2002]
(A) 1, 1—dichloro—1—pentene (B) 1, 2- dichloro=1—pentene
(©) 1, 3-dichloro—2—pentene (D) 1, 4 dichlore—2—pentene
Q.5 Racemicmixtureis— [AIEEE-2002]
(A)A mixtureof chira carbons (B) A mixtureof isomers
(C) A mixtureof aldehydesand ketones (D) A mixtureof alcoholsand ethers
Q.6 Amongthefollowingfour structures! to IV
CH, O CH,
I : 7 |
0 C,H~CH-C.H, (i) 9 CH,—C—-CH-CH,
iy HC V)  CH, CH CH,
H
Itistruethat — [AIEEE-2003]
(A)  Only(iii)isachiral compound (B)  Only (ii) and (iv) arechira compounds
(C)  Allfourarechird compounds (D)  Only (i) and(ii) arechiral compounds
Q.7  Whichof thefollowing compoundsisnot chira ? [AIEEE-2004]
(A) 1—chloropentane (B) 2— chloropentane
(C) 1-chloro —2-methylpentane (D) 3—chloro —2 — methyl pentane
Q.8  Whichof thefollowingwill haveamesoisomer also- [AIEEE-2004]
(A) 2- Chlorobutane (B) 2, 3- Dichlorobutane
(C) 2,3- Dichloropentane (D) 2-Hydroxypropanoic acid
Q.9  Whichtypesofisomerismisshown by 2,3-dichlorobutane ? [AIEEE-2005]
(A) Optica (B) Diastereo (©) Structura (D) Geometric

Q.10 Inereasing order of stability among the three main conformations (i.e. Eclipse, Anti, Gauche) of

2-fluoroethanoal is [AIEEE 2006]
(A) Gauche, Eclipse, Anti (B) Eclipse, Anti, Gauche
(C)Anti, Gauche, Eclipse (D) Eclipse, Gauche, Anti

[ D)RANEAL CLASSES | SOMERI SM [106]

AIEEE DIVISION



Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Which of the following molecules is expected to rotate the plane of plane-polarised light?

[AIEEE-2007]
CHO COOH
H,oN NH, ‘
A) HO+H (B) /v\ ©) "'M"H (D) H,N H
SH Ph Ph
CH,OH H
Which one of the following conformations of cyclohexaneischiral ? [AIEEE=2007]
(A) Twist boat (B) Rigid (C) Chair (D) Boat
HO,C COH
Theabsol ute configuration of \ is [AIEEE-2008]
HOH H

AR, R (B)R,S (© SR (D)S S
Out of thefollowing, thealkenethat exhibitsoptical isomerismis [AIEEE-2010]
(A) 3-methyl-1-pentene (B) 2-methyl-2-pentene
(C) 3-methyl-2-pentene (D) 4methyl-1-pentene
| dentify the compound that exhibitstautomerism. [AIEEE-2011]
(A) 2-Butane (B) Lacticacid (C) 2-Pentanone (D) Phenol
The compounds C,H.OC,H, and CH,OCH,€H,CH, are
(A) chainisomers (B) geometrical isomers
(C) metamers (D) conformationa isomers

Thenumber of primary, secondary and tertiary amines possible with the molecular formulaC;H N

respectively.
(A)1,22 (B)4,2,1 ©)21,1 (D)3,0,1

Ethylethanoate and o < methyl propionic acid are —
(A) Chainisomers (B) Functiona isomers
(C) Geometrica isomers (D) Optical isomers

Which of the follewing compounds will exhibit geometrical isomerism —
(A) 1-Phenyl-2-butene (B) 3-Phenyl—1-butene
(C) 2-Phenyl—1-butene (D)1,1-Diphenyl—1—propene
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Q.20 Whichof thefollowing hasincorrect relation
Pr Pr
(A) & (;( identicdl
Me

positiond isomers

Et Et

© (:( & \Q positiond isomers
Pr
Me Et

(D) @i & \© homologues
Pr

Q.21 Which of the following compounds can exist as geometrica isomers —

(A) CH,Cl, (B) CH,Cl— CH,CI
(C) CHBr = CHCI (D) CH4Cl.= CH.Br
Q.22 Which of thefollowing paris of compounds are net isomers -
(A) Propyne and cyclopropene (B)-Propyne and propadiene
(C) Propene and cyclopropene (D)1-Propanol and methoxyethane
Q.23 Thetypeof isomerism observedinureamoleculeis
(A)Chain (B) Position (C) Geometricd (D) Functiond
Q.24 Among the following compounds; the one which does not show geometrical isomerismis -
(A) CgHsN = NCgH, (B) CgHsCH = CHCH,
©) C6H57C|=N70H (D) 06H5—C|:N—CH3
CHj CgHs
Q.25 How many minimum ne. of C-atomsarerequired for position & geometrica isomerismin akene?
(A)4,3 (B)4,4 (C) 3,4 (D)3,3
Q.26  Structural isomerspossiblefor C,HgBr, are-
(A)9 (B)8 ©7 (D)6
Q.27 Which of/the following compounds has no geometrical isomer -
(A) 1-Phenylpropene (B) 1, 2-Diphenylethene
(©) 1, 2-Diphenylpropene (D) 1,1-Diphenyl propene
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Q.28

Q.29

Q.30

Given compound showswhich type of isomerism

ﬁ 0
OO = Ofod®

I I
(A) Chainisomerism (B) Positiond isomerism
(C) Metamerism (D) Functiond group isomerism

CH, H
Sc=c H

Thefollowing compound can exhibit - CH3/ > C <

CH; COOH
(A) Geometricd isomerism (B) Geometrica and optica'isomerisms
(C) Optica isomerism (D) Tautomerism
Which of thefollowing doesnot show geometrica isomerism?
(A) 1, 2-dichloro-1-pentene (B) 1, 3-dichloro-2-pentene
(C) 1, 1-dichloro-1-pentene (D) 1, 4-dichloro-2-pentene
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ANSWER KEY

EXERSICE #1

Q1 A Q2 B Q3 B Q4 D Q5 A Q6 B Q.7 “C
Q8 D Q9 A Q.10 B Q11 D Q12 D Q13 D Q14 A
Q15 D Q.16 B Q17 C Q.18 A Q19 D Q20 D Q21 B
Q22 C Q23 B Q.24 D Q.25 D Q26 C Q27 B Q.28 B
Q29 A Q30 C
EXERSICE #11

Q1 C Q2 B Q3 D Q4 A Q5 A Q.6~_ D Q7 A
Q8 B Q9 A Q.10 B Q11 A Q12 A Q.13./A Q.14 A
Q15 C Q16 C Q17 C Q.18 B Q19 A Q.20) B Q21 C
Q22 C Q23 D Q.24 D Q25 B Q.26 A Q.27 D Q28 C
Q29 C Q30 C
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ALKANE

Hydrocarbon :
Hydrocarbon Functional group Example
Alkanes none (no doubl eor triplebonds) CH,-CH,—CH,, propane
N\ / -
Alkenes c=c~ doublebond CH,=CH-CH,, propene
/ N
Alkynes —C=C-triple bond H-C=C-CHg, propyne
|
\lec\l(ls/ CH,CH,
Aromatics benzenering . ethylbenzene
S ¢ “
* Introduction:
Alkanes

@) Theakanesor the paraffinsarethe saturated hydrocarbons. Many occur naturally, and the chief
source of theakanesisminera oil or petroleum, which occursin many partsof theworld.
(i) Theseareaso called as ‘Paraffins’ (Parum + Affinisi.e. less reactive).

(iii)  Genera formulaisC H,.,».

(iv)  Hybridisation state of carbonisspS.

(V) Geometry of carbonistetrahedral.

(vi) Bondangleis109°28°.

(vii)  Number of bond anglein methanearesix, whilein ethanearetwelve,
(viii) C—Cbond lengthis 1.54 A while C—H bond lengthis 1.11 A.

Preparation of alkane

1.
11

1.2

From aldehydesand ketones

Clemmensen Reduction :

The Clemmensen reductionismaost commonly used to convert acylbenzenesto a kylbenzenes, but it so
workswith other ketones and aldehydesthat are not sensitiveto acid. Thecarbonyl compound isheated
with an excessof ama gamated zinc (zinc treasted with mercury) and hydrochloric acid. Theactud reduction
occurs by acomplex mechanism on the surface of thezinc.

)

I
Ph—C— CH3 Zn(Hg) or Na(Hg) 5 Ph—CHZ—CH3
HCI

Wolf-Kishner Reduction.

Compoundsthat cannot survivetreatment with hot acid can be deoxygenated usi ng the Wol f-Kishner
reduction. Theketoneor adehydeisconverted toitshydrazone, which isheated with astrong base such
asKOH.or potassium t-butoxide.

9) NNH,

@)K/ _ NoH4 @)‘\/ KOH, heat . @/\/ N,
HOCH »,CH»OCH,CH,0H
. (diethylene glycol)
propiohenone hydrazone n-propylbenzene (82%)
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N-NH, H
N2H4 t-BuO K H N
(@] * 2

I
cyclohexanone hvdrazone o Uen
’ (DM SO, a solvent) cyclohexane (80%)

(Aldehyde + Ketone) —_NHpNH2 Ph-CH,-CH,

HO™ ,A or t-BuOK

(basic medium)

Mechanism of wolf-kishner

.

(O — ~ /\Oe

Ph—C—CH, + NHQ —NH, —> Ph—(lj—N—NH—H —

CH,
Y S)
Ph—(li “NWNH «—— C—N NH
CH
+ H—O—H
CHy 15 N CH
S
Ph—CH—N=N M Ph—CH, NIN"—Ls P CH-CH, + 11-70—H — Ph-CH,~CH,
2. From alkene:

21 By catalytic hydrogenation : Additionof.H, on alkene takes place in cis manner in the presence
of Pt or Ni or Pd to give alkane.

eg.
() CH,=CH, +H, MsCH,- CH,

R R D
(i) D>c:C| T R

(meso)

D
N / N| D
= +
R/c c\ H, N> \Z( \Z(

(i)

NOTE : Thisreactionisexothermic and heat of hydrogenation depend upon no. of ‘o’ hydrogen.
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2.2

4.2

(i)

(i)

By hydroboration followed protolysis

H BH,
()  CHy=CH,+H —BH, —> &n, — &y, —o— CHy — CH,
H===Bh, BH,
(i) CHy—CH=CH, 2" , CH,_ CH==CH, —>CHyCH,— &H,
2CH3—CH=CH2 H,O/H*t
CH;-CH,-CH, — BH, (CHz-CH,~CH,);B —2=—— 3CH-CH,CH,

NOTE : Long- chainakanemay bepossible by the coupling of akyl boranes.
If (AgNO3 + NaOH) is used instead of H,O/H*

AgNO5
(R*)sB W R-R

From alkyne - by reduction :

H H H
PY/Pd/Ni. I PYPd/Ni. + H ||

~-C=C-H+H, 55—~ R-C=C- 25 R-C-C-H
R-C=C-H+H; Senon RC |C H —00-300°C |C f
H H H
alkene alkane

intheabovereactionif catalyst palladium or platinumisused, itiscaled smplereductionandif Ni is
used, itiscalled Sabatier - Senderen sreaction (catalytichydrogenation).

From Alkyl halides:

By reduction :

When alkyl halide is reduced with
Zn-Cu couple + ROH or Na + EtOH/Na-Hg + H,0 or LiAlIH,, then we get respective alkane.

Zn-Cu

R-X+2H—=—RH+HX

R-OH
CHLCl + 2H —— CH, + HCI
CHgyl + 2H—— CH, + HI
Wurtz’sreaction :

When dkyl hdide reactswith Sodium in presence of dry ether then we get higher dkane. Mechanism
of the reaction is based on ionic and free radical both.

R-X +2Na+ X=R | dyether R_R + 2NaX

CH4CI + 2 Na+ CICH; —— CH;—CH3 + 2 NaCl

NOTE : *«Current reaction is not suitable for tertiary alkyl halides
Mechanism : Two mechanism has been suggested for Wurtz’s reaction.

Viaorganometallic compound
C H3—CH2—BI"

CoHg Br + Na——gr— CoHs Na —=58

CH,— CH,— CH,—CH,

Viafree radical
2C, Hg—Br+ 2Na——2N3B" , 5c H: —, C,H—C,He

&
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(iii)

4.3

4.4

Corey-House Synthesis
R—X —> R—Li —%> R CuLi

R,CuLi  +2R—X—=2R—R'+LiX +CuX
Lithium diakyl  (should be 1°)
cuprate

Thismethod is better than Wurtz and can be used for preparing symmetrical aswell asunsymmetrical
akanes (having an odd number of carbon atoms).

Frankland’s reaction/Method :
If akyl hdideistreated with Zn dust in closed tubethen higher symmetrical alkaneswill beformed.
2RX +Zn —— R-R + ZnX,

Thisisknown asFrankland’s reaction, in this reaction first Frankland’s reagent (R—Zn—R, dialkyl Zinc)
isformed. Whichthen react with alkyl haideto givehigher akanes.

[Where R = CH4]

For Example:-

CH; — Br + 2Zn + Br - CHy —— CH5; — Zn — CH5 +ZnBr,

CH;-Zn—-CHg + CH3—-Br —— CH5;—-CH5 +CHZnBr
ethane

Grignard reagents.

Alkyl haidesin ether react with magnesiumto form akyl magnesium haidesor Grignard reagentswhich,
on treatment with water or dilute acid, are decompased to al kanes.

) RI+Mg—"" R Mg I L %RH

@i  CHMgBr —°H 5CH,

(i)  CHmMgBr —R=°H ,CH,

(v) CH,MgBr €8 oY,

Preparation by Wurtz reaction, Kolbedectrolys sUlImann, Fitting reaction, Wurtz-Fitting reaction dreedy
discussed infreeradical reaction.

FromRed P+HI :
Itisapowerful reducingagentwhichwill convert, adehyde, ketone, dcohol, carboxylic acid to alkanes
with samenumber of carbon:

() R-CHOH~T"" R_CH,

o
(i) . N L LIV R—-CH,
0

(if) R—Cl—R —RedPrHl, R—-CH,-R

(v R-COOH _RedP+Hl , R_CH,

PRIVATE LIMITED
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Ex.1

Sal.

Ex.2

Sol.
Ex.3

Sal.

Ex4

Sal.

SOLVED EXAMPLE

Grignard reagent giveakanewith:
(A) C,H.OH (B) C,H:NH, (C)H,O (D) Noneof these
(A,B,C)

Grignard reagent react with compounds containing active hydrogen like, NH,, H,O, ROH,;RNH,,
R,NH toform alkane

X
R-Mg-X + C,H;OH — RH + Mg

OC,H;
R-Mg—X + C,H,NH, — R—H + Mg *
NHC,H,
" n Ve X
R*-Mg-X + HOH— R*-H + Mg{_ oH
The Kolbe synthesis of alkane using a sodium salt of butanoic acid gives -
(A) n-hexane (B) isobutane (C) n-butane (D) propane
(A)
Electrolysisof an agueous sol ution of sodium butanoate givesmain product —
(A) octane (B) heptane (C) hexane (D) butane
©
Kobledectrolysis

2CH,CH,CH,COONa — 2CH3§H2CH2CO(} + 2Na*
ZCHs(iHZCHZCOO' re
2CH3CiH2CH2' +2C0,
CH,~CH,~CH,~CH,~CH,~CH,

Hexane.
Corey Housereactioninvolves:

(A) Anorganometalic compound (B) A nucleophilic subgtitution

(C) Anucleophilicaddition reaction (D) Development of aC—-C bond.
(A,B,C)

Corey Housereaction:

|—step : Formation of organometal lic compound
R-X+2Li—»> R-Li+LiX
[I-step : Organometallic.compounds react with cuprous iodide (Cul) to form alkyl lithium cuprate.
2R-Li+Cul —» (R), CuLi +Lil
I11 step : Thiscompound react with another akyl halide by nucleophilic substitution reactiontoform
higher akanecontai ning both even and odd number of carbon atom which was otherwisenot possible
with Wurtzreaction.
(R),CuLi + R —X - R-R+LiX+CuR
overall thisresultsin devel opment of C— C bond.

CH,CH,Br 5 CH,CH,Li — 4, (CH,CH,),CuLi

CH3—CH2—CH2—(|:H—CH3<_| CHy—CH-CH, —Br

CH, CH,

isohexane
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Ex.5

Sal.

Ex.6

Sal.

Ex.7

Sal.

In Wurtz reaction if we take CH;Cl & C,H:Cl then product will be -
(A) Propane + Ethane
(B) Propane
(C) Propane + Ethane + Butane+ Ethene + CH,
(D) Propane + Butane
©)
(1) cH4[Cr+ 2Na + CFCH; —— CH5-CHj,
Ethane
(2) cHg[CI+2Na + CH-CH,~CH; ——> CH5-CH,—CHj,
Propane
(3) CH5 CH,[CI+ 2Na + CFCH,—CH; —— CH5-CH,—CH,—CHg4
butane

Butane cannot be obtained by :

(A)Action of sodalime on sodium butanoate

(B) Clemmensen reduction (Zn amalgam in conc. HCl) of butanone
(C) Action of water on butyl magnesiumiodide

(D) Sabatier Senderens hydrogenation of butene.

(A)
Butaneformation:
(A) RCOONa + NaOH — R — H + Na,CO,

CH,-CH,CH,COONa + NaOH _ €0 ¢CH;CH,CH, + Na,CO,
(B)  Clemmensenreduction:>C=0+4H=>CH,
CHy~C-CH, ~CH, +4H “oawc CHyCH,-CH,-CH,
O
(©  R-Mgl+HOH —> R—H + Mg~
~
OH
I
CH,CH,CH,CH,— Mgl +HOH — CH,CH,CH,CH, + Mg< 0
(D)  Sabatier — Senderens hydrogenation of alkene

H

NI
R-CH=CH, +H, “555c> R— CH,~CH,
CH,— CH = CH — CH,
or  +H, =2 CH,CH,~CH,CH,
CH,-CH,“CH = CH,

Which of thefollowing compounds cannot be prepared by Wurtz reaction :

(A) CH,CH; (B) CHyCH—CH;  (C) (CH),CHCH; (D) CH,CH,CH,CH,

CH,

(B.C)

Alkane containg even number of carbon atom can be obtainedin good yield by Wurtz reaction.

R-CI+R-Cl —o> R-R
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Ex.8

Sal.

Alkane containing odd number of carbon atom can be obtained in good yiel d by Wurtz reaction.
R-CI+R-Cl — 5 R-R+R-R'+R-R’
Ethane and butane are obtained in good yiel d because they contain even number of carbon atom.
2CH;—Cl+2Na __eher  CH,-CH + 2NaCl
2CH,CH,—Cl +2Na __¢eher . CH_-CH,~CH,CH, + 2NaCl
| sobutane contain odd number of carbon atom

CH,CH,Cl+ CH2—C1+2Naeth—er>CH3—CIZH ~CHy+CHy ~CH — CH— CHy CHy —CH,
| 3

CH, CH, CH, CH,
Hydrolysisof an ester givesacarboxylic acid which on Kolbe'se ectrolysisyieldsethane. Theesteris:
(A) Methyl ethanoate (B) Methyl methanoate
(C) Ethyl methanoate (D) Methyl propanoate
(A)

Hydrolysisof ester forms carboxylic acid which on kol be's el ectrolysi Sproduces ethane.

CH, - C- OCH, MO, CH,COOH + CH OH

@]
Methyl ethanoate

CH,COOH N1, 2CH,COONa — CH4-CH,

(B) H—(HZ—O—CH3H3—O+>H—|C|Z—OH+CH3OH
o o)

(©) H-C-O-CH,CH, 9 SC-OH + CH,CH,OH
0 0

(D) CH,-CH, —ﬁ—OCH3—>H30 CH ~ CH, ~ C~ OH+CH,OH
o) o)

Physical Properties

1.

Thefirst four alkanes (frommethaneto butane) are col ourless and odourless gases. The next thirteen
(from pentaneto heptadecane) are colourlessand odourl essliquids. And, therest of higher dkanes(having
18 carbon atomsor more) are col ourless solidsat ordinary temperature.

Alkanesbe ng non-polar molecul es, are solublein non-polar solventslike benzene, ether, and chloroform.
However, theyareinsolublein polar solventslikewater. Their solubility decreaseswithincreasein their
molecular weight.

Melting.and boiling points are increases with molecular mass and decreases with No. branches. As
far-asmelting point is concerned the alkane having even carbons has more M.P. than odd carbons,
since the intermolecular forcesin a crystal depend not only upon the size of the molecules but aso
upon how well they fit into a crystal lattice.
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6.

For e.g.

VNS NN v e

(both methyl group (both methyl group
are directed on are adversely
same side) directed)

M.P. even > odd no. of atoms

Boiling point decreases with the increment of branches.
(n-Pentane is liquid but neo-Pentane is gas due to increase in branching, surface area decrease
therefore intermolecul ar forces & Vander Waals forces of attraction decreases).

Physicd state:

Alkanes
C-C, ., Gaseousstate
C;—-Cy; —, Liquid state
(except neo pentane)
Cig & above ___, Solid like wax

Alkanes are lighter than water, so it floats over watey.

Chemical Properties:

1.

Halogenation
Alkanesreact with bromineor chlorineinthepresenceof sunlight or UV light orindark at high temperatures
(250°C- 400°C) forming amixture of'substituted products. For example,

C CI
CH, —w = CH,Cl — > CH,Cl,——o> CHCI, —> CCl

Theyied of monohal ogenated product can beincreased by using substrate (alkane) in excess.
Thereactivity of halogensfollowstheorder: F,>Cl,>Br,>1.,

Direct fluorination isexplosive and can be achieved by theaction of inorganic fluorideson bromo or iodo
derivatives.

4

2CHBr+ HgF, - 2CH.F + HgBr,

Bromination isdowerthan chlorination andiscarried out at higher temperatures.
lodinationisreversibleand can becarried out sufficiently in the presence of strong oxidising agentslike
iodicacid (HIQy) ornitric acid that destroys hydroiodic acid (HI) and shiftsthe equilibrium towardsthe
right.

CHy#d, <= CH;l+HI

5 HIA+ HIO; — 3l, + 3H,0
Alkyl iodidescan beprepared conveniently by Contant-Finkelstein r eaction which involvestreating

chloroor bromoderivativewith Nal in acetoneor methanol solution.
RCl + Nal —X22%, R+ NaCl 4

Alkyl chloridesor bromides cannot be prepared by thismethod of halide exchange becauseNaCl and
NaBr areinsolublein acetone.

&
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M echanism of Halogenation :

(i)

(if)

Themechanisminvolvesthefollowing steps.

Chain-initiation step

250-400°C

Xz or UV light 2X

Chain-propagation step

X'+R—H - H—X +R’
R'+X, —->RX+X

(i) Chain-termination step

Imp.

X*+X" X,
R+X' —S5RX
R"+R° SRR

Radica inhibitorsstop chain propagation by reacting with freeradica intermediates. Example:

Ret+ -0 >R-0-0-
Peroxy radica

Nitration.

