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GENERAL ORGANIC

CHEMISTRY

ELECTRONIC EFFECT

The effect which appears due to electronic distribution is called electronic effect.
Classification of electronic effect :

Electron Displacement Effects

\ |
(Permanent effect) (Temporary effect)
, !
J/ Electromeric effect
Inductive effect Mesomeric effect Hyperconjugative effect
(1) (¥M) or Resonance

Electronic Displacement effect :
The displacement of electrons within the same molecule is known as electronic
displacement. These effects affect the stability of a specie or compound and it also affects
its the acidic & basic strength.
Electronic Displacement Effect is divided into two parts:
(1) Permanent effect (2) Temporary effect
(1) Permanent effect :
(i) Inductive effect
(ii) Mesomeric (resonance) effect
(i) Hyperconjugation

(2) Temporary effect:
(i) Electromeric effect (ii) Inductomeric effect

(i) Inductive effect:

It is an effect in which permanent polarisation arises due to partial displacement of o-
electrons along carbon chain or partial displacement of sigma-bonded electrons toward
more electronegative atom in carbon chain.

48y 4B, 48, -8
C>-C>C>-Cl

Magnitude of partial positive charge
+06,>+06,>+0,= -9
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GENERAL ORGANIC CHEMISTRY QB

(net charge remain constant in a molecule having inductive effect)
It is a permanent effect.

3305+ 885+ 85+ O+ 8-
C —C~=>-C->-C—>-C~>-X (- effect of X)
5 4 3 2 1

if X i.e more electronegative
(After carbon no. 3, the effect disappears)

30— §5— &— O+
cC—C—C—C—y (+ 1 effect of Y)

+ @
H-N-H R-N-R
* | < | (— I effect order)
H R

*0 <0< 0" (-leffect order)

e It is a permanent effect

e It is caused due to electronegative difference.

¢ It operates via o bonded electron.

e It is distance dependent effect.

¢ As distance increases, its effect decreases.

e |t can be neglected after third carbon.

e It is a destabilising effect.

e |t is divided into 2 parts. (On the basis of electronegativity w.r.t. hydrogen atom)
(1) +1 effect  (2) — | effect

If any atom or group has electronegativity greater than that of hydrogen, then it is considered
to show — | effect and vice-versa.

+l effect

(i) It is shown by e~ releasing group.

(ii) Groups that have electronegativity less than H.

(iii) Those group which are showing + | effect, disperses partial +ve charge on the C-chain
- | effect

(i) It is shown by e~ accepting group.

(i) Electronegativity greater than H

(iii) Those group showing —I effect disperses —ve charge on the C-chain
Eg. CH, — CH, — CI (-1 of Cl)

Eg. CH, — CH = CH, (- of -CH=CH, & +I of —CH,)

Eg. CH, — CH, — C = CH (-1 of —=C = CH & + | of —CH,—CH,)

Eg. CH, = CH—@(—I of —Ph)

© 2022, BYJU'S. All rights reserved n



GENERAL ORGANIC CHEMISTRY

Order of -l effect showing group:

O
@ ® @ Il
- NF3; >- NR; >- NH3 >-NO, >-CN >-C-H

oo
> -C-R > -C-OH > -F > -Cl| >-Br>-1I
(1 order) -C=CH>-CH=CH,
Order of + | effect showing group
Q S o
-CH, >-NH > -0 > - CMe; > - CHMe,
> - CH,Me > CT; >CD;>CH;>T>D>H

Bond Strength : CT, > CD, > CH, (+1of T>D > H)
(T=,H& D = ’H are isotopes of hydrogen)

Mesomeric effect : (Resonance effect)

Delocalisation of & electrons in any conjugated system is known as mesomeric effect

Types
1 + M effect (+R)
2 — M Effect (-R)

* Consider the following conjugated system

HzngH—CH:CHﬁ <> CH,—~CH=CH-CH=Y*

\'/ (+M effect of y)

* Consider another conjugated system

OV VN -
CH,=CH-CH=CH-N=0O <¢— CH,-CH=CH-CH=N
No
o (— M effect of NO,)
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Mesomeric effect in phenol (+M effect)

585
\/

If the movement of e~ is towards ring = (+M effect)
This effect increases the electron density on benzene ring.
* —M effect in Benzaldehyde

H-cC0 H_c_ HoC—0- H-c¥O H-C=0
@ ©@ @ ©~©
Resonance

Delocalisation of n-electrons in conjugation is known as resonance.

©<—> @ = @ (Actual Structure)
OR

(Resonating structures) (Resonance hybrid)

& =

Condition for showing resonance

1. Molecule should be planar, nearly planar or a part of it is planar

Q.1 Which are planar?

(A~ (B)©=%
*(C)@ “(D) A ~F
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Because all carbon atoms are sp? hybridised.

2. Molecule should have conjugated system.

Conjugated System :

Continuous unhybridised p-orbital parallel to each—other.
Types of Conjugated System:

(1) n-bond alternate to n-bond

CH,=CH-CH =CH,

B4

(2) n-bond alternate to + charge
CH,=CH-CH,

Eg. CH, ZCHY cH < g

S)
€H, - CH = CH - cH,

T B ok B R K
Eg. C\If-|-2\= CH \—raiez X—H
7

) S5— &
CH, - CH =CH, = [CHZ: CHECHZ]

@
«ovo-st [} 3]
5+ o+

&)

4 .e S) (€]
(4) cH, = CH - NH, <—> CH, — CH = NH,

(5) CI-{Z\QH - &Hz @Xﬁ X—B

© 2022, BYJU’S. All rights reserved



GENERAL ORGANIC CHEMISTRY QB

1. Resonance takes place due to delocalization of n e™.

(a) AN A~ Resonance (b) A"~ Resonance absent
S8
(c) Resonance (d) "X~ Resonance
2. Position of the atoms remains the same, only delocalization of & e takes place.
0] OH

I |
Note:-~CH; - C - NH, <> CH; - C = NH
[They are not resonating structure rather they are tautomer]
3. Bond pair get converted into lone pair and lone pair get converted into bond pair

o [S) (O]
@: CH{I\\IHZ <——> CH,~CH=NH,

4. In Resonance, number of unpaired electrons remains the same.
CH,=CH-CH=CH,«——>
(They are not resonating structure)

Resonating structures :
(1) Resonating structures are hypothetical structures which exist only on paper.

(2) The energy difference b/w different resonating structure is very small.

(3) All resonating structures contribute towards the formation of resonance hybrid (Their
contribution may differ).

(4) A single resonating structures can't explain each & every property of that particular
compound.

Hyperconjugation :

Permanent polarisation caused by delocalisation of c-electrons into n-molecular orbital is
known as hyperconjugation.
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H H
d
<hoe
HXC-CH, <—> H-C=CH,
| |
H H

Hyperconjugation is called “No bond Resonance”.

* More the number of a. C — H bond, more will be the no bond resonating structures
(Hyperconjugation)
* More o (C — H) bond, more will be the stability of free radical.

(CH).E > (CH,),CH > CH,-CH, > &H,
9a(C—H) 6a(C—H) 3a(C-H) 0

Stability order

Reaction intermediates :
1. Free radical
Properties of Free Radical
1. It is a neutral specie.
2. It has one upaired electron that's why it is paramagnetic in nature.

Structure :

éH3 — Methyl free Radical

éH3CH2 — Ethyl free radical

3. Its hybridisation is sp? and triangular planar shape.
Note :
Unpaired electron is not counted while calculating the hybridisation state.

-
Rty

{ [ Y _» unpaired electron

H
C

(Unpaired electron stay perpendicular to the plane of molecule)
Stability of free Radical :

Its stability can be determined with the help of hyperconjugation as well as resonance
effect.
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Allylic Free Radical

aYA b .
CH,=CH-CH, ¢<—> CH,-CH=CH,
(Homolysis)

(Free Radical is on carbon adjacent to doubly bonded carbon atom)
Effect of Resonance > Hyperconjugation

CH, — CH = CH, > (CHa)sC
(stability)

Benzylic free radical

CH, CH,
<—>| «—s <
<
X
\ﬁ :
CH2

(5 Resonating structure)

* More resonating structure, more will be the stability of the free radical.

(di-benzylic free radical)
Number of resonating structures =7

OO

(Tri-benzylic free radical)
Number of resonating structures = 10

2022, BYJU’S. All rights reserved



GENERAL ORGANIC CHEMISTRY QD

Stability Order :
Ph,C>Ph,CH>PhCH, >CH, =CH-CH, >
(CH,),C>(CH,),CH>CH, - CH, >CH,

Carbocation

CH, —» Methyl carbocation

CH, — CH, — Ethyl carbocation

.
CH; —~CH-CH, — Isopropyl carbocation

|
CH;,

Properties of Carbocation :

1. It is positively charged species.

2. It has sixtet of electrons i.e. diamagnetic.
3. Itis formed by heterolysis.

4. It is generally stable in polar solvent.

Structure :
(sp?) Triangular planar

Stability :

Its stability can be determined with the help of inductive effect, hyperconjugation and
resonance effect.

Stability of Carbocation :

+ +
CH,, CHz>—CH,

(+ | effect)
charge o —
Stability
+ +
CHs, < CH; -—CH, (stability order)

Stability of carbocation can also be determined by hyperconjugation (no bond resonance)
H H*
|+

H-C-CH, «—> H-C=CH,

I |
H H
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CH3—Cg—CH3 CH3—C€3)H ©) @
| > | > CH3-CH > CHj;
CHj CHs

9aC—Hbond 6aC—-Hbond 30C-Hbond
Allylic carbocation

+ +
CH=CH-CH, <— CH;yCH=CH,

Allylic carbocation Resonance

Benzylic carbocation

+
CH, CH, CH, CH,
Q o .
<> <—>(q <>
)

Ph, CH — 7 Resonating structure
Ph, C — 10 Resonating structure

Ph, C>Ph, CH > (CH,),C>PhCH,

Stability of carbocation

54

D @ @ 2 @ @ &) 2] 53] 5]
> (Ph),C >(Ph),CH >(CH),C > Ph-CH, > CH,=CH-CH, >(CH,),CH > CH,CH, > CH, > CH,=CH > CH=C

Carbanion
1. It is a —ve charged species.
2. It has octet of electrons.

3. Diamagnetic in nature.

Strucutre :
* |f —ve charge is in resonance then the hybridisation of carbanion is sp? (Triangular planar
shape)

* If —ve charge is not in resonance then the hybridisation of carbanion is sp* (Pyramidal)
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Stability :

Its stability can be determined with the help of
(1) Inductive effect

(2) Resonance effect

* Stability of the carbanion is as follows

© e © S ©
Ph3 C >Ph, CH >Ph CH, > CHy= CH— CH > CH=C>
© © e © S}
CH,= CH > CHz> CH 53— CH, > (CHg)» CH > (CHy)5C

Acidic strength o stability of the anion conjugate base formed. As we know I7>Br > Cl-> F~

= HI > HBr > HCI| > HF

Order of electronic effect
Mesomeric > Hyperconjugation > Inductive effect
Alcohol
e Solubility of alcohol increase with increase in branching
n < iso < neo (isomeric)
e Relative order of reactivity
(i) 1°>2°> 3°(0—H bond fission)
(i) 3°> 2°> 1°(C-0 bond fission)
(iii) 3°> 2°> 1°(Dehydration)

Reaction mechanism

1. All the +ve charge species are electrophile except H,0* and NH,

2. Relative electron withdrawing order (—| order)

-NO, > -CN > -COOH > —-F > -OR > -OH > —CH, > —CH=CH,

3.+l order

—NH~ > =0~ > -COO~ > 3°alkyl > 2°alkyl > 1°alkyl

4. Greater the number of a-Hydrogen, more stable is carbocation and free radical due to
hyperconjugation.
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GENERAL ORGANIC

CHEMISTRY

ISOMERISM

Definition

Compounds having same molecular formula (M.F.) but differ in their properties are known
as isomers and this phenomenon is known as isomerism.

v v
Structural Stereo

Classification

1. Chain Isomerism

2. Ring chain Isomerism Conformational Configurational
3. Position Isomerism isomerism Isomerism
4. Functional Isomerism

5. Metamerism

6. Tautomerism Optical Geometrical

isomerism isomerism
Structural isomersm

Compounds having same molecular formula but differ in conectivity of atom (Structure is
different).

Chain Isomerism

Compounds having same molecular formula but differ in the length of the parent chain.

Example 1:
CH,—CH,—CH,—CH, Butane (n - Butane) and
HzC - CH—CHs 2-Methylpropane
|
CH, (Isobutane)
Example 2 :
CH; — CH, — CH, - COOH Butanoic acid
and
CH; - CH-COOH 2-Methylpropanoic acid
CH,
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GENERAL ORGANIC CHEMISTRY QD

Position isomerism

Compounds having same molecular formula and same parent chain but differ in the position
of functional group, multiple bond and substituent group are known as position isomers.
E.g., CH,—CH,—CH=CH, and CH,—CH =CH—CH,

1-Butene 2-Butene

An alkane having molecular formula C.H,, can give only one product on monochlorination.
Find the IUPAC name of the alkane.

T
CHy-CCH,
CH,

* To form cyclic structural we should always start with 3 carbon ring.

CH, - CH, CH, CH, CH,

CH,

Total structural isomers =5+ 5 =10

Functional isomerism

Compound having same molecular formula but differ in functional group are known as
functional isomers.

O 0
I I
R-C-H R-C-R,
N
[CH, O] one unsaturation
0]
|
Eg, CHO CH, - CH, CHO CHz —C—CHg CH, = CH — CH,OH
OH
CHz — CH — CH,
@)

* Aldehyde, Ketone, cyclic ethers, cyclic alcohol, unsaturated alcohol etc are functional
isomers to each other.

* Alcohol and ether functional isomers of each other.

E.g., CH,CH,OH, CH,OCH,

* Acids and ester are functional isomers to each other.
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I
Eg., H-C-0-CH, and CH,COOH

* Cyanide and Isocyanide are functional isomer to each other but HCN and HNC are tautomers
of each other.

*1°,2° and 3° amine are functional isomer to each other.

Metamerism

This type of isomerism is found in those types of compounds which have polyvalent atoms
or polyvalent functional group, e.g. ether, 22 amine, ester etc.

Compound having same molecular formula but differ from the nature of alkyl group directly
attached with polyvalent atom or polyvalent functional group

CH3O CHCHaCHg |
CHyCH,0CH,CHs
* (a) CHz-CH, —CI)H—NH—CH3 (b) CH, — CH, — CH, — NH — CH, — CH,

CH;
a & b are metamers

Tautomerism
Compound having same molecular formula but different due to oscillation of an atom

(usually H*) are known as tautomers.
O
i
CH;-C-CH; _ OH
3 38— ©CH, -C-CHj,

as after removal of H*, the anion formed is resonance stabilised.

Keto enol Tautomerism

OH
| o |
CH; -C-CH; _OH_~ CH, =C-CH,
=
keto enol
Mechanism
o) 9 o°

I ° I |
CH3 —~C-CHy _OH"\ ©CH, - C-CH;z <> CH, = C—- CHs
=

no

OH
| o
CH, = C— CHy + OH
* oH° acts as catalyst.
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Base catalysed tautomerism

(0] OH
I OH |
CH3 —C—CH3 # CH2 =C—CH3
> 99% <1%
Mechanism
(0] (0]

| © | e .
CH3 —C—CH3 % CH3 —C—CH2  u—
o® OH

| |
CHs3 -C=CHy —129 5 CH; - C=CH, + OH®

* enol is more acidic than keto.
* After removal of H* from both form.

i i g >
Q .
CHy—C—-CHy —> CH, ~C~CHjz  eerne (i) CHy = C—CHz — CH, = C— CHs

In | —ve charge is on C and in Il —ve charge is on O therefore (ii) is more stable than (i)
hence enol form is more acidic than keto form.
Acid Catalysed Tautomerism
O: 8-H
I Ry <
CH3 —C—CH3 —>CH3 —C—CH2 -H
—H'—> from ketone

from OH

talyst |
@dyst cnXc=cH,

Generally, keto form is more stable than enol but in some cases the stability of enol form is
greater than keto. This is due to:

1. Intramolecular H-bonding

2. Aromatic character

3. Extended conjugation

4. Steric factor

E.g.,

Ring-chain isomerism

If one isomer has open chain structure and the other has cyclic structure then isomers are
known as ring-chain isomers and isomerism between them is known as ring-chain isomerism.
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For examples :
1. Alkene and cycloalkane, (C H, )

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

N/

CH,
2. Alkyne and cycloalkene, (C H, )
CH,: CH,-CH,-C=CH CH-CH,

CH - CH,
3. Alkenols and cyclic ethers, (C H, O)
CHO: CH,=CH-CH,OH  CH,-CH,

CH,-0O
Note

Ring-chain isomers are always functional isomers.

Geometrical isomerism
Definition
Isomers which possess the same molecular and structural formula but differ in the

arrangement of atoms or groups in space due to restricted rotation are known as geometrical
isomers and the phenomenon is known as geometrical isomerism.

Conditions of geometrical Isomerism
1. Geometrical isomerism arises due to the presence of a double bond or a ring structure.

