General Organic Chemistry

1. Organic chemistry
The study of hydrocarbons and the compounds which would be thought of as their derivative.
2, Nature of covalent bond
A covalent bond is formed by the progressive overlapping of two bonding orbitals. For the stable bond forma-
tion, the condition is that the electrons should have opposite spins.
3. Sigma Bond (o)
The molecular orbital formed by the overlapping of two s-atomic orbitals or one s-and one p-orbital is called a
sigmabond. Overlapping of hybridised orbitals also leads to the formation of sigma bond. o-bonds are stronger
as they result from the effective axial overlapping.
Order of strength of o-bond :-
(i) sp® —sp® > spi-sp?> sp?—spz>sp>—sp>sp—sp (ii) sp®*-s>sp?>—s > sp-s
(iii) sp*~p>sp*~p>sp—p (iv) p-p>s—p>s-s
The relative energies of different orbitals :-
More is the s-character associated with the orbital less will be its energy p > sp*>sp?>sp>s
4., Pi-bond
The molecular orbital formed by the sideways overlapping.of two p-atomic orbitals is called Pi bond.
Relative to o-bond , Tebond is weaker as there is only partial overlapping in the later case.
T-electrons are mobile. Hence 1-bond is morereactive as compared to sigma bond. T=bond is always accom-
panied by the formation of a o-bond.
5. Hybridisation
In hybridisation phenomenon, the orbitals of different shapes, but almost of equal energies blend up to give the
same number of new orbitals of another shape and of identical energies (give stronger, more directional and
stable bonds) e.g. sp?; sp?, sp
Example :-
1 2 3 4 5 1 2 3 4
(2) CH=C-CH=CH~CH, and (b) CH,=C=CH-CH,
(hybridisation state of carbon, number of o and 1-bonds)
@) C, C, C, C, C,
sp, sp, sp?, sp? sp?
o 2, 2, 3, 3, 4
) 2, 2, 1, 1, 0
(b) C1’ Cz C3’ 4
sp?, sp, sp?, sp?
o 3, 2, 3, 4
T 1, 2, 1, 0
6. Geometry of Carbon

Four valencies of a carbon atom are directed towards the four corners of a regular tetrahedron with carbon atom
situated at the centre (Le Bel and vant Hoff, angle 109°28").

The square pyramidal and square planar structures of carbon have not been accepted
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7. Bond length

The distance between the nuclei of the two bonded atoms is termed as bond length e.g. C—C bond length

(i) C,H,(1.54A) (i) C,H, (L34 A)
(iii) C,H, (1.20 A) (iv) CH, (1.39 &)
Order of bond length
(i) C-C>C-N>C-0 (i) C=C > C=N>C=0
I
(ijc=Cc>C=N (iv)_?_?—>—(l3=0—>_CEC_
(v)=C=C=>-C=C- (vi) SC-C=>C=C=

(vii)=C-C=>=C-C=
|| I
(vii) C-CI[in CH,CI-CH,CI] > C - Cl [in CH,=CH —Cl]

v\ \ e o
|: CH, = CH‘—(?J «—>»CH,—CH=Cl

(C—Cl bond acquires double bond character)

(ix) C=Cbond length: CH ,=CH_>CF_=CF,

[O more electronegative atom F is attached to C—atom]

(x) C—H bond length : [order]
C H>C H>C H
(sp?) (s) (sp?) (s) (sp), (S)

(x)C——H >0 ——H

(1.08A) (0.97R)
(xi) C=C>C=N>C=0
1.34A 1.29A 1.22A
(xiif) C-O bond is samein CO,

(xiv) All the C—C bond distance in benzene are equal [ 1.39 A] (resonance). In acetate ion both the C—O bonds
are of equal length [1.26 A] (resonance)

Determination of bond length:  X-ray analysis, spectroscopy
8. Bond Dissociation energy

Bond energy may be defined as the energy released when two atoms get bonded or the energy needed to
break the bond to form neutral atoms.




Example :

9.

10.

(i) C-C (80 k.cal-mole)

Order of bond energy :-

(i) c=C>cC=C>C-C

(iv) C-Cl>C —-Br>C-l

(vij=C-H>=C-H >—é—H
I

|
(viii) 0=0 >N =N
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(ii) C=C (142 k.cal —mole™) (iii) C=C (190 k.cal- mole™)
(i)H-H>0-H>C-H (iii) C=N > C=N > C—N

(v) C-O (ketone) > C=0 [CH,CHO] > C=0 [HCHO]

(vii) C=0(CO,)>C=S (CS,)

(xi) O-H>N-H>C-0>C—N

[110.6] [93.0] [85.5] [73.0] (k.cal-mole™]

Values of bond dissociation energy

(k.cal mole %)

C-H[99.0] N=N [100.3]

O-H [110.6] C=0 (CO,) [192]
N-H [93.6] C=0 (ketone) [179]
C-0[85.5] C=0 [HCHO] [166]
C—CI[81.1] C=N[147.2]
C-Br[68.0] N=0 [145.1]
C-1[51.1] C=S (CS,) [128]
O-F [45.2] C=C[200]

0O-Cl [52.1] C=N [212.4]
O-Br[48.2] C=C[142]
C—C[80] 0-0[119]

Bond Angle

The angle between two adjacent bonds, in a molecule is known as bond angle, e.qg.

0] acetylene
(i) ethylene
(iii) ethane
@iv) benzene
W) alcohol
(i) ether

H-C—C (180°) two

H-C—C (120°) six
H-C—C (109° 28) twelve

|

(/VC\'\) 120° eighteen
c¥*'c
R-O-H (105.5°) one

R-O-R (110°) one

Covalent Bond Breaking

(1) Heterolysis, heterolytic fission or heterolytic cleavage

(2) Homolysis, homolytic fission or homolytic cleavage
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10.1

10.2

11.

111

Heterolytic Fission

When the covalent bond breaks in such a way that the both the electrons of the bond pair remain with only one
of the two atoms, the process is called heterolysis or heterolytic fission orionic fission or unsymmetrical
fission or polar cleavage.

Heterolysis of a sigma bond forms a cation and an anion as ionic intermediate species.

. o) (c]
AiB—>A+:B

@ 0
or A:iB—>A:+B

Itis clear that heterolysis of a pi bond should form a bipolar species, as follows.

n ® o
A=B—> A—B:

Homolytic Fission

When the covalent bond breaks in such a way that the electrons of the bond pair are distributed between the two
atoms i.e. each atom gets a share of one electron, the process is called homolysis or homolytic fission or
nonionic fission or symmetrical fission or free radical cleavage.

Homolysis of a sigma bond forms free radical intermediate species
A:B O0O- AU +[B

Homolysis of a pi bond forms a biradial intermediate species

n) n)
A=B 0[0. A-B
Carbocations

When a carbon atom in an organic compound is-covalently bonded to a more electronegative atom. Z, the
bonding electrons are more shifted towards'Z than carbon atom. Therefore, this covalent bond has greater
tendency to undergo heterolysis in such-away that the electron pair goes to Z which develops negative charge
while carbon atom develops positive charge as shown below

>68+5Ze Heterolysis ;EO:: + ?

The species formedby heterolysis of a covalent bond in an organic compound and having positively charged
carbon atom is known as a carbocation

The positively charged carbon atom in an alkyl carbocation has six electrons in its outermost energy level and
this carbonatom'is in a state of sp? hybridisation. Due to sp? hybridisation, the geometry around the positive
carbon.atom'is trigonal and the value of bond angles is 120° as shown below.

Type or carbocations

Carbocations are classified into three categories.
(i) Primary or 1° carbocations

(ii) Secondary or 2° carbocations

(iii) Tertiary or 3° carbocations
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(i) Primary or 1° carbocations have positive charge on primary carbon atom. For example

O O
CH, CH,- CH, CH,~CH,—CH,
Methyl carbocation Ethyl carbocation n-Propyl carbocation
CH,
] | ]
CH,~CH,—CH,-CH, CH,~CH-CH,
n-Butyl carbocation Isobutyl carbocation

(ii) Secondary or 2° carbocations  have positive charge on secondary carbon atom. For example

O ]
CH-CH-CH, CH,-CH,-CH-CH,
Isopropyl carbocation sec-Butyl carbocation

(iii) Tertiary or 3° carbocations have positive charge on tertiary carbon atom. Forexample

@
CHs‘F —CH, (tert. Butyl carbocatioh)

CH,
Stability of Carbocations

Carbocations are reactive due to positive charge on the carbon atom. Increase in positive charge increases their
reactivity and decreases their stability.

Stability of Alkyl Carbocations
The order of stability of alkyl carbocations is.as follows
Tertiary > Secondary > Primary

This order of stability is explainable onthe basis of increase in the electron-donor (or + I effect due to
hyperconjugation) with increase in the number of alkyl groups on the cationic carbon atom. as shown below

CH, CH,

H H
@ @ @ ®
CH3>/C H >/C CH3>/C H >/c
CH, CH, H H
tert-Butyl Isopropyl Ethyl Methyl
carbocation carbocation carbocation carbocation
(Tertiary) (Secondary) (Primary) (Primary)

Stability of Aryl Carbocations

The increase in the number of phenyl groups on the cationic carbon atom results in tremendous increase in the
stability of the aryl carbocations. This is because of resonance due to which the positive charge of carbon atom
gets delocalized to o-, p— and o —positions of the benzene rings.

] (m] (m]
(CHy), & > (CH), cH > CH,CH, >CH,=CH- CH,>3°>2°>1°> CcH, (1°)

[Stability O No. of resonating structures]

Examples: CH,,CH,CH,, (CHg)zéH , (CH3)36
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11.3

Formation of carbonium ion

(i) (CH,),C—CI — (CH,), C + CI- [Heterolytic fission ]
(i) CH,OH gg#* CH,OH, [m*"° éH3 [Protonation]

(iii) CH,~CH=CH, [  CH,— CH — CH, [Protonation]

(iv) Abstraction of halide ion by lewis acid

Lewis acid Lewis acid

(v) Removal of N, from diazonium cation

R =N+ N,
Reactions :

(i) Nucleophilic substitution of 3° alkyl halide
(if) Markownikoff reaction

(iii) Dehydration of alcohols

(iv) Hydrolysis of acetyl chloride

Examples :-

Ethyl alcohol [ 5%« ethene

170°
Mechanism
H" o H,O 0 H- _
CH,—CH,OH dlI CH,-CH,OH, CH,— CH, @" CH,=CH,
Resonance inwallyl carbocation :

/_\4 —/_C\Hz CH, [Two structures]

<) @
CH,=—CH— CH, «——CH,

Resonance in benzyl carbocation :

CH,

@
CH, CH2 CH2
® ®
«— — «— [Four structures]
®
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Obviously benzyl carbocation is more stable as compared to allyl carbocation.

(ii) Stability 0 Reduction of positive charge on the carbon

R
R

+
R——C'> (EH >R —b—(+:H2>CH3

R
R

Carbanions
When a carbon atom is bonded to a more electron donor atom or group Z. in an organic molecule. The shared
pair of electrons is more shifted towards the carbon atom. This bond during chemical reaction can undergo
heterolysis in such a way that the electron pair remains with carbon atom and Z does notreceive the share of the
electron pair. Thus carbon atom acquires a positive charge and Z acquires a negative charge as shown below

. ¢ © o
Ci—Z =5 C:+Z

The organic species obtained as above, having negative charge on carbon atom is known as carbanion. The
negatively charged carbon atom of a carbanion has«eight electrons in its outermost energy level.
The carbanion carbon atom of an alkyl carbanion is in a state of sp® hybridisation. The geometry of the methyl

carbanion is trigonal pyramidal similar to that of ammonia molecule.