Under certain conditions, akanesreact with nitric acid; ahydrogen atom being replaced by anitro-group,
NO.,,. Thisprocessisknown asnitration. Nitration of the akanes may becarried out inthe vapour phase
between 150° and 475 °C, whereupon a complexmixture of mononitroalkanes is obtained.

|
HNO3
CH,CH,CH, —, = CH,CH,GH,NO, + CH3CHCH; + C,HNO, + CH,NO,

Sulphonation.

Sulphonationisthe processof replaeingahydrogen atom by asul phonic acid group, SO,H. Sulphonétion
of anormal akanefrom hexane onwards may be carried out by treating the kanewith oleum (fuming
sulphuricacid). It has been shown that in concentrated sul phuric acid, hydrocarbonscontaining atertiary
hydrogen atom undergo hydrogen exchange (Ingold et. al. 1936). The mechanismisbelieved to occur
viaacarboniumion:

R,CH'+2H,SO,— R,C" + HSO, + SO, + 2H,0
R,C*+ R,CH—— R,CH + R,C", etc.
Thisreactionisof particular interest S nceopticaly active hydrocarbons have been racemised in sulphuric
add; eg., Burwell et-d. (1948) haveshownthat optically active 3-methyl heptaneisracemised in sulphuric
acid.
CH, CH,

| 250 |
CH;—C-H —*=— CH,-C-SO;H

| I
CH;, CH,

Rateof sulphonation  3°>2°>1°,
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Chlorosulphonation/Reaction with SO, & Cl.:
Thereactionisalso caled asReed’sreaction. When propanereactswith SO, and Cl, in presence of
ultraviolet light then propyl sulphonyl chloridesareformed.

CH4-CH,-CH, + SO, + Cl, —2YV-Haht ¢y CH,CH,S0,Cl + HCl
This processis used in the commercial formation of detergents.

o)
I Alkaline i\ +

CH3— (CHy)qg - CHZ—CHZ—?'—CI +NaOH — 0 s CHa = (CHp)yg - CHZ—ﬁ—O Na
o) o)

(detergent i.e. sodium salt.of sulphonic acid)

I somerisation : Lower dkanesarenot isomerised but butaneor higher number of akanesif heated with
auminium chlorideat high temperaturethen they convert into stableisomersbytherearrangement reaction.
Isomerisationisalso held by heating alkanewith- (AIX;+HX; X =Cl, Br, ter Al ,(SO,); + H,SO,) a
200°C.

H
| AL on, —cH-cH
CH3-CH-CH,—CH s 3 ~CH-CHg
3 1\2/ 3 400°C |
CH,
n - butane iso butane
If wetaken- heptanethen it convertsinto most stableform Triptane (trivid name).

T
CH5 CH;
n- heptane 2, 2, 3- trimethyl butane
If wetaken - octane, iso-octaneisformed.
T
CH5(CH,)gCH; —— CH3—C|—CH2—(IIH—CH3
CH3 4 CHs

n- octane iSo-octane

Reactionisused in Petroleumindustries, with the hel p of thisreaction, we can convert unbranched
akaneto branched alkane (i-e lower octane number a kaneto higher octane number alkane) or bad fuel
togood fuel.

Combustion:

Combustion isarapid oxidation that takes place at high temperatures, converting akanesto carbon
dioxideand water. L ittle control over thereactionisposs ble, except for moderating thetemperatureand
controllingthefuel /air retio to achieveefficient burning.

C Hanip) + XcessO, e , nCO, + (n+1) H,0

Example: (., CH,CH,CH,+50, —% , 3CO, +4H,0

Facilitiesthat use these more environment- friendly heat sourcesare more expensivethanthosethat rely
onithecombustion of akanes, however.

CH, + (x +%j 0,—> XxCO, + %HZO

&
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Aromatization :
Cro053-Al>,O
O nHexane —SoA @
CH,

. CI'203*A|203
- —— s
(D) n-Heptane N

For converting dliphaticto aromatic.

(i)  n-Octane —£2%=21293 , O+ M + P (xylene)
A

Crackingand Hydrocracking :

Cracking of large hydrocarbons at high temperatures produces smaller,hydrocarbons. The cracking
processusually operates under conditionsthat givethe maximumyieldsof gasoline. In hydrocracking,
hydrogen isadded to give saturated hydrocarbons; cracking without hydrogen gives mixture of alkanes
and alkenes.

Catalytic hydrocracking

\/\/
\/\/\/\/\/\ —)Hz'heat CSH12

catalyst

CioHzs NN

long-chain alkane
C7H 16

shorter-chain a kanes

Catalytic cracking

N NP NP A g
Ho heat C.H
CoHye Tdyst) >0

long-chain alkane NN N
C7 H 16
shorter-chain alkanes and alkenes

Knocking:

1.

2.

K nocking may be defined asthe pre-ignition of fuel-air mixturein the cylinder aheadof the flame. It
reducesthe efficiency of the engine and a so causes damageto the cylinder and piston of theengine.
The extentof knocking depends on the quality of the fuel used. In other words, afuel that produces
minimum Knockingisconsidered asagood-quality fuel

Theanti-knocking property or thequality of afud isusualy expressed intermsof the octane number.

OctaneNumber :

Octane number isascalethat isused to determinethequality of afudl.
It may be defined asthe percentage of isooctane by volumeinamixture of isooctane and n-heptanethat
hasthe sameanti-knocking propertiesasthefud under examination.

&
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Straight-chain diphatic hydrocarbons have ahigher tendency to knock than branched-chain hydrocarbons.

Two pure hydrocarbons have been sel ected as standards:

@ n-Heptane has poor anti-knocking property, therfore, arbitrarily it hasbeen assigned an octane
number of zero.

(b) 2,24-Trimethyl pentane (isooctane), abranched-chain hydrocarbon, hasthe highest anti-knoeking
property. Therfore, it has been given the octane number of 100. The octane number of nonane

Me
2 4

; Me |, called astri ptane; is116.
Me

iS—45 and that of 2,2,3-trimethylpentane Me' Me

2 4 6
LAIASEANT n- =
M Ve " Heptane, octanenumber =0
Me Me
2

| ~S  2,2,4-Trimethylpentaneor isooctane, octane number= 100
Me Me3 Me

Alkanes Octanenumber
CH, 122
C,Hg 101
C,Hg 96
C,Hyo 89

Straight-chain alkanes have very low octane numbers:Asthelength of the chain increases, the octane
number decreases.

Branched-chain alkanes have higher octane number. Asthe branching increases, the octane number
increases.

Cycloakaneshave higher octane number. Asthe extent of branching increases, octane number further
increases.

Unsaturated hydrocarbons, i.e., dkenesand alkynes, have higher octane numbersthan the corresponding
graight-chainakanes.

Aromatic hydrocarbons havevery high octane numbers.

It hasbeen found that gasolineabtained by creacking hasahigher octane number than gasoline obtained
by direct ditillation. Thisisbecause creacked gasoline containshigher precentage of alkenes, branched-
chain aiphatic hydrocarbons, and aromatic hydrocarbons.

Thetendency of knocking decreasesin theorder : straight-chain alkane> branched-chain alkane>
alkenes> cycloalkanes>'ar omatic hydrocarbon.

Anti-knocking agent or Gasolineadditives:

Compoundsthat-are added to gasoline and reduce knocking are called anti-knocking agents. The problem
of knocking inengines can be checked by using fuels of high octane number and by addition certain
compounds (anti, knocking agents) that reduce knocking.

The best(anti-knocking agent is tetraethyl lead (TEL) or Pb(C,H,),. Thisis added to the extent of
0.001% in gasoline. Such agasolineiscalled ethyl gasoline or leaded gasoline. Inthe cylinder of an
engine, TEL decomposesto produce ethyl radical sthat combine with the radical s produced dueto
irregular combustion. Asaredt, reaction chainsare broken and smooth burning of thefuel occurs. This
preventsknocking.

Pb(C,H,), e, Pb+4C,H, (Ethylradical)

&
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Thelead depositedin the cylinder isremoved by adding 1,2-dibromoethane (ethylene bromide) that
decomposesinto ehene (ethylene) and bromine. Thebrominethus obtained combineswithleadtoform
lead bromidewhich, being voltile, iscarried of from the engine by exhaust gases.

BrCH,CH_Br — CH,=CH, + Br,

Pb + Br, — PbBr, (Volatile)

CetaneNumber :

1.

Sol.

Ex.2

Sal.

Ex.3

Sal.

Cetanenumber isascdethat isused to determinethequality of adiesel fud.
Cetanenumber isthe percentage of cetane by volumein amixture of cetane and o-methylnaphthaene
that hasthesameignition propertiesasthe diesel under examinationin atest engien.
CgH,, (n-hexadecane), cetane number = 100 (ignites spontaneously)
CH,

i

a-Methylnapthalene, cetane number = 0 (ignitesdowly)

or
1-Methylngpthaene
LPGandCNG: Theterm LPG (liquified petroleium gas) refersto themixtureof hydrocarbonscontaining
three or four C atoms. Thisincludes propane (C;H,), propene(C,H,), n-butane (C,H, ), isobutane
(methylpropane), and various buteneswith alittle amount of ethane (C,H,). Themaor sourcesof LPG
arenatural gasand refining and creacking of petroleium. Alkenes are mainly produced during creacking.
LPGismainly usedinthemanufacturing of chemicals, asafuel for households, andin the petro-chemica
industry.
CNG (compressed natura gas) isahighly compressedform of natura gas. Many vehiclesaredesigned
to operateon CNG. Natural gashasan octanerating of 130.

SOLVED EXAMPLE
The reaction conditions|eading to the bestyieldsof C,H.Cl are—

(A) C,H, (Excess) + Cl,, __uvlight | (B) C,H, + Cl, _ dakroomtemp.
(C) C,Hg + Cl,, (Excess) __uvlight | (D) C,H, + Cl,, __uvlight
(A)

Chlorination of ethanetakes place by freeradical substitution reaction can be prevented by using excess
of C,Hj.

C,H, + Cl - Cl-twuvtiont . CH.Cl +HCI

(excess)

C,Hg + SO, +,Cl, »Y-V-Lght - product. In this reaction product will be -
(A) C,H, (B) CH,CH,CI (C) CH4CH,SO,Cl (D) C,H,

©)
AbovereactionisReed reaction and product issulphonyl chloride.

Product of the Wolff-Kishner reduction is—
(A)Alkene (B) Alkyne (C) Alkane (D) Amine

©
IntheWolff-Kishner reduction carbonyl compoundisconverted into akaneby intermediate hydrazone.
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Ex4

Sal.

Ex.5

Sol.

Ex.6

Sal.

Which of the following should be subjected to Wurtz reaction to obtain the best yield of n-hexane?
(A) Ethyl chloride and n-butyl chloride

(B) Methyl bromide and n-propyl bromide

(C) n-Propyl bromide

(D) Ethyl bromide and n-butyl bromide

©)
2-Methylbutane on reacting with bromide in the presence of sunlight gives mainly. -
(A) 1-Bromo-3-methylbutane (B) 2-Bromo-3-methylbutane
(C) 2-Bromo-2-methylbutane (D) 1-Bromo-2-methylbutane
Br

_ |
(C) CHy - (|3H —CH, - CH5 + Br, 2%,  CH; - CIZ — CH, — CH3 + HBr,
CH, CHs

Ease of substitution of H atom is 3° > 2° > 1°.

Which of thefollowing a kyl bromides may be used for thesynthesisof 2, 3-dimethylbutane by Wurtz
reaction ?

(A) n-Propyl bromide (B) Isopropyl bromide
(C) Isobutyl bromide (D) s-Butyl bromide
(B)
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REACTION CHART FORALKANES

[ GMP |

_GR ]

(= Ha. Ni X 5, hv or UV light or 400°C
(1) R C—CH 200.300°C (1) 2, nvor igntor RX
or
R—CH:CH2 Sabm| er Sendel’enS (2) Nitration R_N /O
reaction R &
Zn-Cu+HCl |
2 R—X Red P_Hi, LIAIH, @) SulphonationH ,S,0, Ally! Sulphonic acid
Na, dry ether
(3) RX Waurtz reaction (4) S(:)2 ¥ C|2 M) RSOZC|
hv
Zn
4 RX Frankland'sreaction| [ R[]
AICl,/HCI
. or 3
(5) RX R,CuLi : (5) W branched akanes
(Corey—Houseresction) RR
or
(6) R Mo X +HOHor ROH CH Pyrolysis
g or NHzor RNH, 22 f(6) |50 700 Alkenes+ CH, or CH,
Cror Moor V oxide A i d
(7 R-OH,R-CHO RedP/HI | (7) +ALO,500°C romatic compoun
R-C-R,RCOCI, RCOOH
I 8 |22 Higherak
@) ( ) step up reaction \gner dkane
(8) R_C—-R Zn—-Hg/Conc.HCI
| jon 'sreducti
él) Clemension 'sreduction (9) OAZ C02 + HZO
Combustion
g H,N-NH,
( ) R- Tl:_ R Walf /Kishner reduction
O
or
(RCH,CH3).B +H,0
(100 RCOONa _ NaOH+Ca0 |
( 11) RCOOGNa Kolbe'seectrolyticsynthesis
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ALKENE
1. GENERAL INTRODUCTION
Hydrocarbonsthat contain acarbon-carbon double bond are called alkenes.

o Early chemists noted that an oily substance was formed when ethene (H,C = CH,), thesmal lest alkene,
reacted with chlorine. Based on thisobservation, early organic chemistscalled dkenesol efins (oil.forming
substance).

o Insects communicate by rel easing pheromones, chemical substancesthat other insectsof the same species
detect with their antennae. Therearesex, darm, and trail pheromones, and many of these are alkenes.

o Many of theflavorsand fragrances produced by certain plantsa so belong to thealkenefamily.

. Each double-bonded carbon of an alkene hasthree sp? orbital of another atom toform ac bond.

o Thus, oneof the carbon-carbon bonds in a double bond is a ¢ bond, formed by the overl ap of an sp?
orbital of one carbonwith an sp? orbital of the other carbon.

o The second carbon-carbon bond in the double bond (the = bonds) isformedfrom side-to-side overlap

of theremaining p-orbitalson thesp? carbons. Becausethree pointsdetermineaplane, each sp? hybridized
carbon and two of thethree atomsbonded toit areinaplane.

o In order to achieve maximum orbita -orbital overlap, thetwo p-orbitalsmust be paralle to each other.
Therefore, al six atomsof the doublebond system arein the sameplane: A molecular orbital description
of acarbon-carbon double bond.

. Itisimportant to remember that the  bond representsthe cloud of & ectronsthat isabove and below the
planedefined by thetwo sp? carbons and the four atoms bonded to them.

H,C
g R

C—C
H 3C(Cﬁ‘CH 3

p orbitals overlap
to form ambond
o Becausethetwo p orbital sthat form the wlbond must be parallel to one another to achieve maximum
overlap, rotation about adoubl e bond doesnot occur. If rotation about adoubel bond did occur, the
two p-orbitalswould ceasesto overlapand the = bond would be destroyed.

H.C F 7 bond broken | H.C
3 ///@m\\\\\\\\CHIB H3C/© 3 %m \\\\\\\H
(C_C K . N ////’//, \ O/ H RN ~C_C R
() 156~ B e
H H H @ @ >ScH, H 3
cisisomer L _ trans isomer
2. Characteristics of ‘Alkene :

@  Generdformula:CH, .

(b) Functiona group : inakenesis>C=C<

© The doublebond ismade up of onesigmaand one pi bond.

(d) The doubly bonded carbon atoms are sp? hybridized.

(e Geometry of unsaturated ‘C’ carbon is trigonal planar.

() C=C bond length is 1.34 A.

(g)>» C—H bond length is 1.10 A.

(h) C=C bond energy is 143.1 k cal mol-!.

® C—H bond energy is 98.69 k cal mol-'.

() Alkene showschain, position, functional (ring chain), optical & geometrical isomerism.
NOTE : Cumulated polyene can exhibit geometrical aswell asoptica isomerism. for eg. Isomersof C,H,:
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3.1

(i) Chain isomers - CH,-CH,-CH=CH, & CH; - |C =CH,
CH,

(i)  Positionisomers -» CH,=CH-CH,-CH,& CH,—CH=CH-CH,

(i)  Functiona isomers(ring chainisomerism)

CH, —CH,
CH,-CH,-CH=CH, & |CH2 —|CH2
1-butene cyclobutane
(iv)  Geometrical isomers — (V) Optical isomerism —
CH=CH2
CH3—C-H CH3-C-H
[ & [ H=~C—CH,
CH3;—C-H H-C—CHs
CH,CHj
cis-2-butene  Trans-2-butene
CH3\__/H CH3\___/
NOTE : - 0N CIL o S CIL,

Thismoleculeissimplest example of cumulatedpoly-ene which can exhibit optical isomerism.
Becausethisisachira molecule. Similarly suitably substituted polyene containing odd no. of double
bond can exhibit geometrical isomerism as because thisisaplaner molecule.

Cumulated polyene having even no. of double bonds (eg. I) which has=C <g system at the both
end can exhibit optical isomerism but.cannot exhibit geometrical isomerism.

Cumulated polyene having oddne. double bonds (eg. 1) which have=C <§ system at both end
can exhibit geometrical isomerismbut cannot exhibit optical isomerism.

METHODS OF PREPARATION OFALKENES

ELIMINATION REACTIONS

Elimination reactionsconsist in removing the two groups (generally onebeing aproton and other is
leaving group fromene or two carbon atoms of asubstrate to form an unsaturated linkage.
Elimination reactionsare classified under two generd categories.

TYPESOFELIMINATION REACTIONS

1. a-elimination(1,1)

2. B-éimination (1, 2)

asdlimination : When thetwo atomsor groups are éliminated from the same carbon, the processis
called o—dimination.

B-elimination : When thetwo groupsor atoms areremoved from the two adjacent carbon atoms, the
processisknown as 3-elimination.

&
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SOME IMPORTANT TERMS

(@D Substrate: That molecule or ion which undergoes changeiscalled substrate. Substrate may be akyl
halide, alcohol etc.

2 Base: Itisnegativeion or neutra moleculewhich abstract the proton from the substrate.

(3) Leaving Group : Itisanion or moleculewhich leavesthe substratewith apair of eectron. Thetendency
of leaving group isdirectly proportional to strength of itsconjugated acid. Leaving group ability of
different halideionsfollowsthe sequence

1°>Bro>Cl°>F°

B-ELIMINATION CAN OCCURBY THREE DIFFERENT MECHANISM
(@) E-1 mechanism
2 E-2 mechanism
3 E1 cB mechanism

CHARACTERISTICSOFE-1MECHANISM :
€) Itiscalled unimolecular elimination reaction.
(b) It takes placein two steps.
I Sep: Departureof leaving group from amoleculeto form carbocation.
|| |+
—(‘3—(‘3—X Slow s, “E‘C\ + X°
1" Sep: Carbocation formed abovelosesaproton tothe base and formsthe akene.
H

| +
_(‘:_(‘:<&> >C:C<+ X°

(© Ist step of E-1 mechanismistheratedetermining stép (R.D.S.)
(d) SinceinR.D.S. only substrate undergoes covaency change.
i.e. itfollowsfirst order kineticswith respectto substrate
Rate=K [substrate]
)] SinceinR.D.S. carbocationisformed asan intermediate so thereactivity order of different substrate
followsthestability of order of carbocation formed.
Allylic>Tertiary > Secondary > Primary
)] Lossof leaving groupisthepartof R:D.S. thereforethe order of reactivity of akyl halideineimination
reectionis
R-I>R-Br>R~Cl >R-F
Aboveorder isparallel toorder of leaving group ability
1°>Bré>Cl®>F°
(9 E-1 mechanism does net show isotopic effect astheloss of hydrogen isnot the part of R.D.S.

—H_1
K D
(h) Sincetheionizationtakeplacein step . Thereforepolar solvent favorsthe E-1 mechanism.
0] E-1 mechanism involves carbocation as an intermedi ate so rearrangement of carbocation cantakeif

possible. Mere stabl e carbocation formsthe major product in thereaction.
E-2MECHANI SM

@ It isknown as bimolecular dimination mechanism.
(b) It takeplacein single step.
(© Itinvolvestheformation of transition state
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O S AN (S —eC
|

Transition State
(d) Formation of trangition stateistherate determining step.

(e Rate of reaction depends on the concentration of substrateaswell asof basei..e. it followsthe second-
order kinetics.

Rate=[Substrate] [Base]
® E-2 mechanism showstheisotopic effect astheloss of hydrogenisapartof R.D.S.

K, 7

Kp 1
() E-2 mechani sm showsthe halogen effect asloss of leaving groupisapart of R.D.S.
Reactivity of different akyl hdidesfollowsthe sequence
R-I>R-Br>R-CI>R-F
Reactivity order of different substratefollows
30 > 20 > 10
(h) Therateof reactionincreaseswith increas ng strengthand concentration of the base.

0] Non-polar solvent favorsthe E-2 mechanism.
)] Since E-2 mechanisminvolvesthetrangitionstate rearrangement isnot possible.

E1cB MECHANISM
€) Inthismechanism, thereaction takeplacein two steps.
0] Thefirst step involvesrapidremoval of aproton from the a-carbon (carbon adjacent to the
carbon bearing halogen atom) forming acarbanion.

(ii) The carbanion formed then losesthe halidesionin the second rate determining step.

| Fast °
RECH-CH, <= R-CH-CH, +C;H OH

2 >

Br Br

R-CHYCH, —3® >R-CH=CH,+Br°
|
CB1r
(b) Theaoverall rate of thereaction islimited to slower second step & hencetherate of reaction depends
only on the concentration of carbanion.

(© Since carbanion isthe conjugate base of thealkyl halide and rate of reaction depends on concentration
of carbanion hencethe mechanismisdesignated asE1cB mechanism.
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MECHANISM OF a—-ELIMINATION

o-elimination does not occur frequently and completesin two stages, the second of whichisrate
determining.
for eq.

CHCI, + OH =——==°CCl, +H,0

°CCl,—— :CCl, +CI-

dichlorocarbene

Another example of a-elimination reactionisformation of diphenylacetylenefrom 2, 2-diphenyl vinyl
bromide and sodamide.

(S]

CsHs\C:C/H NH, _
I, - “Br — > CH.C=C-CH,

3.2  FromAlkynes
H

_ Lindlar'sCatalyst _| _
R-C=C-H+H,~pigaso, R C‘lc H

H

poison of catalyst such asBaSO,, CaCO, are used to stop thereaction after theformation of alkene,
otherwise alkanes are formed.

M echanism
() Thereaction takes place at the surface of Pd;thatiswhy it iscisaddition and the product
iscisform eg.
~ , H,/Pd R _z>R
R-C=C-R TSOA‘) H/C C\H
(i) Alkyne can be reduced to trans alkene by using Na + NH,, or Li AlH,

R H
R-C=C-R N, “"Sc=c
NH, lig. “H R'
Terminal alkynes are notreduced by the Na— NH, untill presence of (NH,),SO,.