(i.e. >C = C<, >C =N -, — N =N - or ring structure)

Due to the rigidity of double bond or the ring structure to rotate at the room temperature
the molecules exist in two or more orientations. This rigidity to rotation is described as
restricted rotation / hindered rotation / no rotation.
E.g.,

a a a b

~. ~.
U, T 070N,

(Restricted Rotation)

a a a b
(B) == (Restricted Rotation)
b a

b b

=
(@)
I

2. Different groups should be attached at each doubly bonded atom. For example,

© 2022, BYJU’S. All rights reserved B
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a b a a
N~ S NA S
a/C —C\a and a/C—C\b

are identical but not geometrical isomers.
On the other hand, following types of compounds can exist as geometrical isomers :

a a a a d
\C:C/ , >C=C< or >C C<
b b’ b d b e

a

Configurational nomenclature in geometrical Isomerism

Configuration Criterla Remarks

If the two similar groups are
on same side of restricted
bond the configuration is cis
otherwise trans.

cis/trans |Similarity of groups

If the two senior groups are on
same side of restricted

bond the configuration is Z

(Z = zusammen = together)
otherwise E (E = entgegen

= opposite).

E/Z Seniority of groups

Sequence rules : (Cahn - Ingold - Prelog sequence rules)
For deciding the seniority of groups following rules are applied :

Rule I : The group with the first atom having higher atomic number is senior. According
tothis rule the seniority of atom is :

I>Br>CI>S>F>0>N>C>H
Rule Il : The higher mass isotope is senior.
Thus (A)-T>-D>-H. (B)—-C"H,>-C"H,
Rule lll : If the first atom of group is identical then second atom is observed for seniority.
E.g. (A)—CH,Cl>—CH,0H > - CH,NH, >
— CH,CH, > - CH,

] i
(B) —?—CI > —c|;—0|
OH NH,

Rule IV : Groups containing double or triple bonds are assigned seniority as if both atoms
were duplicated or triplicated.

~ (Y) (C)

/C -Y "

>C=Yasif it were | | &=C=VY asifit were -C—Y
(Y) (C) ||

(Y) (C)

Rule V : Bond pair gets priority over lone pair.
RuleVI:Z>E & R>S.
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Number of Geometrical Isomers :

Q

O

Number of geometrical isomers can be found by calculating the number of stereocentres
in the compound. (Stereocentre is defined as an atom or bond bearing groups of such
nature that on interchange of any two group will produce a new stereoisomer).

No. of G.I.
(n =no. of No. of
Nature of Compound Stereocentres) Example Isomers Isomers
(I) Compound with on CH;-CH=CH-CH=CH-C,H, 4 1: (cis, cis)
dissimilar ends I : (trans, trans)
1T : (cis, trans)
IV : (trans, cis)
I Compound with a5 T T (T — (T 3 1: (cis, cis)
D similar ends with 272 CHs CH=CH-CH=CH-CH, IT': (trans, trans)
even stereocentres 11 (CiS, trans)
(trans, cis)
(1) Compound with , H-CH=CH-CH=CH-CH=CH-CH 6 1: (cis, cis, cis)
similar ends with el AT CH;CH=CH-CH=CH-CH=CH-CH, I : (cis, cis, trans)
odd stereocentre 27 +2 (trans, cis, cis)
T : (cis, trans, trans)
(trans, trans, cis)
IV : (trans, trans, trans)
V :(cis, trans, cis)
VI : (trans, cis, trans)
Physical Properties of Geometrical Isomers :
Br Br Br
A
= _C=
Physical Properties Remarks
Dipole moment >0 cis-isomer has resultant of dipoles while in trans
isomer dipole-
o ] Molecules having higher dipole moment have higher
Boiling point I>11 o . .
boiling point dur to large intermolecular force of
attraction.
Solubility (in H,0) I>11 More polar molecules are more soluble in H,O.
" . More symmetric isomers have higher melting points
Melting point I>1 due to better packing in crystalline lattice and trans
isomers are more symmetric than cis.
Stability n>1 The molecule having more vander waal's strain are

less stable. In cis isomer the bulky groups are

closer they have larger Vander Waals strain.
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H,C N _ H H3C§ 2 Br
Physical Properties H/ C= C\’I\Br H /C H C\H
Dipole moment I>11
Boiling point I>11
Solubility (in H,0) I>1I
Melting point I>11
Stability I>11
Optical isomerism
Optically
active

ﬁgrrc]itinary grllcs?llw %z%:i)sed

If rotation of light If rotation of light

is anticlockwise is clockwise

U U

laevorotatory dextrorotatory substance
(I-form) (d-form)

&= If there is no rotation of light then substance is called optically inactive.

Chiral carbon

If all the four valencies of carbon are satisfied by four different atom or four different
group atom then carbon is known as chiral carbon.

E.g.,
H F
|* |/BI'
C. —> Chiral <«— C*
AN /
HO/ | CH, Carbon [ cl
COOH
(Lactic acid)
*CH(OH)COOH

Tartaric Acid
*CH(OH)COOH

i @ (2 Chiral carbon)

CH,; CH,
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H

H
O (No chiral carbon)
CH

3 CH3
&= For optically active isomer the object and its mirror image must be non superimposable.

&= If image and object are superimposable then they are not optically isomer to each
other.

& To check, superimposable either of object or mirror image is rotated 1802 along the
mirror. After that mirror image is checked for superimposable.

COOH COOH
I I
C C
H/| NOH Ho” |\H 180°
CH, CH, CH;,
Object Mirror image |
20N
H| “oH
COOH
180°
COOH f///’— COOH
H—(|3 —OH OH —(|3 —H
H—C—OH OH—C—H
COOH COOH
Object Mirror image

— After 1802 rotation, mirrorimage and objectareidentical.(mirror image of meso compound
will be identical)

& If the compound have only one chiral carbon then it will be certainly optically active.

COOH COOH
| |
C

o[ SoH HO/?\H
CH, CH,

(d) )
<—— enantiomers ———

Object and its non-superimposable mirror image are called enantiomer to each other
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Wedge dash stucture

4)

t' below
z the plane
E)
e o
OH] \
above (2)C In the plane
the plane

Fourth priority order can be eliminated during checking of clockwise and anticlockwise.
To draw Fisher projection of such structure:

1. Dotted group is placed below
2. The group attached by dark line is placed on the top.

3. Remaining group are placed according to their clock wise or anticlockwise position
w.r.t. group in dark line.

Fisher projection of above
OH structure is given

HOOC CH,

H
Rand S form

m R — Rectus — Right — Clockwise.

n S — Sinister — Left —» Anticlockwise.
Priority order

Higher the atomic number of the element, greater will be its priority.

E.g.,
@) 2) 3)
OH CH,CH, D
) M @ ®) ) (1E§r
H Br H CH, ('5) H 2)
3) G)CH
CH, (1HOH (1)CH, 3
)
H
@)
HC=C CH=CH,
S
CH-CH,
I
CH,
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= Mirror image of Ris S
If lowest priority element is in horizontal then exact order is obtained by reversing the form
(i.e. it comes R then exact form will be S and vice versa).

Racemic mixture
It is an equimolar mixture of R and S or d and |. Racemic mixture is optically inactive.

& A compound is optically active due to

1. Absence of plane of symmetry (POS)
2. Absence of centre of symmetry (COS)

COOH
H—— OH
s POS
H—— OH

COOH

(meso form)

& Plane of symmetry is an imaginary plane where if we place a mirror, mirror image will
exactly overlap the other half.

&= For meso form, there must be at least two identical chiral carbon.
Identical carbon = Chiral carbons having identical group attached.

& If compound has Plane of symmetry then it will be certainly optically inactive and will
be called meso form.

& After finding two identical carbons. We assign them as R or S. If first part is R and

other is S then they will rotate the light in opposite direction but to equal extent the
compound will be optically inactive

(meso form). ,

n—1 n—
2

Total optical isomer =2""-22 12
= 2”—1

& When there is odd no. of identical carbon atom (i.e. symmetrical) then this compound

will certainly contain pseudo chiral w.r.t. to which compound is symmetrical (i.e. POS).

& Other meso compound of the above compound will form by changing the place Br and
H around Pseudo chiral carbon.

.......................................
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Total meso = 2

n-1 3-1

optical=2""-22 =2%1_22
=22-2=4-2=2

OH OH
H——y—Br Br ——H
H——r—Br Br——H
Br—t—H H—r—Br

OH OH

<—— Enantiomers ———>

CHO
H——y— OH
H—— OH
H—r— OH
H——y— OH

CH,OH
(Glucose)

Total no. of different chiral carbon = 4
Total optical isomer = 2% = 16

CHO
H—— OH
H 28 pos
H——"oH
H—— OH

CHO

Total no. of even chiral =4
a=2""=2%1-23-3
n_, 44
m=22 =22 =2¥1=21=7)
Total isomer =8 +2 =10
Diasteroisomers

& For single chiral centre, there is no diastereoisomer. The stereoisomer which are not

related as object and mirror image. They may be optically active or optically inactive.
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COOH COOH
H—— OH H—+— OH
H—— OH OH—t+—H

COOH COOH

(Inactive) (Active)

<«——— Diasterecisomer ———>

_ COOH ™, COOH
“.H——OH /  OH—F—H

H ——\(?H H—r— OH
fix

COOC,H COOC,H,

(ACtiVe) (ACtiVe)

<«——— Diasterecisomer ——>

&= Fix one chiral carbon

After one interchange
If (R,R)—> (R,S)

For compound having 3 chiral carbon to get diastereoisomer, fix two chiral carbon and one
interchange with left carbon or fix one chiral carbon and interchange with other two,

OH OH
H—— Br Br ——H
N
H—— Br Br ——H
H—— Br Br ——H

COOH COOH

(1 ()

Total isomer =23 =8

OH OH
Br—— H H—-71—Br
H——7p— Br Br—r—H
H——7p— Br Br—r—H

COOH COCH

(1) (IV)

() and (1), 1and (IV), (11) and (ll1), (1) and (IV) are diastereoisomers.
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Allene system

®\C=C=C
@

allene
(non-planer)
(optically inactive)

@\C-C-C
@

Allene system
<—— Enantiomers ——>
They are non superimposable mirror image

H\ . H H\ . H
/C=C=C=C=C\ /C=C=C\
CH, CH, CH, H

(Optically active) (Optically inactive)

Conversion of fisher projection in saw horse structure

COOH
H—— OH COOH  COOH
H——OH —

oon W O

COOH

& First write first chiral carbon (as given in molecule).
After it, change the position of second chiral carbon (if both group are on the same side)

otherwise write as it is.
The above fischer projection can also written in sawhorse form as follows

COOH OH H

: OH COOH
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Conversion of newmain projectino in to saw horse projection

COOH
H OH
COOH OH
H
H OH H
OH COOH
COOCH Saw Horse
Newmann projection
COOH
H—— OH
HO——H (Fischer projection)
COOH
Fischer H— OH
Projection
HO—r—H
COOH

&= If all the identical groups are same side or in exactly opposite direction to each other
in Newmann projection then compound will be meso.
COOH

COOH

(Meso)

Conformation isomerism
Conformational Isomerism in Alkanes
Different spatial arrangements of the atoms that result from restricted rotation about a
single bond are called conformations. Different conformations are also called
conformational isomers.
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When an ethane molecule rotates about its carbon-carbon single bond, two extreme
conformations can result : the staggered conformation and the eclipsed conformation.
An infinite number of conformations between these two extreme conformation is also
possible. There are several ways to represent on paper the three dimensional conformation
that, occur as a result of rotation about a single bond. Wedge-and -dash structures, Saw
horse projections and Newmann projections are all commonly used methods. But here
we will use only Newmann projections. In a Newmann projection you will look down the
length of a particular carbon-carbon single bond. The carbon that is in the front, is
represented by the point at which three bonds intersect and the carbon that is in the back
is represented by a circle. The three lines emanating from each of the carbons represent
the carbon's other three bonds.

2
1 Three bonds
present on 1 3
3 front carbon
2
Rear carbon
Front carbon 1,2 and 3 are the three
bonds on the rear carbon
2 1
HC —CH ,

()

Suppose carbon-1 is front carbon and
carbon-2 is rear carbon.

Newmann projections of ethane

Staggered conformations

A conformation with a 602 dihedral angle is known as staggered conformation.

Eclipsed conformation

A conformation with a 02 dihedral angle is known as eclipsed conformation.

The electronsin a carbon-hydrogen bond will repel the electrons in another carbon-hydrogen
bond if the bonds get too close to each other. The staggered conformation, therefore, is
the most stable conformation because the carbon-hydrogen bond are as far away from
each other as possible. The eclipsed conformation is the least stable conformation, because
in no other conformation are the carbon-hydrogen bond closer to one another. In staggered
conformation the distance between the hydrogen nucleiis 2.55 A. but, they are only 2.29 A
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apart in the eclipsed conformation. The rotational barrier in ethane is 2.9 kcal/mol. This
rotational barrier can be described in terms of the change in potential energy of the molecule
as a function of the change in dihedral angle. The extra energy of the eclipsed conformation
is called torsional strain. Torsional strain is the name given to the repulsion felt by bonding
electrons of one substituent as they pass close the bonding electrons of another substituent.
The energy barrier between staggered and eclipsed conformation in ethane molecule is
2.9 kcal/mol (12 kJ/mole). This barrier is more than RT (= 0.6 kcal/mol) at room temperature
(energy for free rotation) and less than 16-20 kcal/mol (energy barrier for frozen rotation).
Hence the rotation about carbon-carbon single bond is neither completely free nor frozen
but only restricted.

Note

1. For freerotation, energy barrieris 0.6 kcal/mol.
2. Forrestricted rotation, energy barrier is in between
>0.06and <16 kcal/mol.

3.For frozen rotation, energy barrieris > 16 kcal/mol.

Similarly propane has also two conformations.

H H
4
CH4 C|3 - C|3 —-H
H H
H H
CH,
H CH,
60°
H H H H
H H
H
Staggered Eclipsed

In this case, out of six substituents on two C's (carbon -1 and carbon-2 ) five, are hydrogens
and one is CH, group.
Butane has three carbon-carbon single bonds and the molecule can rotate about each of
them.
4 3 2 1

CH,~CH,~CH,—CH,

If rotation will be about C - 2 and C -3 bond then conformation will be symmetrical.
3 2

CH,~CH,~CH,—CH,
For conformational analysis treat butane as the derivative of ethane. Out of six substituents
four are hydrogens and two are methyl groups Different conformations of butane are
obtained by rotation.
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CH, CH, CH,
H CH, H H H
60° 60°
H H HH Cﬁs H H
H CH,
(1 (n ()
M(ﬁ@
CH, CH, CH,
CH
3 CH, H H
60° 60°
CH, CH,
H Y H H H Y
H
(V1) (V) (V)

Butane has three staggered conformers (I, Ill and V) .

Conformer -(lll), in which the two methyl groups are as far apart as possible, is more stable
than the other two staggered conformers (I and V). The most stable of the staggered
conformers is called the anti conformer ( in anti conformation the angle between two
methyl groups is 1802 ) and the other two staggered conformers are called gauche
conformers. (anti in Greek for "opposite of' gauche in French for " left"). In gauche
conformation the angle between two methyl groups is 602.

In the anti conformer, the largest substituents (CH, and CH,) are opposite to each other; in
the gauche conformer, they are adjacent. Two gauche conformers have the same energy
but each is 0.9 kcal/mol less stable than the anti conformer.

Anti and gauche conformers do not have the same energy because of the steric strain.
Steric strain or steric hindrance is the strain put on a molecule when atoms or groups are
large in size and due to this they are too close to each other, which causes repulsion
between the electrons of atoms or groups. There is more steric strain in the gauche
conformer thanin the anti because the two methyl groups are closer together in the gauche
conformer. Steric strain in gauche conformer is called gauche interaction.

The eclipsed conformer in which the two methyl groups are closest to each other (VI) is
less stable than the other eclipsed conformers (Il and IV). All these eclipsed conformers
have both torsional and steric strain. Torsional strain is due to bond-bond repulsion and
steric strain is due to the closeness of the eclipsing groups.

In general steric strain in the molecule is directly proportional to the size of the eclipsing
groups. Eclipsed conformer (VI) is called the fully eclipsed conformer (angle between two
methyl groups is zero) whereas (ll) and (IV) are called eclipsed conformers. The energy
diagram for rotation about the C-2—C-3 bond of butane is shown in the Fig.
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Potential energy

| | | | | | |
0° 60° 120° 180° 240° 300° 360°

Degree of rotation ——

Thus the relative stabilities of the six conformers of n-butane in decreasing order is as
follows:

Anti > gauche > eclipsed > fully eclipsed

(1) (I) and (I and (VI)

Thus molecules with carbon-carbon single bonds have many interconvertible conformers.
Conformers cannot be separated because they rapidly interconvert.

Although anti conformation is more stable than the gauche conformation but in some
cases gauche conformation is more stable than the anti because of the intramolecular
hydrogen bonding which is geometrically possible only in the gauche conformation.

H
/-
OH SN
H H H o)
N H
H H H H
OH H
No intramolecular Intramolecular
hydrogen bonding hydrogen bonding
(less stable) (more stable)

In Ethylene chlorohydrin also gauche conformation is more stable than the anti conformation
due to the dipole-dipole attraction between OH and Cl which is geometrically possible
only in the gauche conformation.
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H
7
OH o =
H H H cl
H H H H
Cl H
anti Dipole -dipole
(less stable) attraction between
OH and CI

(more stable)

Confirmation of cyclohexane
Despite Baeyer's prediction that give-membered cyclic compound would be the most stable,
the six membered cyclic compound is the most stable. Six membered cyclic compound are
most stable because they can exist in a conformation that is almost completely free of
strain. This conformation is called the chair conformation. In a chair conformation of
cyclohexane all bond angles are 1112 which is very close to the 109.52 and all the adjacent
carbon-hydrogen bonds are staggered.