A —— A—
0) (I (i)
Types of carbanions
(i) Primary Carbanions
® © @
ICHS CH,~CH, CH,-CH,~CH,
Methyl Ethyl n-propyl
carbanion carbanion carbanion
(il).Secondary Carbanions
© ©
CH,~CH-CH, CH,~CH,—~CH-CH,
Isopropyl carbanion sec-Butyl carbanion

(iii) Tertiary Carbanions
@
CH-C—CH,
I
CH

3

tert-Butyl carbanion
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12.2

12.3

Stability of Carbanions

Carbanions are reactive due to negative charge on the carbon atom. Increase in negative charge increases their
reactivity and decreases their stability. Similarly decrease in negative charge decrease the reactivity of the
carbanions and increases their stability. If the hydrogen atom present on the negatively charged carbon atom of
a carbanion is substituted by an electron-donor group. There is an increase in the electron density on the
carbanion carbon and thus decrease in the stability.

©
iCH, > 1° > 2° > 3°
Examples : CHj, (CH, ), CH,CH, CH,,CH,CHO

(S] [C] [C] [C]
() CH,>CH,CH, >(CH,),CH>(CH,),C

Explanation :- Stability of alkyl carbanions can be explained by inductive effect. Greater the number of alkyl
group [+ | effect] attached to the carbon atom bearing negative charge, lesser is the stability.

3°<2°<1°< CH,

... © Ie) (€] ©

(i) CH, -NO, >CH, -CHO (iii) -CH, < _CH,

. (€] [©] © [C] (€]
(iv) CH,-CHO >CH, (V) CH, —CH,/~NO, >CH, ~CH-NO, >(CH, ), CH

i) E- (O;H2 >Cl- 8H2 (vii) Resonance exists in 8H2 —C=N, hence itis stable carbanion

eq (-\ ®
CH—~/—C=N<+——>CH,=C=N
(viii) Carbanion in which negative charge and double bond are in conjugation

Note : Carbanions are nucleophile

Formation of Carbanion

(CHZ ——CHO CH,COOC H,

® + [O] ® @

() OH + H— CH,— CHO + H,0 (ii) C.H,0 + H — CH,COOC,H; + C,H,0OH
Reactions :

(i) Aldol condensation (i) Claisen condensation (iii) Decarboxylation

Example :

RCOOH [J ps1, RH
o)

R(> C|[\% =<I3+CO2
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Organic Free Radicals

When a carbon atom in an organic compound is covalently bonded to an atom or a group. Z which is
electroneutral or very weakly electron-donor or very weakly electron-acceptor. The electron pair of the
covalent bond is almost equally shared by C and Z. Such a covalent bond has a tendency to undergo
homolysis during chemical reaction to form electroneutral species. Each having one unpaired electron and
are known as free radicals. The reactive intermediate organic species having an odd or unpaired free electron
on a carbon atom is called an organic free radical.

Example

H H
H>C—Z h— H>C.+ Z
H H/
Example

—C1J, CH, L}, (C,H,), CLi, CH,=CH-CH,J, (CH,), CH(J, CH,CH, |
Formation of free radicals

(i) Cl, 0 [ - Clu + Clu [ Homolytic fission]
(i) CH,COCH, O [}}J - CH,+CH,CO OO~ CO+ LICH,

(iii) (C,Hy), Pb O - Pb+4C,H, L
(iv) CH,~N=N-CH, — N_+2CH, |

0 0
1
(v) C,H,— 6—0-0— C-C,H, [ f1. 2C,H,COO1 4 2C}H, [ +2CO,

(vi) Fe*? + H,0, - Fe*3+ OH + HOLl [Fenton's reagent]
(vii) RCOO~ [J frpfs _, RCOOL| +e [ WRIT+ CO,

Salient features
(i) Free radical reactions are catalyzed by light, heat etc.
(i) Free radical reactions proceed in vapour phase or in nonpolar solvents.

(iii) Free radical reactions are frequently autocatalytic

Reactions
(i) Chlorination of alkanes (ii) Pyrolysis of alkanes (i) Wurtz reaction
(iv) Anti-Markownikoff rule (v) Kolbe electrolytic synthesis

(viyPolymerisation initiated by free radical

Example
CH,+Cl, 0N~ CH,CI+HCI
Step - | [initiation]
Cl, o0~ Clu+ClJ
Step - 2 [propagation]
CH,+CllJ O O CH,li+ HCland CH,+Cl, 0 O-, CH,Cl+ClU
Step-3 [termination]

ClL+Clu - Cl, oo CHU+CH,l- CH,-CH, o  CH,u+ClJ— CH,—Cl
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13.2

13.3

Order of stability of free radicals
(CH,),ClI>(CH,),CHI>CH.CH,|>CH,=CH-CH,|/>3°>2°>1°>CH,_|/

Explanation — Lesser is the bond dissociation energy, greater is the ease with which the free radical is formed
(greater its stability)

CH,—H - CH,LI+Hu, AH = 435kJ
CH,-CH,-H - CH,—CH,l/+H, AH = 411kJ
(CH,),CH-H - (CH,),CHLI+HL, AH = 395kJ
(CH,);C-H - (CH,),CL+HU, AH = 381kJ

Itis apparent that 3° free radical is formed easily.

Order of the potential energy of the free radicals
t-butyl < isopropyl < ethyl < methyl

Stability on the basis of resonance

Stability J Number of resonating structures

Triphenyl methyl free radical has the maximum number of resonating structures.sHence it is the most stable free
radical

Resonance in allyl free radical

N\ K o cH,

CH,=—=CH—CH,» «—»-CH,—CH—

Resonance in benzyl free radical :

.CHZ CHz CH2
.

Geometry

(i) Trigonal planar

p-orbital

Y

(CH,),¢ or (CHy),¢ [sp]

(ii) Planar : CH, = C —CH, [sp?]

(iii) Free radicals are electrophiles
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14. Intermediate Carbene Species

The central carbon atom of a carbene species is neutral or uncharged. This carbon atom has two sigma bonds

and two nonbonding electrons. i.e. there are six electrons or an incomplete octet in its outermost energy level.

__

Partial structure of carbene species

Example-1: Photolysis of diazomethane forms a carbene species, called methylene intermediate.

CH,N, OM _, :CH,+N,

Example-2 : Reaction of metallic zinc on methylene dibromide or diiodide also forms methylene intermediate

CH,Br, O M - :CH,+ZnBr,

The carbon atom of the methylene intermediate referred to in the above two examples-has.two bond pairs and
two nonbonding electrons. The two odd electrons occupy two separate orbitals and have parallel spins. There-
fore such a methylene species may be regarded as a biradical that can act as ahormal free radical in two
steps as follows

@)

(if)

Example-3

Example-4

*CH,» + +Z O0-+CH, -Z

Methylene Free Intermediate

biradical radical free radical

*CH,-Z + «Z 00- Z-CH,-Z
Product

CH,=C=0 [ ] :CH,+CO

ketene
CCl, +OH - H,0+:CCly #:CCl, - :Cl+:CCl, dichlorocarbene

H

Two forms of carbenes

Triplet

Singlet m

H 7 H— C —H
C

el

(sp”)

(sp)”

Reactions

(i) Hofmann carbylamine reaction (ii) Riemer Tiemann reaction

(iii) Formation of cyclopropane from ethene and diazomethane

Example

CH,N, ~ :CH,+N,
CH,=CH, + :CH, - CH,— CH,

CH,
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15.

16.

16.1

Intermediate Nitrene Species

In a nitrene species the central nitrogen atom is neutral i.e. it bears no charge. This neutral nitrogen atom has
one sigma bond and two lone pairs, i.e. a total of six electrons in three pairs in its outermost energy level. In
order to complete its octet the nitrogen atom of a nitrene species tries to acquire two electrons from somewhere
and form a covalent bond thereby behaves as an electrophile.

—Ns

L]
Partial structure Formula of Nitrenes

Example -
Reaction : Hofmann bromide reaction.

Formation - Amide + bromine + caustic potash

CH,—C—NH, +Br, + 20H0 . CH,—C—N : + 2H,0 + 28r°

O @)
(Acylnitrene)
Rearrangement
@CL\N ——+»0=C=N—=CH,
| | methyl isocyanate
0]

Electrophilic And Nucleophilic Reagents
A/—+\ BB ——A:B

Electrophile Nucleophile

Electrophile P

0 0
A-B+ X - A-X+1B

O
X - Electrophile

These are positively.charged ions or neutral molecules containing electron deficient atom. They are Lewis
acids.

Examples : Positively charged species

H . CHy H,0%, NO, . NO . Br, CH; Nz , CH,CO, CH,N:

Neutral Species :

:CH,, C,H.+ ,AlCl,, BF, , ZnCl,, SO,. FeCl,, Cl, Br, |, CH,+ , SnCl,, PCI,, CO,, SO,
Starred atom :

o)
CH,—C—Cl ,*1Cl

Note : In *I — ClI, chlorine is more electronegative than iodine [EN(CI) > EN(I) ] as such an electron deficient
centre is created on iodine indicated by star.
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For SO, electrophilic nature can be understood by its structure.

e d
3.5.5. S:—\—T o
\’08_
Clearly a positive centre is developed at the site of the sulphur atom.
Nucleophile
A-B+YOO.A-Y+8
Y — Nucleophile

These are negatively charged ions or neutral molecule with unshared pair of electrons. They are electron rich or

Lewis bases.
Examples - Negatively charged ions

o @ ©6 @ © © o © ° ©
Cl,Br, 1,0H, CN, OR, RS, C=CH, NO, , HSO,

1 | ) 0] |
Neutral Species - NH,, R—NH,, R,;NH, RN , H,O[l ,ROH R,0lRSLI

Starred atom : CH,Li, C,H,— MgBr, NaBH,, LiAIH,
Reaction
In fact the reaction is the mutual attack of an electrophile on nucleophile.or vice-versa.
electrophile + nucleophile - product
] (€]
(CH,),C + OH - (CH,),-OH
t-butyl alcohol
O [C]
CH: * cN — CH.CN
methyl cyanide
O
CH,— CH, *+:NH, - CH,CH,NH, + H
ethylamine
The strength of electrophile follows the order

(i) CH, >CH,CH, >(CH,), CH>(CH,), C (i) NO, > NO (iiiy Cl > Br> |

The strength of nucleophile follows the order

(i) OC,H, > OH >CH,CO0 (i) F<Br<CIF (iii) CH, > NH,” > OH~> F-

Electrophile and nucleophile at a glance

S.No. Electrophile Nucleophile

1. Accepts the electron pair Supplies the electrons pair

2. Electron deficient Electron rich

3. Attacks the points of high Attacks the point of low
electron density electron density
Lewis acid Lewis base
Possesses an empty orbital to Possesses an electron pair
receive the electron pair which is loosely held and can

be supplied easily

6. Usually positively charged Usually negatively charged
species species

7. Forms an extra bond with the Increases its covalency by one
nucleophile unit
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17.

17.1

17.2

17.3

Inductive Effect

Electron displacement along a carbon chain due to the presence of an attached substituent is known as
inductive effect. It is a permanent effect and decrease rapidly with the length of carbon chain.

Inductive effect is of following types -
(i) Negative Inductive Effector - | Effect

Some atoms or groups have a greater tendency to attract the shared electron of the covalent bond. Such atoms
or groups acquire partial negative charge by receiving electron density from the covalent bonds of the chain.
Therefore, these are classified as the groups exerting negative inductive (—I) effect . For example

]
~NH, , _EIRS,—NOZ,—CEN ,—COCI, —COOH
—CHO , ~COOR, —F, —Cl, —Br, -1, ~C=CH
—CH=CH,, ~CO-R, —OH, ~SH, —NH, , -NHR,
~NR,, -NH-CO-R, —CF,, —CCl,, etc.

The decreasing order of negative inductive effect of some importantatoms and groups is given below
Order of - | effect

—Ele > EI(CH3)3 >-NO,>~-C=N> —F >-Cl >-Br > 4> —CF, > —CCl, > ~-OH > -OCH, > -C H, > -H

(i) Positive Inductive Effect or +I Effect

Some groups are electron donor and therefore acquire partial positive charge by increasing electron density in
the covalent bonds of a chain. Such groups exert positive inductive (+I) effect . Alkyl radicals are the best
examples of this type of groups.