3.3  From mono halides
When mono halide react with.alcoholic KOH or NaOH then respective akenes are formed

HH H
®  R-C-C-n+AlGKOH <> R-C=C-H

b H

Alkene
() CHy—CH-CH-CH,  CH . _ .~
Clll NaOH alc. iee \CH,;
Trans
NOTE : CH,-CH,CHX-CH,—> CH,-CH,-CH=CH, —> CH,-CH=CH-CH,
Minor Major

CH,—CH = CH —CH, (Trans) is the major product because it is more stable as having
SiX ‘o "Hydrogen in the comparison to CH,—CH,— CH=CH,having only two ‘ o hydrogen.
Thisisin accordance with the saytzeff rule.
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34
34.1

Mechanism : E2 and E1 are possible.
E2 Mechanism :

>C C<S|CNV ....... < >C C<

As molecularity of slowest step is two i.e. E2 mechanism.
E1 Mechanism :-

CH, —H CH,~ H CH,
-CI- I Fast I
CH; -C-Cl s CH.—C! _Fast | cpy,—C
O Aslow”  °T —H* o
CH, CHj CHj;

As molecularity of slowest step isone. That iswhy it istermed asEL.
Remember : Possibility of E1increaseswithincreasing stability of carbe cation . smilarly possibility
of E2 increases with decreasing stability of expected carbocation.

From Dihalides
From gem dihalides: When gem dihaideisheated with Nain ether then higher d kenesareformed.

—CH< + + >CH R — R-CH=CH-R
Zn X ZZ” X5
CHa— CH< >CH CHs — e CHy-CH=CH-CH,

2 — butene
Conclusion — If we take two different types of gemdihalides then we obtain three different types
of alkenes.
Note: The above reaction isused in theformation of symm. alkenes only, becauseif we taketwo
different typesof halidesthen mixture of dkenesisobtained sotheyield of anindividual alkeneis
reduced and itisimproper to separate each akenefrom the mixture because the difference of boiling
points inalkenesisvery less.

3.4.2 From vicinal dihalides:

When vicina dihalides are heated with Zn dust, alkene of same no. of carbon is obtained.

H H H H

| A

|
R—C—-C—H+Zn dust R—C=C—H+ZnX
300°C Tene

[ |
X X
TT H H

H-C-C-H+Zndust ___ H—(|3=|C—H+ZnCI2

& &

Note #Alkeneisnot formed from 1,3 dihaides. Cyclo akanes are formed by dehal ogenation of it.
For eg:

CIL,

- CH; ~Ch, _Zndust , HZC/ \CHZ

l
X X
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3.5  FromAlcohols
When alcohol isheated with conc. H,SO, at about 160° C, alkenes are formed after dehydration.

H H H H H H
|| A || A 160°C |
- — 2 5 R-C-C-H ———~» R-C=C-
R- ? ?: H+H-SO,-H 160°C - “H,50,
H OH H SO,H
(Alkyl hydrogen sulphate) Alkene
CH,CH,CH,CH,OH + H, SO, WCH —CH,—~CH=CH, + CH,-CH=CH-CH,
1-butene 2-butene
(major product)
T OH H
CH,~ CH-CH-CH, + H,S0, -5 CH,-CH =CH-CH, + H,80, ¥ H,0
2-butene
(chief product)
OH
I
CHa ~C~Cha + H,SO, Tesé_c? CH; -C=CH, + H,SO, + H,0
° |
CH; CH,
Iso butylene
Mechanism :-
i
H OH H *OH H H
| | HT | ~H,0 |+
CH; -CH-CH —CH;, W CH3~CH=CH-CH; ——*— CH3;—~CH-CH-CH,
2S04
X
(+) or () X _ Hi
H
CH; —-CH-CH=CH, CH,CH=CH-CH,
. Trans
(Minor) major
Note: Sincethe meehanism proceedsvia- C*ion therefore rearrangement isalso possible eg.:
CH; OH CHs CH,
H5S04 Conc. |
CH3—(|; —CH—CH3 W) CH3—C ?—CH3 + CH3—C—CH=CH2
|
CHy CHs CH,
(Magjor) (Minor)
Negligible
M echanism :

Cngm CH, CH; CH, CHj CH,

Lo |
CH3—|C—CH—CH3W>CH—C CH CH _)CHS_CQC_CH3i>CH3—|C:|C—CH3

CHj CH, H
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Characteristicsof dehydration of alcohal
(@N Sincethecarbocationisformed asan intermediateintheR.D.S. of dehydration of alcohol Therelative
reactivity of acoholsdecreasesintheorder.
Tertiary > Secondary > Primary
2 SincetheR.D.S.isreversibleitisnecessary to remove the H,O moleculeproduced inthereaction.
Thereforeinexperimental condition conc. H,SO, isaddedinaregular interval.

(3) For dehydration, different dehydrating agent I |keAI ,O,, ThO, can also beemployed.
4 Rearrangement of carbocation can take place.
5) —OH is not a good leaving group, in alcohols so turn it into a good leaving group, it is eonyerted into —

H,O by protonation
(6) H,Oisagood leaving group.

Rearrangement in Alcohol Dehydration

(@D Some d cohol s undergo dehydration to form akene having carbon skel etondifferent from those of the
gartingacohal.

2 Thisisdueto rearrangement of carbocation formed in the reaction tomore stabl e carbocation.

(3) Anexampleof acohol dehydrationthat isaccompanied by rearrangement is.

c:H3 CH,
| H.C CH. H.Csw
CH, c CH CH, _H0s ey CoCH=CH, + .= >c=c7 "+ ' SC-C-CH.
heat 3 | 2 H3C/ \CH3 ch/ ‘ 3
CH OH CH, %) CH,
(3%)

(33%)
4 Percent yield of alkenesformed from rearranged carbocation isgreater than the percent yield of

a kene obtained from unrearranged carbocation;
(5) Rearrangement of carbocations can dso lead to.achangeinring size, asthefollowing example shows

cH
HC |

3 CH,
CH-CH,  y+ __H'heat | CH CH CH-CH, @[ A
o H,0)

Regioselectivity in alcohol dehydr ations;

1 Ind coholssuch as 2-methyl-2-butanal, dehydration can occur intwo different directionsto givealkenes
that arecongtitutiond isomers.

2. More substituted alkenefaormsthe magjor product andis called Saytzeff alkeneor Zaitsev akene.

3. Lesssubstituted formsthe minor product and iscalled Hofmann’s alkene.

OH _CH,CH, H,C
CH, C CH, -CH, — 2% CH,=C__ ~cH, + H3C/C:C_CH‘“’
CH3
(Minor) (Major)

3.6 Kolbe’sSynthesis
When agueous solution of K or Nasuccinate is electrolysed, ethylene isreleased at anode.

o)
|I _ o+ | -
CH,-C-0 K CH,-C-0--
I o — | _ 4+ 2K*
CH,-C-0 K CHz—”—
] !

FTJEANSAL CLASSES ALKENE [133]

AIEEE DIVISION



3.7

3.8

At Anode

2

CH,COO (l;Hzcoo'

CH,C00| ~ 2 — CH,COO" —— CH, = CH, + 2CO,
unstable

At Cathode

2K* + 2e- — 2K
2K +2H0 —— 2KOH + H,
Note — If we use methyl succinic acid as reactant then propylene is formed.

From Esters

When esters are heated in presence of lig. N, and glass wool, then alkyl-part of ester converts
into respective alkene while alkanoate part of ester is converted intorespective acid.

CH; —CO—O0 H

dh, b, e e " CH-COOH + CH,=CH,

The reaction is called as ‘Pyrolysis of Ester’.

Mechanism : Pyrolysisof Ester isatype of E1 elimination which proceed viacyclic T.S. that is
why the product becomes ‘cis’

CH,~CI 1;50:/0 CH,
C(l OCE;CHZCHg —— CH,=CH-CH,-CH,+ CH,-CH - (”: -O-H
O
Cyclic Transition state
* [tisinterestingto notethat, inthiscasemajor product is 1- alkeneinthe comparisionto 2-alkene.
o)

H O— g — CH,

CH, VI VI CHy * %= CH,—CH,—CH=CH, + CH,~CH=CH-CH,

(Magjor) (minor)

From quater nary ammonium hydroxide
When quaternary ammonium hydroxideis heated strongly it decomposesto give alkene. eg.

H  N(CHy)s
@ L, | ofi)——> CH, = CH, + CH, — N-CH, + H,0

CH,—CH, |
CH,4
CH3CH, CH,
(i1) N+ ||—| — CH,-CH,-CH=CH, + CH,—~CH=CH-CH,
CH;—CH, —CH—CH,
(mgor) (minor)

Thiséimination iscaled Hoffman’seimination. It ismarkablethat in thisreaction moreacidic
H ispreferably eliminated.
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3.9

3.10

Ex. 1

Sol.

Ex.2

Sol.

Thewittig reaction
In thisreaction methylenetriphenyl phosphoraneisreacted with carbonyl compound to giveakene.
€g. :
@) (Ph),P=CH, + cH—R —— (Ph),P=0 + R—cCH
“ L,
@)
(i) (Ph),P=CH-R + y:H—R' ——> (Ph),P=0+ R -CH=CH-R

TheCopeElimination :
Tertiary amine oxide undergoesthe imination of adiakylhydroxyaminewhenthey are heated. This
reactioniscalled the Copedimination.

CH, CH,
Reaction:CH, —CH, ~CH,, - I$l+—CH3L>CH3—CH =CH, + I%—CHg
O, OH
Mechanism:
CH

(\/CH3 A [ 3
_enl-cn, —25 CH,—@H="CH, +N-CH,
CH;—CH? \:O: |
N OH

SOLYED EXAMPLE

The minimum number of C atomsrequired to be present inan optically activeakeneare:
(A) 4 (B) 6 (C) 8 (D) 10 (Ans.B)

Theminimum number of Catomsrequired to bepresentinan opticaly activealkeneare6.
|
e.g. CH; -C-CH=CH,
CH, — CH,4

Herethe central carbon atomsisan asymmetric carbon atom.
Chloroethane reacts with alcoholic KOH to form —

(A) Propyl chloride (B) Ethyl chloride
(C) Ethene (D) None (Ans.C)
H H H
- enloKoH g H-c-Eon
H Cl H
ethene
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Ex.3

Sol.

Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sol.

The synthesis of ethene from electrolysis of an agueous solution of potassium succinate is known
&
(A) Faradays electrolysis (B) Kolbe - Schmidt reaction
(C) Hoffmann’s rearrangement (D) Kolbe’s electrolytic Synthesis

(Ans.'D)
The synthesis of ethene from electrolysis of an agueous solution of potassium succinate is known
as Kolbe’s Electrolysis synthesis. The reaction takes place as follows :

CH,COOK CH,COO
| _ |
CH,COOK CH,COO
CH,COO"

CH
| _De  Atanode z +2CO
CH,COO" - !;H 2

Ethe?we
2K* + 26 —— 2K (at cathode)
2K +2H,0 —— 2 KOH + H,

H Cl
<|:H2 —(|3H2 N:fiH> CH,=CH.,. Most probable mechanism for this reaction is -
(A)E1 (B) E2 (C) El, (D) a elimination

(B) 1°halide generally gives E 2 mechanism.

RCH = CH, can be obtained by :

0
A) k& nand (CgHs )3 P = CH, (B) By heating RCH,CH,N(CH,),
\A
0)
(C) By heating RCH,,CH,0COCH, (D) All of these (Ans. D)

RCH = CH,, can be obtained hy all above reagents as follows :
0

I
(A) R—C—Hand (CgHg )4P=CH, — PO(C4Hg); + RCH=CH,

CopeReacn.

(B) RCH,CH, ¢N (CHZ)y» ——~——> RCH = CH,, + (CH,),NOH

O
(C) RCH,CH,OCOCH, _ 4 | RCH=CH, + CH,COOH
If wetake ethylidene chloride and isopropylidene chloride with zinc dust then product will be—
(A) 2-butene
(B) 2-butene+2,3-dimethyl -2-butene
(C) 2-methyl'-2-butene
(D) 2-butene, 2-methyl -2-butene, 2,3-dimethyl -2-butene (Ans. D)

ol cl CH,
\ — > CH,-CH=C-CH

OHECH< ot " CI>C <CH3 ~27nCh, 3 C-ChHy

CH,

2-methyl-2-butene

Zn

Zn

FTJEANSAL CLASSES ALKENE [136]

AIEEE DIVISION



Ex.7

Sol.

Ex.8

Sol.

Zn cl
+CI>CH—CH3 —27nCl, CH, - CH = CH - CH,

2-butene

cl
CH3—CH<C| ¥

Zn

Zn

Cl CH
+CI>C<CH3 ——za, > CH3-C=C-CHj
3 |
CH3 CHj4

2,3-dimethyl-2-butene

CH Cl
cn—>cg *

Zn

Identify ‘Z’ in the following reaction series,

AlL,O 1/
CHyCH,CH,Br —N2OHED_, () * *,(y) MO, (Z)

heat

(A) Mixtureof CH; ~CH-CH, and CHg-CH-CH,

Cl ClI OH ClI
(B) CHz -CH-CH;
OH Cl
(C) CHz - FH— |CH2 (D) CHz -CH-CH, (Ans.B)
Cl OH (I:I l:l
CHLCH,CH,Br —N0@9) , CH_CH,CH,OH "%~ CH,CH = CH, ——> CHICHCH,C
OH
Cl
CH,~ i o CH, Zndust . cH “EH=CH-CH,
|
Cl
This 2-Buteneis -
(A) Cis2-Butene (B) Trans -2-Butene
(C) Depend upon reactant (D) Recemic mixture
© 4
CH,- (|:H —cH — CH, may be of two types. It may be asymmetrical or meso and they can give
|
Cl
different compounds:
Cl Cl cH CcH
| | 3
CH, — CHL=CHe_cH, _ Zndust ) Se=c{
Gl /s Cl
| | Zndust O\ M
CH; “CH—CH—CH, _£hdust , >C=C{
H CH,

meso
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PHYSICAL PROPERTIES

0] From C-C, they are colourless, odourless gases, from C~C_, they are colourlessliquids, C
onwardsakenesaresolids.

(i) Alkenesarepractically insolublein water becausethey cannot form hydrogen bondswith H;O
molecule. They dissolvefreely inorganic solventslike benzene, chloroform, CCl, petroleum
ether, etc. (Likedissolveslike)

(i) B.Pand M.P. decreases with increasing branchesin alkene.

(iv)  Themelting points of cisisomers are lower than trans isomers because Cisisomer isless
symmetrical than trans. Thustrans packs moretightly in thecrystal latticeand hencehasa
higher melting point.

) Theboiling pointsof cisisomers are higher than transisomersbecause cis-alkenes has
greater polarity (Dipole moment) than trans one.

(Vi)  Thesearelighter than water.
(vii)  Theincreasein branchingin carbon chain decreasesthe bailingpoint amongisomeric alkenes.

CHEMICAL PROPERTIES
Themain reactions of alkeneare el ectrophilic addition reaction and the mechanismisbased onionic.
It was proved by Francis.

/,E\\ -
\ ‘//\+ \ /// @ \\\ / Fadl \l /
T E as'
AT e 0 LoD

Thusthe electrophilic addition on alkeneistrans addition.

FRANCISEXPERIMENT
According to Francisfirst attacks electrophile on the ol efinic bond

CHZZCH2 + Br—BrL"l) CH, — CH,

|
Br Br

NaCl

CH, -CH, + CH,-CH,
I I I I
Br Br Br Cl

CHEMICAL REACTIONS
Reaction withoHydrogen —
H H H H H H
|| y LSV
R-C=C4R+H, — R-C-C-R R-C-C-R

| |
H H H H

M.echanism : Thereaction takes place at the surface of Ni, thereforethe additioniscisaddition.

&
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7.2
(i)

(i)

7.3

7.4

CH,
CH, CH ; 4
~N ~ 3 H2/NI D H
= —_—>
D ~C C\D A D—1T——H
CH,
(meso)
CH, CH,
CH3\C:C/D Hp INi H=—Db , D—H
D~ ~cn A D———H H——D
3 CH, CH,

(+)
enontriomeric pair
Note : Hydrogenation (catalytic hydrogenation) of alkeneisacisadditienand is an exothermic
reaction. Thusthe heat evolved decreases with increasing stability of alkene.
Remember, Stability of alkene depends upon hyperconjugation and.typeof geometrical isomerism

Reduction of alkene via hydroboration
Alkene can be converted in to alkane by hydroboration followed by protolysis

————— BH,

| |
R—CH=CH, 8% , p  cy===cp, —— R-CH, &n, —H7HO LR CH, CH,

4 memb. Cyclic T.S.
Thisreaction isalso represented as

_ H—BH, H*/H,O
RCH=CH, —— (R-CH,-CH,),B.——— 3R-CH,-CH,+ H,BO,

Alkene can be converted into a kane by hydroboration followed by treatment with AgNO, + NaOH.
Thismethod gives coupling.

CHs CH,
6CH,—CH,—CH_~ c|:=(3H2 _BaHe, 2[CH3—(CH2)2—(:3—CH2]3B AgNO3/NaOH
H
oo
CHy-CH,CH,(~CH,CH,(-CH, CH,CH,
H H

Birch Reduction
A terminal double bond may be reduced by sodiumin lig. NH, in the presence of alcohol. This
method is known asthe Birch Reduction and isbelieved to proceed Viaan anionic freeradical

R-CH=CH, —">R-CH-CH, B=o=+ |

R-CH=CH, — 2> R~ CH-CH, —==9" , R CH,CH,
Halogenation —
In presenceof polar medium akeneform vicinal dihalide with halogen.

H H H H

[ ||
RAC=C-H+X-X_—-C % ;g c-C-H

||
X X

Vicinal dihalide
Order of reactivity of halogensis: F,>Cl,>Br,> I,

&
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Mechanism : It isan electrophilic addition by molecular attack in which the addition takes place
intrans manner.

6—Br.
|_5 Br Br

o+ B[
C=C Br-Br >,/ ~
C

_ PN |
—Br @D N
~ c{— C—-C
C< B'_\} < |

Br

that iswhy-

CH, CH,
CH,4 ~CH; g, H-T—Br . Br—/—H
H -~ NH ccly” Br—1—H H——Br

\C/ CH,
| Br, —Br

C ~cc,” H-—+—Br
SN "
H CH, 3

trans meso

Note : For suitable condition
(i) Cisaddition on cisformresultsmeso (ii) Cisaddition ontransformresults(+)
(iii) Transaddition on cisformresults (+) (iv)Fransaddition on transform results meso.

75  Reaction with HX (Hydrohalogenation) —

H
|
>C=C{ +HX —> c—lc
X
alkene alkyl hdide

7.5.1 Markovnikoff’sRule
When an unsaturated unsymmetrical hydrocarbon reactswith HX then hal ogen goeson that unsaturated

carbon which hasminimumnumber of hydrogen atom. M echanism of thereactionisbased on—C*—.
I
i
CH,~CH=CH, =X | CH;-CH-CH,

M echanism : Y H X
CH,-CH=CH,  H' CH3—C|)H—E:H2 SN CH3—C|;H—(|:H2 (Minor)
less stable «
CHECH=CH, —"— CHyCH-CH, —X |
3 2 3 3 CH3;—CH-CH3
more stable maj or
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0] Formation of Carbocation isRate determining step.
(i) Rearrangement of carbocation to more stabl e carbocation can occur to form amore stable product.
(iii) Regiochemistry - Markownikoff’s Addition of HX.
Addition of HX on unsymmetrica akenes(R-CH=CH,) takes place according to Markownikoff s tule
which statesthat, “‘the negative part of abbendum is added on the carbon atom carrying lesser number of
hydrogenatoms”.
(iv) Reactivity order of different hydrogen halidetowards addition
HI > HBr > HCI > HF

7.5.2 Anti Markownikoff’s Principle/ Kharasch Effect / Peroxide Effect —
To understand antimarkownikoff ’s principle let us consider the following reactions

H H

| |
CH3—CH :CH2 + HBr —— CH; -C-C-H

||

Br H

(Markownikof f s rule)

H H H H
. (I |
CH; ~CH=CH, + HBr _Peroxide o~y c_c_{ 4/CH,2C-C-H

| .
Br H H Br

(minor) (major)
(Anti markownikoff’s rule )
It is based on free radical mechanism.

@ Mechanism Concept —
0] R-O-0O-R —— RO + 'OR

Peroxide
(i) RO + H- Br —— ROH +.Br
||4 I-|| H H H H
(i) x|3r+$3—j0—H—> CH3—(|3—(IZ—H + CH3—.C|:—C|:—H
él’ ér
minor 20% major 80%
H H H H
b ||
(iv) CH3—(;—|C—H+HBr—> CH; -C-C-H+ *Br
Br IL E|>r
(V) “Br + “Br —> Br,
Note : Itisinteresting to notethat anti markovnikov additioninthe presence of peroxideisnot applicablefor
HCl and Hi
0] In.the case of H — Cl, the step
Cl Cl H

| . _ | |
CH,—CH, _H=Cl , ¢ty _chn, +CI°

is endothermic (as A H* = + 12.6 KIJ mol!)
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(i) In the case of H — 1, the step
|
CH,=CH, + I* —» CH,—CH, is
endothermic (as AH = + 46 KJ mol')

But inthe case of HBr both of the stepsare exothermic, which results spontaneous reacti on:
* CCl,, CBrCl, etc. can a so be added to alkenein anti markovnikov manner.

7.6  Reaction with HypohalousAcid —
R-CH=CH, + 110~ Gl — > R-CH-CH,

OH CI
0] When chlorine water or bromine water is used.

_CI Cl cl
/// \\. I |
R—CH=CH, R—W R— CH—CH, %> R— CH— CH,
B il | a |
4 +?—H OH
H

(i) When ag. solution of HOCI is added in the presence of strong acid.

Cl Cl
|
CI__e{::;;s\\h+ Cf(/’;;;gCH—R ékb___éFL__R__li£2_9 CFE'—'CFL—-R —Ht

-H20 l
H—Q
%+
H

T:I Cl OH
| Zndustr = ~
—CH—R * N6 _Zndusym =
CHz —(H—R >¢—¢< Gigcoon) - =S~
OH
halohydrine

7.7 Reaction with H,SO,-
(@  Withconc. H,SO,

sob M
alkyl hydrogen sulphate
(b) Withdil. H,SO,

H-SO4H
R—CHZCHZ —>H 04 R-CH-CH>
2 | ]
_ OH H
M echanism:

Yo" . _hr
R—=CH=CH, —— R_w

| | |
H O"—H OH
Classical carbocation |
H
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* The hydration of alkene is not stereoselective, as in the case of HCI addition. This fact can be
explained onthebasisof classical carbon cation formation.

* Since hydrati on proceeds viacarbocation intermediate therefore rearrangement isa ways probable,
CH;, CH,; CH,4
", CH, —|C—+H—CH3 5 CH, —j@—|(:H—CH3 —
CH, CH, CH; CH,

|
CH;—C—C—CH; —~H | CH,—C—C—CH,
I |
H—oO" H OH H

|
H
* Rearrangement, however, may be avoided by treatment of a kene by:0xymercuration-demercuration
method
ICH3 Hg(OOC—CHg) (I:H3 TgOOC_CHs (|:H3 r
9 —Lh3)2 Cc_ —H
CH3—|C—CH=CH2 THF CH, (|: (l:H_ CH, m’ CH; —C —CH—CH,
4 |

CH, CHs O—E—CHs CH, OH
7.8  Addition of Nitrosyl halide -

Alkenewith nitrosyl bromideor nitrosyl chloride(Tillden reagent) react according to Markovinikoff’s
ruleto give a kene nitrosobromide and alkenenitrosochl oride respectively.