H i H
H H
H H
H H
H
Chair conformation Newman projection
of cyclohexane of the chair conformation

= Each carbon in chair conformation has an axial bond and an equatorial bond.

= Axial bonds are perpendicular to the plane of the ring and equatorial bonds are in the plane
of the ring.

= If axial bond on carbon-1 is above the plane of the ring then axial bond on carbon-2 will
be below the plane of the ring. Thus

C-1,C-3 and C- 5 axial bonds are above

C-1,C-4 and C - 6 axial bonds are below

= Thus C -1 axial and C - 2 axial are trans to each other. Similarly C- 1 and C - 5 axials are
cis to each other.

= It axial bond on carbon - | will be above the plane then equatorial bond on this carbon
will be below the plane.
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above

below
above

below
(i) Thus C - 1 equatorial and C -5 equatorial will be cis.
(ii) C - 1 axial and C-2 equatorial will be cis.

As a result of rotation about carbon-carbon single bonds cyclohexane rapidly intercoverts
between two stable chair conformations. This interconversion is known as ring-flip. When
the two chair forms interconvert, axial bonds become equatorial and equatorial bonds
become axial.

Flipping
—_
=~

[ al

Cyclohexane can also exist in a boat conformation. Like the chair conformation, the boat
conformation is free of angle strain. However, the conformation is less stable than the
chair conformation by 11 Kcal/mole. Boat conformation is less stable because some of the
carbon-hydrogen bonds in boat conformation are eclipsed.

Flagpole

hydrogen H
H AﬂH
Boat conformation Newmann projection
of cyclohexane of the boat conformation

The boat conformation is further destabilised by the close proximity of the flagpole
hydrogens. These hydrogens are 1.8 A apart but the vander Waal's radii is 2.4 A. The
flagpole hydrogens are also known as trans nuclear hydrogens.

When one hydrogen of cyclohexane is placed by a larger atom or group, crowding occurs.
The most sever crowding is among atoms held by the three axial bonds on the same side of
the molecule; the resulting respulsive interaction is called 1,3-diaxial interaction. This
causes steric strain in the molecule.

Thus, monosubstituted cyclohexane will assume chair conformation in which the substituent
occupies an equatorial position. Similarly in disubstituted cyclohexanes the chair
conformation containing both the substituents in equatorial positions will be the preferred
conformation. In general, the conformation with bulkier substituent in an equatorial position
will be the preferred conformation. For examples:
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GENERAL ORGANIC

CHEMISTRY

NOMENCLATURE
SECTION A

Classification of carbon and hydrogen atoms , Types of alcohols and amines, Definition of chiral
carbon, olephinic and acetylenic bonds, vinylic carbon, allylic carbon and benzylic carbon

1. Kecule’s Principle
(a) Carbon has four valencies.
(b) Carbon has a property of catenation. Catenation is the binding of an element to itself
through covalent bonds to form chain or ring molecules.
(c) A carbon atom can share 2, 4 or 6 electrons with other carbons & can form single,
double or triple bond.
(d) For a carbon atom, it is not possible to make more than 3 bonds with an adjacent
carbon atom because a carbon atom completes its octet from overlapping which has
consists directional property.

2. Degree of Carbon
No. of carbon attached to carbon atom is the degree of that carbon.
There are four types : —
1. Primary carbon (21° carbon)
2. Secondary carbon (2° carbon)
3. Tertiary carbon (3° carbon)
4. Quaternary carbon (4° carbon)

"CH,
1 20 3 |4n 1

e.g CH3—CH2—(|:H—(|:—CH3
CH, CH,

3. Degree of Hydrogen
Degree of hydrogen is the degree of carbon on which that hydrogen is attached.
There are three types :
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1. Primary hydrogen (1° hydrogen)
2. Secondary hydrogen (2° hydrogen)
3. Tertiary hydrogen (3° hydrogen)

4, Degree of Alcohol
Degree of carbon on which —OH group attached.
There are three types.
1. Primary alcohol (1° alcohol)
2. Secondary alcohol (2° alcohol)
3. Tertiary alcohol (3° alcohol)
e.g. CH,—CH,—OH(1"° alcohol)

CH,—CH—OH (2° alcohol)
CH,
CH,

H —QOH

CH—C—0 (3° alcohol)
CH,

5. Degree of Amine
They are named according to the number of carbons attached to nitrogen. There are three
types,
1. Primary Amine (1° Amine)
2. Secondary Amine (2° Amine)
3. Tertiary Amine (3° Amine)
e.g. —NH, 1°Amine
—NH- 2°-Amine

_T_ 3°-Amine

6. Chiral carbon or asymmetric carbon atom
Chiral carbon or asymmetric carbon atom is a carbon atom that is attached to four different
atoms or groups of atoms.
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7. Olephinic and acetylenic bonds

A. Olephinic bond :

Alkenes are also called olefins because they form oily liquids on reaction with chlorine gas.
An alkene consists of atleast one double bond. This double bond is known as the olefinic
bond.

e.g. CHCH=CH, Propene

B. Acetylenic bonds :

Acetylene, also called ethyne, the simplest and best-known member of the hydrocarbon
series containing one or more pairs of carbon atoms linked by triple bonds, the triple bond
is also called acetylenic bond.

e.g. CH=CH Ethyne

8.  Vinylic carbon, allylic carbon and benzylic carbon

A. Vinylic Carbon :

Vinylic carbon is a carbon that is involved in a double bond with another carbon. It is sp?
hybridized. Vinylic carbon makes a double bond with another carbon which is also sp?
hybridized. Both carbons involved in this bond are vinylic carbons.

e.g. §—CH=CH2 Vinyl

B. Allylic carbon :
Allylic carbon can be described as the carbon atom that is adjacent to the double bond.
This carbon atom is the nearest to the double bond, but it is not a part of the double bond.

The carbon atoms in the double bond are sp? hybridized. But the allylic carbon is sp3
hybridized. It is bonded to the sp? hybridized carbon atom through a single bond.

e.g. §—CHZ—CH=CH2 Allyl
C. Benzylic carbon :
A benzylic carbon is a saturated carbon that is directly attached to a benzene ring.

Benzylic
Oli /CH3 carbon

C
e.g. @ NCH,

© 2022, BYJU’S. All rights reserved n



Q

GENERAL ORGANIC CHEMISTRY D

Example-1
How many 192 carbon atom will be present in a simplest hydrocarbon having two 32 & one 22
carbon atom?

(A)3 (B) 4
(C)5 (D)6
Sol. B
CHs- (|3H—CH2—C|H— CH,
CH, CH,

2, 4 - Dimethyl pentane is the compound having two 32 carbon & one 22 carbon atom & four 12
carbon atoms.

Example-2
In which of the following tert. carbon is absent -
(A) Isooctane (B) Triptane
(C) Isopropyl amine (D) Isopentane
Sol. C
CH,

I .
Isooctane CH3—C—CH2—CH—CH3(1 —32carbon atom)
I I
CH, CH,

CH,
I
Triptane CH3—$—(|?H—CH3 (1 -3¢2 carbon atom)
CH, CH,

Isopropyl amine CH,~CH-NH, (no tert. carbon atom)
I

CH,

*
Isopentane CH3—(|JH—CH2—CH3(1 - tert. carbon atom)
CH,

Example-3
Indicate the following amine as 1°, 2° and 3°.

i Me” Y NH, i Me” NHY Me

Me Me
Ans. i—>1%ii—>2°
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SECTION B
CLASSIFICATION OF ORGANIC COMPOUNDS

On the basis of structure and , on the basis of homology

(A) Based on structure
Organic Clompounds

v v

Open chain Closed chain
or or
Acyclic Cyclic
or or
Aliphatic compound Ring compound

Saturated Unsaturated Homocyclic Heterocyclic

Aliphatic or Open chain compounds
Those compounds in which first & last carbon atoms are not connected with each other.
Branched or unbranched chains are possible in these compounds.
For example : -
CH~-CH,—CH,-CH,,
(unbranched)

CH,
CH3—C:—CH3 CH;CHf(lIH—CH3

CH, CH,
(branched) (branched)
There are two varieties in these compounds -
Saturated Hydrocarbons :—
(a) In such type, adjacent carbons are attached with single bonds.
e.g. CH,—CH,—CH,
(b) General formula of these compoundsis CH, .,
(c) These are also called as paraffins (Parum + Affinis i.e. little reactivity) because these are
less reactive due to absence of n—bonds.
Unsaturated Hydrocarbons : —
(a) There will be a double bond or a triple bond between any two carbon atoms,

CH, = CH - CH, (Propene),
CH=C-CH, (Propyne)

(b) General formulaisCH, orCH, ..
(c) Alkenes are also called as olefins because they reacts with halogens to form oily
substances. (Oleum + fines i.e. Oil forming).
(d) Due to presence of & bonds these are more reactive.
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Closed chain compounds : —

In these compounds first & last carbons are attached with each other.
e.g. 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 -

(a) Alicyclic compounds : —

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

Cyclopropane, Cyclopropene, Cyclobutene

(b) Aromatic compounds : —

These compounds mostly consist of at least one benzene ring i.e. a six-membered
carbocyclic ring having alternate single and double bonds. These compounds are fragrant
and are hence, named as aromatic (greek word aroma means sweet smell).

CHs;
E.g. @ Benzene @Toluene

CH=CH2

Styrene

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

@ Furan QThiophene

Based on homology

If the difference of CH, or 14 molecular weight is present between successive members of
a series of organic compounds then this is known as homologous series, members are
known as Homologous and the overall concept is known Homology.

The general characterstics of a homologous series are :

(i) General formulais same.

(ii) General methods of preparation is same.

(iii) Same chemical properties.

(iv) Type of functional group must be same.

(v) Physical properties are different.

e.g. The Homologous series of monohydric alcohols can be represented by the general
formula C H, ., OH.The formula of various homologous can be written by giving the values
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1,2,3,...ton.

C,H...,.OH The molecular formula
CH,OH of each member differs
C,H.,OH CH, \ from the members
C,H,OH CH, | above and below it by
C,H,OH CH, | one CH, group

PWNRHRD3

Example-4

Sol.

Which of the following is not an aliphatic compound ?
(A) Isopropane (B) Butane

(C) Hexane (D) None of these

D

All are aliphatic compound, because according to the definition all the hydrocarbons having straight
or branched chain of carbon is aliphatic.

Example-5

Sol.

Which of the following is the pair of homocyclic & heterocyclic compound ?
(A) Cyclopropane and cyclohexane

(B) Cycloethane and oxyrane

(C) Pyridine and thiophene

(D) Cyclopentane and furan

D

Cyclopentane and furane is a pair of homocyclic & heterocyclic compound. In which cyclopentane
is homocyclic and furane is heterocyclic.

Example-6

Ans.

Sol.

(€)

The formula C H, _, shows -

(A) Alkene & Alkadiyne (B) Alkyne & Alkadiyne

(C) Alkane & Alkadiene (D) Alkyne & Alkadiene
D

For Acetylene (Alkyne) & Allene (Alkadiene)

HC=CH CH,=C=CH,

(C,H,) (CH,)

SECTION C

On the basis of group - Radicals of alkanes, Radicals of alkenes and alkynes, Radicals of
aromatic hydrocarbon

On the basis of group E

(a) Functional Group

(1) It is responsible for chemical behaviour or properties of any organic compound.
(2) It is made up of single atom or group of atoms eg. —0O—, —OH, —COOH etc.
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(b) Hydrocarbon Groups

If one hydrogen (or more hydrogen atoms in some cases) is taken out from a hydrocarbon,
the group left is known as a hydrocarbon group. Hydrocarbons are of three major types,
hydrocarbon groups also belong to three main classes, these are ;

(1) Acyclic hydrocarbon groups

(2) Alicyclic hydrocarbon groups

(3) Aromatic benzenoid hydrocarbon groups

Acyclic Hydrocarbon Groups
Acyclic hydrocarbon groups are of three types :
(i) Alkyl groups (ii) Alkenyl groups (iii) Alkynyl groups
(i) Alkyl groups :
These are univalent groups or radicals obtained by the removal of one hydrogen atom
from a molecule of an alkane. The symbol 'R' is often used to represent an alkyl group. The

general formula of an alkyl groupisC H, ..

Alkyl groups are of five types :

(a) Normal alkyl group :

This is formed by the removal of one primary hydrogen atom from the straight chain alkane.
A normal alkyl group is written as n-alkyl group in common naming system and in its [IUPAC
nomenclature, the prefix n —is dropped.

Some examples are :

R Common|IUPAC
Name |Name
CH,-CH,-CH,- n-Propyl | Propyl
mPr) | @0
CH,-CH,-CH,-CH,- n-Butyl | Butyl
(n-Bu) (Bu)
CH,-CH,-CH,~CH,~CH,~ | n-Pentyl | Pentyl

(b) Secondary alkyl group : This is formed by the removal of one hydrogen from the sec-
ondary carbon atom from alkane. It is denoted by sec —alkyl or S - alkyl group in both of
the system of nomenclature.
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Some examples are given below :
Structure Common IUPAC

name name
c|-|3-c|-|2-c|H-c|-|3 sec-butyl 1-Methylpropyl

(S-Bu)
(c) Tertiary alkyl group : This group is formed by the removal of one hydrogen from the
tertiary carbon of the corresponding alkane. It is denoted by tert or t-alkyl group in both
system of nomenclature. Some example are :

CH
[ CHs
CHz—C— |
| CH3—C—CH2—CH3
CH, , |
Tert butyl (t-Bu) Tert - pentyl

(d) Isoalkyl group : An alkyl group containing one terminal CH, — group
and CH, - CH — group on the other end with no other branching is said to be an isoalky/

|
CHs

group or j-alkyl group.

CHy—
R One end has — CH» group

Other end has CH3 — CH group

CH3

Hence, it is isoalkyl group, i.e., isobutyl group.

CH,—CH,—CH—CH,
|
CH,—
monovalent carbon is not

It is not isopentyl group
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CH, - c|H —CH, -CH, -
CH,

Isopentyl (or Isoamyl group)

CH, —|CH—CH2 ~CH,-CH, -

CH,
Isohexyl group

(e) Neoalkyl group : A neoalkyl group contains one CH, — group on one end and one
CHj;

CH; — C— group on the other end with no other branching in the chain.

CH5
CHj CHj CH3

CH;—C—-CH, - CH;—C—CH, - CH, — CH;—C—-CH, — CH, — CH5 —
L i L

Neopentyl group Neohexyl group Neoheptyl group

Note : Methylene group : If two hydrogen atoms are removed from methane then the
group obtained is methylene group, i.e., — CH, -

Alkenyl Group

Hydrocarbon group containing carbon-carbon double bond is called alkenyl group. Their
common names are accepted in IUPAC system in most of the cases. Some examples are :

CH,=CH- Vinyl group
CH,=CH-CH,— Allyl group
CH,—CH=CH- Propenyl group
CH,—CH= Ethylidene
CH,—CH,-CH= Propylidene

CHf(l:: _
CH, 1-Methyl ethylidene
Alkynyl group
Hydrocarbon group containing carbon-carbon triple bond may be called an alkynyl group.
Their common names are accepted in IUPAC system in most of the case. Some examples
are :
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Structure Common IUPAC
name name Alicyclic Hydrocarbon Groups
Alicyclic Hydrocarbon | Groups
CH=C- Ethynyl Ethynyl
CH=C-CH, - Propargyl Propargyl
CH,-C=C- Propynyl Propynyl

These are obtained when one hydrogen atom is removed from the ring carbon. These
groups may be classified as :

cycloalkyl groups

CH CH, — CH —

New— [ H-
| CH
CH2/ CH2 — CH2

Cyclopropyl  Cyclobutyl ~ Cyclohexyl  1-Cyclobutenyl 2-Cyclohexenyl

Aromatic Benzenoid Hydrocarbon Groups
Aromatic hydrocarbon groups have one or more
hydrogen atoms less than the present hydrocarbons. These are in general denoted by Ar-
and are called aryl groups. The simplest aryl group is phenyl group (CH,). This is denoted
by Ph or ¢.

CH, - ~CH- e
Benzyl Benzal Benzo
Example -7

Ans.

Sol.