The decreasing order of positive inductive effect of some alkyl groups with respect to hydrogen is given below.
Order of +I Effect
(CHS)SC_> (CHg)ZCH -> CHSC:H2 —> CH3 —_> H_

3° 2° 1° 1°
Examples [applications]:-
(i) HCOOH > CH,COOH (i) CCI,COOH > CHCI,COOH > CH,CICOOH > CH,COOH
(iii) CH3CHZICHCOOH > T:HZCHZCHZCOOH (iv) (|:H2CHZOH >CH,CH,OH
Br Br Cl
(v) p-Nitrophenol > Phenol (vi) CH,CH,OH > (CH,),CHOH > (CH,),COH

(vii) (l:HZCHZOH > CH,CH,OH > CH,CH,OH

! |

(viii) HCOOH > CH_,COOH > C,H, COOH >n-C_,H, COCH
Order of basic character :-

() NH, > CINH, (i) (CH,NH > CH_NH, (iii) C,H.NH, > C_ H.NH,
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Ex.1
Sol.

Ex.2
Sol.

Ex.3
Sol.

17.5
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Other examples :-
(i) Order of acid strength : CH, < CH_l < CH_Br < CH,CI<CH_F
(ii) Order of acid strength of B-halo acids
B-fluoroethyl alcohol > 3-chloroethyl alcohol > 3-bromoethyl alcohol
(iii) Order of acid strength of aromatic alcohols : p-nitrobenzyl alcohol > benzyl alcohol
(iv) Order of acid strength in water
(@) HCCI, > CH,CI,>CH_CI>CH, (b) HCOOH > CH,OH>CH,
Why is formic acid stronger than acetic acid ?

In formic acid, COOH group is bonded to the hydrogen atom, which does not exert any inductive effect. In acetic
acid, COOH group is bonded to a methyl group, which exerts +I effect. The acetate ion formed due to ionisation
of acetic acid is more reactive due to increase in the electron density on oxygen atom. This makes acetate ion
more reactive than formate ion. Thus acetate ions react faster with hydrogen ions shifting the equilibrium in
backward direction. Thereby decreasing the concentration of hydrogen ions. Therefore acetic acid is weaker
than formic acid.

Discuss the decreasing order of acid strength of trihalogenated derivatives of acetic acid.

The acid strength of the trihalogenated acetic acids increases with increase in the —I effect of the halogen
substituents. Three fluorine atoms have greater —I effect than the other three halogens. Therefore trifluoroacetic
acid ionises more than the other analogues. Thus, the decreasing.order of acid strength is as follows

CF,—COOH > CCI,—~COOH > CBr,-CQOH > Cl ,.—COOH
Discuss the relative order of acid strength of acetic acid and benzoic acid.
Benzoic acid is a stronger acid than acetic acid. Thiss because methyl group present in acetic acid has a
weak donor (+) effect and phenyl group presentin benzoic acid has a weak acceptor (-I) effect

CH,—~ COOH>CH, -—COOCH

Comparison of Base strength
Aliphatic amines are stronger bases.than aromatic amines. The basic behaviour of amines is due to availability
of lone pair of electrons present on‘the nitrogen atom. The positive inductive effect of methyl group increases
electron density on nitrogen atom;due to which electron pair on nitrogen atoms is more readily available to the

attacking acid. Therefore, alkylamines are more basic than ammonia. In aromatic amines, the NH, group is
bonded to the aromatic ring, which exerts a weak —I effect. That is why, aniline is a weaker base than ammonia.

R.—>=NH, > H-NH, > C,H,— NH,
(+l effect of R) (No effect of H) (-l effectof C H,)

However, the major cause of much lower base strength of aniline than ammonia is resonance. A partial positive
charge develops on the nitrogen atom of aniline due resonance, thereby the availability of electron density on
nitregen atom in aniline decreases.

Electromeric Effect

Transfer of an electron pair from one location to the other in the structural formula of an organic compound under
the influence of a reagent, is known as electromeric effect. Electromeric effect is a temporary effect that does
not take place of its own, but occurs on the demand of the attacking reagent. This effect vanishes on the

completion of the reaction. The electromeric effect is symbolized by a curved arrow (m). Electromeric effect

can normally take place in the following three ways
(a) Transfer of pi electron pair to the adjacent atom in the form of nonbonded electron pair

(Y2

°
A=B<=A—B
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19.

Ex.1

Sol.

19.1

Ex.1
Sol.

19.2

In the above representation, the two electrons of the pi bond situated between atoms A and B get transferred to
atom B as lone pair.

(b) Transferred of nonbonded electron pair to the same atom in the form of pi electron pair
os © o
AC:QBng:B
(c) Transfer of pi electron pair to the adjacent atom in the form of pi electron pair
® ©
A:rB& 2 A-B=Z

Resonance

Many polyatomic molecules and ions having pi bonds can be represented by more than one structural
formula,. But none of these structural formulae truly stands for that molecule or ion. because-none of them can
explain its properties. These hypothetical or nonexistent structural formulae are known as
resonating structures or contributing structures or canonical structures. The actual or existent structure is
the hybrid of all the canonical structures and is called resonance hybrid structure. This property is known as
resonance, In resonance, the positions of the nuclei of the atoms do not change;“but the pi electrons are
continuously moving or delocalized. Thus, the delocalization of pi electrons is the cause of resonance. Since
the pi electrons constantly move, it becomes more difficult for the reagent to attack then and therefore the
molecule or ion undergoing resonance acquires greater stability. This.is called resonance stabilization.

Indicate resonating structural formulae of carbon dioxide

. . . e 92 ® e SO ®
O=C=0<>0=C— O<—>O—CEO<—->O: c—0
Resonance Energy

Due to resonance, the per mole energy-of the resonance hybrid of a molecule or ion is less than the per mole
energy calculated for the most stable of the canonical structures. This energy difference is known as
resonance energy. Higher the value of resonance energy, greater is the resonance stabilization.

What is the increasing order of resonance stabilization of benzene, naphthalene and anthracene

The values of resonance energy for benzene, naphthalene and anthracene are 36, 76 and 85 Kcal per mole
respectively. It is clear from these values that the resonance stabilisation of naphthalene is more than that of
benzene and less thanthat of anthracene. Thus, the increasing order of resonance stabilisation is as follows.

D<CO<CER

Benzene Naphthalene Anthracene
Resonance Effect or Mesomeric Effect (R or M Effect)

When an atom or a group of atoms or a substituent present in a molecule exerts electromeric displacement of

a pi electron pair or a lone pair and thus initiates resonance in the rest of the molecule. The phenomenon is

known as Mesomeric effect or resonance effect. The electron pair donor substituent is said to exert positive
resonance (+R) effect or positive mesomeric (+M) effect. The electron pair acceptor substituents are said to
exert negative resonance (—R) or negative mesomeric (—M) effect.




|REACTI ON MECHANI SM|

19.2.1 Groups Exerting +R or +M Effect
Following are a few examples of the groups exerting positive mesomeric effect.
—OH,-NH,, -OR, -NHR, -NR,, -O, —CH_, —ClI
If a +M group is present on benzene ring, it increases electron density on o—and p-location, due to which the
attacking electrophile largely forms a mixture of o— and p— electrophilic substitution products. Therefore in

aromatic electrophilic substitution reactions, the groups exerting +M effect are mainly o- and p- directing, as
illustrated below by taking the example of phenol.

OH %H %H ?)’ o)
g C H ‘OH
O o, <
& gy

Canonical structural formulae

OH OH
E
+
Resonance hybrid structure E

A mixture of 0- + p- Sg products

19.2.2 Groups Exerting —R or —M effect
Following are a few examples of groups exertingnegative mesomeric effect.
-NO, ,—CN, -CHO,-COCH,,-COOH, -SO,H, —CF,, —CCl,
When a substituent exerting —M effect.is bonded to the benzene nucleus, it reduces electron density at the
ortho and para locations. Therefore, the electrophile cannot attack the positively charged ortho and para
positions, but can collide with the‘electroneutral meta position slowly. Hence, in aromatic electrophilic
substitution reactions the groups exerting —M effect exhibit meta-directing influence. This is illustrated below by
taking the example of nitrobenzene.
8o 88 38 88
N N \

A \ //
&N @NR)

238 -0 03

Canonical structural formulae

50 e

s&N NO,

QL

@
Resonance hybrid structure m- S product

Few points [M and R effect ]

> This effect operates in unsaturated molecules in which :

— There is a conjugated system of double bond.
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— Negative charge is in conjugation with double (or multiple) bond.
— Lone pair of electron in conjugation with double (or multiple) bond.

> There is complete transfer of electron pair during the operation

> The reactivity of compounds is affected by the presence of

-NO,,-C=N,>C=0,-Cl, NH, etc. groups.
> There is relay of T-electron from one end to the other end through a

conjugated system of double bond.

Other lllustrations :

20.

Ex.1

20.1
@)

Ex.1

Order of stability of canonical forms :
(@) Vinyl chloride :

. [©) 0O + .
H,C=CH - Cl; «—>H,C-CH=Cl: ¢<—>H,C-CH=Cl:

IIl - least stable [carbon is electron deficient]
Il —less stable [charge separation ]

| — stable [no charge separation]

o <<l

Hyperconjugation or Baker-Nathan Effect

In an organic molecule, the transfer of a sigma electron pair (heterolysis) or a single electron from a sigma bond
(homolysis) may also be responsible for initiation of resonance in the rest of the molecule. This is referred to as
hyperconjugation or Baker-Nathan effect. It was also called no-bond resonance  because in the canonical
structure of the molecule, no bond is shown betweenithe two atoms from where the sigma electrons/s has/have
been transferred. It can also be called @, meConjugation because a sigma electron/s is/are transformed into a
pi pair in this type of resonance. However, forthe first time, Mulliken in 1941 gave the name hyperconjugation
to this phenomenon.

HloYcol Spécic L8

1 2 3 1 2 3

0] (n

In the above structural part (I) , the sigma electron pair present between H and C-1 atoms shifts between C-1
and C-2 atomstas pi electron pair. Simultaneously, the pi electron pair present between C-2 and C-3 shifts to
C-3 as.alone pair. As a result of these electron pair transfers. positive charge develops on hydrogen atom and
negative charge develops on C-3 atom. Note that no bond is shown between H and C—1 atom in the canonical
structural formula (11)

Applications of Hyperconjugation
Explanation of Electron Donor Property of Alkyl Radicals

The cause of electron donor effect or +1 effect of alkyl radicals is actually hyperconjugation.

’ ; .
ied oLt Lol

«— —C=C

L/ W
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(b) Explanation of Order of Stability of Alkyl Carbocations
The stability of alkyl carbocations decreases in the order 3° > 2° > 1° . For example
0 0 g ]
(CH3)3C > (CH3)2CH > CH3_ CHZ > CHS
Larger the number of locations for delocalisation of the positive charge in the structural formula of the carbocation,
lower is the reactivity or higher is the stability of that carbocation.
Methyl carbocation is least stable amongst alkyl carbocations, because of only one possible location for
positive charge. Thus, methyl carbocation has only one structural formula
®
H— Cll— H
H
Ethyl carbocation is more stable than methyl carbocation, because of four possible locations for its positive
chargei.e., one carbon atom and three a-hydrogen atoms. Thus, ethyl carbocation’can be represented by the
following four structural formulae.
@
H H H H
AN @ o \ N\
H—C—CH,«—>H—C=CH,«—H C=CH,«— He—(::CH2
H/ H H/ H/
(c) Explanation of Stability of Alkyl Free Radicals
The stability of alkyl free radicals is also similar to that of alkyl carbocations. i.e. 3°>2°> 1°, because here
also methyl, ethyl, isopropyl and tert-butyl free radicals can also be represented by one, four, seven and ten
structural formulae. respectively.
(CH,),C >(CH,),CH>CH,~ CH;> GH,
21 Steric hindrance
On account of the presence of bulkier groups at the reaction centre, they cause mechanical interference and
with the result that the attackingreagent finds it difficult to reach the reaction site and thus slows down the
reaction. This phenomenon is called steric hinderance.
Example :-
1. (C,H.), N [:] is less basic than (CH,), N[:]

Protonation.easier : (Smaller size of CH, group)

i
+H’
cr "CH)INHY

CH,
Protonation difficult : [Bigger size of CH,CH, group]*

C|IHZCH3
+H"
AN —— (cncmn-r

CH,CH,
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22.