N 3® 50
R-CH =CH, + O=N-Cl —> R—CH=CH,
Cl I NO
N 3@ 080
R-CH=CH, + O=N —Br —= R—CI;H—Cl:HZ
Br NO
3@, 80

CH,-CH Q:Hz + OzN-€l —— CH,-CH-CH,
I
Cl N=O
propel ene nitrosochloride
7.9  Oxidation
Oxidation iscompleted by thefollowing ways.

79.1 WithAcidicKMnO,/Hot KMnO,
He H 0

~C2C- acidic I
R5C=C-H+[O] Mo, RC=O—H+CO, +H;0
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H H

||
H-C=c-H— ,2c0, + 2H,0

ethene
H H
| I
H—(|3—C=C—H O sH-C-C=0+C0O,+H,0
HHH |-|| (l)H
propenes acetic acid
H H

||
CH;-C=C-CH, —9, 2CH,COOH

2-butene
CHs—C=CH, —[9, CH,;—C=0 +CO, + H,0
" i
isobutylene

I
CH3—C|)H—CH=CH2 IS/ CH3—C|)H—C—OH +COy + H0
CHs CH3

7.9.2 With alkaline KMnO, / Bayer’s reagent

H——OH
H——OH

(meso)

T { A
R-C=C-H+ [0]+H-OH —AkENOs, RCACH
OH/OH
glycol
Mechanism: Hydroxylation by alkaineKMnO, (Bayer’s reagent) is cis addition and the mechanism
iscyclic.
R H
R\ H o, 0 o) o
N N~ N/ +
NARVA N S
R H 0/ O /C\\o \o
R H
Similarly
H_R R R
ﬁ/ oo 1O | 1 A= o
G 4= H—1—OH " HO ——H
R H R R
7.9.3 Hydroxylation by OsO, : (%)
R H
R O O N _o 0
SN N\ 7/ N/
TR //OS\\ — | /Os\ _HHO |
C
R M O © /\\o 0
R H

C—OH
C—OH
H
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794

= H——OH
HO ——H

Ozonolysis:-

Thisisthe two step reaction

0] Ozonideformation

(i) decomposition of ozonide (reductive hydrolysis)

eg.-
0 o o
c=C %} >C < HZO/H+/Zn 7n0 + >C N C<
b
Remember : Ozonolysisgives oxidative cleavage of alkeneto form two carbonyl group for each

>C = C<. Whether it isin acyclic or cyclic or in aromatic compound. g :-
@) O O o)

(@  CH,=CH-CH=CH, —Ozonaysis , H—(l,l—H + H—(l,l—(l,l—H+H—yt—H

(b) | | Ozonolysis . [T |

o} 0
Trans + +
0] (6]
| —
7.9.5 Epoxidation by O, /Ag
(@)
. AN\
() CH,=CH,+ %0, ~ A9, CH,~CH,
O
(i) CH,-CH=CH, + /20, =~> CH,—CH—CH,
7.9.6 EpOX|dat|on by perfor mic acid or
perbenzoic acid
0]
Il
C—=0-—0—H
|
®)
. @ VRN
(i) CH,=CH, CH,—CH,
i’ O
(i) CH,-CH=CH,H#=¢=09-0-H , CH,—CH—CH,

It is observed that CFscu, —0O-OH isan excellent reagent for epoxidation

O
R-CH=CH-R_CRBCO00H b ~H___ CH-R
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7.10

(@)

(b)

©

(@)

(€
(f)
()
(h)

711

Hydroboration
Alkenewith borane hydride form an important compound called trialkyl borane.
3R-CH=CH, + BH, — (R-CH,-CH,).B

Trialkyl boraneisan important compound becauseit gives respective alkane on acidic hydrolysis.

R_CHz_CHz\ H-O+H

N
R—CHZ—CHZ—-/B+ H-04H _HCl | 3R_CH,-CH,+B(OH),

R-CH,—CH,””|  H-OLH

It givesrespectivealcohol on akaline hydrolysis

R_CHz_CH2\ H-O |OH

OH~
R—-CH,—CH,— I B+H-0 |oH ——— 3R CH, CHyOH ¥ B(OH),
e

R—CH,—CH,”|  H-0|OH

It gives 1° amine on alkaline hydrolysis with chloramine

R-CHz-CHy [ HOHNa  CH-NH,
R-CHp-CH,—fB + HO

Na + CEENF2 - 3RZICHCH,NH, + 3NaCl + H,_BO,

R-CH,~CH, 1 holina CI-NH,

R—CH,— CH2\
ANO: , 3R-CH, CH,~CH,~CH,-R

R—CH,—CH, —B —-2 =3,

/ NaOH
R — CH, — CH,

Intheoverall hydroboration-oxidation reaction, three moles of akenereact withonemoleof BH, to
form threemolesof acohol.

Because carbocation intermedi ates are not formed i n the reacti on carbocation rearrangement do not
occur.

Regiochemistry Anti-markawnikoff s Addition of water.

Alkyl boranesundergo coupling by meansof silver nitratein the presence of NaOH at 25°C. Higher
alkanesaretheproductsof thisreaction.

Hydroformylation / Reaction with CO and H,

2 —————>

H
R-CH=CH, + CO + H, _CoHCo) , o L
|
H
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Note: If CO + H,O istaken then respective acid is formed
R-CH=CH, + CO + H,0 _ CoH(CO), | R-CHz-GH

COOH
The above reaction isalso called as ‘Oxo reaction’ or ‘Carbonylation’.
7.12  Addition of formaldehyde:— Inthe presence of dil. mineral acids alkenereact with formaldehyde

to give 1, 3-diol or cyclic acetal. Mechanism, can be given asfollows::

- o _2 o R—CH=CHy ®
H,C=O+H - [H,C=0H «—H,c—-OH] R-CH-CH,~CH,-OH
CH,
® / \
H3+H R_(l:H_CHZ_(l:HZ HCHO/H R — (|:H (|:H2
OH OH 0O o)
NS
CH,
1, 3-diol cyclicaceta
/CHZ\
®
CH,=CH, _HCHOMsO | o\ cpy oy, HCHO/H Cle Ci‘b
O O
OH OH
e
\CHZ
1, 3 Propane diol 1, 3-dioxane

7.13 Polymerisation of Alkene

(@ Mechanism is based onionic or free radical s both:

(b) In akene polymer name of polymer isgiven on the basis of name of monomer, only ‘Poly’ prefix
isused.

(© If in polymerisation Zeigler-Natta catalyst (trialkyl aluminium + Titanium tetrachloride-

(C,Hy),Al +TiCl,.) isused than polymerisation is named as Ziegler-Natta Polymerisation. e.g.
o L
lCijl + Trace02+f:atalyst —Cll—?—(ll—cl:—
| | 1500°Crhighpr. HH HH |
H H

Polymer or
(- CH,—), polythene

Note : (i) If propeleneisreacted then polypropeleneisformed its commercial nameis ‘Koylene’.

(i) By the use of vinyl chloride polyvinyl chlorideisformed.

(iii) By theuse of Winyl cyanide (Acrylonitrile), polyacrylonitrile or orlonisformed.

(iv) Zeigler-Nattacatalyst is used in addition polymerisation.
7.14 Substitution reaction —
(@ Except ethene other higher alkene having allyl hydrogen when treated with chlorine or bromine ‘o’

H issubstituted.
Allyli
Allylic hydrogen =>H atgnI]C carbon
atoms |
H

CH,—CH=CH, + Cl, —299=600°C , ¢|_cH_ CH=CH, + HCl
allyl chloride (3-chloropropene)
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7.15

Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Allylic bromination can be easily done by NBS (N-bromo succinamide)

CH,—CO- CH,—CO

| N-Br + H-CH,~-CH=CH, 5 | N-H + Br—CH,~CH=CH,
CH,—-Cc0” CH,—-Cc0”

NBS propene alyl bromide

I somerisation :-

Alkenesisomerises when heated at high temperature or at lower temperature in the presence of
various catalystsasAlCl,

eg -
_ AlCI,
CH, CH,
- | AlCI, |
(i) CH,—CH=CH, : CH,=C—CH,
the mechanism proceeds through carbocation

Solved Example

Na/NH; (1)
R—CH=CH, — o o RCH,CH; is called
(A) Clemmensen’s reduction (B) Fisher—Spier reduction
(C) Birch reduction (D) Arndt-Eistert reduction (Ans.C)

It is the name of reaction

What would be the product when 2-pentene reacts with HBr —
(A) 2-bromo pentane (B) 3-bromo pentane
(C) BothAand B (D) 1-bromo pentane (Ans.C)

3 -4
CH,—>- CH, - CH =CH—CH, —&, CHs~CHz-CH-CH-CHy

Br
3-bromo pentane

= +3
CH,-CH,~cH=cH~CH, ™, CH3—CH2—CH2—(|3H—CH3
Br
2-bromo pentane

A hydrocarbon reactswith HI to give (X) which on reacting with agueous KOH forms(Y'). Oxidation of
(Y) gives 3*methyl-2-butanone. The hydrocarbonis:

(A) CH,CGH=C-CHj (B) CH,=CH-CH-CH,
CH, CH,
(© CH3—CH2—C|)=CH2 (D) CH=C-CH-CH, (Ans. B)
CHs C|H3

_ [0}
CHz‘CH‘?H‘CWL CHg—CH—?H CH, — e, oy ~CH-GH-CH, — CH-COCHCH,
CH, CH, OH CH, CH;,
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Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sol.

Ex.7

Sol.

Ex.8

Sol.

What would bethe product when etheneis oxidised with ozone and forms ozonidewhich ishydrolysed
inthepresence of Zn and acetic acid?

(A) H—ﬁ—H (B) CH,OH (©) H—ﬁ—OH (D) H—(|3—|C—H
o} e} OO0
(Ans.A)
Zn+CH,COOH H—-C—H+H-C—H
H-OH | |
o} O

Reaction of CH,CH =CH, with Br.CCl; inthe presence of aperoxideyieldsthefollowing product.

(A) CHs —(|:H—(:H2 —CCly (B) CH3 —CH-CH,Br
Br CC|3
(C) BrCH, - CH = CH, and CHCl, (D) No reaction takes place (Ans. A)

Compounds like CCl,,, CHCI,, Br.CCl, etc also show kharash effect; hence they will show Anti
Markownikoff’s addition in the presence of peroxides. The reaction with Br. CCl, takesplace as

CH3 CH = CH, + BrCCl; __Peroxde , oy cH-CH, - CCls

|
Br

What would be the product when propene reacts with chlerine in presence of CCl, -

H H
||
(A) CHy —C|Z—|C—H (B) Cl¥ CH,- CH = CH,
cl cl
H H H H
| ||
(C) CHz-C=C-ClI (D) CH3—?—C|J—H (Ans. A)
Cl H
g
CH,-CH = CH, + Cl, <%+ cHj - C-H
Cl cCl
Propene on reaction with methyleneiodidein presence of Zn—Cu couple gives :
(A) Cyclopropane (B) Cyclopropen
(C) Methyl Cyclopropane (D) Cyclobutene (Ans.C)
CH4CH = CH,+ CH, by _2n CH3—C\H—§3H2
CH,

RCH = CH, + BH, — intermediate 9" /NH.© , product,
product willibe —

(A) RCH,-CH,-NH, (B) RCliH—|CH2
NH, NH,
(C) R-CH,~NH, (D) RNH_+CH,=CH-NH, (Ans.A)

[ntermediatetrialkyl, boranereact with NH_Cl inNaOH and gives same Carbon no akyl amine.
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Ex.9 Theadditionof OsO, onan adkenefollowed by hydrolysis producesthefollowing product
(A)H,0s0, (B) H;0s0, (C) 0s,04 (D)H,0s0, (Ans.D)

Sol.  Theadditionof OsO, on anakenefollowed by hydrolysisproducesOsmic acid (H,0s0,). Thereaction
takesplaceasfollows:

CH; - CH CH;-CH-O 0 CH3; -CH-OH
“
I+ I Os +H,0 | +
Ly, *00,> L, O> o 2,y oy + HO%,
Cyclic Osmium Ester Propan 1,2 diol Osmic acid

Ex.10 Propene+HOCI — A — Fina product. IntheabovereactionA will be

H H H
|
(A) CHa ~C-C-H (B) CH; -C-C-H
OH &
H H .Cly
| | /// \\‘
(C)CHg—E—?—H (D) CH,—CH —2=¢H, (Ans. D)
OH
Cl.

< N

Sol. CH,— CH=CH,+ HO— Ccl —> CH,— GH—2-CH,

Ex.11 In hydroborationit isevident that in the overall reaction amolecule of awater has been added to
propeneandtheadditionis:
(A) According to markownikoff’s rule (B) Contrary to Markownikoff s rule
(C) Not concerned with markownikoff ’s rule «. (D)’ None of above (Ans.B)
Sol.  Inhydroborationitisevident that inthe overal reaction amolecul e of water hasbeen added to propene
and theadditioniscontrary to Markownikoff;srule
3CH; CH = CH, + BH, ¢ , (€H,CH,CH,).,B
Tripropyl borane
(CH4CH,CH,),B + 3H,0, + 3NaOH — 3CH,CH,CH,OH

n—propyl alcohol

R-CH
EX12F%CH#CH2+CO++tO_JEEEQ% 2

200°-300°C COOH !
Abovereactionisknownas—
(A) Oxoreaction (B) Carbonylation
(C) Both of the above (D) Noneof these (Ans.C)
Sol.  Reaction is named'as Oxo and Carbonylation. If CO + H, istaken than the reaction isnamed asa
hydroformylaion.
Ex.13 Ethyleneaddsonamoleculeof sulphur monochlorideto give apoi sonousgasused inwar, knownas.
(A) Cdorgas (B) Isocyanidegas
(C) Liquified petroleum gas (D) Mustard gas (Ans. D)

Sol.  Ethyleneaddsonamoleculeof sulphur monochlorideto giveapoisonousgas, known mustard gasand
was used for thefirst timeinfirst world war (1914-18)

CH, CI CI CH, CH,ClI CH.CI

| T B | N | + S Mustard gas
CH,+ S—S +CH, H,C-S-CH, J

(B, B’dichloro diethyl sulphide)
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Ex.14 NBSreact with 1-butenetogive—

(A) 3-bromobutene-1 (B) 1,2-dibromobutane

(C) 1-bromobutene (D) 1,2-dibromobutene-1 (Ans. A)
Sol.  NBSisusedfor the bromo substitution of alylic hydrogen.

Ex.15 Isobutanereactswiththefollowingtoformisooctane:
(A) Isobutylene (B) n-Butene (C) n-Pentene (D) Isopentene ((Ans.A)
Sol.  Isobutanereactswithisobutyleneinthe presenceof conc. H,SO, toformisooctane

CHs CHs CHs CHs
I I I
. H,SO
CHg —?—H+CH2 =C-CH; = CH, —|C—CH2 ~ CH-CHg
CHs CHj
Isobutane |sobutylene 2,2,4 Trimethyl pentane(lsooctane)

Ex.16 Reaction of akeneand peracid givesoxyrane. Thisreactionisnamedas=

(A) Peroxidation (B) Oxidation

(C) Prileschaiev (D) None (Ans.C)
Sol.  ReactionisknownasPrileschaiev reaction.

Ex.17 Thecompound whichreactswith HBr obeying Markownikev'sruleis-

A)CH, =CH B =
(A)CH,=CH, (B) { /c C\H

HsC H H3C H

N / AN /
C c=cC D c=C Ans.D
© "N, @ C\,  @ansD)
Ex.18 Alkeneandakynegivesfollowing typesof polymerisation—

(A)Addition (B) Condensation
(C) Subtitution (D) Replacement (AnsA)

Sol.  Duetounsaturation dkene and akynegivesaddition polymerisation.

Ex.19 Cyclicosmium ester of akene after reacting with agueous sol ution of sodium bisul phitegives—
(A)Diadl (B) Cis-diol
(C) Trans-diol (D) St (Ans.B)
Sol.  Cis-diol istheend product:
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REACTION CHART FORALKENES
(_GvmP ) ( GR )

| (1) —2~ 5 R CH,CH,
(1) R-H Pyrolysis 200-300°C
(2) _X2_y R-CHX-CH,X
Ni, H
(2 R-C=CH P R-CH=CH] (3) X , R-CHX-CH,
— C0|_r| _)(4) HBr Peroxide . R-CH -CH B
n '2n
(3) R-CHCH,-X %- (5) __HOG , R-CH(OH)-CH.CI
dil.H,SO
) Zndust (6) —>22 = R-CH,(OH)-CH,
(4) R—CHZ—CH< for higher alkend
X X5 ( ) —) R- CH CH2
Ag300°C O
R-CH-CH R-CH-CH
N s, (8) _CHNpm X /2
(9) _BHs., (RCH,CH,) B
(6) CH,=CHCl __CuR, | =
Co+H, R=CH-CH; R-CH,-CH,
(10) = e +
(7) R-CH,-CH,-OH —r"1224 | X, e o RO
272 ~H,0 (1) 7~ CO,+H,0
R- c O-CHy-CHy-R _ Pyrolysis | R-CH-CH
8) 272 (12) _OsO4 | g ) lo H2
(9) RICH*COOK Kolbeselectrolyticsynthesis
RCH - COOK Bayer reagent R-CH-CH 2
(13) ‘gsakainecmno, |
(10) (C,H),N*OH A OH  OH
(14) strong oxidant R-C-OH + C02 + Hzo

|
O

Per acid
(15 —F®9, R-CH-CH,

Priles—chalev'sreaction

0;+H,0 R ~H
(16) Ozonolysis ;-5 * ~H
O O

(17) 200°Ch|gh P Pol yd kene

(18) .= Substitution product

500°C

SOy)3
(19) —>20&300 oc Isomerisation

(20) aceticanhydride N R_CHZ:(:H_COCH3
Methyl akenyl ketone
(21) __Alkare , Higher akane
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ALKYNE
1 GENERAL INTRODUCTION :

@ The chemistry of the carbon-carbon triple bond issimilar to that of the double bond. In this chapter,
we see that alkynes undergo most of the reactions of alkenes, especialy the additions and the
oxidations. We a so consider reactionsthat are specific to akynes: somethat depend on theunique
characteristics of the C = C triple bond, and others that depend on the unusual agidity of the
acetylenic C—-bond.

2 Alkynesarehydrocarbonsthat contain carbon—carbon triple bonds. Alkynes are also called acetylenes
becausethey are derivatives of acetylene, thesimplest akyne.

(3) Alkynesare not ascommon in nature as alkenes, but some plants do use alkynesto protect themselves
againgt diseaseor predators. Cicutoxin isatoxic compound found inwater hemlock; and capillin protects
aplant against funga diseases. Thea kynefunctional group isnot commonindrugs, but parsalmideis
used asan analgesic, and ethynyl estradiol (asynthetic femalehormone) isacommoningredientinbirth
contral pills.

4 Acetyleneisby far themost important commercia akyne. Acetyleneisanimportant industrial feedstock,
butitslargest useisasthefue for the oxyacetylenewe ding torch. Acetyleneisacol ourless, foul-smelling
gasthat burnsinair with ayellow, sooty flame. When theflameissupplied with pure oxygen, however,
the color turnsto light blue, and flametemperatureincreasesdramatically.

5) Bond anglein alkyneis 180°.

(6)  Their general formulaisCH,, -

(7)  C—Ctriple bond length is 1.20 A.

(88 C—H bond lengthis 1.08 A.

2. METHODS OF PREPARATION
21  From Gem Dihalides (Dehydrohalogenation):

H X X
[ NaNH,,

R-C_-C-H +ac KOH. — =5 .R-CH=-C-H ——2 > R-C=C-H
| ] ~HX —HX
H X

Note: Alc.KOH isnot usedforelimination in second step becausein this case elimination takes
place from doubly bonded carbon atom which is stable due to resonance so strong base NaNH,,
isused for elimination of HX.

2.2 Fromvicinal dihalides:

H
ac. KOH I

—$ c— T —? c— S, —c=C—

vic- d| hallde Vi nyI -halide akyne
(very unreactive)

Theeimination of one molecule of hydrogen hdideyieldsvinyl halidewhichisvery unreactive. Under
mild conditions, the dehydrohal ogenation stopsat vinylic haide stage but more vigorous conditions—
liketheuseof astronger baselikeamideion (NH,")—are required for alkyne formation.
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2.3  From Tetrahaloalkanes (Dehalogenation) :

8 8

A
R_Cl:_cl:_H'l'Zn(dUSt) W R C C H W R C C H
X X

Inthe abovereaction it isnecessary that the four hal ogen atoms must be attached at vicinal,carbons.
If they are attached at the two ends then the product cyclo alkene is obtained.

24  From Kolb€e's Synthesis:

0 (@]
ot H-C lclt o) .
H-C-C-0K -C-
I 4 I — +2KY
H-C-C-0K H C—h:—O
I !
Potassium Mal aete
At Anode:
o N
|
H-C-C-O* -C
N0 e — T ., i +'2¢0,1
H-C-C-O™ H—C—(ﬁ—o' H-C
|
At Cathode:

2K* +2¢¢ —— 2K°
2K* + 2H,O0 —— 2KOH"+ H,1
25 Laboratory method of preparation-of-Acetylene:
(@ In laboratory acetyleneisprepared by hydrolysis of calcium carbide.

2+ ,C  H-—OH CH _OH
cal ] + I+ cal
C  HiOH CH OH

(b) It can also be prepared from CHCI; with Ag dust.

H-C-Cl+6Ag+ClT1C-H —agg> HC=C-H
| g

2.6 From Alkynes : (To form higher Alkynes)
2.6.1 With Na:‘When acetylene or 1- alkyne react with Nain presence of lig. NH5 then anintermediate
compoeund sodium acetylide or sodium akynideisformed which giveshigher alkynewith akyl halide.

2HC=C-H + 2 Na "qNHH oH_C=cna —X“R, H_C=C_R
2
ligNH X —
2R-C=C—H +2Na — 3 2R~ C=CNa —2>R, R-C=C-R’
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2.6.2With GR : When acetyline or 1- alkyne react with GR then alkane and unsaturated GR isformed

Ex.1

Sol.

Ex.2

Sol.

Ex.3

Ex.4

Sol.

Q.5

Sol.

which further react with alkyl halide and form higher alkyne.

H-C=CH +R-MgX —— s H=C-MgX —2R , H_C=C-R
- RH —MgXZ

acetylene

R-C=C-H+R-Mg-X ———> R-C=C-MgX XX ,RC=CR

SOLVED EXAMPLE

What isthe chief product of reaction between -butylene chloride and alc. KOH/NaNH,,
(A) 1,2-butadiene  (B) 1,3-butadiene (C) 2-butyne (D) 2-butyne (Ans.C)
2-butyne isthe chief product according to Saytzeff'srule -

Chloroform is heated with Ag powder in laboratory what will be the product -

(A)Acetylene (B) Ag,O (C) CH.CI, (D)CH, (AnsA)
Cl
Cl
/ \
H-C—Cl+6Ag+Cl-C-H TQQ) HC = CH
~ Cl CI/
acetylene

Acetylene can be prepared from —

(A) Potassium fumarate (B) Calcium carbide

(C) Ethylene bromide (D)AN Ans. (D)
These are methods of preparation of C,H,,. Petassium fumerate on electrolysis, CaC, on hydrolysis
and ethylene bromide on elimination givesacetylene.