© 2022, BYJU’S. All rights reserved

C,H.Br, can shows -

(A) Two gem dibromide

(B) Two vicinal dibromide

(C) Two tert. dibromo alkane
(D) Two sec. dibromo alkane
A

1, 1 - Dibromo propane



Br

|
H3C - C-CHj

I
Br

GENERAL ORGANIC CHEMISTRY

2, 2 - Dibromo propane

(Two gem dibromides)

Mainly three systems are adopted for naming an organic compound —

SECTION D
Common name system, Derived Name system

NOMENCLATURE

* Common Name or Trivial System

Derived System

IUPAC system or Jeneva System

5. Common or trivial system
Initially organic compounds are named on the basis of source from which they were
obtained.
eg.
S. Organic Trivial Source
No. Compound Name
1. [CH;OH Wood spirit | Obtained by
or Methyl [ destructive
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
5. |C00H Oxalic acid | Obtained from
COOH oxalis plant.
6. [HCOOH Formic Obtained from
acid formicus [Red
ant]
7. |CH-CH-COOH Lactic acid | Obtained from
oH milk
8. | CH-COOH Malic acid | Obtained from
9. |CH;CH,CH,COOH| Butyric Obtained from
acid butter.
10. [CH;3(CH,),COOH Caproic Obtained from
acid goats.
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S. Compound Trivial Common
No. Name hame
1. |CH, Marsh gas |Methane
2. |CH;0H Wood spirit [Methyl alcohol
3. |CH;COOH Vinegar |Acetic acid
4. CH3—ﬁ‘CH3 Acetone |Dimethyl ketone
5. (|)| Acrolein |Acryl Aldehyde
CH,=CH-C-H
6. H3C|3 ﬁ Pivaldehyde [Neo
CH3—C|>—C—H valeraldehyde
CHj

Common Names

(R is termed as alkyl-)

S. Compound Common
No. Names
1. R-X Alkyl halide
2. R-OH Alkyl alcohol
3. R-SH Alkyl thioalcohol
4. R-NH, Alkyl amine
6. R-O-R Dialkyl ether
6. R-S-R Dialkyl thioether
7id R‘ﬁ_R Dialkyl ketone
O
8. R-NH-R Dialkyl amine
9. R_Il\I_R Trialkyl amine
R
10. R-O-R’ Alkyl alkyl’ ether
11. R—ﬁ—R' Alkyl alkyl’ ketone
)
12. R-S-R’ Alkyl alkyl’ thio ether
13. R-NH-R’ Alkyl alkyl’ amine
14. R*ITI*R’ Alkyl alkyl’ alkyl”
R” amine
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Position of double bond : —
In an unsaturated hydrocarbon if the position of double bond is on 1% or last carbon then
it’s prefix will be o (alpha) if it is on 2" carbon it is termed as B (Beta) & then y (gamma) &

d (delta) and so on.

e.g. H,C=CH-CH,-CH, o - Butylene
H,C— CH = CH—CH, B - Butylene
H,C—CH,—CH =CH, o - Butylene
H,C=CH-CH, (Both are same positions, Propylene)
or
H.C—CH=CH,
Hac—C|3=CHz Isobutylene
CHj,
CH,—CH,-~CH=CH—-CH,—-CH, v - Hexylene
CH,—- CH,—CH,-CH=CH—CH,—CH —-CH, d - Octylene

Common — Naming of dihalides : —

(a) When two same halogen atoms are attached to the same carbon such compounds are
called Gemdihalides.

(b) Common names of such compounds are alkylidene halides

e.g.: CH3—CH<E: Ethylidene chloride
CH3—CH—CH<C|
| Cl Isobutylidene chloride
CHs,
Exception :
/Cl Methylidene halide(wrong)
CHZ\CI

Methylene chloride(right)

(c) When two same halogen atoms are attached to adjacent carbon, these are called as
vicinal dihalides.

Common names of such compounds are alkylene halide.

CH3 —-CH-CH, i
eg. II Il Propylene lodide
|CI
H3C_c|:—CH2 ~Cl " Isobutylene chloride
CHs
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O

(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

tri tetra hexa

Poly di penta

CH, - CH, - C|IH2

e.g. I| I
Trimethylene lodide

CH, — CH, — CH, - CH, — CH,
L !
Pentamethylene Bromide
Exception :

CH, — Xdimethylene halide

|

CH, — Xethylene halide (right)

e.g. Draw the structure of following organic compounds -
1. Isopropylidene Bromide

2. Active amylene lodide

3. Isobutylene

(wrong)

I
i '
CH; -C-CH, -1
Sol. 1. CH,-C-CH, 2. 73 2 3. Hg,c—clzch2
| CH,—
Br 2 CH3 CH3
Common - Naming of the functional group having carbon : —
Chart-1
Functional Suffix Functional Suffix
group group
o -aldehyde o -oic Acid
Loy Lo
o -oyl halide o -amide
Aoy L NH
—C=N -nitrile —N=C -isonitrile
o -ate ICI) -oic
_ﬂ: _o-R —C>) anhydride
I
O
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Prefix : —

1 Carbon — Form-

2 Carbon — Acet-

3 Carbon — Propion-
4 Carbon — Butyr-

5 Carbon — Valer-

3 C+ (=) double bond — Acryl-
4 C + double bond — Croton-

0] @)
&8 H—g—H CH3—g—O—H
Formaldehyde Acetic Acid
0] O
CH3—CH2—|—CI CH3—CH—c|;—NH2
Sy

Propionyl chloride  Isobutyramide
i
CH3z -C-H

Acetaldehyde

Nomenclature of Ester :-

0]

I
-C-0-R

The group which is attached to the oxygen is written as alkyl & the remaining structure is

named same as defined in chart-1.

O

e.g Methyl acetate

. |
CHs —~C-O-CHs

@)
| .
CHz - CH, —-C-0-CH, - CHz Ethyl propionate
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(0]
|
CH3 -C-0-CH; -CHj Ethyl acetate
I
H—C—0-CHs Methyl formate
o
CHs —O—l(li—H Methyl formate
i
CHs -C-O-H Acetic acid

=0

CH, =CH-C— O~ CH, — CHs Ethyl acrylate

]
CH, - CH = CH- C-0-CH,Methyl crotonate

Nomenclature of Anhydride : —

0 0
CH3—(IZI\O CH3—CH2—cI:I>
H3c—ﬁ/ H3C—H2C—ﬁ

o) o)

Acetic anhydride Propionic anhydride

0] (@)
CH;—C CH2=CH—g
H,C-H,C— ﬁ> H2C=CH—ﬁ>
0] @)
Acetic propionic anhydride Acrylic anhydride

Nomenclature of Amine : —

The common name of amine is obtained by citing the name of the alkyl groups bonded to
the nitrogen atom in alphabetical order followed by amine. The entire name is written in

one word. For examples.
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CH,—NH, Methylamine
CH,—NH-CH,—-CH,—CH, Ethylproplyamine
CH, - N —CH,

| Trimethylamine
CH,

CH3—I|\I—CH2—CH2—CH2—CH2—CH3 Dimethylpentylamine

CH3
Example-8
Acrolein is -
(A) An unsaturated aldehyde (B) A saturated aldehyde
(C) A polymer (D) An alkene
Ans. A

Sol. CH, = CH — CHO unsaturated aldehyde.

Example-9
The common name of the compound
CH, = CH - CH,— NH, is -

(A) Vinyl amine (B) Allyl amine
(C) Divinyl amine (D) Diallylamine
Ans. B

Sol. CH,=CH—CH, - is allyl group.

Example-10

The common name of the compound CHz =CH- |(|3 —CH=CH; is -
0]

(A) Divinyl ketone (B) Diallyl ketone

(C) BothAand B (D) None

Ans. A
Sol. CH,= CH —is called as vinyl group.

Example-11
Write the common names of the following -
1.CH, - CH,-Br
2. CH,—~CH-CH,-I
CH,
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w

. CH,~CH,~CH,— CH,~CH —F
. CH~CH-CH,-CH~Cl
CH,

o

5. CH3—CH2—FH—CH2—OH
CH,
i
6. CH;CHZ—CHZ—(lZ—NHZ
CH,

~N

.CH, = CH~SH
: CH;CHZ—CHflCHfI
CH,

(0]

9. CH3—CH2—(|IH—OH
"
CH,

"
10. CH3—(|D—CH2—SH
CH,

11. CH3—(|?=CH2
NH,

12.CH=C-CH,—-Br
Sol. . Ethyl Bromide
. Isobutyl lodide
. Amyl fluoride
. Isopentyl chloride
. Amyl alcohol
. Tertiary hexylamine
. Vinyl thioalcohol
. Secondary amyl lodide
. Secondary amyl alcohol.
10. Neopentyl thioalcohol
11. Isopropenyl amine
12. Propargyl Bromide

O 00 NO UL B WN -
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Example-12

Write down the structures of the following -

1. Diallylamine 2. Trimethylamine
3. Diisobutyl ether 4. Diisopentyl ketone
5. Di Active amyl amine 6. Di normal propyl ether
7. Trineopentyl amine
Sol. 1.CH, =CH-CH, - NH - CH, - CH = CH,
2. CH3 -N- CH3
|
CHs3
3. H3C-CH-CH, -O-CH, —-CH-CHj3
I I
H;C CH3
4. H30—(|3H—CH2—CH2—(l.‘l,—CHz—CHz—Cle—CH3
CH3 (0] CH3
5. CH3 -CH,-CH-CH,— NH-CH,-CH-CH,-CHj4
I
CHs3 CHs3
6. CH,-CH,- CH,-O-CH,-CH,- CH,
CHs3 CHs3
I |
7. CH3; -C-CHy -N-CH, - C-CHjs
I | I
CHs; CH, CHs;
|
CH3-C - CHjy
|
CH;
Example-13
| :
Common name of the compound CH; - CH=CH-C-OH is -
(A) Crotonic acid (B) Acrylic acid
(C) Allylic acid (D) None
Ans. A
Sol. 4C + (=) — croton
Suffix is ‘ic” acid.
Example-14
i
Common name of the compound CH, =CH-C-His -
(A) Croton aldehyde (B) Acryl aldehyde
(C) Propion aldehyde (D) Butyr aldehyde
Ans. B
Sol. 3C + (=) — Acryl

Suffix is aldehyde.
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Example-15

Ans.
Sol.

Common name of the compound
0

|
CH3 —CH2 —C—NH2 is -
(A) Acetamide (B) Propionamide
(C) Butyramide (D) Acetic amide
B
3C — Propion
Suffix is amide.

Example-16

Sol.

Write down the common names of the following :
o]

|
1. CHz — CHy — CH—C —NH,

|
CHs

CH3 O
I

|
2.CHg=C-N=C 3. oMy ~CH-C—Cl
|
CH3 CH3

1. Secondary valeramide
2. Tertiary valero-isonitrile
3. Isobutyryl chloride

COMMON OR TRIVIAL NAMES
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.
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Chart - 2
Series
S. Name of Derived |Structure
No.Homologous Name of group
series
I
1. |Alkane Methane _(I:_
2. |Alkene Ethylene >C=C<
3. |Alkyne Acetylene -C=C-
I
4. |Alcohol Carbinol -C-OH
I
|
5. |Aldehyde Acetaldehyde —(li—CHO
; |
6. |Carboxyllic 1) tic acid  |-C-coom
acid [
|
7. |Acid halide Acetyl halide |-C-COX
|
. . |
8. |Amide Acetamide 4|3£0NH2
| |
9. [Ketone Acetone *|C£”£|*
(0]

Types of Ethylene:—

(Symmetrical & Unsymmetrical)

(a) 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.

eg.
H. CHs Symmetrical dimethyl ethylene
N
CH3 H
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CH3\C:C/H Unsymmetrical dimethyl ethylene
/7 N\
CH3 H

H\C=C/H Symmetrical ethyl methyl ethylene
CHs—CH§  “CHj

CH3\C_ _CHs

=C Tri methyl ethylene
“H

cHY

CHz\  CHs
PN Tetra methyl ethylene

CH,-C=C-CH, Dimethyl acetylene

Example-17
Write down the derived names of the following-
1. CH,=CH-CH,-C=C-H
CH3
2. CH; - (|3— OH
CH,
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Sol. . Allyl acetylene

. Tri methyl carbinol

. Ethyl methyl carbinol

. Tri methyl acetaldehyde

. Ethyl methyl acetaldehyde
. Dimethyl acetic acid

. Tri methyl methane

. Ethyl dimethyl methane

O 00 N OO U1 b W IN B

. Tetra methyl methane
10. Tertiary butyl Isopropyl methane.
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Q

>

Class of Struct Common
Compound ructure name
Alkanes | (i) CHy Methane

(i) CHz — CH3 Ethane
(iii) CHz — CH, — CH3 Propane
CHj
| Isobutane
(V) CH3 — CH—CH4
CHj
|
CH3—C—CHgy Neopentane
I
CHj
Alkenes |CH, =CH, Ethylene
CH3 — CH = CH, Propylene
Alkynes |CH=CH Acetylene
CH; -C=CH Methyl
acetylene
CH; —-C=C-CH;, Dimethyl
acetylene
CH3z - X Methyl halide
Br Isopropyl
Alkyl | ;
halides CHz — CH = CHg bromide
Br
! Tert-butyl
CHs — |C —CHs bromide
CHj
Br
| Sec-butyl
CH3z — CH — CH, — CH3 bromide
CH3 — CHCI, Ethylidene
chloride
CH,CI — CH,CI Ethylene
dichloride
Alcohol CHz — OH Methyl alcohol
CH3—CH,— OH Ethyl alcohol
CHz — CH, — CH, —OH n - Propyl
alcohol
CH3 — CH - CH,OH Isobutyl
| alcohol
CHj3
HO — CH, — GH,OH Glycol
OHCH, — CHOH — CH,OH | Glycerol
Ether CH3; - O —-CHj; Dimethyl
ether
CH; —CH; -0 —CHg Ethyl methyl
ether
CH3 — CH, — O — CH, — CH3 | Diethyl ether

Class of Common
Compound Structure name
CH3—CH,—CH,—O-CH-CH3 | Isopropyl
propyl ether
| yl eth
CH
Aldehydes | HcHO 3 Formaldehyde
CH3 —CHO Acetaldehyde
CH3 - CH, — CH, — CHO Butyraldehyde
(0]
I Acetone
Ketones CH3;—C — CHj4
O
Il Eth
yl methyl
CH3 - CH, —-C — CH3 ketone
O
I
CH3—CH2—C—CH2—CH2—CH3 Ethyl propyl
ketone
Carboxylic | HCOOH Formic acid
acids CH; — COOH Acetic acid
CHj — CH, — CH, —COOH | Butyric acid
COOH Oxalic acid
|
COOH
COOH
CH2/ Malonic
acid
™ coon
|CH2 7 COOH Succinic
CH, — COOH acid
~CHz —COOH Glutaric acid
2
~~CH, - COOH
Esters HCOOCH; Methyl
formate
CH3CO0C,H5 Ethyl
acetate
Ethyl
CH3— CH, — CH, — COOC,H5 butyrate
O O
| ;
Anhydrides OO Acetic
y CHy-C-0-C-CH, anhydride
0O o
Il -~
CH3—CH,—C~O-C—CH,~CHj | Propionic
0 anhydride
Acid I Acetyl
chlorides | CHa=C—Cl chloride
CH3 —CN Methyl
Cyanides cyanide
CH3; - CH, -CN Ethyl cyanide
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SECTION - E:
Any given organic structure has only one IUPAC name and any given IUPAC name represents
only one molecular structure.
The IUPAC name of any organic compound essentially consists of three parts, i.e.,
(1) Root word (2) Suffixand  (3) Prefix

Root Word

It is the basic unit of the name. If denotes the number of carbon atoms present in the
parent chain of the molecule. Chain containing one to four carbon atoms are known by
special root words (based upon the common names of alkanes) while chains from C,
onwards are known by Greek number roots. Thus :

Chain Word Chain Word root

length root length
C Meth Cii Undec
C, Eth Ci2 Dodec
Cs Prop Cis Tridec
Cs Pent Cis Tetradec
Cs Hex Cao Eicos
Cs Hept Cso Triacont
Cs Oct Cao Tetracont
Co Non Cso Pentacont
Cio Dec Ceo Hexacont

Suffix

There are two types of suffixes, i.e., Primary suffix and Secondary suffix.

(a) Primary suffix : A primary suffix is always added to the root word to indicate whether
carbon chain is saturated or unsaturated. The primary suffix for the various saturated and
unsaturated carbon chains and groups are given below :

Nature of carbon| Primary Chain
chain s uffix length
Saturated, C — C —ane Alkane
Unsaturated, C = C| —ene Alkene
Unsaturated,C = C| —yne Alkyne
Primary Generic
Nature of group suffix name
Alkane - one hydrogen il Alkyl
atom
Alkene - one hydrogen - Alkenyl
atom
Alkyne - one hydrogen
atom —ynl Alkynyl
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If the parent, carbon-chain contains two, three, four or more double or triple bonds,
numerical prefixes such a di (for two), tri (for three), tetra (for four) etc. are added to the

primary suffix. For example :
Type of carbon Primary

Generic name

chain suffix
' Having two double diene Alkadiene
(i) |bonds
. Having three double triene Alkatriene
(ii) [bonds

Having n double

(iii) |bonds polyene | Alkapolyene

Having two triple . .
(iv) [bonds diyne Alkadiyne
W) bH:I‘llclllslg three triple triyne Alkatriyne

(b)Secondary suffix : Suffix added after the primary suffix to indicate the particular
functional group (groups) present in the carbon chain is known as secondary suffix.
Secondary suffix of some important functional groups are given below.

Class of organic | Functional Secondary
compounds group suffix
Alcohols — OH —ol
Aldehydes — CHO —al
Ketones - CO— =g
Carboxylic acids — COOH —oic acid
Acid chlorides —COCl —oyl chloride
Esters — COOR Alkyl... oate
Nitrilie —CN nitrile
Amide — CONH, —amide

It may be noted that while adding the secondary suffix to the primary suffix, the terminal
'e' of the primary suffix (i.e., ane, ene, yne) is dropped if the secondary suffix begins with
a, e i,0,u, &y but is retained if the secondary suffix begins with a consonant except y.