22.1

221.1

@)

Organic Reactions and Mechanism
Types of reaction :-
Organic substrate + Reagent — Product

Mainly four types of reactions are

(a) Substitution (b) Addition (c) Elimination (d) Rearrangement or isomerisation

Substitution Reaction
Itinvolves replacement of one substituent by another

A-B+x-y - A-x+B-y

Types
|
l | |
SN SE SF
reaction reaction reaction
(Alkyl halide) (Benzene) (Alkane)

Example :

S,,CHBr+CN - CH,CN+Br
S.,CH,+Br - CH.Br+H*
S..CH,+Cl, @™ CH,CI+HCI

S, reaction or nucleophilic substitution reaction

&+ - 0O ]
R->— X +Nu =» R—Nu+ X
alkyl halide nucleophile
Here : R—alkyl group X~ - leaving group (‘halide ion)

Nu : attacking species [ It is a weaker nucleophile, being conjugate base of hydrohalic acid ]

Example : S
)
CH, + OCH, —> CH OCH, + Br

e
C;Hs[B + OH — C;Hs OH + ¥
Mechanism

/ y
SN | 3° halide Sn2 [1°halide |

=t §

[S, 1] or unimolecular nucleophilic Substitution Reaction
[substrate—3° or tertiary halide]
Alkaline hydrolysis of tertiary butyl chloride

(CH,),C-Cl+ OH™ - (CH,),C-OH + ClI
Mechanism

Step -1 (Slow)

(CH,),C-Cl -~ (CH),¢ + &




Note :-

(b)
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Step - 2 (fast)
(CH,), & + OH™ — (CH,), C-OH t — butyl alcohol

Rate equation :-

V =k [ t- butyl halide] Molecularity - 1,

Here the carbonium ion is planar [sp? hybridised] The nucleophile can attack the planar carbonium on either side
to give t-butyl alcohol.

& CH
'(LH_! / 3
N\ .o
C
/_"J > —— (CH,),C—OH
e
HO H, D

If the three groups attached to positively charged carbon are different than the product will be racemic.
[S,2] or Bimolecular Nucleophilic Substitution Reaction

[substrate- methyl or 1° halide]

Alkaline hydrolysis of methyl chloride : CH,Cl + OH~ - CH,OH +CI-

Mechanism : (Concerted one step process)

H H

H
slow d- \ / 3-

HO + H—C——Cl ——  [HO ----- C=----C]

H

transition state
H

i
Ho-—C|——H L Ol Fast

H

Rate equation : V= k [CH_CI] [OH]
Molecularity -2

Note : In the'slow or rate determining step two species are taking part. Hence it is a bimolecular reaction.
Further OH=attacks from the rear (back) side and as such inversion takes place.

Supposing in place of methyl chloride there is optically active primary halide then the product obtained will be
reverse of the original substrate as inversion takes place.

Orbital picture of transition state :

[ - 5-
o

at the point of  at the point of
bond making  bond breaking
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(©) S, lor S, 2reaction
[Substrate-2° halide]
Non polar medium .................. S, 2 reaction
Polar medium ................. S, 1 reaction
Transition state and Intermediate
Transition state : A transition state refers to an imaginary state and cannot be isolated (S, 2)

Intermediate : Intermediate is a stable real species and can be isolated under specific condition
[S,1 (carbocation)]

22.1.2 S_reaction or electrophilic substitution reaction : Benzene usually show electrophilic substitution reaction

H E
®
) E

Mechanism :

Here the starred carbon (in benzene) C" is in sp? hybridisation-state. Electrophile attacks and arenium ion is
formed as an intermediate.

or

Since in the rate determining steptwo species electrophile and benzene participates so it is a bimolecular
reaction.

Rate = k [benzene]. [electrophile]

Example 1. Methylation of benzene

C.Hy g Be¥' A . C,H.CH,
Mechanism

Step-1 : CH~Cl+ AICI, - CH, +AIC,
Step-2 (Slow)
H ACHs
CH;+CH,-H - @ —— CH,CH, + H
toluene
carbocation (o-complex intermediate)

Step-3: H + AIQI, - AICI, + HCI
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Example 2. Nitration of benzene :
CH, O MNPrtHPRR3 , CH,NO,+H,0

Mechanism :

O O0
Step-1 : 2H,S0O, +HO-NO, ~ NO, *+2HSO, +H,0

{@ o NO:

O T O
Step-2 : NO, +CgHg —H 00 - [ &, 00 - CgHsNO, +H

P

(o—complex)

Step-3:H + HSO, 00 H,SO,
Example 3 : Sulphonation of benzene :

CH, oty . CH,—SOH+H,0

Mechanism :

Step-1: H,50, HEE H,0+ S0,

® SO;
>,
v - O
Step-2: SO, + C,H.—H 00 - & ~ CH,~so, +HEBE CH,SOH
(o—complex)

22.1.3 Freeradical substitution S_— Chlorination of methane is the example of free radical substitution
Reaction :-
CH,+Cl, - CH,-Cl+HCI
Mechanism :-

(1) Step-1 (Chaininitiation step)

Cl-Cl DD~ cly+cCly

(2) Step-2 (Chain propagation step)
Clu+CH, — CH,L+HCI
CH,l1+Cl, -~ CH,Cl+Cly

(3) Step-3 (Chain termination step)
CH,l1+ CH,ll — CH,—CH,
CH,1+Cl - CH,CI
Cl+Cll - Cl,
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22.2  Addition reaction : Usually unsaturated molecule undergoes addition reaction. In this type of reaction one

A=B+x-y —> A—B
T-bond is broken and two o-bonds are formed | |
X Yy

[1o, 1 [30]
22.2.1 Electrophilic addition reaction

Substrate - Alkene, Alkyne

>C=C<+E—Nu—>>C—C<

Nu
Mechanism :

E E
>C'Q:<+ slow | _IA®_+$L,£. _c

|
Nu

trans-addition
It should be noted that :

— When polar molecular attacks the double bond of alkene, then Teelectrons,ofthe double bond shift to one of
the carbon atom due to electromeric effect >C Q C <, the‘electrophile attaches to that carbon atom and
carbocation is formed

— The nucleophilic part of the reagent attaches to positively charged carbon and forms the end product. This is
of course a trans-addition.

— Since the initial attack is of a electrophile. this is referred as electrophilic addition.

Example 1.
CH, = CH, + HBr — CH,~CH,Br
Mechanism : 5 & ol
o S ep_
Cﬁ’; CH, +(§1 = I?T _‘2_"—’ CH3(8Hz+@Br
CH,-CH, + Br P2, CH,-CH,Br
Example 2.
CH, = CH, + Bry— Cl‘Hz—(!ZHz
Br Br
Mechanism :
Step-1
o+ §—
Br —Br

i Bry
H,C == CHy ———— CH, == CH,

n—complex
Step-2
+
/ Br
i
- complex —* | CH,—CH, ¥
g-complex
cyclic bromonium ion

Step-3

él' Br Br
/N | |
CH,—CH, ~ H,C—CH, + H,C —CH,

1
l Br Br
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If Br-attacks first carbon then Il product is formed.
If Br-attacks second carbon then | product is formed. (Here both the products are similar)

Other example :-

CH,=CH,+H-OH [t ., CH,—CH,OH

H H
H* H
+HOH —— OH
H H

cyclohexene cyclohexanol
(1) BoHe @
_
Q (ii) H,0, / OH- '
CH; OH H

1- methyl cyclohexene trans-2-methyl cyclohexanol

22.2.2 Nucleophilic addition reaction

[ Substrate - Aldehyde, Ketone ]

General Mechanism >C=0+E—-Nu - >(|3 -OE
Nu

>%=(5)_ M:-? [

clfeet
EN(O)> EN(C) . ¢ 9
| EMu
0

l Nu attack l 1?

>C - O+E® ~>¢_0+Nu attack
I

Nu lg

Oxygen bearing negative charge less stable

more stable (forms) (does not form)
!

>C-OE
I
Nu

Example :- Addition of HCN at acetone :
Mechanism :
Hon DBT - o4 on-
small quantity H
CHj 6+F B CHi o . CH
Neld H “c—OH

= 0.+ CNT— C—0
C}‘l]/ \/ Cl-]_;,/(':N CH/
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22.2.3 Freeradical addition : Anti-Markownikoff's reaction- peroxide effect

Addition of HBr to propene in presence of peroxide
CH,—CH=CH, + HBr j PfP¥¥g , CH,-CH,—CH,Br
Mechanism :-

0—0
= N 09 - 2RO

() Chain initiation :-
RO" + HBr -~ ROH + Br’

(i) Chain propagation : (two steps)

CH,~CH=CH, +Br' . CH,—CH-CH,Br

2° free radical

CH,~CH-CH,Br+HBr - CH,~CH,—CH_Br+Br’

(iii) Chain termination :

Br +Br or 2CH, — CH—- CH,Br o CH,—CH-GH,Br+Br
Addition of Br,to Ethene ;
H,C=CH,+Br, OM - CH, —CH,
o b
Mechanism :
Br, O0M_ 2Br
CH,=CH,+ Bre - *CH, ~CH,—Br o ff , Br—CH,—CH,-Br

22.3  Elimination reaction “Elimination is reverse of addition. In this type of reaction two c—bonds are broken and 1
mtbond is formed.

A—B—>A=B+x-y

Xy

(three ) (one—c and one—T) (one—ao)
(i) Dehydration : cH,CH,0H 0B B~ ch =cH, +H,0
(if) Dehydrobromination : CH~CH_Br 0 p¢§94 , CH,=CH, + HBr

(iii) Debromination : CH,Br-CH,Br 0 f1 ~ cH, = cH, + znBr,

CH,CHB, + 2Zn +Br,CHCH, - CH,~CH =CH—CH, +2ZnBr,




2231

22.3.2

(iv) Dehydrogenation : CH-CH,0H U -~ cH_cHO+H,

Examples of Cycloalkenes :

(v) Dehydration of Cyclohexanol :

OH
H3PO4 .
440K T H0
H

(vi) Dehydrocholorination of cyclohexylchloride

Cl
KOH alc.
———— + HCl
H

(v) Debromination of 1,2-dibromocyclohexane

Br
L.. @ + ZnBrj
Br

These reactions have been divided into two classes
(1) E2 reaction (2) E1lreaction

E2 reaction : Elimination bimolecular

— Reaction involves one step only

— Base pulls out a proton from the -carbon atom,

— Simultaneously, a halide ion leaves and the double bond is formed

Rate equation :
v =k [ halide ] [:B]
Molecularity - 2
E1 reaction :- Elimination unimolecular
Step-1 Heterolysis of substrate gives carbocation and halide ion (slow)

Step-2 Carbocation gives up proton to a base immediately and alkene is formed

—-CCt—-(:‘L slow _X@_# (Cr__ (:____
| H H
@® | fast
e (,——>>c:C<+HuB
H +:B

Rate equation :
v=k[RX]

Molecularity - 1

|REACTI ON MECHANI SM|
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22.4  Rearrangement reaction : Substituents change their positions

A—B—>A—B

R

X y y
Examples :
NH—OH  NH,
0] —
OH
Phenylhydroxylamine p-Amino phenol
(ii) CH;-C-N — 0=C=N—CHj
y) :
Acetyl nitrene Methyl isocyanate

0OCOONa OH
(iii) @ o @/('OO!\A

Sodium phenyl carbonate Sodium Salicylate

NHSO;H NH»
(iv) @ S @
SOsH
Sulphamic acid Sulphaniliciacid

(WH-N=C=0 - N=C-0-H

Isocyanic acid Cyanic acid

. g g
(vi) CH,~CH,—C'H, CH, - C H-CH,

1° Carbonium 2° Carbonium
COCH;, i)l I
(vii) AlCT;

Phenyl acetate I
COCH

p-Hydroxy acetophenone

DI ol (’)I
(i) CHy=C-CHLCHy - CH-NH-C-CH, Cl,

Methyl ethyl ketoxime  N-Methyl propionamide
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23. Reaction at a glance

Class of compounds Type

(i) Alkene, alkyne Electrophilic addition

(i) Aldehyde, ketone Nucleophilic addition

(iii) Aldehyde Nucleophilic substitution
(iv) Aromatic compounds Electrophilic substitution
(v) Alkane Free radical substitution

24. Markownikoff's Rule and Peroxide Effect

Markownikoff's Rule :  When an unsymmetrical reagent adds to an unsymmetrical unsaturated hydrocarbon,
the negative part of the addendum adds on to the carbon containing less number of hydrogen atom.
(CH,),C=CH,+HCI - (CH,),C-CH,
|

Cl
Mechanism :
(‘113\ % o &
+ B
/C=C‘Hz s H— & —slow CHy—C— CHy +Cl

CH;j Cis

[8°ccarboniumion ]
O €]
(CH,), c —CH,+ ¢ @ (CH),C-CI
Second rule :

In the addition of HCI to vinyl chloride the chlorine, attaches itself to the carbon on which the chlorine atom is
already present. CH,=CHCI + HCI - CH,CHCI,

C@ CH QE &1,— cn g\?{
&+  O-
© e
Mechanism : C1+CH3—?H—CI M CHQ—%H—CI
CH3——CHCl;

Peroxide effect :

In the presence of-air or peroxides addition of hydrogen bromide to unsymmetrical unsaturated hydrocarbon
takes place reverse to that of Markownikoff's rule [Kharash effect]

(CH,),C=CH +HBr g  (CH,), CH-CH_Br
It should be noted that HCIl and HI do not show peroxide effect.