Ethylene dibromide on treating with alcoholic KOH gives—
(A) C,Hg (B) CH, (C)CH, (D) CH, Ans. (D)
Alkynes can be prepared by dehydrehal ogenation of alkyl dihalides

CHzBr KOH alc. CHBr KOH alc. CH
—KBr I —KBr Il
CH,Br -H,0 CH, -H,0 CH
Ethylene dibromide Vinylbromide Acetylene

Vinyl bromide being less reactive and thus to get better yield astronger base NaNH,, is used in
second step.

Which of thefallowing on ozonolysis givesthree different compound
(A) hex-1-en“4-yne (B) Penta-1,3-diene (C) oct-2, 5-diyne (D) Toluene
(A,B,C)

(A)  CH,#CH-CH,C= C-CHy — %0, (i c H + CH,C g:g + CH,CHO
n I
O
hex-1-ene-4-yne
() CH,=CH-CH=CH-CH, —= 2 H-C-H + CHO + CH,CHO
0 CHO

pental, 3-diene
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(C) CHzCH-CH-CH, CH-CH-CH, CH; 2" ,CH, CHo+CH2(gES+CH3CHZCHo

0 2725 CcH, ~C-CHO+CHO+CHO
O CHO CHO
Q.6 Treatment of an alkyne with H, in presence of palladised coke results in the formation of-
(A)Alkane (B) Alkanevigouroudy
(C) Trans-akene (D) cis-dkene
Sol. (D)
Alkyneontreatment with H, inpresenceof palladised coke(Lindlar catayst) Pd/Cresultintheformation
of cisakene
CH,—C=C-CH,+H, % CiS)czci;Hs
2-butyne cis-2-butene
3. PHY SICAL PROPERTIES:
@ Alkynes are colourless, odourless and tastel ess.
(b) Lower alkynes are partially solublein H,O. (It isdueto its polarisibility).
(© Higher alkynes are insoluble in water due to more % of covalent character.
d) Completely solublein organic solvents.
(e Melting point and boiling point increaseswith'mol ecular mass and decreases with number
of branches.
) Upto C, alkynes are gaseous.Cs—C4 aeliquid, C;, & above are solids.
(9) Pure acetyleneis odourless and impure acetylene hasodour likegarlic. It isdueto impurities
of Arsene (AsH5) & Phosphing(PH5).
(h) Acetylene & 1- alkyne are acidie’in nature. It is due to greater electronegativity of sp
hybridised'C'.
(i) Acetylene has two acidic-hydrogen atoms. It can neutralise two equivalents of base at the
sametime. So it is also'called as dibasic acid. But the base should be very stronger as
“NH, or “CHj; etc.
4. CHEMICAL PROPERTIES
The chemical behaviour of alkynesissimilar to that of alkenes. Alkynesform addition productswith
two or four univalent.atoms or groups. They are generally less reactive than alkenes towards
electrophilic additienreactions even though r électron density ishigher in alkynes. Thisisbecause
on moving from'akene to alkyne, the C—H bond has more of s character (33% in alkenes as
compared ta.50% in alkynes). Therefore, the n-electrons are more firmly held by carbon nuclei
in alkynesand are thus less reactive to an electrophile.
41  Hydrogenation

H H H
Ni, Pd, Pt | | |
—( =, — + — — —_ —_ —_
R-C=C-H H2—>nghTemp C|2CH_>RC|ZC|ZH
H H H

The above reaction is called as Sabatier Senderson's reaction.
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4.1.1 Hydrogenation in the presence of lindelar's Catalyst :
Addition up to alkene takes place in cis manner.

()  H-C=C-H+H, P80, >c c<

CH
(i) CHy-C=C-CHy+H, _Pd-BaSO, 3>C=C<
H

4.1.2 Hydrogenation by Na + NH4 (liq.) :
Addition upto alkene takes place in trans manner

i CH=CH
0 NH3(“Q) H> <
(”) R_C=C_R’ Na/NH3I|q >C C<
M echanism
sp’
Sp R
X, \lj 7 2NH
_ , Na—NH3 c=¢" Na/NH3 -l 2
R-C=C-RR ————— — C=C
e /-Na* R/ /Z\R, e J N —2NH2 > <R,
Sp sp’

4.1.3 Hydrogenation by LiAIH, :-
Addition upto alkene takes place in trans manner by LiAIH4 also.

R-C=C-R —LtAH: , >c c<

4.1.4 Reduction with the help of B,Hg :
Alkyneisfirst reacted with B,Hgand.isfollwed by acidic hydrolysis, cis alkene is obtained.

oo G ool

4.2  Halogenation :
In presence of Lewisacid asa catalyst alkyne form tetrahal oderivative with halogen.

X X X
FeXs | X |
R-C=C-H + X=X « x=rcer ~ R (|3=C—H 2 R_clj_?_H
X X X
Example:
||3|’ Br I|3r
—_ Brz BI’Z .
=8 <ar _(f e 7
Br Br

Alkynes add two molecules of Br,, in CCl , and decol oration of brominewater is used to detect the
presence of adouble or triplebond.

| JeansaLcLasses ALKYNE L7l

AIEEE DIVISION



4.3  Reaction with HX (Hydrohalogenation) :
Alkyneform gem dihalidewith HX becausereaction follows markownikoff's st and [Ind rule both.

X X
R-C=C-H+H-X 7 R-Coch, X, R-C-CH,
X
gem dihalide
M echanism : The reaction takes place in the presence of Hg?* ion.
|:|92+
/ AN

/

e HE RS

— ng+ / \ HX;. N~ A
R-C=C-R ——— Rr_ -R—5b c=¢C C=
R-C C ( SR ML OO,

H
_HX . X—c—C—H
X \R

Note : (i) First step is faster than the second step among addition of two HX on alkyne.

X H T( T'
2+ 2+
R.C=cH _Hxmg® = L L~ HXTHE* r_c_c—H
Faster slower )I( I|-|

Slower rate of addition of 2nd molecule is caused by lower electron cloud density on
C = C, due to — I effect of 'Cl.
(i) peroxide give same effect asin alkene

H Br H Br
HBr | _ | HBr | |
R-C=CH Peroxide R—CFCH Peroxide R— T: o F —H
H Br

44  Reaction with Hypochlorousacid or Chlorinewater :
Hypochlorous acid is brokeninto O®H® Cl& ions & give addb. according to markonicoff'srule.

N OH
R-C o s R % R-G-on e
Il + HO-Ccl— I _Ho-¢cl | | TR0 H-C-Cl
H-C H=C H-C—cl |
| | Cl
cl Cl
unstable
45  Hydration:/Addition of water to akynesiscarried out in the presence of acid and mercuric sulphate.
2 H,0 > H O H I|_| ||_|
HC.= CH HgSO,, H,SO, _? - E: Tamtomerizes |~ L_
H O—-H |
vinyl alcohol H
(enolic form-less stable) Acetaldehyde
_ H,0 _ CH. C=CH, —===CH.CH,—C—CH
CHg—CH,—C = CH egp e CHy—CH, i_ CH, —== CH,CH,—¢—CH,
H

O
(enol) (ketone)
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CH HO—C =CH, O=C—CH,

H,O L
HgSO,, H,SO, D

Acetophenone
46  Addition of alcohol
O-R O-R
R-C ® o | |
Il +HO0-R Nao—_r_ "¢ ~—® _@®> R-C-O-R
H-C | H-O-R |
C-H H-C-H
I I
H H
olefinic ether acetal / ketdl

4.7  Addition of carboxylic acid :
In the presence of Hg?" unioxylation of carboxylic acid takesplace.

@) o

H-C=C—H + H-0-&_ CHy M9, cH,=CH-O- o CHj

4.8  Adition of Boron Hydride (Hydroboration) :

0] Withmono-akyl acetylene, R,BH givesanintermediatewhich on hydrolysisgivesakenebut on
akadineoxidationyiedsaddehyde.

R!
R-C=C H+RBH> Sg=g " CHCOOH
Dialkyl “~BR hydrolysis
borane 2

oxidatioanzoz, NaOH

R'CH = CH,

R'CH,CHO

(it) With dialkyl acetylenes, theproduct of hydrolysisiscis-alkeneand that of oxidation isaketone.

!

R R
N -~ B

R—C=C—R. +BH, - H/C = C\
Dialky! acetylene vinyl borane
CH,COOCH
H oxidation hydrolyss
R(
Nc=o /
R/
ketone CI is-a kene

49  Addition of HCN :
Addition takes place in the presence of CuCl

H-C=C-H + H-CN %{fh CH,=CH-C=N
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4.10 Addition of AsCl5:
Lewisiteisobtained

R-C=C-H > R—C=C—H
A |

O Cl AsCl,

Lewisite

411 Oxidation:
4.11.1 Withacidicor alkaline KMnO, akyne break into two partsfrom triply bonded earbon and every
part formsrespective acid.
R-C=C-H + [O] Acidic/ AlkKMnO,4 R_C_OH + H— C—OH
|
s s
H-C=C-H + [0] _AcidicKMnOs . o c_QoH

I
o]

CH3—CEC—H +[O] Acidic/ AlkKMnO4 CH; — C—OH%. H>'C - OH
I
BN
CH3—CEC—CH3 + [O] Acidic/AlkKMnOy4 2CH; —C —OH
I
(6]

Exception : Acetyleneformsoxalic acid with alkalineKMnO, exceptionally.

H-C=C-H + [0] _Ak.-KMnO4 ?OOH
COOH

411 Ozonolysis
Theozonolysisof akynesyieldsamixture of.carboxylic acids.

H,0 H,0,
" C=C_ " C—(C—R——*—>R—C—C—R———=> R'COOH + R COOH
R—C=C—R+0; >R—C C| RHydrolysis R (ﬁ (|j| R Xidation
0o—Q O

4.12 Acidic nature of 1- Alkyne or Acetylene
In 1- alkyne or acetylene, the H'which islinked with sp hybridised carbon is called as acidic or
active H. It can easily,be substituted by metal or alkaline species. Hence 1- alkyne or acetylene
areacidic in nature. eg.

4.12.1 Reaction with Na«

2R-C=C“H+ Na L'ﬁ—ﬁ;'s> 2R—C=CONa®

sodium akynide
OR
2R-C=C—H + NaNH, —p— 2R-C=CONa®

H-C=C-H + Na —— Na®C®=C®Na®
disodium acetylide
Note : Wherethisakynideistreat with alkyl halide higher alkyne is obtained.
R-C=CNa+ X-R' —— R-C=C-R' + NaX
Na-C=CNa+ 2R'-X —— RC=C - R'+ 2NaX
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4.12.2 Reaction with Ammonical Silver Nitrate
solution : (Tollen's Reagent)

2R-C=C—H +AgNOz + NH,0H —5— 2R-C=COAg®

silver alkynide (white ppt)

H-C=C-H + AgNO; + NH,OH ——— Ag®C®=C®A¢®
-2

silver acetylide (white ppt)
4.12.3 Reaction with Ammoniacal Cuprous
Chloride solution :
2R-C=C-H + Cu,Cl, + NH,OH ————— 2R-C=C®Cu®

—2HCI
cuprous alkynide (red ppt.)
H-C=C—H + Cu,Cl, + NH,OH — = Cu®C® = CoCu®

dicuprous acetylide (red ppt.)
4.12.4 Reaction with NaOCI :
Acidic hydrogen issubstituted by 'CI'

() H-C=C-H _NaoCl cj_c=c-cl
) R-C=C-H _NaoCl p_c=c-cl

M echanism :
R—C=C—H _N%OC;I R_CECD'C'&*—_H R-C=C-Cl

Note: These(5.12.2) and (5.12.3) both reactionsare usedinthetest of terminal alkynyl hydrogen.
These ppt or metal acetylide or alkynide are insolublein solution and in dry condication explode,
therefore they are destroyed with HNQ3 before dryness (they form same compound again)

4.13 Polymerisation Reactions: Alkyne mainly shows addition polymerisation reactions.

4.13.1 Dimerisation and Cyclysation

(@ Dimerisation :
Two mol e acetylenereacts with Cu,Cl, & NH,CI and forms vinyl acetylene.
Note: If acetylene would be inexcess then product would be divinyl acetylene and the reaction
iscalled trimerisation.

H H H
Hoco& #HeC —cn _CuChenngel Lo o
vinyl acetylene or butenyne
HH H H H H H

1] | | | ||
H-C=C-C=C-H * C=C-H —— H-C=C-C=C-C=C-H

divinyl acetylene
(b) Trimerisation :
If threemol e of acetyleneispassedinto red hot iron or Cu or quartz tube, then acyclictrimer isformed
whichiscalled benzene.
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CH
\ TN
CREERS CH  CH
||| Red hot Fe/Cu/Quartz I |
CH Co(CO)g +Br CH CH
C g+BrI2
[_C:// > (Octa Carbony! cobalt N/
% with bromine) CH
benzene
C|H3 CH,
CH C é
[l A\ P
CH; -C CH iH ﬁH
C-CH; — CHg— —-CH
I 3 H3 CH/C 3
HC

mesitylene (having 3-1°, 3-2° & 3-3° carbons)
I mportant : Mesitylene can also be obtai ned from acetone by condensation pol ymeri sation.

© Tetramerisation : According to the name four moles of acetyleneare heated with nickel tetra
cyanide, then acetylene forms acyclic tetramer cyclo octatetraene.

CH=CH /NG
CH CH _ CH CH
Il I NICN)a I
CH CH CH CH
CH=CH NCH=CH
(Nonaromatic) cyclooctatetraene

4.13.2 Coupling:-
(@ Alkyneform respective cuprous a kynidewith @nmonical cuprous chloride solution. When cuprous
akynideisreacted with pottasium ferri cyanide[K ;Fe(CN)g] they converted into conjugated diyne.
R—-C=CH + Cu(NH3),Cl —5.R-C=C.Cu
cuprousakynide
2R-C=C.Cu % RLC=C-C=C-R

diyne
(b) Couplingisalso done easily by 1-akyneinthe presence of Cu,Cl,, (cuprouscompound) and amine
212
(ie. pyridine+ air) cuprousakynideisformed (this coupling isknown as oxidative coupling or glaser
coupling)
2R-C=CH+20, —CUCeMHs , R _C=C C=C-R +H,0

2CH3-C=CH + 20, CupCla/NHg CH;-C=C-C=C-CH3 + H,0

2,4-Hexadiyne.
4.14 Formation.of heterocyclic compounds:
CH—CH
@ TI:IH + NH; + CII:IH Al03 y)H |cl:H (Pyrrole)
CH 3 CH A N/
N
!
H ﬁH——ﬁH
CH CH Al,O
b + + || —2-2-> CH CH (Thiophene
®) UL, \S/ L A \S/ (Thiophene)
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4.15

4.16

Ex.1

Sol.

Ex.2

Sol.

Ex.3

Sol.

Reaction with For maldehyde
1- Alkyne in the presence of copper react with methanal to form alkynol.

H
H—Cz(|3+ CH, =0 — CH=C-CH,OH
prop-2-yne-1-ol
Note: Acetylenereact with two mole of HCHO (methanal) to give 2—butyne—1,4—diol. This reaction
isused in the formation of 1,3 butadine. Which is used in the formation of bunarubber.
| somerisation :—
@ When 1-akyneistreated with alcoholic KOH 2-alkyne is formed:

R-CH,,~C=CH % R-C=C-CH,

1-alkyne 2—alkyne
(b) When 2-alkyneistreated with sodamide then it is converted into 1-alkyne.

CHa-C=C—CH, —NaNM2 e, CH,—C=CNa=129_, CH,— CH,—C=CH
~NHs ~NaOH

SOLVED EXAMPLE

What happens when 2- butyne reacts with H, in presence of Nickle Boride or lindlar's catal yst
(Pd/CaCO4-PbO) -

(A) cH, —|(|3—H (B)en, —lcl:—H
CH; -C-H H-C-CHg
(C) CH; — CH,~ CH,~ CH, (D) CH, = ?H Ans.[A]
CH=CH,

2-butyneforms cis-2-butenewith lindlar's catalyst.

What will be the product of .chlorine water and acetylene -
(A) Dichloro propanol (B) Dichloroethanal
(C) Propanol (D) 2-Chloro ethanal Ans.[B]

Chlorinewater (HO©( - CI®) when react with acetylene dichloro ethanal isformed

OH OH
| H-C=0
H-C o & Hob °© = H-C-OH
Il + Ho-“al—— M _woc, "7 Hod_ g
H-C H-C-cl °
H-C | |
cl
él Cl

Product formed by the oxidation of acetylenein the presence of alkaline KMnQO,

(A).Glyoxal (B) Oxyrane (C) CO, + H,O (D) Oxalic acid Ans.[D]
Thisisthe exceptiona case of oxidation inwhichtriplebonded carbon isnot separated. The product
isoxalicacid.
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Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sol.

Ex.7

Sol.

Ex.8

Sol.

Acetylene on treating with HI gives—

(A) 1,1-Diiodoethane (B) Ethylene (C) lodoethane (D) Ethane Ans. (A)
Acetyleneon treating with HI gives 1,1-diiodoethane
CH CH
CH qak oo
Il +Hl ——— cHI dak , CH-1,
CH vinyliodide ethylidene diiodide (11 diiodoethane)
Thereactivity of halogen acidsis
HI > HBr >HCI
Acetylene and ethylene react with alk KMnO, to give -
(A) Oxalic acid and formic acid (B) Acetic acid and ethylene glyeol
(C) Ethyl alcohol and ethylene glycol (D) None Ans. (A)
Acetylene and ethylene react with alk. KMnO, to give oxalic acid and formic acid respectively.
ﬁH N ?OOH
+4[0 alk. KMnO,
CH O] =0 Loon
acetylene oxalic acid
CH,
|(|:H2 + 4 [O] __ak KMo, 2HCOOH
ethylene formic acid

When 2-butynereactswith sodamidein aninert solventinthepresenceof diluteHCI, theproduct formed
[

(A) n-Butane (B) 2-Butene (C) 2=Butyne (D) 1-Propyne  Ans. (C)
When 2-butyneisheated with NaNH,, in aninert.solvent, the sodium derivative of but-1-ynewhich
is converted into but-1-yne by the action,of dil HCI.

CH4—C=C—CH,+NaNH, _Paafin_“NH _+ CH,CH,C= CNa -9, CH,CH,C=CH

1-butyne
1-Pentynereactswith:
(A) Sodium (B) Sodamide
(C©) Ammonicd slver nitrate (D) Ammonica cuprouschloride
(A,B,C,D)

Terminal akyne havingacidichydrogen atom react with certain reagent likeNa, NaNH2 ammonical
slver nitrate, anmonica cuprouschloride

CH,-CH,-CH,-C=CH + Na— CH_-CH,-CH,-C=C°®Na+ 1/2H,

CH,-CH,~CH,~€=CH + NaNH, » CH,~CH,~CH-C=C°Na + NH,

CH,-CH,-CH;-C=CH +Ag(NH,)," -» CH_-CH,-CH,-C=CAg

Which of thefellowing can not react withammonica slver nitrate-
(A)Acetylene (B) Hexyne-1 (C) Phenyl acetaldehyde (D) p-tolua dehyde
(E) hept-4-yne-2-ene
(E) ... Alkynehaving acidic hydrogen atom react withammonica silver nitratei.e. Tollen’s reagent.
(A)~.», CH=CH
(), CH=C-CH,-CH,-CH,-CH,
AldehydereducesTollenreagentto metalic silver.
(© CH,CH,CHO+Ag,0— CH.,CH,COOH + 2Ag
Phenyl acetal dehyde
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Ex.9

Sol.

Ex.10

Sol.

Ex.11

Sal.

Ex.12

Sal.

CHO COOH
(D) @ +Ag,0— @ + 2AgCl
CH, CH,

p-tolua dehyde
Note: Hept 4-yne-2-ene (CH,-CH=CH-C=C-CH,-CH,) does not contain acidic hydrogenso does
not reactswith Tollen reagent.

The hydrocarbonthat reactswith ammonica cuprouschlorideis-

(A) Essentidly aromatic (B) Ethane (C) Ethyne (D) Ethene
Ans. (C)

Termina akynereact withammonical cuprouschlorideCH=CH

CH_,-CH,, CH,=CH, and © doesnot givetest

The product of reaction CH,CH,CH, MgBr + HC=CCH, —

IS
(@) CH, CH, CH, (b) CH, CH, CH, C = C CH,
(c) CH, CH,, CH,, OH (d) CH, CH, CHO

Grignard reagent reactswith any compound having activehydrogen producing an alkane.
n—C,H, MgBr + HC = CCH, — n—CH, + CH,C= CMgBr
The answer is (a)

1-butyne can bedistinguished from 2-butyneby using

(a) brominewater (Br,inCCl ) (b) coldalk. KMnQO, (Baeyer’s Reagent)
(c) ammoniacd solution of slver (Tollen’s Reagent) (d) diethyl ether

Termind akynesform aprecipitatewith Tollen’s reagent.

1
RC=CH+Ag"—>RC=C: Ag"+ > H,
ppt. of 'Silver acetylide

1-butyne, atermina akynegivesthisreaction but

2-butyne, anon-terminal alkynedoesnot givethisreaction.