Root | Primary [ Secondary | \ypac
Structure Word | suffix | suffix name
CH3; — CH, — OH Eth | ane ol Ethanol
CH3 - CH, —CH,-CHO | But | ane al Butanal
]
CHy,=CH-C-CHj But | ene one Butenone
CHg3 — (CHp)4 — COOH Hex | ane oic Hexanoic acid
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Prefix
Prefixes are used to indicate
(i) the cyclic nature of compound and
(ii) the nature of the substituents present on the parent chain. Thus, prefixes are of two
types :
(a) Primary prefix : The primary prefix cyclo is added before the root word to indicate the
cyclic nature of the compound. Thus for
CH, — CH,
s

Cyclo + but + ane
Primary prefix Word-root Primary suffix

Cyclobutane

In open chain compound no prefix (primary) is added.

(b) Secondary prefix : In IUPAC system of nomenclature, certain functional groups are not
considered as functional groups but instead are treated as substituents. These are called
secondary prefix and are added immediately before the root word (or the primary prefix
in case of alicyclic compounds) in alphabetical order to denote the side chains or substituent
groups. The secondary prefixes for some groups which are always treated as substituent
groups are given below :

Substituent group Secondary prefix
-F Fluoro
—Cl Chloro
—Br Bromo
-1 lodo
—-NO, Nitro
—NO Nitroso
CH3 — CH — CHjy 1-Methyl ethyl
I
—OR Alkoxy
_ﬁ =N Diazo
—NH, Amino
— CH,4 Methyl
— CoHs Ethyl
CHz — CHy— CHy — Propyl
CH;
| 1,1-Dimethyl Ethyl
CH,-C-
oty
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The order of IUPAC naming given below :
Secondary prefix + Primary prefix + word root + Primary suffix + Secondary suffix.
Secondary prefix — Primary prefix - Generic name
IUPAC Nomenclature of Branched-chain
Alkanes
Branched-chain alkanes are named according to the following rules :
1. Longest chain rule :

Locate the longest continuous chain of carbon atoms. This chain determines the parent name
of the alkane. Notice that the longest continuous chain is chosen regardless of how the
molecule is written.

1 2 3 4 5 6 7 8
CH, - CH, — CH, —CH—-CH, — CH, — CH, — CH,
|
CH,

8 7 6 5 4
CH,—CH, -CH, —CH, -CH—CH,
CR.-CH,CH

4 3 2 1
CH, — CH—CH, — CH, — CH,4

|

5 — — —

CH, —CH, - CH, - CH,

2. Lowest Locant Rule or Lowest Sum Rule :

The carbon atoms of the longest continuous chain, i.e., parent chain are numbered by arabic
numerals 1, 2, 3, 4 ........ from one end of the chain to the other in such a manner that
carbon atom carrying first substituent gets the lowest number. The number that locates
the position of the substituent is known as locant.

However, if there are two or more substituents, the numbering of parent chain is done in
such a way that the sum of locants is the lowest. This is called the lowest sum rule.

—> 1 2 3 4 5
CHz — CH — CHy — CH, — CHj
5 |4 3 2 1<
CHj
2-Methylpentane
not

4-Methylpentane
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6 5 4 3 2 1 €—
CH;-CH,-CH, - CH-CH, -CH
—>132232|4 5263
CH, — CHj3
3-Ethylhexane
not

4-Ethylhexane

CH3 CH3
—>1 2 3| 4 |5 6 7
CH;-CH,-C—CH-CH-CH,-CH
7 3 6 2 5| 4| 3 2 2 1 L
CHj CHs

3,3,4,5-Tetramethylheptane

Position of the substituents should be 3, 3, 4 and 5 because
position should not be 3, 4, 5 and 5 because
3+4+5+5=17

3. Name of the branched chain alkane :

The substituent name and the parent alkane are joined in one word and there is a hyphen
between the number and the substituent name.

6 5 4 3 2 1
CH, - CH, -CH, -CH, -CH-CH,

CH,
2 - Methylhexane not 2 - Methyl hexane

4. Alphabetical order of the side chains :

When two or more substituents are present, give each substituent a number corresponding
to its position on the longest chain. The substituent groups be listed alphabetically.

CH, —CZJH—CH2 —(43H—CH2 - CH,
| |
CH, CH, —CH,
4 — Ethyl— 2 —methylhexane
not
2 —Methyl — 4 — ethylhexane

5. Numbering of different alkyl groups at equivalent positions :

If two different alkyl groups are present at equivalent positions the numbering of the
parent chain is done in such a way that alkyl group which comes first in the alphabetical
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order gets the lower number. For example :
CHs;

| 5 3
CH3 — CH, — CH — CHy — CH — CH, — CHj
3

Cﬁz —CH,4
3-Ethyl-5-methylheptane
not

5-Ethyl-3-methylheptane
Note :
In some books it is mentioned that if different alkyl groups are present as substituents on
the identical positions then numbering must be done so as to give the smallest alkyl group
the minimum number but it is not the case.

6. Naming of some alkyl grups at different positions :

When two or more substituents are identical, indicate this by the use of prefixes di, tri,
tetra and so on. Then make certain that each and every substituent has a number. Commas
are used to separate numbers from each other.

Note :

The prefixes di, tri, tetra, sec, tert are ignored in alphabetising substituent groups. The
prefixes iso, neo and cyclo are not igonored, For example :

CHs CHs

CHz— CH — CH — CH3

|
CHz CHj

2,3-Dimethylbutane

CH3;-C—-CH,—- C—-CHg
CH3 CH3
2,2,4 4-Tetramethylpentane
CoHs CHs
CH; - CHy - C —CHy—CHy — CH — CH — CHy — CH, — CH34

C2H5 C2H5

3,3,6-Triethyl-7-methyldecane
not 7-Methyl-3, 3,6-triethyldecane

CHj
CHz — CHy — CHy — CH — CH, — CH, — CH — CHj
CH — CH3

CHj

5-Isopropyl-2-methyloctane
not 2-Methyl-5-isopropyloctane
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7. Rule for larger number of substituents :
If a compound has two or more chains of the same length, the parent hydrocarbon is the
chain with the greater number of substituents.

3 4 5 6
CHg — CHy — CH — CH, — CH, — CH3

ZCH—CH3

1CH3

3-Ethyl-2-methylhexane
(two substituents) = correct name

1 2 3 4 5 6
CH; — CH, — CH - CH, — CH, — CHj3

CH — CHs

CHs

3-Isopropylhexane
(one substituents) = wrong name

The order of IUPAC naming given below :
8. Numbering the complex substitutent :

Name such as isopropyl, sec butyl and tert butyl are acceptable substituent names in the
IUPAC system of nomenclature but systematic substituent name are preferable.
Systematic substituent name are obtained by numbering the substituent starting at the
carbon that is attached to the parent hydrocarbon. This means that the carbon that is
attached to the parent hydrocarbon is always the number-1 carbon of the substituent. In a
compound such as 5-(1,2-Dimethylpropyl) nonane, the complex substituent is in
parentheses; the numbers inside the parentheses indicate the position on the substituent,
whereas the number outside the parentheses indicates a position on the parent
hydrocarbon.

1 2 3 4 5 6 7 8 9
CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH-CH,

'CH - CH,
’ (|JH ~CH,

CH,
5—(1,2 — Dimethyl propy) nonane

Nomenclature of Cycloalkanes

1. Cycloalkanes are named by adding primary prefix before parent name (i.e., alkane). For
example :
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Cyclopropane Cyclohexane
2. In the case of alkyl substituted cycloalkanes, the ring is the parent hydrocarbon unless the
substituent has more carbon than the ring. In that case, the substituent is the parent
hydrocarbon and the ring is named as a substituent.

CH, — CH, — CHj
3C

I> CH,~CHy—CH,—CH,—CHj3
1-Cyclopropylpentane
6C  Propylcyclohexane

3. If there is more than one substituent on the ring, the substituents are represented in
alphabetical order. One of the substituents is given the number | position and the ring is
numbered from that position in a direction (either clockwise or anticlockwise) that gives a
second substituents the lowest possible number.

CH3
©\CH3

1,3-Dimethylcyclohexane

CHg — CH, — CHa_4
I ‘ 4
24" “CH,-CHs

HsC

4-Ethyl-2-methyl-1-propylcyclohexane
not
1-Ethyl-3-methyl-4-proplcyclohexane

because 4+2+1=7
1+3+4=8
(4)1f the ring has only two substituents and they are different, the substituents are cited in

alphabetical order and the number 1 position is given to the first cited substituent.
CHj

1-Ethyl-3-methylcyclohexane
not
3-Ethyl-1-methylcyclohexane

CH, — CH3
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Nomenclature of Substituteted alkanes
(Having Two Functional groups)
or
Nomenclature of Alkanes Having Secondary Prefix
Alkyl Halides :

(i) They are named as substitued alkanes, i.e., Haloalkanes. Some examples are :

Br ]|3r (|:1
|
CH, -CH, -CH-CH,; CH,-CH-CH, -CH-CH,
2 — Bromobutane 2 —Bromo — 4 — chloropentane
not

2 —Chloro — 4 — bromopentane

(ii) When the parent chain has both a halo and an alkyl group, number the chain from the end
nearer to the first substituent, regardless of whether it is halo or alkyl group. If two
substituents has equal number from the end of the chain, then number the chain from
the end nearer to the substituent that has alphabetical precedence.

I?r CH, -CH-CH, —CH-CH;,

CH, —CH—C|:H—CH2 —CH, C|1

CH,4
2 - Bromo - 3 — methylpentane

CH,
2 — Chloro — 4 — methylpentane

Cl CHs E

2
CHg = C — CHp — CH — CH — CH — CHs

Br

2-Bromo-2-chloro-5-fluoro-4-methylheptane

Nomenclature of Ethers :

In the IUPAC system ethers are named as alkoxy alkanes. The larger alkyl group is chosen
as the parent alkane.

1
CHj

CH3 — CHy — CHy — CH — O — CH, — CHj
5 4 3 2

2-Ethoxypentane
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CH3 Br

|
CH3—CH—C—C1)H2—O—CH3
3 2|
Cl
2-Bromo-2-chloro-1-methoxy-3-methylbutane

OCH;

CH, — CH3

3-Ethyl-1-methoxycyclohexane

Br

4 3 |
CH,—CH-CH-CH- CHj;

\O/ 2

2-Bromo-3,4-epoxypentane
Nomenclature of Amines :

(a) Common Name : The common name of amine is obtained by citing the name of the alkyl
groups bonded to the nitrogen atom in alphabetical order followed by amine. The entire
name is written in one word. For examples.

CH,—NH, Methylamine
CH,—NH-CH,—-CH,—CH, Methylproplyamine
CH; —N-CH;, Trimethylamine
e
CH; =N—CH, -~ CH, —CH, — CH, — CHs Dimethylpentylamine
o

(b) IUPAC Name :
(i) The generic name of amines is alkanamine. The 'e' at the end of the alkane name for the
longest continuous carbon chain in the amine is replaced by amine.
(i) Position of nitrogen is denoted by least possible number in the longest possible carbon
chain.

(iii) The name of any other alkyl groups bonded to nitrogen (in secondary and tertiary
amines) is preceded by an N to indicate that group is bonded to a nitrogen rather than to
a carbon.
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(iv) All substituents, whether they are attached to nitrogen or to the parent chain or listed
in alphabetical order.

CH,-CH,—-CH,—-CH,— NH - CH,
N-Methyl-1-butanamine or N-Methyl butan-1-amine
H
3 5? ’

CH; - CH, - CH-CH, - CH - CHj

|

NH — CH, — CH3

N-Ethyl-5-methyl-3-hexanamine

Br
I 2
CH3—-CH-CH, —CH—-CHj
4
H3;C — N - CHj3
4-Bromo-N, N-dimethyl-2-pentanamine

Nomenclature of Alkenes

The following rules are used for naming alkene :

1. Determine the parent name by selecting the longest chain that contains the double bond.
General parent names are :

Alkene : One double bond
Alkadiene : Two double bonds
Alkatriene : Three double bonds
Alkatetraene : Four double bonds

2. The longest continuous chain containing the functional group double bond is numbered
in a direction that gives the functional group the lowest possible number.

Designate the position of double bond by using the number of the first carbon atom of the
double bond. For example, 1- butene signifies that double bond is between first and second
carbon; 3-hexene signifies that double bond is present between carbon-3 and carbon-4

4 3 2 1 1 2 3 4
3. The parent chain must contain the functional group (multiple bond) regardless of whether
it also denotes the longest continuous chain of carbon or not. For example :
CH, —CH, —CH, — CH, - C— CH, — CH, — CH,
|
CH,
The longest continuous chain has eight carbons but the longest continuous chain containing
double bond has six carbons, so the parent name of the compound is hexene.
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4. If the chain has the substituents, it is still numbered in the direction that gives the functional
group/double bond the lowest possible number. For example :

CH,
| 4 3 2
CH, ~CH=CH, -CH=CH-CH,

5 —Methyl - 2 —hexene

4 5 6 7
CH, —-C=CH-CH, —CH, - CH,

O — QQw

H2 _C1:H3
3 —Methyl -3 — heptene
5. If a chain has more than one substituent the substituents are cited in alphabetical order as
in case of alkenes.
e
CH; — CH, — C=CH—CH, — CH— CH, — CH,
CH,
3, 6 — Dimethyl - 3 — octene

I|3r Cl
I
CH; -CH-CH, -CH-CH=CH-CH,4
7 6 5 4 3 2 1
6 —Bromo — 4 — chloro — 2 — heptene

6. In cycloalkenes, a number is not needed to denote the position of the functional group
since the ring is always numbered so that the double bond is between carbon-1 and carbon-
2.

Hs;C

Hs;C
4,5-Dimethylcylohexene

7. If the same number for the double bond is obtained in both directions, the correct name
is the one that contains the lowest substituent number. (not sum of the lowest substituents)

5 4 3
CH,-CH,-CH,-C = CH—(lin—CH3

|

CH, CHs

3-Ethyl-5-methy-4-octene
not
6-Ethyl-4-methyl-4-octene

HSC - CH2 U/

1,6-Dibromocyclohexene 5-Ethyl-1-methylcyclohexane

Br

Br CH,
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8. If both directions lead to the same number for the functional group (double bond) and the
same low numbers for one or more substituents, then these substituents are ignored and

the direction is chosen that given the lowest number to one of the remaining substituents.
Br

CH3—CH—CH2—CH=C—CH2—CH—CH3

| | 2¢—
CHs; CH, — CH3
—>2 —>5
4<—

2-Bromo-4-ethyl-7-methyl-4-octene
not
7-Bromo-5-ethyl-2-methyl-4-octene
because 4 <5

Nomenclature of Alkynes
(i) Alkynes are named in the same way as the alkanes.
(ii) The general parent names are :

Alkyne : One triple bond
Alkadiyne : Two triple bonds
Alkatriyne : Three triple bonds
Alkatetrayne : Four triple bonds

The IUPAC names of some alkynes are given below :

5 4 y 5 4
CH; -CH-CH,-C=CH  cH, _CH-c=C-CH
| 2 1 3 | 3 5 3

CHs CH,
4 —Methyl —1- pentyne 4 —Methyl - 2 — pentyne
CHs;
3
2

1
3-Methy cyclo hex-1-yne

1-Chloro - 5-methyl -3 —hexyne
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Nomenclature of Hydrocarbons Having Double As Well As triple Bonds :

1. When double and triple bonds are present, the hydrocarbon is named as alkenyne = alk +
en +yne

2. The numbering of the parent should always be done from that end which has lowest sum
for the multiple bonds. For example.

2+4=6
1 2 3 4 5
CH3-CH=CH-C=CH
5 4 3 2 1 1+3=4

Pent-3-en-1-yne

3. If, however, there is a choice in numbering, the double bond is always given preference
over the triple bond.

3
5 4 3 2 1 2
CH=C—-CH,-CH=CH, 4

1 2 3 4 5

1

Pent-1-en-4-yne Cyclohex-1-en-4-yne

4. When a chain compound has terminal functional group
Chain terminating functional groups are those groups in which carbon of the functional
group is monovalent. Examples are
R D
—-C-OH, -C-H, —-C-Cl, -C-OR,-C—NH,and —CN
When a chain terminating functional group is present, it is always given number - 1 and
number one is usually omitted from the final name of the compound.

4 3 2

CH; —CH, —CH—-CH,
|
'COOH

(4)When compound contains two or more like groups, the numerical prefixes di, tri etc. are
used and the terminal 'e' from the primary suffix is retained while writing the [IUPAC name.
For example : CH, - CHOH — CHOH — CH,

2,3-Butanediol

SECTION - C:

Nomenclature of Polyfunctional Compounds

1. Principal functional group : When an organic compound contains two or more different
functional group, one of the functional group is selected as the principal funtional group
while all other groups (secondary functional group) are treated as substituents.
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The choice of principal functional group is made on the basic of the following order of
preference.