25. Addition and Condensation Polymers

25.1  Addition polymerisation :- Number of monomers unite to produce a macromolecule called polymer . The
molecular weight of polymer is n times that of monomer [reversible process]

nA - [-A-]
nCH,= CH — | —CH,—CH—

Vinyl chloride [ poly vinyl chloride]
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Example :
Monomer Polymer
0] Ethene Polyethene
(i) Acetylene Benzene
(iii) Propyne Mesitylene
(@iv) Vinyl chloride PVvC
W) Vinyl acetate PVA
(Vi) Acrelo nitrile PAN
(vii) Styrene Polystyrene
(i) Chloroprene Neoprene
(ix) 1,3-Butadiene Buna rubber
(x) Isoprene Polyisoprene
(xi) Formaldehyde Paraformaldehyde, Trioxane
(xii) Acetaldehyde Paraaldehyde, Metaldehyde
(xiii) Tetra fluoroethene Teflon
(xiv) Methyl methacrylate PMMA
25.2 Condensation Polymerisation

Two or more molecules of different substances unite to give a bigger molecule with the elimination of simple
molecules like H,0, NH_, HCl etc. (irreversible process)

6HCHO +4NH, — (CH,)N, +6H,0

formaldehyde hexa methylene
tetraamine or urotropine

Example :
Substrate Polymer
0] Formaldehyde + phenol Bakelite
(i) Formaldehyde + urea Urea formaldehyde resin
(iii) Acetone (+ conc..H,SO,) Mesitylene
@iv) Acetone (+dry HCI) Mesityl oxide and phorone
W) Adipic acidi+ hexamethylene diamine Nylon-66
(Vi) Methyl terephthalate + glycol Terylene or decron

(vii) Melamine + formaldehyde Melmake




@
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IMPORTANT REAGENTS AND TESTS

Baeyer's Reagent : Cold and dilute alkaline solution of KMnO, is known as Baeyer’s reagent.

Function : Itis used to detect the presence of olefinic double bond (C=C) or triple bond (C=C)
CH,=CH, TF™°  CH, (OH)-CH,(OH)
ethylene glycol

[pink colour decolurizes]

Benedict's Solution :  Benedict’s solution is a mixture of copper sulphate, sodium carbonate and sodium
citrate solution.

Function : For the detection of an aldehydic group [-CHO].
Aldehyde + reagent — - red brown precipitate of Cu,O
RCHO + 2Cu*?2 + 50H- . RCOO~ + 3H,0 + Cu,O!
Fehling Solution :
Solution A: Aqueous solution of CuSO,
Solution B: NaOH and aqueous solution of sodium potassium tartarate [Rochelle salt].
Function : For the detection of aldehydic group [-CHO aliphatic].
Equal volumes of A and B solutions are mixed and heated with aldehyde, a red precipitate of Cu,O appears.
RCHO +2CuO - Cu,0 | + RCOOH
(red ppt.)
Lithium Aluminium Hydride [LIAIH ] :
Function : As areductant

—-cHoO "  CcH,OH

coo ™  cHoH

—cooHO > CH,GH H,0
—CONH, O "> CH,NH, H,0

sczom™®  €H, H,0

It does not reduce C=C.
CHy - CH=CcHOmE"'™ CHzECH CH-CH,OH

Bromine : Br., water, Br, in acetic acid or Br, in CCl,.
Function : ldentify olefinic or acetylenic compounds [C=C or C =C]

CHy.=CH, +Br, M  CH,Br - CH,Br

(Red) (colourless)

Schiff's Reagent : It is a dilute solution of para—rosaniline hydrochloride or magneta dye decolourised by
sulphur dioxide.

Function : For the detection of [-CHQO] group.
Schiff's reagent + aldehyde — magneta colour [pink].
Tollen’ s Reagent : Ammonical silver nitrate solution.
Function : For the detection of aliphatic aldehyde [-CHO]
R-CHO + Ag,O - Ag | + RCOCH

[silver mirror]
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8 Resin Test:

cH,cHo O B A, yellow resinous type compound

[HCHO does not give this test]
9 lodoform Test : NaOH and |,
Function : For detecting CH,CO — or CH,CHOH groups.

CH3COCH,CHg O [J/f) [+ CHI3 [yellow precipitate]

Substances responding iodoform test are :

ethanol, acetone, 2—propanol, lactic acid, acetaldehyde etc.
(10) Lucas Test : Anhydrous ZnCl, and conc. HCI

Function : For the distinction of 1°, 2°, 3° alcohols.

—oH OB . ¢l [tribidity is formed]

The order of reactivity :

3° (turbidity at once) > 2° (turbidity after 5 minutes) > 1° (turbidity after 30 minutes)
(11) Sulphuric acid H,SO,) :

Function : (i) As a dehydrating agent :

CoHsOH O P FP6 . CH, = CH, +H,0
2C,HsOH O ﬁ’r@lg‘@om ~ C,H50C,Hs +H,0

HCOOH O F915 Fe#Pr _ 0 + co
(il) As a condensating agent :
3CH3COCH; 01 891 PP mesitylene + 3H,0

(iii) As a catalyst :

CHyCHO [ F215- FePPr1 - paraldehyde. (hypnotic)

3CHg — C = CH O P15 F2BPML, mesitylene
(iv) Sulphonation :
(CH3 )3 CH+ HzSO4(fU min g) 00— (CH3)3C - SOZOH
2—methyl-2—sulphonic acid
(12) Thionyl¢hloride [SOCI,] :
Function.: For the replacement of -OH group by —Cl atom.
CH,OH + SOCI, — CH,CI+ SO, t +HCI 1
CH,COOH + SOCl, ~ CH,COCI+SO0, t +HCI 1
13) Sulphuryl chloride [SO,CI,] :
Function : For the replacement of H— atom by CI.

RHO BB _ RCI+50, +HC

CHyCOCHz O B9 . CH3COCH,CI + S0, +HCI

Other reaction :
(CH,CO0),Ca +S0,Cl, -~ 2CH,COCI+CaSO,




(14)

(15)

(16)

17)

Phosphorus pentachloride (PCl;):
Function : (i) Replacement of [-OH] by CI :
C,H,OH + PCl; — C,H.Cl+ POCI, + HCI
CH,COOH + PCl; -~ CH,COCI + POCI, + HCI
(i)[>C=0 - >CCl]

>C=0+PCl, - >CCl, + POCI,

(iii) Amide into nitrile :

CH3CONH, [ Fj@%) CH5CN

Phosphorus pentaoxide (P,0O,) :
Function : Strong dehydrating agent.

2CH3;COOHD @?g acetic anhydride
2

CH3CONH, [ @’T;’g CH5CN

Anhydrous zinc chloride (ZnCl,)
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Function : Itis a Lewis acid, used as a dehydrating reagent and also for the elimination of HCI.

CoHsOH +HCI ™™  GyHCl H,0

nCIZ

CeHsOH +NHz MET-2  CgHsNH,  H,0

As a catalyst :

nCI2

CeH5OH +NHg M

CgHsNH, H,O

Anhydrous Aluminium chloride (AICl,):
Function : Lewis acid used as a catalyst :
(i) Isomerisation :

AICI
n-Butane M "~3

tanc. HCl isobutane

ii) CH, = CH, +CHzocl mf'“®  cH,cI- cH,cocH
3 3

(iii) CoHsOC,Hs + CH,OCI '™ GpHSCl  CHyCOC,HHs

(iv) Friedel Craft reaction :

D]Juilcb |
Benzene HCl toluene

Benzene Mﬁiggd acetophenone

(v) Gattermann Koch synthesis :

CeHe +CO+HCImA'™8  CgHgCHO HCl
(vi) Polymerisation :

nCH, = CH, mlglg (-CH, — CH,-),, Polythene
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(vii) Fries rearrangement :

OCOCH, OH OH
@ 0 A, @,cocm + @
COCH,

(18) Zinc—Copper Couple [Zn—Cu couple] : It is obtained by coating a layer of copper on granular zinc [Zn and
CuSO, solution].

Function : Strong reductant :
Zn-Cu+2H,0 - Zn (OH), + Cu + 2H
Zn—-Cu+2C,H.OH - Zn(OC,H,), + Cu+2H

C,Hl OB~ CH +HI

(19) Silver (Ag) : Various uses of silver are :

1
CH, =CHp +20, 0 0. S —ch,
2CHI, + 6Ag — 6Agl + CH=CH

2CICH,COOH 0 #f%. succinic acid + 2AgCl

2CH,OH + 0, 00~ 2HCHO + 2H,0

(20) Tildane Reagent [NOCI] :
Function : For conversion of -NH, to —ClI

C,HNH, 058, ¢ H.cl+N, +H,0

(22) Carbylamine T est : For the test of primary amine group.
RNH, + CHCI,; + 3KOH -~ RN=C + 3H,0 +8KCl
The smell of isocyanide is most unpleasant and pungent.

(22) Soda-lime [NaOH/CaO] :
Function : Useful for decarboxylation.

RCOOH ) MOH0 )\ RH
(23) Sodium-Boronhydride [NaBH ] :
Function: As areductant

> CHO O - —CH,OH

>c=00M. >CHOH

Note : It reduces —CHO and >C=0 groups only, while —CN, -NO,, -CONH, groups present in the compound
remain unaffected.

(29) Lindlar's Reagent : It is a mixture of Pd and CaCO , rendered inert by lead acetate and quinoline.
Function : It catalyses the specific hydrogenation of alkyne.

R—C R—C—H
o O- |
R—C E':gar R—C—H

cis—alkene




(25)

(26)

@27)

(28)

(29)

(30)

(31)
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Sodamide [NaNH ] : Itis a strong base.
Function : For drohalogenation and isomerisation of alkynes.

CH, = cHBr 0 I cH =cH
CHy —C=C-CHy 0 MM cHy —CH, —C =CH

CgHsCl+NaNH, 0 £ - CgHsNH, +NaCl

Copper [Cu] :
Function: For dehydrogenation :

N RCH,OH O FSY°fPH . R — cHO
() RCH,0H D 1
R,CHOH [ O— R,CO +H,

(CHz);COoHO ﬁltéf%)ﬁ_) isobutylene
-2

(i) CoHsN2CI D [F41- CoHsCl+N,

Alumina[Al ,0O,]:
Function: As a dehydrating agent.

(i) CoHsOH O 1373 [ H,C = CH, +H,0

ethene

(ii) 2CH5OH 0 [1398 (1 CoH5OCHs ¥ H,0

diethly ether

Beilstein’ s Test: Halogens in organic compound can be detected by Beilstein’s test. It consists of heating the
organic substance in contact with pure copper oxide inthe Bunsen flame; the corresponding copper halide is
formed, which is volatile, imparts-an intense green or bluish—green colour to be mantle of the flame. Urea and
thiourea responds to this test.