The answer is(C)

The ozonolysisof atriplebond produces

(&) amixtureof ddehydesand ketones (b) amixtureof ketonesand carboxylic acids
(c) amixtureof earboxylic acids (d) noneof theabove

A

R—C =C=R' &> R—(IZ — (II—R'
0—oO
l H,O, H*
RCOOH + R'"COOH
The answer is(C)
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REACTION CHART FORALKYNES

C GmpP )

(1) CH,Br-CH,Br _ ac.KOHorNaNH,

1)

(GR)

—>CH C,H,

2 g
(2) CH,-CHBr, ac.KOH, NaNH, | (2 s CH.X,
(3) CHCI, AngWde' (3) Per—d—>CH BrCH,Br
CH
(4) CHBr,-CHBr Zndust i Py B CH.—CHB
2 2 A ( ) NoPeroxide I'
CHBr (5) |HOd | CI.CHCHO
(5) léZHBr _Zn | (6) |__HoN.BaleN), | CH ZGHEN
(7) |__CHgCOOH.Hg™ | ¢H EH(OCOCH,),
(6) CH,=CH-CI Ao KR, Nat g Hg*2,80°C, dil.H,SO, CH.CHO
HC-COONa Kolbeselectrolyticsynthesis ( ) (Kucherov 'sreagtion) 3
(7) Hg—COONa (9) Conc.H,SO4 CHSCH(HSO4)2
AsCI
(8) Cacz - (10) Cadet & Bunsaneaction CHC|=CHASC|2
eectricarc,1200°C
: C,HeOH/H,0
(9) 2C + |_|2 Berthelot 'sprocess (11) 2 HsgSO4 = CH3CHO
(10) CH,-C=CH (i) Na (ii)R-X S HOM
(10) CH-C=CH __()CHgMg (i)R-X 12) " \ico), ~ CH,=CH-COOH
CO+EtOH _
(13) NI 160°C CH,=CH-COOEt
(14)|_NaNH, . Na-C=C-Na
AgNOg+NH,OH
(15) (Tollen'sReagent) ? Ag-C=C-Ag
(16)|__CuCl+NHOH | Cu-C=C-Cu
(17) CombustionO, CO. +HO
7 2 2
CHO
(18) BayerReage“tO>| —HCOOH
CHO
% , H- C C H
(19) Ozonolyss || 10 , HCOOH
Trimerisation
(20) (Redhat iron tube) benzene
(21)|—meiAn_, ¢ 4 or 1,3,5,7-cyclo octatetraene
[Ni(CN),]
(ZZ)Mbutenyne
[CU(NH3)2]
_s C CH
(23) A CH CH
S
CH,OH CH((l)CHz)z
0] e CH, methylal
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EXERCISE #1

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

ALKANE
The simplest alkane which exhibits chain isomerism has how many carbon atoms:
(A) 4 (B) 5 (C) 6 (D) 3
Which has least carbon bond length -
(A) Ethane (B) Ethyne (C) Ethene (D) Ethanol
Thecompound with highest boiling pointis
(A) n-hexane (B) n-pentane
(C) 2, 2-dimethyl propane (D) 2-methyl butane

Which of thefollowingwill haveleast hindered rotation about carbon<carbontond ?
(A) Ethane (B) Ethylene (C)Acetylene (D) Hexachloroethane

Which reducing agent is used in Clemmensen reduction—
(A) Zn/ HCI (B)LiAIH, (C) Zn-Hg./ HCI (D) Na/ C,H;OH

CH, & C,H both are prepared. The compound is -
(A) CH,COONa  (B)CH,CI (C) CH;MgBr (D) Both A and B

Kolbe'sreaction is convenient for the preparation of :

(A) Methane

(B) Alkanes containing even number of carbon atoms

(C) Alkanes containing even as well as odd number of carbon atoms
(D) Alkanes contai ning odd number/of.carbon atoms

Which of thefollowing reaction pairs congtitutesthe chain propagation step in chlorination of methyl
chloride?

(A) "CH; + Cl, —» CH,Cl +:CICH,CI + *Cl — "CH,CI + HCI

(B) CHLCl +°Cl - CH,Cly+'H "CH,Cl + Cl, - CH.CI, + “Cl

(C) CHLCI +°CI — *CH,Cl + HClI °CH,CI + Cl, - CH,CI, + *Cl

(D) *CH,ClI +*CH,Cl - CH.CI - CH,Cl *CH,Cl + *Cl — CH.CI,

900K

Namethereaction:C H, ———> CH +CH,,

(A)Alkylation (B) Cracking (C) Dehydrogenation (D) Fractionation

Which of thefollowing will not produce ethane-

(A) Reduction of CH;COOH with HI/P,

(B) Reduction of CH;COCH, with HI/P,
(C)-.Decarboxylation of sodium propionate with sodalime
(D):Hydrogenation of ethene in the presence of Ni.
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

ALKENE
The carbon-carbon bond Iength in the following compounds -
CH, = CH, CH,=CH-CH=CH, CH,—CH, CH=CH
I I Il v
Al <Il<I<IV B)IV<I<II<Il (©)l<li<ll<IV ((D)I<IV<Il<II

Alkene can be formed from carbonium ion by
(A) Combination of proton (B) Elimination of hydrideion
(C) Elimination of proton (D) First combination of H then removal of H

Thecompound 1,3-butadiene has-
(A) Only sp hybridized carbon atoms (B) Only s hybridized carben atoms
(C) Both sp and sp? hybridized carbon atoms (D) sp, sp? and sp? hybridized-carbon atoms.

A carbocation undergoesfollowing reactions except -
(A) Combination with anucleophile

(B) Rearrangement to form aless stable carbocation

(C) Rearrangement to form a high stable carbocation
(D) Elimination of aprotonto form C =C

Baeyer’s reagent is used in the laboratory for-
(A) Detection of double bonds (B) Detection of glucose
(C) Reduction (D) Oxidation

Therelative stability of the compounds

CH3 CHs c|:|-|3
[
CH3—C:C—CH3 CH3 —C:CH—CH3 CH3 —(.:H:C:H2 (_:Hz:(:H2
I Il 1l v
isin the order -
A>T > >V B)IV>1I>I11>]
©1=>1>1=>1v D) >1>1V >l

In dehydrohal ogenationsthebase (al coholic KOH) abstracts-

(A) Thehdlideion.

(B) The proton present onthe carbon next to the carbon to which the hal ogen isattached.
(C) The proton present on the carbon to which the hal ogen is attached.

(D) The proton.en the a-carbon.

In the sequence of reactions, CH,CH,CH,OH _PC A _ 2 , B, the product B is -
KOH

(A) Propyne (B) Propylene (C) Propane (D) Propanol

Inthedimination of reactions, that is, in the formation of alkenes, thereactivity of halogensin alkyl
halidesisin the order -
(A)1>Br>Cl (B) Cl > Br > 1 (C)Br>Cl >1 (D) None
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Theease of dehydrohal ogenation of dkyl haidewithacoholicKOH is

(A)3>2°>1° (B)3¥<2°<1° (C)3r>2°<1° (D)3 <2°>1°
BrCH,—CH,—CH_Br reacts with Na in the presence of ethanol at 100°C to produce -
(A) BrCH,—CH=CH, (B) CH,=C=CH,
(C) H,c—CH (D) al of these
N7
CH,

Alcoholsundergo dehydration in the following sequence -
(A) 1°>2°> 3° (B) 3*>2°>1° (C) 1°>3°>2° (D) 3° > 1°>2°

Thecatalyst used in kharash reaction, is-

(A) Only hal ogenated compound (B) Any peroxide

(C) AL, (SO)), (D) TiCl,
ALKYNE

Which canyield acetylenein single step

(A) Propyne (B) Ethene

(C) Ethylenedichloride (D) Sodium acetate

Acetylene may be prepared using Kol be's el ectrol yticmethod employing -
(A) Pot. acetate (B) Pot. succinate (C) Pot. fumarate (D) Noneof these

Which of thefollowing method isnot applicableto the preparation of acetylene-
(A) Dehydro chlorination of avicinal dihalidewith two carbon atoms

(B) Debromination of tetrabromoethane

(C) Dehydration of glycol

(D) Heating of vinyl chloridewith sodamide

Which one of thesewill react with sodium metal -

(A) Ethyne (B).Ethene (C) Ethane (D) Ether

Ethene can be separated from ethyne by passing the mixturethrough

(A) concentrated H;SO, (B) ammonical Cu,Cl,

(C) pyrogdlal (D) charcoal powder

Lindlar’s catalystis :

(A) NainliquidNH,  (B) Ptinethanol (C) Ni inether (D) PdwithBaSO,
Addition of HCN to ethynein presence of Ba(CN), ascatalyst gives-

(A) 1, 1-dicyanoethane (B) Ethyl cyanide

(C)\Vinyl cyanide (D) Divinyl cyanide
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EXERCISE #11

ALKANE
Q.1 Onmixingacertain alkanewith chlorineandirradiating it with ultraviolet light, it forms only one
monochloroakane. Thisakane could be— [AIEEE-2003]
(A) Isopentane (B) Neopentane (C) Propane (D) Pentane
Q.2  Whichoneof thefollowinghasthe minimum boiling point ? [AIEEE-2004]
(A) n—Butane (B) 1- Butyne (C) 1-Butene (D) isobutane
Q.3 Amongst thefollowing compounds, the opticaly activedkane having lowest molecular massis-
[ATEEE-2004]
I
(A) CH,~CH,~CH,~CH, (B) CH; —CH, — CH=CH3
H
I
(C) CH; - (I:— < (D) CH;—CH,~C=CH
CZHS
ALKENE
Q.4  Thecompound
H,C - ¢ =CH-CH,— CH, Vigorous oxidation, product) here product is [AIEEE-2002]
e
(A) CH;COOH & CH;—c — CH,4 (B) CH;—CH,-COOH & CH; - Cc=0
j b,
(C) CH;— CH,— COOH only (D) HCOOH & CH3—(|:| —CH,4
o}
Q.5 Butene-1 may be convertedtobutane by reaction with— [AIEEE-2003]
(A) zn—Hg (By:Pd/H, (C) Zn—HCI (D) Sn—HCI

Q.6 During dehydrationof‘@coholsto a kenesby heating with conc. H,SO, theinitiation stepis-
[AIEEE-2003]
(A) Eliminationof water (B) Formation of an easter
(C) Protonationef acohol molecule (D) Formation of carbocation

Q.7  Reaction of onemoleculeof HBr with onemoleculeof 1,3-butadiene at 40°C given predominantly
(A)1-bromo—2—-butene under thermodynamically controlled conditions [AIEEE-2005]
(B).3~bromobutene under kinetically controlled conditions
(C)1-bromo—2-butene under kinetically controlled conditions
(D) 3-bromobutene under thermodynamically controlled conditions

[ DPENSALCLASSES ALKANE, ALKENE, ALKYNE [170]

AIEEE DIVISION



Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Acid catalyzed hydration of alkenesexcept etheneleadstotheformationof —  [AIEEE-2005]
(A) secondary or tertiary a cohol (B) primary alcohol
(C) mixture of secondary andtertiary alcohols (D) mixture of primary and secondary a cohols

Reaction of trans2-phenyl-1 bromocycl opentane on reaction with a coholic KOH produces
(A) 2-phenylcyclopentene (B) 1-phenylcyclopentene [AIEEE 2006]
(C) 3-phenylcyclopentene (D) 4-phenylcyclopentene

Me

(L e
—>
@ _Me
g\

/\
n-Bu Et

Theadkeneformed asamajor product inthe abovediminationreactionis [AIEEE 2006]
Me Me
OISR o) (0) e

Which of the following reactions will yield 2, 2-dibromopropane? [AIEEE 2007]
(A) CH;—C=CH + 2HBr — (B)€H4CH = CHBr + HBr —
(C)CH=CH + 2HBr —» (D)CH; - CH = CH, + HBr —

Inthefollowing sequence of reactions, the alkene affordsthe compound ‘B’

CH,CH=CHCH,—% ,A % B,-Thecompound B is [AIEEE 2008]

n
(A) CH,COCH, (B) CH,CH,COCH,
(C) CH,CHO (D) CH,CH,CHO
Out of thefollowing, theakenethat exhibitsoptica isomerismis: [AIEEE 2010]
(A) 3-methyl-1-pentene (B) 2-methyl-2-pentene
(C) 3-methyl-2-pentene (D) 4-methyl-1-penten

ALKYNE

Reection
H-C=C-H+ HOCl—— product, here product will be - [AIEEE-2002]

(A) CHCl,“€HO  (B)CHO-CHO  (C)CH-Cl=CHCI (D)CHCl,—CHCI,

Acetylenedoes not react with - [AIEEE-2002]
(A) NaNH, (B) NaOH (C) Nametal (D) Ammonical AQNO,
Which of thefollowing reactionswill yield 2, 2- dibromopropane? [AIEEE 2007]
(A) CH;-C=CH +2HBr— (B) CH,CH = CHBr + HBr—
(C)CH=CH + 2HBr—> (D) CH;—~CH=CH, + HBr—
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Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Thetreatment of CH,MgX with CH,C = C—H produces [AIEEE 2008]

H H

[
(A) CH,C=C-CH, (B) CH,—C=C—CcCH,
(C)CH, (D) CH,-CH =CH,
Thehydrocarbon which can react with sodiuminliquidammoniais [AIEEE 2008]
(A) CH,CH, C=CH (B) CH,CH = CHCH,
(C) CH,CH,C = CCH,CH, (D) CH,CH,CH,C = CCH,CH,CH,
Thereactivity of the halogenstowardsmethane decreasesin theorder -
(A)F,>Cl,>Br,>1, (B)I,>Br,>Cl,>F,
(CQ)F,>Cl,>1,>Br, (D)Cl,>F,>Br,>1,
Bothionic and freeradical mechanisminvolveinthereaction:
(A) Chlorination of dkane (B) Williamson'ssynthes's
(C) Electrolysisof potassium acetate (D) Friedel-Craftsreaction

Propane can be best prepared by the reaction-

(A) CH,CH, | + CH,l + Na —E2°, (B) CH4CH,COONa + CH,COONa — 2=,

electrolysis

(C) CH4CH,Br + (CH,),CuLi —E22, (D) CH4CH,CH,COONa — 2o,

Ca0, heat

Which of thefollowing alkanes may be synthesized from asingle alkyl halide by aprocessinvolving
couplingreaction-

(A) 2-Methylbutane (B) 2-Methylpropane

(C) 2, 3-Dimethylbutane (D) Propane

Addition of HI on doublebond of propeneyieldsisopropyl iodideand not n-propyl iodide asthemajor
product, because addition proceedsthrough :

(A) Amorestable carboniumion (B) A morestable carbanion

(C) Amorestablefreeradical (D) None

B «thda’s p_c=CceR—NMNH . A AandB aregeometrical isomers(R-CH=CH-R) -
Catalyst

(A)Aistrans, B istis (B) Aand B both arecis
(C)Aand B botharetrans (D)Aiscis, Bistrans

In methyl alcohol solution, bromine reacts with ethylene to yield BrCH,CH,OCH.in addition to
1,2- dibromoethane because

(A) theionformed initially may react with Br- or CH,OH

(B) themethyl a cohol solvatesthebromine

(©)thereactionfollowsMarkownikoff’s rule

(D) thisisafreeradical mechanism
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Q.26

Q.27

Q.28

Q.29

Q.30

CH, = CHCl reactswith HCl toform -
(A) CH,CI-CH,CI (B) CH;—CHCI,,
(C) CH,=CHCI.HCI (D) None

What isthe d ow, rate-determining step, in the acid-catal yzed dehydration of 2-methyl-2- propanol ?

(CH,),COH —H2%4

(A) Protonation of thea cohol to forman oxoniumion

(B) Lossof water from the oxonium ion to form acarbocation.

(C) Lossof ap-hydrogen from the carbocation to form an akene.

(D) Thesimultaneousloss of a-hydrogen and water from the oxoniumion.

Which of thefollowing alkynewill form 2-butanone on hydration.
(i) CH,CH,C=CH (if) CH,C=C-CH,
A) () (B) (i) (C) Both (i) & (ii) (D) Noneof these

|dentify the products HC = CCH,CH,CH, —amakkmo, ,
(A) CO, + CH,CH,CH,COOh (B) CH,CH,GHO % OHC —CH,-CH,
(C) CO, + CH,CH,CH,CHO (D) CH,CH,CH,CHO + 2CO,

Which reagentswoul d be best to perform thefollowing reaetion ?

H— Y

0
(A) 1) BH,, 2) NaOH, H,0, (B)HgsO,, H,0, H,S0,
(C) 1) NaNH,, 2) CH,l, 3) HgSO,, H,S0, “%(D) 1) 0s0,, 2) HIO,
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ANSWERKEY

EXERCISE #1

Q1 A Q2 B Q3 A Q4 A Q5 C Q6 D Q7B
Q8 C Q9 B Q.10 B Q11 B Q12 C Q13 B QJl4.B
Q15 A Q16 A Q17 B Q.18 B Q19 A Q20 A Q21 C
Q22 B Q23 B Q24 C Q25 C Q26 C Q27 A Q28 B
Q29 D Q30 C
EXERCISE #11

Q1 B Q2 D Q3 C Q4 B Q5 B Q6.4C» Q7 A
Q8 C Q9 C Q10 A Q11 A Q12 C ©I18 C Q14 A
Q15 B Q16 A Q17 C Q18 D Q19 A Q20 C Q21 C
Q22 C Q28 A Q24 A Q25 A Q.26 B Q.27 B Q28 C
Q29 A Q30 C
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ALKYL HALIDE

CHARACTERISTICS:

@ Thesearetheorganic compound inwhich halogenisdirectly linked with carbon atom.
(b) Thesearealso called asHd oalkane.

© Their genera formulaisC H,,,, X, (X=F, Br, Cl, I).

(d) In these compounds, hybridisation state of carbonissp®.

(e In these compounds, geomerty of carbonistetrahedrd.

® Central carbon atom hasabond angleof 109°28°.

()] Onthebasisof no. of haogen atom, these are of following types—

M Monohdide — They possesssingle halogen atom.
eg. CH; - Cl, CH; - CH,Br
(ii) Dihdide - These areof threetypes
eg. gemdihaide, vicinal dihdideanda, whdide
(iii) Trindide - They possesthree halogen atoms,
eg. CHCl;, CHI,
(v)  Terahdide - They possessfour halogen atoms.
eg. CCl,
(Vi) Polyhdide - They possess more than four hal ogen atoms.

(h) Alkyl halide showschain and position isomerism.If unsymmetrical or chira carbonispresent
thenit showsopticd isomerismaso.

METHODSOFPREPARATION OFALKYL HALIDES
From Alkene ( Hydrohalogenation ) :—

HH Fli Fli
Rt HX RC-C-i
X H

Note: From akynewe cannot obtain monoakylhalide.
FromAlcohol : —
€) UsingdryH-X: =

AnhydrousZnCl,
A,300°C

R-OH + H-X > R-X + H,0

(dry)
Note :

0] Thereectivity order of HX intheabovereactionis—  HI >HBr>HCI
(i) Thereactivity order of alcoholsintheabovereactionis— 3°>2°>1°>MeOH
Theabovereactioniscaled as ‘Grove’s Process’.

(b) UsingPCl;: -
3ROH + PCl; —— 3R—-Cl+ H4PO,
(© Using PCl; : — ROH + PCl; —— R—Cl+HCI+POCl,
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Important Note: —
Bromineor lodinederivatives can not be obtai ned from the above reaction becauesdueto larger size of
Bromineor lodine, PBr; or Pl areunstable.
(d) Darzen’s Process : — It is the best method for preparation of alkyl halide.

ROH + SOCl, —***—RCl + HCIT + SO,
From Silver Salt of CarboxylicAcid :
Thereactioniscalled as ‘Borodiene- Hunsdiecker reaction. It is also a good method for obtaining

alkyl halide, but from thisreaction we obtain only bromo derivatives because reactionisbased upon
freeradica mechanism.

R-G-O-Ag + Br-Br —% > R-Br+CO, T+AgBr{

O
Note : —
0] Inthe abovereaction thereactivity of alkyl groupis: 1°>2°>3°
(ii) Itisaso an exampleof decarboxylation.

FromAlkyl Halide:
Finkelstein Reaction :

R-Bror R—Cl + K| —£%< , R_| +KCl

Inthisreaction only exchange takes place and thereaction is called as Hal ogen exchange reaction or
‘Finkelstein Reaction'.

Swartsreaction :

AgF/A
R—Bror R—Cl ongzelA> R-F
Inthisreactioniscaled as'Swartsreaction’

PHYSICAL PROPERTIES
€) Alkyl halidesare colourlesswith Sweet smell or pleasant smell oily liquid, whereas

CH3F, CHLCI, CH,; - CH, - F €H, - CH,, - Cl are gaseous in nature.
(b) Alkyl halideshaving 18-carbon or morethanit are solid in nature.

(© Although carbon - halagen bond is polar in nature but alkyl halides areinsolublein H,O becausethey
cannot form bond withH.,O.

(d) Theseare compl etel y'solublein organic solvents.

(e M.P& B.Poc melecular weight. For sasmeakyl group theorder of B.P.is Rl > RBr > RCIl > RF
®) Polarity order iISRF > RCl > RBr >Rl

()] Reactivity order isRI > RBr > RCl > RF

(h) For same halide group reactivity order is 3° halide > 2° halide > 1° halide

(1) Fluoridesand Chloridesarelighter than water whereasbromidesandiodidesare heavier than
H.,O dueto more density of brominethan oxygen. CH, I, isheavier liquid after Hg.
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CHEMICAL PROPERTIES
Reduction:
Ha oalkanes on reducti on produces al kanesfrequently, reductionisdoneasfollows.

R-X+2H —— R-H+HX
0] By Nascent hydrogen liberated from Na/C,HzOH or Sn/HCI or Zn/HCI or Zn-Cu couple/
C,H-OH etc.
R-X+2H —— R-H+HX
@i By hydrideion[:H®] liberated from LiAlH,or NaBH,. Itiscompl eted by nucleophilic substitution
resction.
R-X+:H® — 5 R-H+:X®
(i) By cata ytic hydrogenation of haloalkane-
R_ X + H2 Catalyst Pd R'H + HX
(iv) By reduction of Rl with HI in presence of red P.
R—X +HI —LRAE , R-H+1,
Reaction with KOH : -
€) With agueousKOH : —
R-X+KOH(aq) —— R-OH+K-X
(b) With alcoholicKOH : — Dehydrohalogenation tak€s place and alkenes are formed.
R-CH,— CH,—- X +KOH(ac.) —— R-CH =CH,
Reaction with KCN : —
R-X+KCN —— R-C=N+KX
Alkanenitrile
Alkanenitrileisanimportant compound whichgivesfollowing products.