P
—COOH >-SO,H > —-C-0-C->-COR >-C-LCl
>—CONH, >-CN>-CHO>-CO>-0H
Prefix name of different functional groups are as follows :

Secondary prefix Secondary
Grou Name Surfix
— COOH Carboxy Oic acid
— SOzH Sulpho Sulphonic acid
—COOR Alkoxy carbonyl Alkyl oate
- COCI Chloro formyl oyl chloride
—CONH,  Carbamoyl amide
—CN Cyano nitrile
—NC Isocyano isonitrile
- CHO Formyl or aldo al
-CO- Keto or oxo one
—OH Hydroxy ol
—SH Mercapto thiol
—NH, Amino Amine
- OR Alkoxy
| |
-C-C Epoxy
AW
-N=N-  Azo
—NO, Nitro
—NO Nitroso
-X Halo

2. Selection of Principal chain : The principal chain is selected in such a way that it includes
the maximum number of functional groups (as substituents) including the principal group.

3. Numbering of Principal chain : The principal chain present in polyfunctional compound is
numbered in such a way that principal functional group gets the lowest number followed
by multiple bonds and the substituents, i.e.,

Principal functional group > double bond > triple bond > substituents

4. Alphabetical order : Substituents, side chains and secondary functional groups are arranged
in alphabetical order. To illustrate these rules, let us consider the examples of different
class of organic compounds.
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IUPAC Name of Alcohols

Br OH CI

e.g.l o
CH, — CH-CH- CH- CH, — CH,

(i) The longest chain has six carbons : hex.

(ii) Compound is saturated Hexane.

(iii) The alcohol function is designated as ol, hexanol.

(iv) Number the chain to give the — OH the lowest possible number, 3-hexanol.

(v) Name all the substituents with prefixes. The complete name is 2-Bromo-4-chloro-2-hexanol.

OH

|
e.g_z CH2 :CH—CHZ —CH_CH_CH3

I
CH;

(i) The longest chain has six carbons : hex.

(ii) There is presence of double bond, hexene

(i) The principal functional group is — OH ; hexenaol.

(iv) Number the chain to give the — OH group the lowest possible number. Incorporate these
numbers in the primary and secondary suffix, 5-Hexen-3-ol. The first number-5-refers the
position of double bond and the second number - 3 locates the — OH group.

(v) Name all other substituents with prefixes.

The complete name is 2-Methyl-5-hexen-3-ol. or 2-methyl-hex-5-en-3-ol

IUPAC Nomenclature of Aldehydes and ketones

(A) Ketones : General name of ketones are as follows :

Alkanone 3 one keto group
Alkanedione : two keto groups
Alkanetrione : three keto groups

Thus 'e' of the hydrocarbon is replaced by — one when compound has only one CO group.

Br O
|
e.g3 CH,-CH,-CH-CH-C-CH,-CH,
I
CH, —-CH,
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(i) There are seven carbons having keto groups : heptanone.
(ii) Number the chain to give the position of keto group the lowest possible number : 3-
heptanone.

(iii) Give name and position of other substituents with respect to keto groups. Thus, the
complete name is :

4-Bromo-5-ethyl-3-heptanone
e.g.4 CH=C-CH-CH,—-C-CH,-CH,-Br

| I
OH o

(i) Seven carbon chain : hept

(ii) One carbon-carbon triple bond : heptyne

(iii) Principal functional group is keto : heptynone.

(iv) Position of keto should be represented by lowest possible in number : 3 - heptynone
(v) Position of other groups and substituents are determined with respect to keto group.
The complete nameis : 1 - Bromo - 5 - hydroxy - 6 - heptyn - 3 - one

Position of functional group can only be designated if positional isomersim is possible is
that given structure.

0O 0 o
|l | |
CH,-C-C-CH,  CH,-C-CH,-CH,~C-CH,
Butanedione 2,5 —Hexanedione

not

2,3 —-Butanedione

Cycloalkanone

U
Cyclohexanone
(B) Aldehydes :
1. The general name is : Alkanal, Alkenal or Alkynal i.e., 'e' of the hydrocarbon is replaced
by al.

2. The position of the aldehydic group does not have to be designated since it is always at
the end of the parent hydrocarbon and therefore, is always at the number 1 position.
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(i) Compound is derivative of alkadiene having functional group — CHO. Thus, the general

name is alkadienal.
(ii) Principal chain has 8C's hence alkadienal is octandienal.

(iii) Position of — CHO is always 1 and position of other functional groups and substituents

are determined with respect to the position of —CHO
The complete name is 3, 7 — Dimethyl-2,6-octadienal.
or 3,7-Dimethylocta-2,6-dienal

Note :

If the aldehyde group is attached to a ring, the aldehyde is named by adding carbaldehyde
to the name of the cyclic compound

/‘ CH2

(CH)n CH—-CHO

CHy

Cycloalkanecarbaldehyde

CHO

Cyclohexane carbaldehyde

Cyclic compound

CHO group

CHO

HsC Br

2-Bromo-6-methylcyclohexanecarbaldehyde
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IUPAC Nomenclature of Carboxyclic Acids
(i) Replace ‘e’ of the hydrocarbon by oic acid.

(i) For naming a substituted carboxylic acid, the longest possible chain containing carboxylic
group is numbered from 1 to n begining with the carboxylic carbon.

3 2 1 Cl:H3 $|)
CH3—(IZH—COOH EH3—(IZ4—(3:H2—C—(IZOOH
OH I
2-Hydroxypropanoic acid 4-Iodo-2-keto-4-methylpentanoic acid

?H

Il
CH;-C-CH,-CH-CH,-COOH
6 5 4 3 2 1

3-Hydroxy-5-ketohexanoic acid

Example :

o] OH
I I

10 9
CH;-C=CH-C-CH=CH-CH-CH=CH-COOH
| 8 7 6 5 4 3 2 1

CH,

(i) Ten carbon in the longest chain : dec

(ii) Three double bonds : decatriene

(iii) Funcational group is carboxylic : decatrienoic acid

(iv) Three double bound are present at 2, 5 and 8 : 2,5,8-decatrienoic acid.

(v) The other groups are named with prefixes. The complete name is 4-Hydroxy-7-keto-9-
methyl-deca-2,5,8-Trien-oic acid.

Note :

Carboxylic acid in which carboxylic group is attached to a cyclic compund can be named as

Cycloalkanecarboxylic acid or Cycloalkenecarboxylic acid or Cycloalkynecarboxylic acid

OH
3

1
Cycloalkane
I 2
Br

Cyclohexane carboxylic acid

< Carboxylic acid
COOH

2-Bromo-3-hydroxycyclopropane carboxylic acid
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Problem 7.
Provide a IUPAC name for the given compound :

CHO H
- |
e \|CH—CH2—CH2—C—OH

OH

Nomenclature of Esters
Esters are named in the following way :
(i) The first word of the name is the stem name of the alkyl group attached to oxygen.
(ii) The second word of the name is the name of the parent acid with the suffix —ic acid
replaced by —ate.
(iii) This nomenclature applies for both common and IUPAC name of esters.

@)

I O
R-C-0O-R T
H-C—-O-CH,
Alkanoate  Alkyl Methyl methanoate

i
I CH,~CH ~C ~0-CH{
CH, —CH, —C —O — CH, —CH, | CH,

Ethyl propanoate CHs
1-Methylethyl-2-methyl propanoate

CH,

Note-1 :
Salts of carboxylic acids are same as follows :
The cation is named first followed by the name of the acid again with ic acid is replaced by

ate.
) O
Il o @ |l o@
H-C-O-Na CH,~CH,~C-O—K
Sodium methanoate Potassium propanoate
Note -2 :

Cylic esters are called lactones. The IUPAC system names these compound as
oxacycloalkanone.

Q o
do P
4 3
2-Oxacyclopentanone 2-Oxacyclohexanone
Note -3 :

Esters in which carbonyl group of ester is attached to a cylic system can be named as :
Alkyl cycloalkane carboxylate
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Ol

Cyclohexane Carboxylate Alkyl i.e., ethyl

Thus the IUPAC name is ethyl cyclohexane carboxylate
i
C-O-CH,~CH,~CH,

Propyl cyclopentane carboxylate

IUPAC Nomenclature of Anhydrides

(i) Symmetrical anhydrides are named by using the acid name and replacing acid with

anhydride.
o0
CH, -C-0O-C-CH, CH, -CH,-C—-0O-C—CH, —CH,
Symmetrical anhydride . .
Ethanoic anhydride Propanoic anhydride

(ii) Mixed anhydrides are named by starting the names of both acids in alphabetical order
followed by “anhydride”.

CH, —g—O—yZ—CHZ—CH3
Ethanoic propanoic anhydride
Nomenclature of Acid Chloride :
Acid chloride is named by using the acid name and replacing ic acid with yl chloride, i.e.,
Alkanoic acid — Alkanoyl chloride
Alkenoic acid — Alkenoyl chloride
Alkynoic acid — Alkynoyl chloride

ﬁ |
CH, -C-ClI CH, -CH,—C-CI
Ethanoyl chloride Propanoy! chloride

0
CH, —é)Hz—f:H—g)Hz—Q—CI

CH,
3-Methylpentanoyl chloride

IUPAC name of acid chloride in which carbonyl group of acid is attached with cyclic
ring :
Cycloalkane carbonyl chloride
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For example,

)
o

Cyclohexane Carbonyl chloride

Nomenclature of Amides
Amides are classified as primary, secondary or tertiary, depending on the number of alkyl
group bonded to the nitrogen atom. Primary amides have no alkyl groups bonded to
nitrogen, secondary amides have one and teritary amide have two.

9] O
|
R_lcl;_NH2 R-C-NHR
Primary amide Secondary amide
0]
R
|
v
\R
Tertiary amide
(A) Primary Amides : Primary amides are named by using the acid name, replacing oic
acid with amide. Thus the general name is Alkanamide, Alkenamide and Alkynamide.
) O
Il _on I
CH,~C-OH —— CH,~C—NH,
+NH,

Ethanoic acid Ethanamide

o)
T I
CHB—CliH—CHz—COOH —> CH3—|CH—CH2—Q— NH,
2

CH, CH,
3-Methylbutanoic acid 3-Methylbutanamide

(B)Secondary and Tertiary amides : In these two amide, the name of the substituents are
indicated first, followed by the name of the amide. The name of each substituent is preceded
by a capital N to indicate that the substituent is bonded to a nitrogen. Substituent present
on nitrogen are arranged alphabetically.

O
Il

CH, — CH, —C—NHO

N-cyclohexylpropanamide

© 2022, BYJU’S. All rights reserved



GENERAL ORGANIC CHEMISTRY

0
]
CH,-CH,-CH,-C~NH-CH,

N-Methylbutanamide

CH, — CH

I 2 3
Cm—cm—c—N<:

CH, — CHs

N,N-Diethylpropanamide

O
| - CHj3

CH;—CH,—C—N
~
CH, — CHs
N-Ethyl-N-methylpropanamide

Note-1:
Cyclic amides are called lactams. The IUPAC system name these compounds as

Azacycloalkanone

0 0
4 1

2 NH
3———NH

2-Azacyclobutanone 2-Azacyclohexanone

Note - 2:
Acid amide in which carbonyl group is attached to the cyclic system can be named as

Cycloalkane carboxamide

!

Cycloalkane Carboxamide
i.e., Cyclopentane

Thus the name is Cyclopentane carboxamide.
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Nomenclature of Cyanides

Nitriles are compounds that contain a — C = N functional group. They are considered to
the carboxylic acid derivatives because they react with water to form carboxylic acids like
acid chlorides, esters and amides. In IUPAC nomenclature nitriles are named by adding
nitrile to the hydrocarbon name, i.e., Alkanenitrile, Alkenenitrile, Alkynenitrile.

2 1
CH3—CEN

Ethanenitrile

6 5 4 3 2 1 OH O
CHy —CH—CH, —CH, —CH, ~C=N T

CH,-CH-C-CH,-CH=CH-C=N
| 5 —Methylhexanenitrile 7% & 5 4 2 3 2 1

CHs 6 —Hydroxy — 5 —keto — 2 — heptenenitrile

IUPAC Nomenclature of cyanide in which carbon of cyano group is attached with cyclic
ring : The name of such compounds are cycloalkane carbonitrile
For example,

Carbonitrile
Cycloalkane

The name is thus Cyclohexane carbonitrile

Nomenclature of Compounds Having two or More Like Chain
Terminating Principal Functional Groups,
(Such as -CHO, -COOH, —COCI, -COOR, —-CONH,, and —CN)

IUPAC Nomenclature

1. If compound has only two such functional groups then carbon of one group will be one
terminal carbon and carbon of the other functional group be other terminal carbon of the
principal chain.

TCHO <—Terminal carbon

2
For example : CH; — CH, — CH, - C — CH, — CH3

3CcHO < Terminal carbon

(i) Three carbon chain : Prop.
(ii) Two same principal functional group : Alkanedial, i.e., Propanedial.
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(iii) Two substituents at carbon-2 of the principal chain i.e., ethyl and propyl.
The name of the compound is : 2-Ethyl-2-propylpropanedial

O OH O

| Il
() COOH-CH-C-CH-C-COOH
I
CH,
OH
|
(b) COCI-CH, —-CH-COCI
4 3 2 1

(a) 3-Hydroxy-2,4-diketo-5-methylhexanedioic acid
(b) 2-Hydroxybutanedioyl chloride

3,3-Dimethylhexanedinitrile

2. If compound has more than two like groups then two functional groups are treated as
principal functional groups.
(i) Carbon of the functional group/groups is not included in the longest possible chains.

(ii) All functional groups having highest priority should be treated as principal functional
groups.

(iii) Compound is always treated as derivative of hydrocarbon.
1 2 3 4
CH, — CH — CH —CHj;

(1) | | |

COOH COOH COOH

the name is 1,2,3-Butanetricarboxylic acid or Butane-1,2,3-tricarboxylic acid

4 3 2 1
?Hz— (|2H — ICH — CH,COCI
(2) ﬁCI ﬁCI (HZCI
0] 0] 0]
Butane -1, 2, 3, 4- tetracarbonyl chloride
CH, — CH- CH,

3) | .
CN CN CN

1,2,3 — Pr opanetricarbonitrile

CH, — CH- CH,

@ | |
COOH COcCI COOH

3-Chloroformyl pentane-1,5-dioic acid
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Nomenclature of Aromatic Compounds

The common names of most of the aromatic compounds are accepted as their IUPAC
names. The derivatives of these compounds have their roots derived from the names of

these compounds.

© 9 ¢

Benzene  Methylbenzene
(toluene) Root name benzene 1,3-Dimethylbenzene
U (m-Xylene)
1,2-Dimethylbenzene
(0-Xylene)
Cl Cl OH CHO
@ @Cl
Chlorobenzene  1,2-Dichlorobenzene Phenol Benzaldehyde
(o-Dichlorobenzene)
CH,0H COOH NH, NO,
Benzyl alcohol  Benzoic acid Aniline Nitrobenzene
CH, OH OH OH
OH OH
CH,
o-Cresol m-Cresol CH, Catechol
p-Cresol
(4-Methylphenol)
CH,
NH, @ @ @COQH
(2-Methylﬂnﬂine) ln-TOluld]ne Sahcyhc acid

o-Toluidine p- T01u1d1ne
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(2-Hydroxybenzoic acid)

Q

O

CH,—CH,
Ethylbenzene
1,4- Dlmethylbenzene
(p-Xylene)
CO-CH; OCH,
Benzophenone Anisole
COCl CONH,
Benzoylchloride Benzamide
OH OH
QL
Resorcinol OH
Hydroquinone
OH CH,
@CHO coon
Salicylaldehyde o-Toluic acid

(2-Hydroxybenzaldehyde) (2-Methylbenzoic acid)
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CHEMISTRY

Purification of Organic Compounds

The methods to be employed depend on the physical state of the compound.

Crystallisation : This method is based on the differences in the solubility of the organic
compound and its impurities in a solvent.

(a) Preparation of the solution : Organic substance is powdered and is dissolved in a suit-
able solvent by heating. The amount of solvent should be just sufficient to dissolve the
whole of the solid on heating.

Choice of Solvent. The choice of solvent is very important in the crystallisation process.
The main conditions of the solvent are:

(i) The organic substance should dissolve in the solvent upon heating and it should get
separated on cooling.

(i) The solvent should not dissolve the impurities.
(iii) The solvent should not react chemically with the substance.

For example, suppose we want to purify sugar containing an impurity of common salt. This
can be done by treating the mixture with ethanol around 350 K. The sugar will dissolve
whereas common salt remains insoluble.

(b) Filtration of the solution. The hot saturated solution is filtered preferably through a fluted
filter paper placed in a glass funnel. The use of the fluted filter paper makes the filtration
rapid. The jacketer of the hot water funnel is heated from outside and this keeps the solu-
tion hot in the glass funnel. This will prevent the formation of crystals during filtration.

(c) Crystallisation. The hot filtration is allowed to cool slowly and undisturbed in a beaker or
in a crystallising dish. After some time the crystals of the pure compound are formed.

(d) Separation of the crystals. The crystals formed are separated from the mother liquor by
filtration. The filtration is normally done by use of Buckner funnel and a suction pump. This
enables the filtration under reduced pressure and is therefore, quite fast.