Legal' s Test [Nitroprusside T est]: Itis atestfor acetone. Freshly prepared solution of sodium nitroprusside (5
drops) is added toacetone (5 ml) and sodium hydroxide (Iml.). A ruby red colour is produced which fades to
yellow on standing.

Alcoholic KOH:;
Function: Itis used for dehydrohalogenation and isomerisation reaction.

R — CH, — CH,CI 0 AFPIRI°0. R — CH = CH, +KCl+H,0

CHg — CH, —C =CHO BPRI°0. cH3 ~C=C—CH,

Nitrous acid [HNO ] :
Function: T o distinguish between 1°, 2° and 3° amines.
C,H,NH, + HNO, - C,H,OH (alc.) + N, + H,0O
(C,Hg),NH+HNO, - (C,H;),N.NO +H,O
N—nitroso compound
(C,Hg);N+HNO, - (C,H.);NH.NO,
unstable compound
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(32)

(33)

(34)

(35)

(36)

With aromatic amine :

CaHsNH, 0 B30, CoHN il

benzene diazonium chloride
To identify amino group :
CH,CONH, + HNO,, -~ CH,COOH + N, + 2H,0
Sodium [Na] :
Function : (i) Synthesis of alkane :

2CHgl 0 erﬂ:tper& CH;z — CHy

(ii) To ascert ain the presence of —OH group :
2CH,OH +2Na - 2CH,ONa +H, 1

(iii) Synthesis of alkyl benzene :

CeHsCl+ CICH; 0 P, CgHs — CHg

(iv) To identify 1—-alkyne :

CH; —C=CHD @@]HC%—CECN&H%HZ

(v) Reduction of organic compounds :
[Na and ethyl alcohol]

C2H50H +Na 0O 0O- C2H50Na +H
C,oHsl O PH. CoHg+ HI
CHZCN O H1- CH3CH,NH,

CHzcOCI O - CHyCHO+HCI
Acetyl chloride and Acetic anhydride :

Function: Reagent for acetylation.Compounds containing— OH, —-NH,, >NH and SH group give acetyl compound
with reagents.

C,H.OH + CH,COCI . CH,COOC,H; +HCl
C,H.OH + (CH,CO0),0 - C,H,00CCH;+ CH,COOH

Lassaigne’ s Test: For detecting N,.S, P and halogens in organic compound. The organic compound is fused
with sodium metal and then extracted with water. The sodium extract is then used to test N, S, P and halogens.

Benzene—sulphonyl chloride [Hinsberg reagen] : [C~ (H.SO,CI]:
For distinction and separation of 1°, 2° and 3° amines.
[1° amine] :

CgH5S0,Cl+HoNCH, O TH0. cgHsSO,NHCH, 0 PR soluble

[2° amine] :

CgH5S0,Cl+(CHg ),NH O T/, CqHsSOLN(CH, ), O MM insoluble
[3° amine] :

C¢HSO,Cl + (CH,);N - no reaction

Carbonyl chloride or Phosgene [COCI ]

Function : It has numerous uses in organic chemistry .

(i) Formation of urea and substituted urea :

COCI, +2NH, — H,NCONH,, + 2HCI

COCl, + 2C,H,NH, — CO(NHC,H,), + HCI




37)

(38)

(ii) Formation of benzophenone :
2CqHg +COCI, 0 17803 CH5COCHs +2HCI

(iii) Formation of acetyl chloride from Grignard reagent.

O

|
CHaMgl +Cl— C — Cl 0 £ CH,COCI + Mgl Cl

(iv) Formation of diphenyl urea :
2CgHsNH, +COCl, O QZ@C}} [CeHsNH], CO

Jone’s Reagent :

Solution of chromiumtrioxide in dilute sulphuric acid is known as Jone’s reagent.

Function : Jone’s reagent oxidises primary alcohol to carboxylic acid.
Example :

CH3(CHy)g CH,OH O Ql_ﬁjgo;ﬁ CHa3(CH, )g COOH
1- decanol 93%

Gilman Reagent :
Lithium dimethyl copper is called Gilman reagent.
Function : Itis used for the preparation of hydrocarbons.

(CHg ) CuLi+ CH3 (CHa)g CHl 1 BT, CHy (CHp)g CHaCHg + Lil + CH3Cu
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SOME IMPORTANT NAME REACTIONS

Clemmensen Reduction :
R,CO 0% R,CH,
Sabatier and Senderens Reaction :

CH=CH ORI CH,=CH, Tl . CHy-CH,
Kolbe’'s Electrolytic Synthesis :

(For synthesis of alkane, alkene & alkyne)

CH5;COONa

- CH,—CH_(anode) + CO
CH;COONa CH ) 2

2Na+H,0 - 2NaOH + H, (cathode)
Bouveault—Blanc Reduction :

RCO,R' 0 %2 RCH,OH + R'OH
Hunsdiecker Reaction :

RCO,Ag + X, - RX +CO, + AgX

Wurtz Reaction :

2RI +2Na 0 FfP*0. R-R +2Nal
Aldol Condensation :

CH,CHO + CH,CHO [ @iy, CH,CH(OH)CH,CHO
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8.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Cannizzaro’s Reaction :

2HCHO + NaOH - HCOONa + CH,OH

Wurtz—Fitting Reaction :

CgHgBr + CH,Br + 2Na mgY ®""  C HCH, + 2NaBr

Rosenmund’s Reaction :

RCOCI + H, mf{’®2%%  RCHO + HCI
Carbylamine or Isocyanide Reaction :

RNH, + 3KOH + CHCI; - RNC + 3KCl + 3H,0
Hofmann’s Bromamide Reaction :

RCONH, mff? **°"  RNH,
Curtius Reaction :

RCON, mft™2°  RNH,
Hell-Volhard—Zelinsky Reaction :

RCH,-CO,H - RCHBr-CO,H
Mendius Reaction :

RCN mff ) * " RCH,NH,
Reimer-Tiemann Reaction :

Phenol mfif3Na°"  salicyaldehyde
Williamson’s Synthesis :

Rl + RONa - ROR + Nal

Williamson’s Continous Etherification Process :
C,H;,OH mi#*%414”"  C H.OC,H,

Reed Reaction :

C,Hg + SO, +Cl, —~ C,H,SO,Cl + HClI

Stephen’s Reaction :

R—CN mif?2/"®  R—CH=NH m2® RCHO
Lederer—Mannasse Reaction :

Phenol + HCHO 17 9%Na®4 _ o— & p— hydroxy benzyl alcohol

Schotten—-Bauman’s Reaction :

i] C.HeNH, +C_H.cocl mf**"  Cc_H.NHCOC_ H. + HCI
6 5 2 6 '5 6 5 6 5

.. OH

[ii] C;H,OH + C;H.,coCl mi**"  C,H,COOCH, +HCI

Gattermann—Koch Synthesis :

O, HCI

CeHe I3, CuxClp CeHsCHO

Gattermann Synthesis :
C,H,OH mfffi}" "' 420 n_hydroxy benzaldehyde

AICI3

Tischenko Reaction :

OC2Hs5)3
CH,CHO + CH,CHO mft AlCly CH,COOC,H,




26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Friedel-Crafts Reaction :
(Alkylation, Acylation etc. of Aromatic compound)

CgHg + CH,Cl 0 T80, C,H,CH,+HCI

CgH, + CH,COCI 0 1780, C,H,COCH,+ HCI
Kolbe—Schmidt Reaction :

Sodium phenate + CO, O H’ﬁﬁgﬁﬁrﬁ Sodium salicylate

Phthalein Condensation :

Phthalic anhydride + Phenol + conc. H,SO, - Phenolphthalein
Liebermann’s nitroso Reaction :

Phenol + Sodium nitrite/conc. H,SO, (warmed) - dark green

Colour 0P, Red 0 &0, blue,
Etard Reaction :
CgHs—CH, 0 §22%e?0l. C H,~CHO +H,0
Frankland Reaction :
CH,l +2Zn+CH,l 0 8% - (CH,),Zn+Znl,
Perkin Reaction :
CgH-CHO + (CH,C0),0 0 £ C H,CH=CHCO,H+ CH,CO,H
Wohler’s Synthesis :
(NH,),SO, + KCNO - 2NH,CNO +K,SO,
Urea

Prileschaiv’'s Reaction :

R-CH=CH-R’+C,H.CO.O,Na -
O,

R—CH—CH—R' + C,H,CO Na

Gabriel's Phthalimide Reaction :

Phthalimide 0PH4 off % oMe® . RNH, + Phthalic acid

Fries rearrangement ;

CH,COOQC H..O ﬁ;‘\[f:g(rj)_’g"ﬁ M980. o-and p—hydroxyacetophenone

enzene

Benzoin Condensation :

CgHsCHO O E%;fm;%ﬂ* CGH5COT:H —C¢H; (Benzoin)
CH
Knoevenagel Condensation :

Benzaldehyde + Malonic ester — Cinnamic acid
Claisen—Schmidt Condensation :

CH.CHO +CH,CHO D33, oA~ Cinnamaldehyde
Reformatsky Reaction :

CH-CHO +BrCH,COOC,H, 0 f'a. 0®_. CH,CHOHCH,COOC,H,
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41.

42.

43.

44,

45.

46.

47.

48.

49.

51.

52.

53.

Kucherov's Reaction :

CH=CH mti*:"°"  CH,CHO

Zeigler—Natta Reaction :

NCH,~CH=CH, mffgfs’s A+7ic%k | —{H—CH~
CH,

Strecker Reaction :
RX+Na,SO, - R-SO,Na + NaX
Gurbet Reaction : [self-condensation)

C,H,OH+H—CH,—CH,0H g a CH,—CH,-CH,-CH_-OH
R
Duff Reaction :

ycerol

OH
CeHsOH + (CH, )N, MEES  mi2° CGH4< Salisaldehyde (ortho)
CHO

Arndt—Eistert Reaction :

RCOCI + CH,N,, mr™® RCO'\CIZHNZ
1 =N,

RCH,COOH [f#°® R-CH=C=0
Wolf—Kishner Reduction :

R R
c=0 mif2T* >CH2
R OH R
Sandmeyer’s Reaction :

uoBr;
CeHsN,Cl 8,22 C H.Br
Schmidt Reaction :

N3H, A
RCOOH D]qq%razoic acid R_NHZ + COZ + N2

Oppenauer Oxidation.:

R R
>CHOH + (CHy),C=0 miffEfs)3COBA >c:o +(CH,),CHOH
R R

Wourtz.method :
CsH—N=C=0 + 2KOH - C.H.NH, + K,CO,
Nef Reduction :

) OH™

R—CH,—No, m® "  r_cHo
2 2 (iNH30
R R
>CH—N02 mut ", >c:o
R (II)H3O R

Baeyer-Villiger Oxidation :

CH,~COC,Hj (butanone) + CgHg § ~OOH" - CH;COOC, H; + CoH,COOH
o)




54.

55.

56.

57.

58.

50.

60.

61.

62.
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perbenzoic acid
Leuckart Reaction :

R R
>C:O+2HCONH2 - >CH—NH—CHO+CO2
R R

Formyl compound so obtained gives primary amine on acidic hydrolysis.
Meerwein—Ponndorf-V erley Reduction :

The carbonyl compound is heated with aluminium isopropoxide in isopropanol solution. The isopropoxide is
oxidised to acetone. Acetone is distilled. The resulting aluminate is then treated with dilute acid to yield the
alcohol.