. H;0"
(I) R_CEN Complete hydrolysis R_ ﬁ —O_ H + NH3
i) R-C=N - —R_c-NH,

Partialhydrolysis | |

(i") R—CE N LiAIH, #Reduction R_CHz_ NH2

Reaction with AgCN
R=X+AgCN —— R-N=C+AgX
R-N=C &dbss ., R_NH,+HCOOH

H
R-N=C —Reduction R—lll—CH3
2°—amine

Reaction with KNO2 :

RoX +K—-0-N=0 — R-O-N=0
akyl nitrite
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Reaction withAgNO, :
O
R-X +Ag-0-N=0 — R-NZ ]
nitroakane
Reaction with KSH :
R-X+K-SH—— R-SH
dkanethiol
Reaction with Na,S:-

2R-X+Na,S——> R-S-R
diakyl sulphide

Reaction with Na,SO;

R-X + Na,SO; — RSO;Na+ NaX

akyl sodium sulphonate

Reactionisknow as“Strecker reaction”.
Reaction with NaOR :
R-X + NaSOR———> R-O-R + NaX
Theabovereactioniscalled as“Williamson ether synthesis”.
Reaction withAg,O :
@ UsingdryAg,0:

2R-X+Ag,0 — R-O—-R+2AgX
(b) UsngmoistAg,O:

2R-X+Ag,0+H,0 —— R-OH +2AgX

Reaction with Silver Acetate:

R-X + Ag-O-C-CH; —— R-0-€_CH,4
I I
O O
ester
Thereactioniscdled as ‘Esterification’.
Reaction with metals:

€) With Na: — (Wurtz reaction)
R-X +2Na+X-R

_dryether p R+ 2NaX
(b) WithMg: ~(Grignard reaction)

RX*Mg  dvether ,p mMg-X
(© With Zndust : — (Frankland reaction)

R-X+2Zn+X-R— R—Zn—R+ZnX2

diakyl zinc
Diakyl zincisknown as ‘Frankland - Reagent’.
(d) . “WithLi:-
R-Cl+2Li —dveter , gyj+Licl
alkyl lithium

Note:-Alkyl lithiumismore reactivethan Grignard reagent.
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(e With Nalead dloy : -
4CH3—C|)H2 +4Na—Pb —— (CH5;—CH,),Pb + 4NaCl
Cl
TEL (tetraethyl lead)

Note : Tetraethyl lead isused asantiknocking agent.
Reaction with Benzene:

H

R
AlCl,
@ +R-X e @ +H-X

Thereactioniscalled as ‘Friedd-craft Reaction’.
Important Note:— Alkyl halide showse ectrophilic substitution reactionin the abevereaction, whichis
exceptioninakyl halide

TYPESOFDIHALIDES
Dihalidesareof twotypes: —
(8 Gemdihalide: Thesearethehdidesinwhichtwoidentica ha ogenatomsareatached on samecarbon.
(b) Vicinal dihalide: Inthesehalidestwoidentica ha ogen alomsareatatched on adjacent carbon atoms.
M ethodsof Preparation of Gem dihalides:
€) FromAlkyne (By hydrohaogenation) : —
R-C=C-H+HX —— R-C=C-H
X H
X
BN R—(|3—CH3
x
(b) From carbonyl compounds: —

R\ /CI

RCHO+PCl; _, (5  +POCl,
H/\CI

(terminal dihalide)
Note : If ketoneistakeninterna dihalideisformed.
M ethods of preparation of Vicinal dihalides :—
€) FromAlkene (By ha ogenation) :—

R-CH=CHy+Cl, — » R-CH-CH,

Cl Cli
(b) FromVicind glycol : —

R—CltH—OH + PCls | R-CH=Cl 4 51l + 2POCI,
CH,—OH  PClg CH,—CI
Physical propertiesof dihalides: —
(a Dihdidesarecolourlesswith pleasant smell liquid. Insolublein weter, solublein organic solvent.
(b) Mélting point and boiling pointsaredirectly proportiona to molecul ar mass but boiling point of
vicind dihalidesaremorethan gem dihaides. Also, reactivity of vicind dihdideismorethan
gemdihalide, but these arelessreactivethan monohdide.
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Chemical Propertiesof dihalides:
€) Reaction with aqueousKOH : —

\ / <OH \ / R\
+
N, KON o N, e
R—C|)H—X +kOH(ag.) e R—(I;H—OH
CHy—X CH,—OH
glycol

(b) Reactionwith acoholicKOH : —

HOX H X

| | Alc.KOH Eopeepd NaNH,
R_?‘?‘HW’ R-C=C-H ~—maxmn,) > R-C=CH

X H

5

- R-C=C-H NaNH

R_C_C_H  AckoH ,

| | o) |l|>|( W)R C=CH

(© Reaction with zincdust : Gemdihalidereactswith Zn dust to form higher symmetrical akene
whilevicinal dihalidereactswith Zn dusttoform respectivea kene.

Note— o, o dihalideformcyclic alkane.

R /CHZ\
(|:H2—CH2—(?H2+Zn e CH; CH,
X .X -
(d) ReactionwithKCN :
COOH
\/ ¥ \/ o® \/
—2KX >
Hydrolysis
/ \ K—CN / \ / \COOH
R—-CH-X K-CN R-CH-CN o R-CH-COOH
CHpEX —aKX l Hydrolysi
o~ K—CN CH,—CN  Hydrolysis CH,-COOH
(e Othersubstitution reaction : —
CH, - NH3 /373K ?HZ ~NH,
CH, -X CH, —NH,
ethylene amine
CHxX  ,ch.coona  GH2~OCOCHS3
| + 2NaX
CHy—X CH,—OCOCH;
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TRIHALIDES:
Trihalo derivativesof alkanesareknown astrihalides. Reaction of method of preparation of trihalidesis
known asha oform reaction.
Haloform Reaction :

Cl,+ag.Ca(OH),

CH,CHO > CHCl; + HCOONa

CH,CH,OH —2" M, cHBr. + HCOONa

Note : (i) Chlord isanimportant compound and whenit reactswith chlorobenzeneinpresence of conc.
H,S0O,, thenit form animportant compound DDT (Dichloro Diphenyl Trighleroethane)

o O
Cl.CHO + 2@ COL) C|—(.|.;—C{
20 8“5

Cl

DDT [1,1,1-trichloro-2,2-bis(parachl oro phenyl) ethane]

@i Preparation of pure Chloroform — Alkalinesolution of chlorohydrateisused intheformation of
chloroform. Which ondigtillation gives purechloroformasfollows:

ClI OH

| | NaOH
COI;CHOH,O Or G-5-C-H e CHCl3 + HCOONa+ H,0

CIOH
chloro hydrate

Preparation of trihalideusing ‘Pyrene’:

CC|4 +2H Fe/H,0O reduction CHC|3 +HCl

Physical Properties: —

@ Chloroformiscol ourl esswith pleasant smell. Insolubleinwater and solublein organic solvent.
Vapoursof chloroform arepoisonousin nature. It causetemporary unconsciousness, So used asan
anasthetic agent.

(b) Boiling point of CHCl;is61° C.

(© Itisbest solvent for fats;oil and wax.

(d) lodoformisyelow crystallinesolid. It hasmelting point 119°C.

Chemical Properties:

Oxidation : Inpresenceof light it forms poisonous gas phosgene with atmospheric oxygen or with air.

CHCI, + /20 gt , CHG-CI+ HCl

(0]
For protectionitiskept into dark roomin coloured bottlefilling completely. For remova of phosgenewe
can use 0.5t01% ethanol sol ution which converts poi sonous phosgeneinto non-poisonous sat diethyl
carbonate.

O—CsHg

COCl, + 2C,H-OH —— O=C, + 2HCl
2 7es NO-C,Hs

Note  Weusesi Iver nitrate solution to check theimpurity of phosgenein solutionwhichwill formwhite ppt. of
AgClwithHCI
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Reaction with HNO;::

Cl Cl
CI-CEIHFLBING, A, crdno,
L L

tear gas

(chloropicrin)

Reaction with Acetone:

?I CCl,
Cl- (lz —H + CH;- lcl: ~CH; —— CH3—(|)—CH3
Cl 0 OH

chloretone

chloretoneisused asahypnotic agent.

Reaction with Primary amine:

RN H,+ CHCl;+ KOH (adc) —— R-N = C+KCl +H,0

Thereactioniscalled as ‘Hoffman-carbylamine Reaction” or ‘Isocyanide-test’. These isocyanides
(product) hasoffensive smell. So, thereactionisused totest 1° amine. Reacting species of reaction is
dichloro carbene.

Reaction with Phenol : Thereactioniscalled as‘Reimer-tiemann Formylation’.

OH OH

CHO
+ CHCI3+KOH(aq.) —KcH,0)

salicylaldehyde
or
(o-hydroxy-benzal dehyde)

Reaction with 2- Butene:
T CH4—CH
CH3—CH CHa—CH 3N=OH 3—h2 CH3—CH,

OH
+H-CCL{2, == ~ o
(|3|H H-CCl3 | -3NaCl ~ CH3-CH-CZ—OH —2%—> CH,—CH-C=0

3= CH3~CH-CCl, S OH

2-methyl butanoic acid

Reactionwith ag. NaOH :
OH 0 /o
CHCl+ 3NaOH(ag.) — H—C—/OH +2NaCl ———> H-C/ _NaoH  Hy0 + H-
H —H20 NOH ONa

Unstable

[ D)RANEAL CLASSES ALKYL HALIDE [182]

AIEEE DIVISION



Reaction with silver powder
(Dehalogenation) :

CHX3+6Ag —"" , CH=CH + 6AgX

temp

Reduction:

CHCl, —2%  CH,CI,+HCI
Zn/HCI

CHCl; —*_, CH,CI +2HCI
Zn/HCI

+6H

CHCl, — =

2,0 CH, +3HCI
TETRAHALIDE ‘PYRENE’
General method of preparation :
FromCS,: -
CS, +3Cl-Cl 2%, CCl,+S,Cl,

Fedust+l,

sulphur
monochloride

2S,Cl,+CS, ————— CCl, +6S|
The reactionisused for industrial production of CCl,.

From CH4:
CH4+CI2—> CH3CI _Cb CH2CI2 Al CHCI3 _Ch CCI4
From CHCI3:

CHC|3 + Cl| - C| __uttravioletlight CC|4 + HCI

Physical Properties:

@ Itiscolourlessliquid withgpecificsmell. Itisinsolublein water and solublein organic solvent.

(b) Itistheonly organic solvent which isnon-combustible. So used asfire-extinguisher called as

‘Pyrene’.
Chemical Properties:
@ It reactswith'hot H,O or with water vapour and forms poisonous gas ‘Phosgene’.

CCl,, + H50(g) _4_, COCl,, + 2HCl.

(b) It reactswith agueous or a coholic KOH and formsinorganic salt potassium carbonate.
CCly.+ 4KOH (80.) —gz— C(OH), ——5—~> CO, —%255 K,CO3+H,0
(unstable)

(© It reactswith phenol and formssdlicylicacid.
OH

oH
COOH
@ +CCl, KO |, @

Thereactioniscalled as ‘Riemer-Tieman Car boxylation’.
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(d) Reactionwith benzene.

2©+ cCl, @A, @/ \CI
—2HCI

CI\C/@

dichloro diphenyl methane

FREONS
Thesearepoly chlorofluoro derivative of akane.
Preparation of freons:

CCl,+HF __stck_, CCl,F +HCl
C,Clg+2HF __stc: | C,F,Cl, + 2HCl

hexachloro ethane freons-112

Nomenclatureof Freons:

The common name of freonsis Freon-chaorfreonC-1, H+ 1, F where

c=no. of carbonatom—1, b =no. hydrogenatom + 1, a=total no. of atoms of fluorine

eg. CFCl, C-1=0,H+1=1,F =1 Freon-11
Formula C1 H+1 F Name
CFCl, 1-1=0 0+1=1 1 Freon-11
CF,Cl, 1-1=0 0+1=1 2 Freon-12
C,F,Cl, 2-1=1 O+1=1 2 Freon-112
C,FCl5 2-1=1 0+1=1 3 Freon-113
C,F,Cl, 2-1=1 0+1=1 4 Freon-114
C,FCl 2-1=1 0+1=1 5 Freon-115

Properties& usesof freons: =

@ Freonsare colourless, odourless, unreactive & non-combustibleliquids.

(b) Having very low bailing points (e.g CF,Cl, =—29.8°C).They easily converted from gaseous

stateto liquidstate, thereforethey areused asacoolant inA.C. & Refrigerator.
(© Used asaaerosole propellant in aroplane & rockets.

(d) Alsousedasasolvent.

Note : Main causeof Ozonelayer decay (CFC— chlorofluoro carbon)
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SOLVED EXAMPLES

Ex.1

Sol.

Ex.2

Sol.
Ex.3

Sol.

Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sol.

The compound with no dipolemoment is-

(A) Methyl chloride (B) Carbontetrachloride

(C) Methylenechloride (D) Chloroform (Ans.D)
Carbon tetrachloride (CCl ) hastetrahedral structureand its4 polar C-Cl bond cancels each others
dipolemoment which resultsin net dipole moment zero.

Trueabout alkyl halidesigare-

(A) Tertiary dkyl halidesundergo S\lz subgtitutions

(B) Alkyl iodides on exposureto sunlight gradualy darken

(C) Alkyl chloridesdo not givebeilsteintest

(D) A nucleophilicsubstitutionismost difficultin akyl iodides (Ans.B)
When dkyl halidesare exposed to sunlight they becomes darken.

Thecorrect order of density is-

(A) C,Hgl > C,HBr>C,H:LCl (B) C,H;Cl > C,HBr>C,H|

(C) C,HCl > C,Hgl > C,HBr (D) None (AnsA)
Density of agivenakyl group increaseswithincreasein atomic weight of halogen atom. but for agiven
hal ogen density decreaseswithincreasein sizeof alkyl group:

Action of alcoholicAgNO, on chlorobenzeneissimilarto theactionon -

(A)Allyl chloride (B).Vinyl.chloride

(C) Isopropyl chloride (D)Benzyl chloride (Ans.B)

Both vinyl chloride and chlorobenzene give no pregi pitate with al coholic AGN O, because both have
chlorineatomswhich arenot reactive.

Tertiary butyl halideon boiling with water givestertiary butyl alcohol. Thereactionfollows-

(A) SE mechanism (B) S\! mechanism
(C) SN2 mechanism (D) EX mechanism (Ans.B)
Tertiary butyl haideonboailingwithwater givestertiary butyl &l cohol. Thereactionfollowing Sy' mechanism.
CH, CH,
CH3—\C ¢l g:s_\c®_ P on CH3}C - OH
CH3/ slow CH3/ fast CH3

3 t-butyl alcohol

t-butyl chloride

Thedow stepisthefermation of acarboniumion, hencethereaction takes placeviaSn' mechanism.

Inversion of configuration of the product a cohol duringthehydrolysisof an opticdly activehaideisan
experimentd evidencefor-

(A\) Sn2 mechanism (B) S\' mechanism

(C) Sn! mechanism (D) A carbanion (Ans.A)
Inversion of configuration of the product a cohol duringthehydrolysisof an opticdly activehaideisan
experimental evidencefor Sn2 mechanism. Thereaction takesplace asfollows:

CH; - Cl+ OH™ — [HO ------- CHj ----- Cl] > HO-CH;+CI"

chloromethane transition state methanol

Here OH" attacksfrom the back side on CH, Cl molecule, hencethe product formed hasaninverted
configuration.
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Ex.7

Sol.

Ex.8

Sol.

Ex.9

Sol.

Ex.10

Sol.

Ex.11

Ethyl bromideandisopropyl chloride can bedistinguished by -

(A)AlcoholicAgNO, (B) Comparingtheir colours

(C) Burning thecompounds on spatula (D) Aqueous K OH solution (AnsA)
WithacoholicAgNO;,, ethyl bromidegivesalight yellow andisopropyl chloridegiveswhite ppt.

The compound C,H ,Cl,, hastwo isomers and they can be distinguished by the reaction withs

(A)Ag. KOH (B)Alc. KOH

(C) Brominewater (D) NaNH 5 (AnsA)
(I)H2 - ?Hz + 2KOH —> (|3H2 - (|3H2 + 2KCl

o ¢ (@) OH OH

1,2 dichloroethane ethane— 1,2 —diol
CH; - CH - Cl + 2KOH
CH; —CH-OH _C-
é:l (aq) [ 3 | :| TZO) CHS C-H

1,1 = di chloroethane OH

Il
0
Anunkown akyl halide (A) reactswith a coholic KOH to praduceahydrocarbon (C,Hg). Ozonolysis

of thehydrocarbon aff ords onemol e of propiona dehyde and onemol e of formal dehyde. Suggest which
organic structureamong thefollowing isthe correct structure of the above alkyl halide (A) -

(A) CH4(CH,),Br (B) CH4CH(Br) CH(Br)CH,
(C) CH,CH,CH(Br)CH, (D) Bf(CH), Br (AnsA)
CH4CH,~CH,~CH,Br + KOH —— CH, ~{CH; - CH=CH,
(Alcohalic) 1-butene
/\
CH3-CH,CH=CH,+ 03— CHy~CHz=CH CH, 2O o ﬁ_ H+CH,-CH, - |C|,‘H
0-0 O O

Which one of thefollowing pairsof reaction typesincludedin the reaction sequencebel ow -
CH4CH = CHCH + HI (in CH;€00H) — CH,CH,CHICH,

CH,CH,CHICH, + NaOH(ag) ~5-CH,CH,CH(OH)CH,

(A) Electrophilic addition and dectrophilic subgtitution

(B) Electrophilic addition andnucleophilic subgtitution

(C) Nucleophilic additionand dectrophilic substitution

(D) Nucleophilic additionand freeradica substitution (AnsB)

CHg~ CH = CH~CHy + HI SO0, g, _ cH, - GH - CH,

I
(electrophilicaddition reaction)

CHy — CHy= CH - CHj + NaOH (aq) ———> CH, - CH, - CH - CHj
I OH
(nucleophilic subgtitutionreaction)

Anakyl isocyanideisprepared by -
(A) Heating anamidewith P,Og (B) Reacting an alcohol withNH,4
(C) Theaction of AGCN onakyl haide (D) Theaction of KCN onakyl halide (Ans.C)
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Sol.

Ex.12

Sol.

Ex.13

Sol.

Ex.14

Sol.

Ex.15

Sol.

Ex.16

Andkyl isocyanideis prepared by the action of AQCN on akyl halide
CH; Cl +AgCN—— CH; N = C+AgCl

methanisonitrile
Isonitrile on reduction produces secondary amine.

CHBr 49N , A __H0' B [B]is-
(A) CHNH, (B) (CHZ) NH (C) C,HNH, (D) CH, COOH “(Ans. A)

CH,— Br+ AgCN —— CH;—N = C (A) —*>— CH,NH, (B) + HCOOH

Action of sodium ethoxideon anakyliodideis-
(A)A nucleophillicaddition (B) Anédectrophillicaddition
(©) Anucleophillic subgtitution (D) Anéectrophillic subgititution (Ans.C)
Action of sodium ethoxideon andkyl iodideisanucleophillic substitution.
C,Hgl + NaOC,H; — C,HOC,H; + Nal
CHi + O —>CH,OCH;+I~
Thereaction takes place by Sn2 mechanism

CHg O +CoHsl > CHO—C—1  — CoHZOCH,+ 1~
(transition state)

Reaction of ethyl bromideand silver acetate gives-

(A) Ethyl ethanoate (B) Methyl ethanoate

(C) Ethanoicanhydride (D) 2-Butanone (AnsA)
Reaction of ethyl bromideand silver acetate gives ethyl ethanoate It isan ester formation and hasgot a
fruity smdl.

CH,COOAg + BrC,H; — CH,COOC,H; +AgBr \’

Slver acetate ethyl ethanoate

Ethyl bromidereactswith |ead'sodium alloy to form -
(A) Tetraethyl lead (B) Tetraethyl bromide
(C) (A) and (B) both (D) Lead bromide (Ans.C)

C,Hg — Br + 4Pb/Na» —#2= > (C,Hg),Pb + 4 NaBr + 3Pb

tetraethyl lead
T.E.L. isused asantiknocking agent.

Thenameof thereaction of an akyl halidewith an areneinthe presence of anhydrousAlCl;is—
(A) Friedd Craft'sreaction

(B).Grignard reaction

(€) Wurtz-fitting reaction

(D) Wurtz reaction (AnsA)
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Sol.

Ex.17

Sol.

Ex.18

Sol.

Ex.19

Sol.

Ex.20

Sol.

Ex.21

Thenameof thereaction of an akyl halidewith an areneinthe presence of anhydrousAICl; isFriedel
Craft'sreaction

H
@ +CHLCl Aoy @ +HCl

benzene toluene
Itisandectrophillic substitution reaction.

Br - CH, - CH,, - CH,Br can be converted into HOOC - CH,, - CH,, - CH,COOH by employing -

(A) NaCN, H,O + H,S0, (B) NaCl, H,0 + H,S0,

(C) H,O + H,S0,, KMnO, (D) KCI, H,0 +H,S0, (AnsA)
CHy = CH, = CH, + 2 NaCN —»> CH, ~ CH, — CH,

Br Br CN CN

hydrolysis (H,0+H,S0y) CI:HZ - CHZ - CI:HZ (glutaric acid)

COOH COOH
I

Which of thefollowing statementsiscorrect-

(A) Formaldehydeon heatingwith |, and alkali givesayellowppt.

(B) Ethanal istheonly primary a cohol which giveshaefermreaction.

(C) All secondary d coholsgive ha oform reaction.

(D) All ketonesgiveha oform reaction. (Ans.B)
Thecorrect statement i sthat ethanol isthe only primary a cohol which giveshaloform reaction.

+ly

CH;CH,OH — - [,C. CHO —NeoH CHl; (lodoform) + HCOONa

ethanol iodal

Themain compound obtained when chlorobenzeneisheated with chloral in presence of conc. H,SO, -
(A)DDT (B) TNT (C)BHC (D) Chloretone (Ans.A)

@
@

(chlord) B, B'-dichlorodiphenyl trichloroethane(D.D.T)

CCl CHO+2@ W Cl C CH

Which of thefollowing does not give white precipitate when boiled with alcoholic silver nitrate -
(A)Allyl chleride (B) t-butyl chloride  (C) Chlorobenzene (D) Benzyl chloride
(Ans.C)
In chlorobenzenethe eectron lonepair of chlorineatomisin conjugation with benzenering and hence
chlorineatomstakes part in resonance and chlorobenzene does not show remova of chlorideionreadily
thereforeit doesnot givewhiteprecipitatewith a coholicsilver nitrate.
A sampleof chloroform being used as an anaestheticistested by -
(A) Fehling solution (B) Ammoniaca CuCl solution
(C)AgNO; solution (D) AgNO; solution after boilingwithac. KOH
(AnsC)
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Sol.

Ex.22

Sol.

Ex.23

Sol.

Ex.24

Sol.

Ex.25

Sol.

Ex.26

Sol.

Ex.27

Sol.

Ex.28

Sol.

Chloroformistested by silver nitrate solution if chloroformisoxidised to phosgenethen HCl will dlso be
present which reactswithAgNO; to form white precipitate (AgCl). If thisreaction occur then chloroform
isnot used for anaesthesia

Thehydrogen atomin chloroformis-
(A)Acidic (B)Basic (C) Neutra (D) None (AnsA)
Dueto - | effect, Cl atomstend to attract the electronsof C - H bond towardsthemsel ves.

lodoform givesapreci pitate with AQNO, on heating but chloroform does not becatise -

(A) lodoformisionic

(B) Chloroformiscovaent

(C) C-I bondiniodoformisweak and C - Cl bond in chloroformisstrong

(D) None (Ans.C)

On heating C - | bond breaks, but C - Cl bond does not break. Thus, AQNQ4 givesAgl withiodoform.,

Pyreneisthecommerica nameof -

(A) Degreasing agent CHCl

(B) Fireextinguisher CCl,

(C) Insecticide CHI

(D) Aerosol, propellant, C,Cl, F, (AnsB)
Pyreneisthecommerical nameof afireextinguisher CCl ; Itistheonly organic cmpoundwhichisnon
inflammableand whichisusedto extinguishfire.

In Hunsdiecker reaction -
(A) Number of carbon atomsdecrease (B) Number of carbon atomsincrease
(C) Number of carbon atomsremain same (D) Noneof theabove Ans.(A)

Hunsdi ecker reaction isadecarboxylationreaction.

Alkyl halides can be obtained by all. methods except -
(A) CH,CH,OH +HX/znCl,, (B) CH,=CH — CH, + HBr
(C) C,H;OH + NaCl (D) CH,COOAg +Br,/ CCl,
Ans,(C)
Alkyl halide can not beformed by the reaction between C,H-OH + NaCl.
C,H;OH + NaCl~—— C,H;,ONa + HClI

Finkelstein reactionis-

(A) 2CH,CH.CI+ Ag,0O (dry) ——— CH4;CH,OCH,CH4+ 2AgCl

(B) CH,CH, B+ Nal __acetone | CH,CH,| + NaBr

(C) CH,CH.Br +Ag,0 (moist) ——— CH;CH,OH +AgBr

(D) CH4CH,CI + NaOCHy;—— CH;CH,0CH, + NaCl Ans.(B)
Theformation of akyl iodidefrom alkyl bromideand alkyl chlorideisknown asFinkelstein reaction
(Halogen exchangereaction).