(e) Drying of crystals. The crystals are dried by pressing between the folds of filter paper and
then placed in a steam of air oven for some time. The crystals are finally dried over sulphuric
acid or calcium chloride in a desiccator.
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Sublimation : Certain organic solids directly change from solid to vapour state on heating.
This process is called sublimation. The vapours on cooling change back to the solid form

. Heat
Solid ? Vapours
00

The sublimation process is used for the separation of those solids which sublime on heat-
ing from non-volatile solids. The process is generally used for the purification of camphor,
naphthalene, anthracene, benzoic acid, etc. containing non-volatile impurities.

Distillation : This method is used for the purification of liquids which boil without decom-
position and contain non-volatile impurities. The simple distillation involves its boiling
point so that it is converted into vapours. On cooling the vapours, pure liquid is obtained.

The distillate contains pure liquid while the impurities are left behind in the distillation
flask e.g.Ether from ethyl alcohol.

Fractional Distillation : This process is used to separate a mixture of two or more miscible
liquids which have boiling points close to each other. The fractionating column is a long
tube provided with obstructions to the passage of the vapours moving upwards and liquid
moving downwards. This method may be used to separate a mixture of acetone (b.p. 330
K) and methyl alcohol (b.p. 338 K).

Distillation under Reduced pressure (Vaccum Distillation) : Certain liquids have a ten-
dency to decompose at a temperature below their boiling points. Such liquids cannot be
purified by ordinary distillation. Therefore vacuum distillation is used for liquids which

decompose at a temperature below their normal boiling points.
Ex. glycerol boils with decomposition at 563 K.

Steam distillation : The process of steam distillation is used for the separation and purifi-
cation of liquid which is appreciably volatile in steam, from non-volatile components of a

mixture. Thus, the process of steam distillations is used to purify the substances which
(i) are volatile in steam but are not miscible with water

(ii) possess sufficiently high vapour pressure at the boiling point temperature of water
(1000¢)

(iii) contain non-volatile impurities.

© 2022, BYJU'S. All rights reserved n



GENERAL ORGANIC CHEMISTRY QB

The process of steam distillation can be applied for the separation of a mixture of
o-nitrophenol and p-nitrophenol. In this process, water vapours carry along with them
vapours of o-nitrophenol which is more volatile and they get condensed in the receiver; p-
nitrophenol with higher b.p. remains in the distillation flask. The method can also be used

for the purification of impure sample of aniline.

The proportion of water and liquid in the mixture that distills over is given by the relation

o, p,x18

(02_ p,xM

where o, and o, stand for the masses of water and the organic liquid that distills over; p,
and p, represent the vapour pressures of water and the liquid at the distillation tempera-

ture and M is molecular mass of the liquid (molecular mass of water being 18).
Ex. o-, m-, p-chlorotoluenes, o-, p-nitrobenzene

Chromatography : This method is based on the differences in the rates at which the
components of a mixture are adsorbed on a suitable adsorbent. There are many forms of
chromatography such as column chromatograhy, paper chromatography, thin layer chro-

matography (TLC), gas chromatography, etc. The simplest method is column chromatogra-
phy.

Applications of chromatographic method. This method has been used

(i) To separate ortho and para nitro-anilines.

(ii) To separate blue and red dyes.

(iii) To separate and purify plant pigments and other natural products.

Types of chromatography :

(a)

Based on the principle involved chromatography is classified into different categories. Two

of these are.
(a) Adsorption chromatography, and (b) Partition chromatography
Adsorption chromatography :

Adsorption chromatography is based on the fact that different compounds are adsorbed on
an adsorbent to different degrees. Commonly used adsorbents are silica gel and alumina,

When a mobile phase is allowed to move over a stationary phase (adsorbent), the compo-
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nents of the mixture move by varying distances over the stationary phase. Following are
two main types of chromatographic techniques based on the principle of differential ad-
sorption.

(i) Column chromatography, and (ii) Thin layer chromatography.

Column chromatography:

Solvent

Mixture of R
a
+b+
compounds (a+b+c btc b
Adsorbent —— C

(stationary phase)

Glass wool ——

Column chromatography. Different stages of
separation of components of a mixture

Column chromatography involves separation of a mixture over a column of adsorbent (sta-
tionary phase) packed in a glass tube. The column is fitted with a stopcock at its lower end.
The mixture adsorbed on adsorbent is placed on the top of the adsorbent column packed in
a glass tube. An appropriate eluant which is a liquid or a mixture of liquids is allowed to
flow down the column slowly. Depending upon the degree to which the compounds are
adsorbed, complete separation takes place. The most readily adsorbed substances are
retained near the top and others come down to various distances in the column

Thin layer chromatography :

© . solvent
e Jar front
4/adsorbent coated L f— ;
— on glass plate | spot
| |
@ +———sampledot ..../
base line y
~
=% | — solvent X
&
~— // base line
v

Thin layer chromatography

Chromatogram being developed Developed chromatogram
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Thin layer chromatography (TLC) is another type of adsorption chromatography, which
involves separation of substances of a mixture over a thin layer of an adsorbent coated on
glass plate. A thin layer (about 0. 2 mm thick) of an adsorbent (silica gel or alumina) is
spread over a glass plate of suitable size. The plate is known as thin layer chromatography
plate or chromaplate. The solution of the mixture to be separated is applied as a small
spot about 2 cm above one end of TLC plate. The glass plate is then placed in a closed jar
containing the eluant. As the eluant rises up the plate, the components of the mixture
move up along with the eluant to different distances depending on their degree of adsorp-
tion and separation takes place. The relative adsorption of each component of the mixture
is expressed in terms of its retardation factor i.e. R, value.

_ Distance moved by the substance from base line(x)
Re = Distance moved by the solvent from base line(y)

The spots of coloured compounds are visible on TLC plate due to their original colour. The
spots of colourless compounds which are invisible to the eye but fluoresce, can be de-
tected by putting the plate under ultraviolet light. Another detection technique is to place
the plate in a covered jar containing a few crystals of iodine spots of compounds, which
adsorb iodine will show up as brown spots. Sometimes an appropriate reagent may also be
sprayed on the plate. For example, Amino acids may be detected by spraying the plate with
ninhydrin solution

(b) Partition Chromatography :

/ T . Z/card board / -------------------- «, /—cardboard
S b I
(

— U " chromatography
baseline n jar jar
] Y spot “— ~spot |
py _—solvent <,_/basellne
—solvent

Paper chromatography(chromatography
paper in two different shapes)

Partition chromatography is based on continuous differential partitioning of components
of mixture between stationary and mobile phases. Paper chromatography is a type of par-
tition chromatography. In paper chromatography, a special quality paper known as chro-
matography paper is used. Chromatography paper contains water trapped in it, which acts
as the stationary phase.
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A strip of chromatography paper spotted at the base with the solution of the mixture is
suspended in a suitable solvent or a mixture of solvents This solvent rises up the paper by
capillary action and flows over the spot. The paper selectively ratain different components
according to their differing partition in the two phases. The paper strip so developed is
known as a chromatogram. The spots of the separated coloured compounds are visible at
different heights from the position of initial spot on the chromatogram. The spots of the
separated colourless compounds may be observed either under ultraviolet light or by the
use of an appropriate spray reagent as discussed under thin layer chromatography.
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ALKANE

Introduction :
Alkanes are the saturated non-polar hydrocarbon having general formula C H, .
Hydrocarbon — Those organic compounds which contain only carbon and hydrogen atoms
are known as hydrocarbons.

Preparation of alkane :
(I) By catalytic reduction of alkenes and alkynes

H,,25°C
R-C=C—-R —=———>R-CH.—CH.—R’
Ni, Pt or Pd 2 2
R—CH=CH-R 2 25°C R—CH —CH.-R’
el Ni, Ptor Pd TR ML

Hydrogenation — Addition of H, to unsaturated bond.
Hydrogenation is of two kind
(a) Heterogeneous and (b) Homogeneous
(a) Heterogeneous — It is two phase hydrogenation, the catalyst is finely divided metal
like Ni, Pt or Pd and a solution of alkene.
(b) Homogeneous — Itis one phase hydrogenation where both catalyst and alkenes are in
solution phase. In this, hydrogenation catalyst are organic complex of transition metal like
RhorIr.
Hydrogenation is exothermic, qualitative and during the hydrogenation, total heat evolved
to hydrogenate one mole of unsaturated compound is called heat of hydrogenation. Heat
of hydrogenation is the measurement of stability of isomeric alkenes.

1
Heat of hydrogenation
(II) From alkyl halide
(A) From organometallic compound —

5- +38

compound having C - M bond.
(M - metal)
(i) By Wurtz reaction

JR— X +2Na S ether o o R+ 2NaX

Stability of alkene
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Na
ether (dry)
Mechanism ——> Two mechanisms are suggested
(a) lonic mechanism
2Na ———> 2Na* + 2e”

R-X+R =X R—R,R-R, R =R’

~

RIX+2e0 SR+ %
(19, 29)

e\

R+ R % 52y
(10 or 29)

R-R

® e
Na + X—> NaX

(b) Free radical mechanism
® ©
Na——>Na + e

© o o
R-X+e——>R+ X
R+ E—R-R
Note :
The alkyl halide should be 12 or 29, with 32 R = X. S 2 and free radical coupling is not
possible due to steric hinderance, so in that case elimination or disproportionation is
possible.

e® e
In the ionic mechanism, alkyl sodium (R Na) gives R which is strong base as well as
nucleophile so it gives S, 2 reaction with R—X. So, ether should be dry otherwise, if moisture

)
is present then R forms R—H instead of R — R with H,O.
R-X L RMgX

(ii) By Grignard Reagent. 10 20 30 ether

All active
RMgX + H containingQ——s R - H
compound
H,O
R-H + Mg(OH)X
| ROH | R-H + Mg(OR)X
RMgX
g | NHs | R-oH 4+ Mg(NH,)X
R -C=CH R_H + Mgc=Cr)
RSH R-H + Mg(SR)X
| R-COOH, R-H + Mg(OCOR)X
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(iii) By Corey house alkane synthesis:

R' - X
: o ® 10 > 20
R-x —28 5 R —SUX R culi _(1°>2% - g
(1°,2°,3°) + Lithium dialkyl
LiX cuprate

(Gilman's Reagent)
Mechanism :
R,Culi is the source of °Rr

5.2
O R LY R - R

1° >> 2°

R, Culi do not react with —NO,, — CN, > C = O etc.
(iv) By Frankland reagent:

R=X+Zn+R-X % R—R+ZnX,
Mechanism
R
Zn [) \IIQ ?X
R-X——> RZnX —>R-R
+
Organozinc ZnX,
compound

(B) By reduction of alkyl halides

(i) With metal-acid :

. &/ 1
10 Metal / acid

R -H + HX

Reducing agent

Zn / acid, Zn-Cu/ H,0 or Zn - Cu + acid
Zn-Cu/CH.,OH, Na—-Hg/acid, Al-Hg/H,0 etc.
Mechanism :

D
Metal — M +ee

I
R-X——>R + X —> MX

10
lacid

R-H
(ii) With metal hydrides :
(a) Triphenyltin Hydride (Ph_SnH) : It reduces 1°, 2° & 3° R— X

Ph,SnH
_—

R-X R-H
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(b) NaBH,
R-x_—NaBH. o 4
2° & 3°

(c) R - XLIH>R H
10 & 20

LiAIH,
R - X'—>Alkene
30

(III) By red P & HI
Red P & Hl is strong reducing agent.

R—cooH —RedP+HL g _ch,

R-c-c Red P+ HI, ¢ ¢y
0

R~ C - OFt Red P+ HL, R—cH,
0

R y_RedP+HI o

R—OH—RedP+HL g Hino

(IV) By soda lime

Fatty acids are good source of hydrocarbons. Heating of sodium salt of carboxylic acid (R —
COONa) with soda lime (NaOH — Ca0) gives hydrocarbon, which is known as decarboxylation
(e.g. replacement of — COOH group by —H) Decarboxylation also takes place on heating
only, when compound is geminal dicarboxylic acid or there has keto group or double bond

on B carbon.
g or-tagte g8 et e eco
o ° l (¥
R—H
(V) By Kolbe’s electrolysis
JRCOOK + 2HOH —ecolsts

RR + 2CO2 + H2 + 2KOH

Electrolysi
e.g. 2CH~COOK + 2H 0 ————2 >

CH3CH3 + 2CO2 + H2 + 2KOH.
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If nis the number of carbon atoms in the salt of carboxylic acid, the alkane formed has 2(n
—1) carbon atoms.

(VI) Reduction of aldehydes, ketones

(a) By Clemmensen’s reduction with Zn — Hg / conc. HCI

Zn - Hg /conc. HCI
R-CHO A > RCH, + H,0

O
Il - .
R-C_R Zn - Hg /Aconc HCI

Zn - Hg /conc. HCI
A

> RCH,R’ + H,0

e.g. CH,—CHO
+H,0

> CH,CH,

O
Il Zn - Hg /conc. HCI
CH, — C — C,H, + 4[H] i =

CH,CH,C,H +H,0

2725
Clemmensen reduction is not used for compound which have acid sensitive groups.

(b) By Wolff-Kishner reduction with NH,NH,/ KOH

NH,NH, / KOH
2 Z/ OH | Rew

3

RCHO

NH,NH, / KOH

RCO-R’ > RCH,R’

Wolff-Kishner reduction is not used for compounds which have base sensitive groups.

Physical Properties of Alkanes :
(I) Physical State :
The first four members (C, to C,) are gases : the next thirteen members, (C_ to C ) are
liquids while the higher members are waxy solids.
(II) Boiling Points :
The boiling points of n-alkanes increases regularly with the increase in the number of
carbon atoms.
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650 Bolling point »
”
500
74,
'/
350 LA

y.

200
7

Temperature, K——»

50
0 4 8 12 16 20

Number of carbon ——
atoms per molecule

Among the isomeric alkanes, the branched chain isomers have relatively low boiling points
as compared to their corresponding straight chain isomers. Greater the branching of the
chain, lower is the boiling point. This is due to the fact that branching of the chain makes
the molecules more compact and brings it close to a sphere, so the magnitude of van der
waals forces decreases.

(III) Melting Points :

It is evident that the increase in melting point is relatively more in moving from an alkane
having odd number of carbon atoms to the higher alkane with even no. of ‘C’ while it is
relatively less in moving from an alkane with even number of carbon atoms to the higher

alkane.
Explanation : The alkanes with even no. of ‘C’ atoms are more closely packed.

320 >
T 260 /
J 9
o 20
=
5 /
()]
o 140
£ 7
= /

80

0

7 11 15 19 23

Number of carbon— 5
atoms per molecule

(IV) Solubility :
In keeping with the popular rule “like dissolves like”. hydrocarbons are insoluble in polar
solvent like water because they are predominantly non-polar in nature.

© 2022, BYJU’S. All rights reserved n



HYDROCARBON Q D

(V) Density :

The densities of alkanes increase with increasing molecular weight but become constant
at about 0.8 g cm™. This means that all alkanes are lighter than water so they float over
water.

Chemical Reactions of Alkanes :
Characteristic reaction of alkanes are free radical substitution reaction, these reaction are
generally chain reactions which are completed in three steps mainely.
(i) Chain initiation,
(ii) Chain propagation,
(iii) Chain termination,
Examples of free radical substitution reaction :

UV light or

R—H+X, > R—X+HX
2500 - 400°C
cl, cl, cl, cl,
Eg. CH,—o—> CH,Cl —5&—> CH,Cl, —2—> CHCl, —&—> CCl,
HCI HCI HCI

When equimolar amount of methane and Cl, are taken, a mixture of four possible products
are formed, but if we take excess of CH, then yield of CH.Cl will be the major product.
Reactivity of X, : F, > Cl, > Br,> |,

Reactivityof H:3° H>2°H>1°H

With F, alkanes react so vigorously that, even in the dark and at room temperature, reactants
are diluted with an inert gas.

lodination is a reversible reaction, so HI formed as a by-product is a strong reducing agent
and reduces alkyl iodide back to alkane. Hence iodination can be carried out only in presence
of strong oxidizing agent like HIO,, HNO, or HgO

R-H+Il, == R=I+HI

5HI + HIO, —> 3H,0 + 3|,
Mechanism of halogenation of CH,:
(i) Chain initiation — It is an endothermic step.

UV or temp e
> 2X
2 2500 - 400°C

(ii) Chain propagation —
X + R-H—>R + HX

ﬁ+x_x—>R—X+).(
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(iii) Chain termination — It is always exothermic
® [

+|.2—>R—R

Xe

R+X—>R-X

Each photon of light cleaves one chlorine molecule to form two chlorine radicals, each
chlorine atom starts a chain and on an average each chain contains 5000 repetitions of the
chain propagating cycle so about 10,000 molecules of CH,Cl are formed by one photon of
light.

Aromatization :
CH,

CrO, + Al,0,
CHs_(CHz)s_Cst> @ + 4H,

Toluene

CH, - CH,

CH;-(CH,)¢-CH; — @ @ + 4H,

ortho -Xylene

CH,~(CH,).- CH CH, —>©

meta-Xerne

CH,
i
CH,-(CH,), ~CH-CH,-CH, —>
CH,

para-Xylene

Combustion : (i.e. complete oxidation)

=—ve)

combustion

3n+1
CoHynio +( 5 jo %Lz“%nco;(n +1) H,0 (AH
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Y Combustion Y
CxHy + (X * 4)02—UA>XC02+§ H,0
CH,, +80, ~Combustion, 5eq 4 gH o
A
Heat of combustion : Amount of heat i.e. liberated when 1 mole of hydrocarbon is

completely burnt into CO, & H,0.