R
I 3 >c:o +[(Me),CHOLAI - [R,CHOLAl + 3CH,COCH,]
R

1 iy
[ii] [R,CHOJ,Al mifif 2594 3R,CHOH

Ritter Reaction: A method for preparing primary amines containing t—alkyl group.
(CH,),C-OH +HCN +H,SO, - (CH,),C-NH,

t—butyl alcohol [solution in acetic acid]

Rasching Process :

250°

C.H, +H<:|+%o2 mf! % @H.Cl H,0

CH.CI+H,0 > C,HOH HCI

450°
Sommelet Reaction :
CgH-CH,Cl+(CH,),N, -~ C;H.CHO
Cope Reaction : Amino oxide when heated decomposes to form alkene.
R—CH,-CH,-N(CH,), OB R=GH CH, (CH,),NOH

1
O

Swarts Reaction :
C,H,Cl+ AgF @* AgCl+C,HF

Diels—Alder Reaction: It consists the 1,4—addition of the double bond of a suitable dienophile to the two ends
of a conjugated-diene system.

/- AN
(|3H CH, CH CH,
CH " |l:H N |
\CH 2 CH /CHZ
? CH
2
1,3-butadiene cyclohexene

Witting Reactions :
Aldehydes and ketones can be converted into alkenes with the help of phosphoranes.

e R
>C=0+R,C=P(CiHy); W™  >C=CL__ +(CeHy)sP=0
R

triphenyl phosphene oxide
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63.

64.

65.

66.

67.

68.

69.

70.

71.

Eschweiler — Clark Methylation :

In presence of excess of formaldehyde and formic acid methylation of primary and secondary amines can be
easily carried out.

C,H,NH, + CH,0+HCOOH [ 1§ _, C,H,NHCH,+CO,+H,0

Pinnacole Reaction :

Reduction of acetone with Mg/Hg in acidic medium produces pinnacole.

OH OH
CH, CH, , ||
> C:O+O:C< 0 Qg gI;InGEl*D_' CH3_?:_(|:_CH3
CH, CH,
CH, CH,
pinnacole

Birnbaum — Simonini Reaction :

When silver salt of fatty acid reacts with iodide produces ester and silver halide is precipitated.
2RCOOAg + 1, - RCOOR + 2Agl + CO,1

Adkene method :

In Adkene method esters are reduced by molecular hydrogen at 280° temperature.and 100 atmospheric pressure
using copper—chromite as catalyst.

CH,(CH,),,COOCH, + 2H, O LL RS0~ CH,(CH,),,CH,OH*CH,OH

Patart process :
[Synthesis of methanol]
First of all water—gas is prepared by passing water vapour over red—hot cock.

C+H,0 pgf_ [CO+H,)
Reduction of water gas produces methanol,
[CO +H,]+H, O3FHE CHOH

Huang — Million Reaction :
Conversion of alkanals and alakanonesto alkanes using hydrazine, diethylene glycol and KOH

>c=0 DFYHO >eeN-NH, Dﬂe@éﬁ’@oﬁ}j"ﬂ@ >CH2+N2

Drahowzal Method :
Best method for the preparation of either :

HSC_@_SOZOR +H-O-R’ 1 M, H,C —@— SO,OR + ROR'

Elbs Persulphate Reaction :
Conversion of phenol to quinol by oxidation with potassium persulphate.

OH OH
¢ okHHoh. o
OH

Quinol (hydroquinone)
Grove Reaction :
Alcohol to alkyl chloride with HCl and anhydrous ZnCl,

R-OH + HCI [ fPd7pfley . RCl+H,0




72.

73.

74.

75.

76.

77.

78.

80.

81.

Oxo Reaction :
CH,—CH = CH—CH, + CO + H, Opf0- CHg—cltH—CHz—CH3

CHO
Ullmann Reaction :
CgH—-1+Cu+I-CH, -~ C;H.—CH. + Cul,
Mannich Reaction:

+ = + -
RCOCH; + CH,0 + (CH,),NH,CI 1 %P, RCOCH,CH, NH(CH3), Cl
NaOH | —HCI
RCOOCH,CH,N(CHs),

Hofmann Mustard Oil Reaction :

R-NH, + CS, + HgCl, - R-N =C=S + HgS + 2HCI
1° Amine Alkylisothiocyanate
Haloform Reaction :

RCH-CH; or R—C~—CHg DB""B”Q’H(BM CHX,
| I 2
OH o)

Acylo in condensation :

|REACTI ON MECHANI SM|

When esters are refluxed with metallic sodium in an aprotic solvent like ether, a—hydroxy ketones are formed. /

This reaction is known as acyloin condensation.
O R-C=0

I | N
2R—C—0CHs 0 Mcfirh. R—c;:oDauﬁ

R—-C =0ONa

I o FefAMn.  R2CS0

R-C =ONa I

Beckmann rearrangement is:

O O

| |

_C- N H. _C—NH-
CHz ~C-CHg DI cHz —C-NH-CHy
Benzilictacid rearrangement is :

O OHO

I Ll
C6H5—C—ﬁ—C6H5 DB"E% C6H5—?—C—OH

o CeHs

Catalytic hydrogenation of azides :

rR—x 0 MO, R—N, O TP RNH,
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SOME IMPORTANT ORDERS

S. No. Acid Strength Order
1. HCOOH, CH,COOH, C,H.COOH <<l
I Il 1]
2. CH,COOH, CH,CH,COOH, CH,CH,CH,COOH  lli<lI<]
I I [
3. CH,COOH, CH,CICOOH ; CHCI,COOH I<li<l
I [ I
4., 1., 2., 3.chlorobutanoic acid <1<l
[ T
5. 1., 2., 3. methyl pentanoic acid I<Ii<ll
[ T
6. 1° 2° 3°isomeric butyl alcohol n<l<l
[ T
7. alkane, alkene and terminal alkynes I<l<l
I I 1]
OH OH OH
CH,
8. <1<l
0] (n (i
OH OH OH
9. CH, <1<l
CH,
0] @ (1
OH OH
f ,LOCH, :l
10. OCH, Hn<i<l

V) (1

Factor

Il resonance stabilised ; Il <1 by
inductive effect

(1,) Inductive effect
(1) of Clincreases acidic strength

Farther the (1) group, lesser the
acid strength

Farther the (1,) group (ClI), greater
the acid strength

(1,)group (methyl) increases
electron density hence acidic nature
is'decreased.

acidic nature of C—H bond is

sp >'sp? > sp® hybridised carbon

—CH, is electron repelling and

—-NO, is electron withdrawing

—-CH, is electron repelling

decreases acidic strength of
phenol

—do -
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OH
NO,
NO, [<ll<Ml -NO, is electron withdrawing; Il is more
NO,
0] (m (im
resonance stabilised than | and also than II.
In I only inductive effect is operative.
FCH,COOH, CICH,COOH, BrCH,COOH [>1>1l1>1V Greater the electronegativity
I I n (F>Cl>Br>I) greater the(l ) effect, hence
ICH,COOH greater the ionisation:
\
(|3HZCOOH
CH,=CHCH,COOH,CH,CH,COOH | > 11> 1lI sp? hybridised carbon of I, Il are more
() () (lny electronegative hence acid strength is
increased Benzylic (C;H,CH,) is more
stabliised than allylic (CH,=CHCH,)
NCCH,COOH,CH,COOH, CH,CH,COOH >l —CN is electron withdrawing and —CH, is
0] 0 (1 electron repelling
CH,OH CF,OH CCI,OH F<lir<li Inductive effect (electron attracting) of
I Il 1] F>Cl>H.
OH
HO  CH,OH [>11>1 Phenyl is electron withdrawing and
() 0 (1 phenoxide ion is resonance stablished, -CH,
is electron repelling.
Oxalic acid, succinic acid, malonic acid [>11>111>1V Effectof one—COOH onthe other decreases
I Il i as its distance between them increases
adipic acid (all dibasic)
I\
OH COOH
CH,COOH I<Hi<l (1,) effectin lll; resonance effect in benzene
() () ( nucleus in I,resonance effect in(—COO") and
benzene nucleusin Il.
o- m-— p— <<l —CH, is electron repelling.
I I 1l toluic acid
p— <<l —NO, is electron attracting

-9
3
]

Il Il nitrobenzoic acid
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21. o- m-— p— Hydrocy benzoic acid
I I [l

22. o- m— P

I Il 11l methoxy benzoic acid
23. o- m— p-

I Il 11l amino benzoic acid

Section B

S.No. Basic Strength of

1. NH,,  CH,NH,, (CH,),NH
I Il 1]

2. OH-, CH,COO- CI-

I Il [
(conjugate base of H,0,CH,COOH,HCI)
3. CH=C-, CH,=CH", CH,CH,
I Il 1]
4, 10, 20, 3°
I I [l
Isomeric butyl alcohol

‘ROH mcuganhé};‘fgjs) RCl + H,0
base acid 4 white
turbidity

hence reactivity of alcohol with Lucas reagent

(HCI +2nCl,)
5. NH,  CH,NH,, CoH:NH,
| I 1
O =C-NH,
|
6. CH,CH,NH;  CH,CNH,
U] (In (I

Hn<lir<l

Hn<ir=l

<<l

Order

I<Ii<1l

<<l

<<l

<<l

n<i<l

I>1>1

—OH shows electron withdrawing nature at
o— and m- and electron repelling at
p—.0—isomer due to intramoleculatr bonding
in salicylate ion is stronger than m-isomer.

—do—

—NH, is electron repelling

Factor

(1,) effect of CH, greup increases electron
density at N-atom:hence basic nature.

If acid is‘'weak its conjugate base is strong
and yice versa.

—do-—

(1,) effect of alkyl group increases basic
nature of alcohol

(1,) effect of methyl increases basic nature.
(1) effect of C,H; (due to conjugation)
decreases electron density hence,the basic
nature.

o)
]

(-C -)is electron withdrawing decreasing

basic nature. In Il there is resonance
stabilisationalongwithC=0
(cross-conjugation) hence Il is more oasic
than Il




8.

10.

11.

12.

OCH, NH,
NH,
() (1

NH,  NH,

CH,

0] (m
CH,=CHCH,NH,
CH,CH,CH,NH,
CH=CCH,NH,

CH,NH,

()
CH=CH,

()

NH,
@ I >1>1l

()

NH, NH,
OCH,
HNH>1>1>1Vv
OCH,

(V)

NH,  NH,
CH,
1> 11> 01> 1V
CH,
(D) (V)
| 11> 1>
I
i
CH,NH, H,NH,
n>1>1l
NO,
(I (I
CH,=CH,,  CH,-CH, <1<l
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lone pair on N is not used in delocalisation

of Teelectronsin I. In Il lone pair of the ring is
itself used in delocalisation while that of
outside ring in lII.

—OCH, is strong electron denating group.

This is due toortho effect.All the aniline are
less basic than p-substituted aniline due to
steric.hindrance

I (Hyper conjugation and induction)

Il (induction) IV (ortho effect))

Electron withdrawing order is
propaargyl > allyl > propyl and thus, electron
density is decreased in same order

In Il there is sp® hybridised C, In |, sp2. NO,

is electron withdrawing.

Electron withdrawing tendency of C,
sp > sp? > spS.
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CHOH CHOH CHOH CH,OH

13. M>1>1v>I
NO, OCH, Cl

V) (I (i) (V)

14.  CH,CH,NH,, HOCH,CH,NH,,OHCH,CH,CH,NH, |> I > Il
| I i

NH, NHC,H, NH,
15. H>1>1

0 (n (D)

NH, NH, NH, NH,

NO,
16. NO, 1> 1> 11> 1V
NO,

0) (I (1) (V)

NH; NHCH, N(CH,),
17. I<l<l

0 (I (1

The +ve charge that develops on the benzylic

carbon is most effectively delocalised
by —~OCH, (electron repelling group)group,
order being OCH, > Cl>H>NO, (-NO, is
electron withdrawing)

Electron withdrawing inductive effect of the
OH group decreases.the.electeon density
on N, lowering the basic nature

lone pair on N is used in delocalisation of

m-electrons in aromatic amines while
cyclohexyl is electeon repelling (Il1): In Il
lone pair on N is used by two benzene ring.

NO, is electron withdrawing,thus

nitro-anilines are less basic than aniline.
IV is less basic than Il because —NO, is
closer and exerts a stronger inductive effect.

CH, directly attached to N is electron

donating hence basic nature is increased.




18.

19.

20.

21.

22.

23.