Which of thefollowing hasthehighest boiling point : —
(A) CH4CH, (B) CHLCI (C) CHyl (D)CH4Br  Ans.(A)
Bailing point o« molecular weight.
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Ex.29 Ethyl chlorideissolublein:—
(A) C,H;OH (B)H,O (C)Both A& B (D) None Ans. (A)
Sol.  Alkyl hdidesaresolublein organic solvents.

Ex.30 What would bethe product whentert. butyl chloridereactswith sodium ethoxide: -

(A) Tert. butyl alcohol (B) Tert. butyl ethyl ether
(C) Iso butyl ethyl ether (D) |sobutylene Ans. (D)

Sol.  Inthereactionhalideis3° and the nucleophile is bulky, reaction will be elimination E4 andthe product
would bealkene.

Ex.31 What would bethe product when sodium ethoxide reactswith isobutyl chloride: -

(A) Tert. butyl acohol (B) Tert. butyl ethyl ether
(C) Isobutyl ethyl ether (D) Isobutylene Ans. (D)
A ®
|
Sol.  CHg=G=CH,—Cl+Na—OCyHs — s CHy—C—CH, + CI-
CH, CH,
H—y H
) ® o
CH?,—(IZ—CH2 = CH3—C|)—CH2 eIlmll_rrtlon CH, & CI: =CH,
CH CH -
8 8 CH,

Ex.32 Reductionof alkyl halideby LiAIH, isthetype of reaction—

(A) Nudeophilic substitution reaction

(B) Electrophilic subgtitution reaction

(C) ElectrophilicAddition reaction

(D) Noneof these Ans. (A)
Sol.  LiAlH,, provdies: H® ionthereforethisreactionisof Nucleophilic substitution reaction.

Ex.33 Alkyl haidewithacoholicKOH gives —
(A)Alkane (B)Acohalicsalt (C)Alkene (D)Alcohal  Ans.(C)
Sol.  Alkyl halidewith acoholicK@H by elimination reaction givesakene dueto alkoxide reaction species.

Ex.34 Reduction of dkanenitrilegives—
(A) Primary amine (B) Secondary amine
(©)Acid (D) Nitroakane Ans. (A)
Sol.  ByLiAIH, or anyother reductant from akanenitrile, primary amineisformed.
Ex.35 Tetraethyl leadisused asan antiknocking agent, can be prepared by reacting ethyl chloridewith—
(A) Sodium (B) Sodiumlead dloy
(C)lead (D) Lead oxide Ans. (B)
Sol. TEL (tetraethyl lead) iseasily prepared by thereaction of ethyl chlorideand Na-Pb alloy.

Ex.36 Ethyleneglycol with PCl;gives—

(A) Ethylenechloride (B) Ethyl chloride

(©) 1, 1-Dichloro ethane (D) Oxyrane (Ans.A)
Sol. = PCl; , replace-OH group by Cl to givechloroderivative., Here ethylene chlorideisthe product.
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Ex.37 ToformMalonicacid, we haveto startsareactionfrom—

(A) Ethylidinechloride (B) Methyl chloride
(C) Methylenechloride (D) Chloro ethane (Ans.C)
X KCN CN Hq0" _~ COOH
Sal. CH2<X *on —>CH2<CN “Hases” CHa coon

Ex.38 Whichof thefollowing showsha oformreaction: -

(A) CH;—C - OH (B) CHy-c-H
I I
o) O
(C) CH; —CH, - (IDI — C,Hg (D) None (Ans.B)

Sol.  Thecompound containing CH, — C — group or CH3_c|;H_ group will show thehal oform reaction.
Il
o} OH

Ex.39 Which of thefollowing showshaoformreaction: -

(A) CH;-C-C-OH (B) CH3—C|:H—IC|—0H
” S OH ) O
(C) CHy - ﬁ — CH, — CH, (D) All of‘above Ans. (D)

Sol.  All of theabove compoundscontain CH, — C — groupor CHS_(l;H_ group.
Il

OH
Ex.40 Carbyl aminereactionisused for thetest of—
(A) Primary diphaticamine (B) Primary aromaticamine
(C) Both of these (D) Secondary aminediphatic Ans. (C)
Sol.  InHoffamann—Carbyl amine reaction, an'offensive smell compound isocyanide is formed, therefore this

reactionisused for thetest of primary aiphatic and aromatic amine.

Ex.41 What will bethereduction product of following reaction—

+4H +6H
CHCI3 Zn/HClale.) Zn/HCl(aq.) Zn/H,0
(A) CH,Cl,, CH,Cl,CH, (B) CH,4, CH,CI, CH.Cl,
(C) CH,4CI, CH,CI5,CH, (D) CH,CI, CH,, CH,CI Ans. (A)
Sol.  CHCI3 5 igme;CH,Cly + HC

$4H

CHCl; =72 —>  CH,Cl +2HCI — CH, + 3HCI

Zn/HCl(ag.) Zn/H,0

Ex.42 Whicheneisused asafire-extinguisher—
(A).CCl, (B) Pyrene
(O) Tetrachloro methane (D) All theabove Ans. (D)

Sol. . Carbontetrachloride(CCl ) isasoknownascommercia name ‘Pyrene’ and used as a fire-extinguisher
dueto theincombustiblevapour.
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Ex.43

Sol.

Ex.44

Sol.

Ex.45

Sol.

Ex.46

Sol.

Ex.47

Sol.

Water vapour react with CCl ;, to give apoisonous gas named as—

(A)Chlord (B) Chloroform

(C) Carbonyl chloride (D) tear gas Ans. (C)
CCl,+H,0(g) 2, COCl, + 2HCI.

C,F;Cl isnamed as—
(A) Freon-112 (B) Freon-111 (C) Freon-113 (D) Freon-114 ‘Ans. (C)
Named asfollows—
C-1,H+1,For C-1=1,0+1=1,3
Addition of bromine on propenein thepresence of brineyieldsamixture of -
(A) CH;CHCICH,Br and CH,CHBICH.Cl
(B) CH;CHCICH,Br and CH,CHBrCH.Br
(C) CH,CHCICH,,Cl and CH,CHBrCH.Br
(D) CH4CHCICH,,Cl and CH;CHBrCH,,CI (Ans.B)
Addition of bromine on propeneinthe presence of brinesolutionyieldsamixtureof CH,CHCICH,Br
and CH;CHBICH_Br.

CH,—CH=CH,, —2—> CHj- CH - CH, + CHy== CH - CH,

2 NaCl, A [
Cl Br Br Br
1-bromo,2-chloro propane.. " 1,2-dibromo propane

Thereaction of SOCI,, onakanolstoformalkyl chleridesgivesgood yiel dsbecause-
(A) Alkyl chloridesareimmisciblewith SOCI.,
(B) Theother products of the reaction are gaseous and escape out
(C) Alcohol and SOCI,, are solublein water,
(D) Thereaction occursviaintermediatefermation of an akyl chloro sulphite (Ans.B)
Thereaction of SOCI,, onakanolstoformakyl chlorides givesgoodyiel ds becausetheother products
of thereaction are gaseous and escapeout.
C,H:OH+CI-SO-Cl — C,HgCh# SO,T+HCIT
ethanol ethylchloride
Itis oneof themost important methodsfor preparing akyl halides.

A carbon compound A formsB with sodium meta and again A forms C with PCl; but B and C form
diethylether. ThereforeA, B & Care-

(A) C,H;OH, C,Hz ONa, C,H:Cl (B) C,H:CI, C,H; ONa, C,H; OH

(C) C,H;0H, C4Hg:.C,H:Cl (D) C,H:OH, C,H;Cl,C,H:ONa  (AnsA)

2C,Hg-OH #2Na— 2C,H,ONa+ H,
(A) (B)
C,Hg - OH# PCl — C,H-Cl + POCI ; + HCI
(A) ©)
C,He=ONa+ C,Hj - Cl - C,H - O - C,H, + NaCl
(B) © diethyl ether
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Ex.48

Sal.

Ex.49

Sol.

Ex.50

Sol.

Thebest reagent for converting ethanol to chloroethaneis-

(A)PCl, (B)PClg

(C) socl,, (D)HCI +ZnCl, (Ans.C)
ROH +S0Cl,, — RCI + SO, + HCl. Itisevident that productsother than RCI, are both gases (SO, HCl)

In Hunsdiecker reaction:

(A) A sodium sat of an acid reactswith bromine

(B) A calcuim salt of anacid reactswith HBr

(C)Adlver salt of anacid reactswith bromine

(D) Asilver salt of an acid reactswith HBr (Ans.C)
InHunsdiecker reaction asilver salt of an acid reactswith brominein the presenceof CCl,.

CH, COOAg + Br, —%4, CH,Br + CO,T + AgBr
Slver ethanoate bromomethane
Itisanimportant method of preparing an akyl halidefrom asilver salt'of.an akkanoic acid.

Theyield of alkyl bromide obtained asaresult of heating the dry.silver salt of carboxyic acid with
brominewhat will bethe order of formationw.r.t. alkyl bromide=

(A) 1°>3°>2°bromides (B) 1°>2°> 3° bromides

(C) 3°>2°> 1° bromides (D) 3°>4°>2° bromides (AnsB)

R-COOAg+Br, <, R-Br+CO,+AgBr{
Theyidd of akyl bromide hasthefollowing order

R

|
R—CHZ—Br>R—(i7H—Br>R—(I_)—Br

R R

Sincethe mechanism of thisreaction involvesformation of freeradicals.
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EXERCISE -1

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

In Finkel stein Reaction, which reactants are used -
(A) Nal + C,H;OH (B) NaCl + acetone
(C) NaBr + CH;COCH4, (D) Nal + CH;COCH,

C,HCl + AgF ——— C,H.F + AgCl
The above reaction is called -
(A) Hunsdiecker (B) Swart (C) Strecker (D) Wurtz

Which halide/ halides not prepared by Darzen reaction -
(A) R-Cl (B) RBr
ORI (D) (B) & (C) both

In the Hunsdiecker reaction -
(A) Number of carbon atoms decrease (B) Number of carbon atoms increase
(C) Number of carbon atoms remain same (D) None of the.above

When propylene reacts with HBr in presence of peroxide;the product formed is -
(A) n-Propy! alcohoal (B) Propylene peroxide
(C) n-Propyl bromide (D).-1,3.Dibromo propene

The S, 2 reactivity order for halides :-
(AYR-F>R-CI>R-Br>R-1 “B)R-I1>R-Br>R-CI>R-F
(©OR-Br>R-1 >R-CI>R-F (DDR-CI>R-Br>R-F>R-1

Chlorobenzeneis-

(A) Morereactive than ethyl bromide

(B) Morereactivethan isopropyl/chloride
(C) Asreactive asmethyl chloride

(D) Lessreactivethan benzyl.chloride

The correct order of polarity of alkyl halidesis: -
(A) Rl > RBr < RCl+> RF (B) RF > RCl > RBr > RI
(C) RClI > RF >'RBr > RI (D) None

Ethylthioal eehol'can be obtained when C,H_Br reactswith -

(A) KSH (B) NaOH (C) K,S (D) Na,S
Thereaction

C,H:ONa + BrC,H; — C,H-O-C,H; + NaBr is caled -

(A),Frankland reaction (B) Wurtz reaction

(C) Williamson’ssynthesis (D) Cannizzaro reaction
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Propylidene chloridewhen heated with zinc gives:
(A) Ethene (B) Propene (C) 1-Butene (D) 3-Hexene

A gemdichlorideisformed in the reaction except -

(A) CH;CHO and PClg (B) CH;COCH, and PClg
(C) CH, = CH, and ClI,, (D) CH, = CHCI and HCI
lodoform test is not given by : -

(A) CH;COCH,COOC,H, (B) CH;COCH;,

(C) CH;CH,COCHj, (D) CH;CH,CHOHCH,
CHCI; + NaOH (ag.) —

produces whichintermediate—
(A) Benzyne (B) Carbene (C) Carbocation (D) Carbanion

CH3—(IT‘— CHSW (A) __Agpowder . (B) H;j% , (O):
o 2COs

Product A, B & C are -

(A) lodoform, Acetylene & Acetaldehyde

(B) Tri. iodomethane, Ethyne & Acetone

(C) lodoform, Ethene & Ethyleneglycol

(D) Ethene, iodoform & Ethylhydrogen sulphate

Which of thefollowing statement iswrong -

(A) All carbonyl compounds of the general structure cH, - %: - R give apositiveiodoform test
o}

(B) All secondary al cohol s give iadoferm reaction

(C) Alkanalsof the structure CHzCH(OH) - R (whereR=H, alkyl or aryl) giveiodoform reaction.

(D) Theonly adehyde givingtodoform reaction is acetal dehyde.

The oxidation of CHCI by air & light is prevented by adding -

(A) CH,COOH (B).C,H;OH (C) CH,CHO (D) CH;COOCH4,
Tear gas is -

(A) C(NO,)Cl, (B) COCl, (C) CH,CI (D) CH,COCI
Chloroformawhen treated with aniline and a coholic KOH forms -

(A) Phenyl'eyanide (B) Phenyl isocyanide

(C) Phenyl cyanate (D) Phenyl isocyanate

CHCI, iskept in brown bottles well stoppered and also with 1% al cohol so that it may not form-
(A).CH.CI, (B) COCI, (C) cCl, (D) None of these
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Q.21 Which of thefollowing compoundsis used as arefrigerant -
(A) Acetone (B) CCl, (C) CF, (D) CCI,F,

Q.22 Catalyst used in theformation of dicholorodifluoromethaneisgenerated from -
(A) AICI; + HF (B) SbClg + HF (C) ShCl, + HF (D) BF; + HF

Q.23 CCl,+4KOH ————— end product of thereactionis—

(A) K,COq4 (B) CO, (C) C(OH), (D) HCOOK
Q.24 Cs, + Cl, —————— Product, Product is —

(A) CHCI, (B) CCl, (C) SCl, (D) Cs5S5

Q.25 Main cause of Ozone decay is—
(A) CFC (B) BFC (C) LMC (D) BKP

Q.26 Inreaction : C,H;OH + HX _2znx; , C,H:X + H,0 the order of reactivity of HX is -
(A) HBr > HI > HCI (B) HI > HCI &~ HBr
(C) HCI > HBr > HI (D) HI > HBr >HClI

Q.27 Which of thefollowing leadsto the formation of an alkyl halide -

(A) C,H;OH _ RedP:8r, (B) CH;OH _soci,
(©) C,HsOH __K®r:Conci;s0, (D)AIl

Q.28 Thereactionof silver carboxylateswith bromine dissolved in carbon tetrachlorideiscalled -
(A) Hofmann reaction (B) Borodinereaction
(C) Borodine - Hunsdiecker reaction (D) Hypobromidereaction

Q.29 Theformation of an alkyl halide by:reaction of hydrogen halide on an unsymmetrical alkeneisan

example of -
(A) A nucleophilic addition reaction (B) An electrophilic addition reaction
(C) A freeradical reaction (D) Andimination reaction

Q.30 Whichreaction istermed as Darzen’s Reaction -
(A) ROH + HCI (B) ROH + PCl,
(C) ROH + SOCly (D) ROH + PCl,

[ D)RANEAL CLASSES ALKYL HALIDE [19€]

AIEEE DIVISION



EXERCISE -1V

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Thereaction (CH,), CBr + H,O——— (CH,); COH + HBrisa- [AIEEE-2002]
(A) Subdtitutionreaction (B) Debromination reaction

(C) Rearrangement reection (D) Elimination reaction

Thereaction of chloroformwith alcoholic KOH and p-toluidineform: [AIEEE.2008]

(A) H;C@CN (B) H,C @NZCI
(C) H;C@NHCHCIZ (D) H_@@NC

Thecorrect order of thethermal stability of hydrogen halides(H—X) is— [AlEEE-2005]
(A) HF>HCI > HBr > HI (B) HI >HBr >HCI > HF
(C)HI >HCI <HF>HBr (D)HCI <HBr>HBr <HI

Tertiary dkyl halidesare practicaly inert to substitution by S, mechanism because of —

[AIEEE-2005]
(A) ingtability (B) insolubility (C) serichindranee (D) inductiveeffect
Alkyl halidesreact with dialkyl copper reagentsto give [AIEEE-2005]
(A) akyl copper halides (B) dkenes
(C) dkenyl halides (D) dkanes
Elimination of brominefrom 2-bromobutane resultsin theformation of — [AIEEE-2005]
(A) predominantly 2-butene (B) equimolar mixtureof 1 and 2-butene
(C) predominantly 2-butyne (D) predominantly 1-butene

Among thefollowing the onethat gives positiveiodoform upon reaction with |, and NaOH is—
[AIEEE 2006]

CHj,
(A) CgH;CH,CH,0H (B) CH; - C‘)HCHZOH
(C) PACHOHCH, (D) CH4CH,CH(OH)CH,CH,4

Which of the following isthe correct order of decreasing SN2 reactivity ? [AlEEE 2007]

(A) RCH,X > RyCX > R,CHX (B) RCH,X > R,CHX > R,CX

(C) RCX > R,CHX >:RCH,X (D) R,CHX > R,CX > RCH,X

(X = halogen)

Theorganic chloroeompound, which shows complete stereochemical inversionduringaSg 2 reaction,
is [AIEEE 2008]

(A) (CH,)5CCl (B) (CH,),CHCI (C) CHLCI (D) (C,H,),CHCI

Which of thefollowing on heating with aqueous K OH producesacetaldehdye? [Al EEE 2009]
(A).CH.COCI (B) CH.CH.CI (C) CH,CICH.CI (D) CH.CHCI,
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Congder thefollowing bromides: [AIEEE 2010]

@uve~"p BT @m T
Br

Br
Thecorrect order of S 1 reactivityis:

(A)a>b>c (B)b>c>a (Cb>a>c (D)c>b>a

Which of the following reactionsis not expected to give a satisfactory yield of alkylioedide -
(A) CH,CH,OH + KI + H,PO,—>  (B) CH,CH,OH + Pl, 2,

acetone CCly

(C) CH,CH,Br + Nal —%" (D) CH,CH,COOAg + I, ===

heat

2-Bromopentane is heated with potassium ethoxide in ethanol. Themajor product is-
(A) trans-2-pentene  (B) 2-ethoxypentane (C) 1-pentene (D) cis-2-pentene

Anaromatic primary amine (A) is heated with another compound (B)'in the presence of alcoholic
K OH to give abad-smelling compound having the formula €sH;NC. The compound (B) can be
prepared by heating another compound (C) with chlorine and'slaked lime. The compound (C) is-
(A) CgHNH,, (B) C,H;OH (C) CHCI4 (D) CH;0CH,

Consider thefollowing sequence of reactions.

KCN H5O" . )
C,H:LCI OISO heat - clonged het Y. The products (X) and (Y) are, respectively
(A) C,H:.CN and C,H;,CH,NH, (B)!C,H:CN and C,H;,CONH,
(C) C,HNC and C,H;NHCH, (D) C,H:CN and C,H,COOH

Which of the following, on being heated with alcoholic KOH, will respond positively to the
carbylaminetest -

(A) Chloroform and silver powder (B) Chloroform and aniline

(C) Methyl chloride and aniline (D) Methyl cyanide and aniline

Arrangethe following compounds according to their rel aivereactivity with d coholicAgNO; -
t-Butyl chloride (1), sec-butyl chloride (11) and CCI , (111)

(A) 1 >11> 11 (B) Il > 11 > 1

© >1>1l D) =11 >1

Of the following, whichisan Sy 1 reaction -

(A) (CH;)4CBr+ H,O0 —— (B) CH;CH,CH.Cl + I ———

(C) (CHy,CBr+ CN™ ——— (D) CH;CHBrCH; + OH(alc.) -
Inthereaction,

C,HgOH + HX _2zX; , C,HX

therorder of reactivity of HX is -

(A)'HBr > HI > HCI (B) HI > HBr > HCI
(C) HI > HCI > HBr (D) HCI > HBr > HlI

[ D)RANEAL CLASSES ALKYL HALIDE [198]

AIEEE DIVISION



Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

KCN +4H

CH,Br > A > CH;CH,NH, IUPAC name of A is -
(A) Methyl cyanide (B) Mehyl isonitrile  (C) Acetonitrile (D) Ethanenitrile

An akyl halide can not be converted into an alcohol by -
(A) Substitution (B)Addition
(C) Elimination (D) Dehydrohal ogenation

Function of bleaching powder in the formation of trichloro-methane from ethyl-aleohol is-
(A) To provide nascent Cl for oxidation (B) To carry out chlorination of acetal dehyde
(C) To carry out hydrolysis of chloral (D) To carry out al the three processes

Ethyl bromide can be converted into ethyl alcohol by -
(A) Heating with an alcoholic solution of KOH

(B) Theaction of moist silver oxide

(C) Heating with dil. HCI and Zn

(D) Refluxing with methanol

Impure chloroform cannot be tested by -

(A) Concentrated sul phuric acid (B) Bluelitmus
(C) Silver nitrate solution (D) Silver powder
Thereaction of ethyl bromide with alead-sodium alloy gives -

(A) Tetraethyl bromide (B) Tetraethyl lead

(C) Sodium ethoxide (D) None of these

A strong solution of alcoholic alkali will.preferentially promote alkyl halideinto an alkene by -
(A)Addition (B) Elimination

(C) Polymerisation (D) Substitution

The Friedel-Crafts reaction of n-propyl bromide with benzenein the presence of anhydrousAICl,
gives-

(A) n-Propylbenzene (B) Isopropyl benzene
(C)1,4-Dipropyl benzene (D) 1,2-Dipropyl benzene
Treatment of ammoniawith excess ethyl chloridewill give -

(A) Diethylamine (B) Ethane

(C) Methylamine (D) Tetraethyl ammonium chloride
Most volatileakyl chlorideis-

(A) Ethylchloride (B) Butyl chloride

(C) Amyl chloride (D) Propyl chloride

The'mixture of two organic chlorine compounds on trestment with sodium metal in ether solution
givesisobutane as one of the products. The reactants are -

(A) Methyl chloride and propyl chloride (B) Methyl chlorideand ethyl chloride

(C) Isopropyl chlorideand ethyl chloride (D) Isopropyl chloride and methyl chloride

[ D)RANEAL CLASSES ALKYL HALIDE [199]

AIEEE DIVISION



ANSWER KEYS

EXERCISE — |
Q1 D Q2 B Q3 D Q4 A Q5 C Q6 B Q.7%..D
Q8 B Q9 A Q10 C Q11 D Q12 C Q13 A Q.14 B
Q15 A Q.16 B Q17 B Q18 A Q19 B Q.20 B Q21 D
Q22 B Q23 A Q24 B Q25 A Q.26 D Q.27 D Q28 C
Q29 B Q30 C

EXERCISE —11
Q1 A Q2 D Q3 A Q4 C Q5 D Q6- C Q7 C
Q8 B Q9 C Q.10 D Q11 B Q.12 D Q.13 A Q.14 B
Q.15 D Q.16 B Q.17 A Q.18 A Q.19. B Q.20 D Q21 B
Q.22 D Q.23 B Q.24 D Q.25 B Q.26 B Q.27 B Q.28 D
Q.29 A Q.30 D
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