NH, NHC,H,
0 (n
NH, THCHg
0 (m
NH, NH,
:E C
C
0] (m
NH, NH,
[:i:]/NHZ
NH,
0 (mn
Ck  RCQO: OH- RO~
| i m v

NHg, CH3NH,,  (CH,),NH,
I I 1]
(a) (in aqueous solution)

(b) (in gas phase)
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NHCOCH,

O

[>11>1l phenyl and -COCH, are electron

()

withdrawing and —-C,H, < COCHj.

NHC,H,

O

F<li<l Electron donating nature of CH, < CH,CH,.
(1
NH,
i [ <li<Il ortho effectin I.
Cl
(1
NH,
i [<H<I ortho effectin |
NH,
(1
NH [<II<ll<IV Ifacid (HX)is weak its conjugate base (X°)
\% <V is strong.
(CH,).N (1,) effect of three methyl groups in 3° amine
\Y, I<IV<II<Ill (V) alongwith protonation causes steric
hindrance hence less basic than 1° and 2°
amines

I<lI<lI<IV As no of alkyl group increases basicity
increases
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S.No.

9.

10.

Order of
Stability of free Radical

CH,CH, CH,, (CH,),CHCH, (CH,),CCH,
| I i
Stability of

trans-2-butene, cis-2-butene, 1-butene
| 1] []

Heat of hydrogenation of I, 11, Il (above)
B.P. of
CH,CH,OH, CH,OCH, CH,CH,

I Il 1]
B.P. of o,m,p-nitro phenol

Reactivity of ... with Tollen's reagent

HCHO CH,CHO CH,COCH, CH.CHO
I Il I Y,

Reactivity of ... with Fehling's solution

l. Il. M. IV (above)

Extent of hydration of

OO.OCK

0] (In (I (V)

Stability of ... carbanion

o O} © 0
CH; CH;CH, " (CH3),CH  (CHj3);C

I Il [l v
Reactivity of .... with HBr :
CH,OH CH,OH CH,OH
OCH, NO,
0] () (1

Section C
Order

I<Ii<1l

I>11>1

I<Ii<1l

I>1>1

o<m<p

I>1>1vV>ll

I>11>1V>ll

I<l<I<IV

r

I>H>1>1V

IN<ll<l

Factor

Inductive effect is in order

1° < 20 < 3° alkyl group.

In  cis-isomer steric hindrance

decreases stability

Greater the stability,
heat of hydrogenation

smaller the

There is intermolecular, H-bonding
I. Il has weak force of attarction and
is most volatile

Intramolecular H-bonding in o-isomer makes
it most volatile

—CHO group is.easily oxidised compared to
keto group.

—do -

Aldehydes are more hydrated than ketons.

Halide makes C of carbonyl group more

electropositive.

(1,) effect of alkyl group further increases

e
electron density of C
OCH;, is electron repelling increasing basic

nature of benzyl alcohol hence reactivity with

HBr (acid) —NO, is electron withdrawing
hence decreasing basic nature of benzyl
alcohol.




11.

12.

13.

14.

15.

16.

17.

Electrophilic nature of .... for nucleophilic attack
H @ CH~_ ® CHa_ ®
>C—OH >C—OH >C—OH 1> 11> 11l
H H CH;
I ] [l

Reactivity of isomeric 1°, 2°, 3° butyl halide 1°0<20< 30
towards E2 or E1 (elimination)

Reactivity of .... for S 1 and Sy 2 reaction Syl:
Mect /S /N, >—cl >—cl i<i<ii<i
<V
S\2
0] (I (1 (V) V) [>1>11>1V
<V
Tendency of 1°, 2°, 3° R—X for S and Elimination
elimination reaction 10<20< 30
substitution
10> 20> 30
Dehydration of

slelele

IV<i<ii<i
0 (I (I (V)
Stability of
CH,=CH,, CH,CH=CH,, CH,CH=CHCH, I<ll<ll<IV
! I Il <V<vi
CH CH
“>C=CHCH," . " " >C=CHCH,
CH; CH;
\Y Vv
CH
Se=c
CH, CH,
VI
Stability of
I<i<i

0] (In (i)
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CH, group decreases +ve charge on

C hence nucleophilic attack.
due to stability of intermediate carbocation
ion (1° < 2°< 3°)

due to stability of intermediate carbocation

due to steric hindrance in 3° in which attack
of nucleophile is retarded.

Alcohol leading to increases in onjugation

due to dehydration is more easily
dehydrated.IV isvinylic, hence least

Substituted alkenes are more stable

Il is more substituted than 111
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18.

19.

20.

21.

22.

23.

24.

25.

Stability of
0] (m (1 (V)
Stability of

(I (V)

Cleavage of ...... and reactivity

C-F, C-Cl, C-Br, C-lbond
I [ [[ v

Dehydration of

1°, 2°, 3° isomeric butyl alcohol

Boiling points of

n butyl amine, n-butyl alcohol, n-pentane
I I [

Stability of free Radicals

RsC* R,CH RCH, CH,
R TR Y

Formation of

éHz R,C RzéH R.CHZ
) ] ”l ) IV
Il
0]

Stability and formation of

® . 0
€y CH,, (CH3);¢ » CH,=CHCH,

O 0 0O O _Qg
(b) (CH3),cH» CH3CH,» CH;» CH,=CH
\Y % VI VI

CH,  CH,
CH, =CH CH,CH=CH, i i
’ || ’

m>Mn>1>1v

I<IV<ii<li

I<li<lll<IV
(IV easiest)

1° < 2%« 3°

N>1>1

I>1>1>1Vv

I>1>1>1Vv

I>1>1

V>V>VI>VI

IV is vinylic while Il conjugative, Il allylic.

Il'is 3° allylic and Il'is 12 allylic

B:E. of (C—X)bond is in order
C-F>C-CIl > C-Br>C-l

Greater the basic nature of alcohol,greater
the tendency of dehydration.

I, I have H-bonding but electronegativity of

O > N hence H-bonding in 11 > |

(1,) effectof 'R

greater the stability,easier the formation

| and Il are resonance stabilised (l,) effect

of methyl group decreases +ve charge.




26.

27.

28.

20.

30.

3L

32.

Stability of free radicals

CH, I
|
CH, CH(CH3),

I I [
Reactivity of C—H bond (abstraction of H)

CH,=CH-H, CH,H, CH,CH,—H
vinylic (1) methyl (11) 1° (1
(CH,),CH-H (CH;),CH CH,=CHCH,—H
2°(1V) 32 (V) (allylic) (VI)
Leaving nature (tendency) of .... in S reaction
H-, R-, MeO-, OH°, CN-, CH,COO-
I I [ v Vv Vi
ROSO, ArSO3
VIl ' VI
Leaving nature of
CH,COO-, CCI,CO0, PhO~, PhSO;

I I 1] v

Nitration of

CH, NO, OH

0] (n (i) (V)

Rate of esterification of the following acids

with MeOH
MeCH,COQH, Me,CHCOOH, Me,CCOOH,
I I Il
Et,CCOOH, (i- Pr),CHCOOH
\% Y

Relative reactivity of ...... with electrophile in
Sg reaction

CH, CH, OH
@ @ @cw @
CH,

0 (D) (1 (v)

(:|-|3(:|-|2(':|-|2 <<l

[<IlI<ll<IV
<V<Vi

<<~V
<V<VI<VI

<Vl

<<k IV

n<i<i<iv

I>1>1>1V
>V

V>>IV>Il
> |

CH,
H,C

V)
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(I,)effect increases stability 1° < 2° < 3°

Vinyl < methyl 1° < 2° < 3° < allylic

If acid is strong. its conjugate base is weak
and greater the leaving tendency

—do -

—NO, is deactivating group, —-CH, and —OH

activating, but due to lone pair on O in
phenol. Itis more resonace stbilished for S
reaction.

As the size of the substituents on the a—C
increases, the tetrahedrally bonded
intermediate becomes more crowded and
these slower the rate.

—CH, is 0, p-directing and activating group.

CH,
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33.

34.

35.

36.

37.

38.

Relative reactivity of .... with electrophile in

S, reaction I>1>u1V
CH, CH, CH, COOH
CH, COOH COOH
0] (D) (D) (V)
Relative reactivity of ..... with electrophile in
S, reaction N>1>1v=>ll
o @
Cf H, Nf (CH.).,  N(CH,), CH,N(CH,),
0] (n (D) (D)

Activating effects on the following o, p—directors 11> 1> lll

_ o
OH. -0% . cn,co-

Relative reactivity of ... towards'Sy 1 reaction >1>1
benzyl chloride, p-methoxy benzyl chloride
| I
and p - nitro benzyl chloride
[l
Relative reactivity of..... towards Syland S, 2 S/l

reaction H>1>1

PHCH,CI PHCHCIMe PhCCIMe, Sp2

0] 1 (1 <<l
(Ph stands for phenyl, C(H,)
Relative reactivity of .... with E* (electrophile) in 11 >1>1Il

S¢ reaction
NO, cl NO,
NO,
cl Cl

V) (I (i)

—CH, is 0. p-directing and activating group

while COOH is m-directing and

deactivating group.

As the number of sp® hybridised C atoms

separeting.the.ring from the positively

charged substituent increases,deactivating
effect decreases.

—0© is best able to donate electrons thereby

giving a very stable uncharged intermediate

in CH,CO - cross conjugation diminished
its ability to donate electrons to an arenium
ion.

Intermediates are benzylic cations.CH,0
(electron repelling) provides greater stability
through delocalisation while NO,
(electron attracting) decreases stability

S\ 1:1°<2°< 3°alkyl halide

S\2 : 3° < 2° < 1° alkyl halide

—-NO, deactivates benzene ring for Sg.




39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Relative reactivity of .... with E* in S_ reactions

$HCOCH3 ?HZ

0] (In (i)

COCH,

0 ©

(V)

Order of S\ 2 reactivity of alkoxide nucleophiles
Me,CO~, MeO~, MeCH,0O~, Me,CHO~
I I 1] v

D

\Y,
Order of S 2 reactivity of
MeX, RCH,X, R,CHX, R,CX

I Il 1] Y,
Order of S 1 reactivity of

[ | I [ IV (above)
Hyperconjugation effect in
CH,CH=CH, I
CH,CH,CH=CH, I

CH
3>CHCH:CH2 1l]
CH;

(CH,),CCH=CH, \%
Reactivity of halogens (x,) for a given type of
abstraction of H(say 1°)

Extent of hydration of

CH,COCH,, CH,COCH_,CI, " €H,CHO

CICH,CHO

I\
Leaving tendengy of .... in S reaction
NH; . RO~,” OH—, RCOO~, CI-
I Il [ v \Y
Hydrolysis tendency of

CHI3COCI, CHs(iONHZ, CHSCO"(I)CZH
(CH,C0),0
IV

5

Reactivity of .... NH, with

CH,COCI, CH,COOH, CH,COOC,Hj, (CH,C0),0

I I in \Y

>1>1v>1l

I<IV<V<II
<l

V<ill<ll<|

[ <<V

[>1>10> 1V

F,>Cl,
>Br,>1,
I<l<ll<IV

I<l~Nl<IV
<V

nN<l<Iv<l

N<l<Iv<l
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—COCH, is deactivating while

—NH, is activating group

—COCH, attached to N is electron
withdrawing hence deactivates

—NH, group.

S\2 reactivity is susceptible to steric
hindrance by the nucleophile as well as by
the alkyl group

Due'to R.groups electron density at
carbon atom increases hence attack
ofnucleophile is retarded.

C-=X bond breaks in slow step
(order being 3° > 2° > 1° alkyl halide)
greater the number of H at a—C wrt. allylic,
greater the hyper conjugation

B.E. of I, in maximum

Aldehyde is more hydrated than ketone.
Cl is electron attracting producing positive
charge at C of carbonyl group
hence attack of H,O (hydration) is increased

If base is weaker, Its leaving tendency
is higher.

CI, NH; ,”OC,H.. CH,COO are replaced

by OH~ in hydrolysis; weaker the base
greater the leaving nature.

NH; replaces X~ (Cl-, OH,"OC,Hq,

CH,COO™) weaker the X—, greater the
leaving nature.
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