Heat of combustion as a measure of stability of alkane :
Combustion is used as a measurement of stability.
More branched alkanes are more stable and have lower heat of combustion.

T
e.g.  ()CH,—CH,—CH,— CH, (II) CH, - C - CH,
H
Stability : 11> 1
AH_ 1>l
More branched alkane has more no. of primary C—H bonds. (therefore it has more bond
energy).

Homologues : Higher homologues have higher heat of combustion.
Isomers : Branched isomers have lower heat of combustion.

(i) Initiators — They initiate the chain reaction, initiators are R ,O_, peresters, etc.

272
h ®
R—O—O—RWRO
hv ®
R—(li—O—O—(li—RT> R-C-0
| l temp lol

(ii) Inhibitors — A substance that slow down or stop the reaction are known as inhibitors.
For example - O, is a good inhibitor.

R+0,—>R-0-0+R—>R-0-0-R

All reactive alkyl free radicals are consumed so reaction will stop for a period of time.
Relative reactivity of halogen towards, methane :

Order of reactivity is F, > CI, > Br, > |, which can be explained by the value of AH (Energy
change)

Steps of halogenation,value of AH for each step. (kcal/mol)

F Cl Br |
(i) X,—/>2X +38 +58 +46 +38

(i) X+ CH,—> CH, + HX
32 +1 +16 +33

(i) CH, + X —> CH.X + X
~70 —26 -24 -20
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REACTION CHART FOR ALKANES

(1) X,,hvorUVlightor400°C

[ RX
(1)R-C =CH LI
200 -300°C
or Reed reaction
R - CH = CH, Sabatier senderens (2) SO, + Cl, By RSO,C
reaction
(2) R - X it gy —CL/HE ched alk
RedP —HI,LiAIH, (3) Isomerisation ranched alkanes
+HOH or ROH
(3) R-Mg-X ;
or NH; or RNH, n ] @ —>mPZr°'j:\s"‘SOP Alkenes + CH, or CH,
JUU — /7UU U
Na, dry ether R
(4) RX ) R-R
Wurtzreaction =3 or 1
(5)R-C-ClorROH _ RedP/HI | Gtz
|
or
R-C-R or RCHO
|
)
Zn—Hg /Conc. HCl
(6 R-G-R 2
I Clemmensen'sreduction
0
H,N —-NH, ,HO , A
(77 R-C-R 2 2 HO,
|| Wolf / Kishnerreduction
0
or
(RCH,CH,),B +H,0
(8) RCOONa NaOH + CaO

(9) RCOONa Kolbe's electrolytic synthesis
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(ALKENE)

ALKENE

Introduction :
Alkenes are hydrocarbons with carbon—carbon double bonds. Alkenes are sometimes called
olefins, a term derived from olefinic gas, meaning “oil forming gas”. Alkenes are among the
most important industrial compound and many alkenes are also found in plants and animals.
Ethylene is the largest — volume industrial organic compound, used to make polyethylene
and a variety of other industrial and consumer chemicals.

Structure and bonding in Alkenes
(1)Alkenes are unsaturated hydrocarbons having at least one double bond.
(2) They are represented by general formula (G.F.) C H, (one double bond).
(3)In ethene C = C bond length is 1.34 A.
(4)Its bond energy is 146 kcal mol™.
(5)The hybridization of (C = C) alkenic carbon is sp?
(6) The ne™ cloud is present above and below the plane of c—bonded skeleton.
(7)They are also known as olefins since ethene, the first member of the homologous series
forms an oily liquid substance when treated with halogens.
(8)Compounds may exist as conjugated polyenes or as cumulated polyenes or as isolated
polyenes.
Note :
That angle between double bond - single bond will be greater than angle between single
bond - single bond since repulsion due to p electrons (double bond - single bond repulsion >
single bond-single bond repulsion according to VSEPR theory).
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Physical properties of Alkenes / Hydrocarbons
Table : III

Physical properties |[Homologous series| Isomers
1. Physical state C,- C,gases
C,~ C,liquids
>C,,:s0lids
2. Dipole moment (i) cis > trans
3. Polarity cis > trans (for C,,= C,type of alkenes )
4. Melting point increases with M.W. trans > cis
(due to more packing capacity)
5. Boiling point increases with M.W. cis > trans
# branching decreases B.P.
l
C-C=C<C-C=cC-C
polarity increases, boiling point
increases
6. Solubility practically insoluble cis > trans
in water but fairly polarity increases, solubility in polar
soluble in nonpolar solvents increases.
solvents like benzene
petroleum ether, etc.
7. Stability trans > cis

(cis isomers has more vander Waal
repulsion)

Laboratory test of alkene

(2) Br,/ H,0

Bromine water
colour decolourises

Table : IV
Z"r':ﬁgonal Reagent Observation Reaction Remarks
(1) Bayer's Pink colour _ alk. KMnO, _ . .
Reagent disappears CH, =CH, + H,0 + 0————=%3 CH, - CH, Dihydroxylation
alk. dil. cold KMnO, OH OH
AN
C= C/
Ve N

Br, + CH, = CH,——> CH, - CH,

Br

Br

White ppt

Dibromination

(3) O, (ozone)

AN
C=0
Compounds

Zn/ H,0

H,C = CH, + 0;,———— 2HCHO

Ozonolysis
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Preparation of Alkenes
(I) BY PARTIAL REDUCTION OF ALKYNES
(a) By catalytic hydrogenation of alkynes in presence of poisoned catalyst A syn addition of
hydrogen : Synthesis of cis-alkenes : This is performed by :
(i)Lindlar’s catalyst : Metallic palladium deposited on calcium carbonate with lead acetate
and quinoline.
General Reaction
R-C=C-R

H,/Pd CaCo,

(Lindlar's catalyst) R\C 3 C/R
H “NH

quinoline

Mechanism of hydrogenation :

H-H+-C=C-+H-H

rrrrrrrrrrrrrrrrrerrrri

metal surface

H-H - c=C- H-H

rrrrrrrrrrrrrrrrerrrri

(1)
—_—

adsorption

2 ~._ “
@),y L=<, H

rrrrerrrrerrrrrrrrirri

desorption

Steps : The reactant alkyne molecules and hydrogen molecules get adsorbed at the surface of
metal catalyst. It is chemical adsorption (chemisorption).

In this state, the reactants lie very close to each other and so the hydrogen atoms start forming
bond with carbon. Two hydrogen atoms are added to two triply bonded carbon atom from
the same side of n bond and a cis or syn addition product is formed. The product alkene now
escapes away from the surface of the catalyst. Quinoline occupies the metal surface inhibiting
further reduction to alkanes. Quinoline therefore is called catalyst poison and palladium is
called deactivated catalyst or poisoned catalyst.
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(b) Birch reduction : (Anti addition of hydrogen : synthesis of trans-alkenes)

. R H
Na / Li ™~ ~
jonR-C=C-R———> c=C
General Reaction Lig. NH,” .~ R

Mechanism : Reagents Na(or Li, K) + lig NH;/> Na >+ ee(solvated electron)
/_\/ R H
S R o i N ~
N 2l SR 2 [
& \R @/ﬁ\la R

(Radical anion)

R H R H
~N ~ H.N > He N ~
c=C b= S=.
(100%)
(trans-alkene)

NaNH, +

e.g. CH,—CH -C=C—-CH —cH __Na/NH; () CH,CH, _H
3 2 2 3 > =C
b ““CH,CH,
trans-hex-3-ene

Note : This process of reduction is not eligible when terminal alkynes are taken (R — C=CH)
because terminal alkynes form sodium salt with Na metal.
CH,—C=CH + Na/NH, —> CH,—C=C"Na"+[H]’

(II) BY DEHALOGENATION OF VICINAL DIHALIDES

There are two types of dihalides namely gem (or geminal) dihalides in which the two halogen
atoms are attached to the same carbon atom and vicinal dihalides in which the two halogen
atoms are attached to the adjacent carbon atoms.

Dehalogenation of vicinal dihalides can be affected either by Nal in acetone or zinc in presence
of acetic acid or ethanol.

General Reaction :

Br

| | Nal, acetone ~N ~
i) —C-C— L > =
(i c|: Cl or Zn CH,COOH /C C\

Br
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| I|3r g|BI’

—>—C|J=C—+ZnBr2

(ii)) CH,—CHBr—CH_Br —Zndust CH, - CH=CH
3 27" (CH,COOH or : 2

C,H,OH as solvent)

Mech.

With Nal in acetone :

£ X:
12|
C_
I()I(

It involves an anti elimination of halogen atoms

c- ——> c=c +IX

Remarks :

(1) Both are E2 elimination.

(2)Both are stereospecific anti elimination.

(I1I) DEHYDROHALOGENATION OF ALKYL HALIDES

Dehydrohalogenation is the elimination of a hydrogen and a halogen from an alkyl halide to
form an alkene.

Dehydrohalogenation can take place by E1 and E2 mechanism.

(i) Hot alcoholic solution of KOH EtO~ / EtOH  (ii) NaNH, (iii) t-BuO—K* in t-BuOH

(i)Dehydrohalogenation by the E, mechanism : Second-order elimination is a reliable
synthetic reaction, especially if the alkyl halide is a poor S, 2 substrate. E2 dehydrohalogenation
takes place in one step, in which a strong base abstracts a proton from one carbon atoms and
halogen as the leaving group leaves the adjacent carbon.

General reaction :

||
+ KOH A<ols ¢ = C- 4 KX + H,0

|
T
H X
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Mechanism :
ory
B:H)
| Q| o)
-c2c-—> c=c +B-H +X

e
Cx
Undergo elimination of hydrogen halide (HX)
leading to the formation of alkenes.

CH,
CHy = ¢ = Br + alc. KOH _ Heat |
CH,

e.g.
CH, = € = CH, + KBr + H.0

CH,
Here B — H is eliminated by base hence called B elimination following Saytzeff rule.

i.e, (Highly substituted alkene is major product). It also involves an anti elimination of HX.

B @ (|:H3 |CH3
Ch, - CH R - cH,—2le KOH | i _cp_C-ch,
Br (major)
(more stable alkene)
+
e.g. N
CH,=CH-CH-CH,
(Minor)
(less stable alkene)
ad_ _ch, CH, CH,
e.g. alc. KOH 4

(major) (minor)

cl H
L (CH),coK®

e.g. H— >
H H

Chlorocyclooctane Cyclooctene
CH,
I ° _CH, o
e.g. CH3—(|Z—Br+OH —_—> H2C=C\CH +H,0 + Br
3
CH,

(ii) Formation of the Hoffmann product:

© 2022, BYJU’S. All rights reserved n



Q

HYDROCARBON

O

Bulky bases can also accomplish dehydrohalogenation that do not follow the Saytzeff rule.

Due to

steric hindrance, a bulky base abstracts a less hindered proton, often the one that

leads to formation of the least highly substituted product, called the Hoffmann product.

CH, -

g
H,C CH, - H,C

CH, = C - C - CH, —12CHs Tl T el
I CH,CH,OH H CH, H,C H
H Br H 71% 29%

Saytzeff product
H CH, 5
é . CI _cpy. _9C(CHy), H3C\C e CH,-HC H
| | [~ (CH)COH 77 TNCH, HC”  H
H Br H 28% 72%
less

hindered hydrogen

Stereospecific E, reactions :
The E2 elimination is stereospecific because it normally goes through an anti and coplanar
transition state. The products are alkene, and different diastereomers of starting materials

commonly give different diastereomers of alkenes.
Ph Ph Basd H
Pg Ph H
Br—R— S
H —=—CH,
Ph Br H :
gBr
Ph H CH,
— — Ph\/\Ph
CH; Ph H
Chemical Reactions of Alkenes
() CATALYTIC HYDROGENATION OF ALKENES (HETEROGENEOUS

HYROGENATION)
Hydrogenation : The function of catalyst
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Hydrogenation of an alkene is exothermic reaction
(AH2 =—120 kJ mol™)

R—CH=CH—R+H —N 5 R—CH, —CH, R +heat

As a consequence, both hydrogen atoms usually add from the same side of the molecule.
This mode of addition is called syn addition.

Hydrogenation of an alkene is formally a reduction, with H, adding across the double bond to
give an alkane. The process usually requires a catalyst containing Pt, Pd or Ni.

e.8.CH,— CH=CH—CH_+ H, — >

CH,— CH, — CH, - CH,

D AL H
X, —- (O
e.g. —2>
D Pt N H
(11) ELECTROPHILIC ADDITION REACTIONS

Mechanism
Step 1: Attack of the electrophile on = bond forms a carbocation.

~N - ® |
x<c +E—— —cl:—cé
E

| + on the more substituted carbon |

Step 2 : Attack by a nucleophile gives the product of addition.
_ Cél/—\ | I
N

E Nu

(i) Acid-Catalyzed Hydration of Alkenes :

Alkenes add water in the presence of an acid catalyst to yield alcohols. The addition takes
place with Markovnikov's rule. The reaction is reversible, and the mechanism for the acid-
catalyzed hydration of an alkene is simply the reverse of that for the dehydration of an alcohol.
The carbocation intermediate may rearrange if a more stable carbocation is possible by hydride
or alkanide migration. Thus, a mixture of isomeric alcohol products may result.

m—0O—

® ||
. ~ e H
General Reaction : _C=C_ +H0— - C- ? -

H OH
(Markovnikov
orientation)
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Mech.
Step 1: Protonation of the double bond forms a carbocation
H H
o I SV
NL=C_+H-0-H T— | \ 2V
Step 2 : Nucleophilic attack by water H
H
| ; (|)® H
C-C% +HO0 &= | |
I -C-C-
[
Step 3: Deprotonation of the alcohol
H

H,0, H*

e.g CH,CH = CH, —=—(—— CH3$HCH3
Propene OH
Isopropyl alcohol
CH, & CH, H
50% H,SO, | |

e.g. CH3—C|—CH=CH2 > CH3—(|:—(|:—CH3

CH, OH CH,

3,3-Dimethyl-1-butene 2,3-Dimethyl-2-butanol

(Major product)

(ii) (a) Oxymercuration - Demercuration :

Alkenes react with mercuric acetate in a mixture of water and tetrahydrofuran (THF) to produce
(hydroxyalkyl) mercury compounds. These can be reduced to alcohols with sodium borohydride
and water.

Oxymercuration

Yo vno+n i —
/=K O+ H9jocen,
General Reaction : CI)H |
-C-C- 0+ cH.Con
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OH
|| o
-Cl - C- O + OH + NaBH, —>

| [
Hg - OCCH,

| Mo
—cl—cl:— + Hg + CH,CO

HO H (Demercuration)

In the oxymercuration step, water and mercuric acetate add to the double bond; in the
demercuration step, sodium borohydride reduces the acetoxymercury group and replaces it
with hydrogen. Then net addition of H —and —OH takes place with Markovnikov's rule and

generally takes place without the complication of rearrangements.
Hg(OACc), NaBH,

H,C = CHCH,CH, —2>"9%>

1-Butene
OH

e.g.
CH; - CHCH,CH,

2-Butanol
(b) Alkoxymercuration - Demercuration :
General reaction :

C|)R I (|)R |

N e

C = C\ + Hg(OAC)ZM _? - ?_ m —? = Cl_
HgOAC H

(Markovnikov
orientation)

(i) Hg(OAc),, CH,0H

e.g. CH, = CH - CH, - CH, >

(i) NaBH,
1-Butene

CH, - CH - CH, - CH,

OCH,
2-Methoxy butane

(iii) Hydroboration-Oxidation (SYN ADDITION)
General Reaction

H,0,, "OH ||

||
N o c< + BH,.THF =%»>-C-C- ———> -C-C-
/ || | |
H B-H H OH
| anti-Markovnikov's
H orientation

(syn stereochemistry)

An alkene reacts with BH_ in THF or diborane to produce an alkylborane. Oxidation and
hydrolysis of the alkylborane with hydrogen peroxide and base yields an alcohol.
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CH,
C BH, ; THF
Vi 3 anti-Markovnikov and ~ H
syn additon B
e.g. H H/ \H

+ other enantiomer + dialkyl-and trialkylborane

Oxidation
S
CH, H0,HO _ CH,
Boron group is e
replaced by-OH,
H with retention of H
B configuration OH
H” H

+ other enantiomer

In the first step, boron and hydrogen undergo syn addition with the alkene in the second
step, treatment with hydrogen peroxide and base replaces the boron with —OH with retention
of configuration. The net addition of —=H and —OH occurs with anti Markovnikov's rule and syn
stereoselectivity. Hydroboration —oxidation therefore, serves as a useful regiochemical

complement to oxymercuration demercuration.

i) BH;, THF
e.g. O/ (i) 3/ é
(i) H,0,, OH
i »
* (di & —=shi ®
CHz_(l:_CH=CH2M CH:,— | _CH_CH3CH3—ShIft> CHs_(l:_CH_CHs

30 carbocation

CH, CH, 3
e.g. 29carbocation (-H®) leO
CH, OH CH,
Hydroboration |
—— » CH, - C - CH, - CH,OH CH, - C-CH - CH,
oxidation
CH;, CH,
CH, OH
Hg(OAc),

CH,—(li—CH—CH3
CH,

NaBH,

(i) Hydration with dil. H,SO, proceeds via carbocation rearrangement.
(i) Hydration with Hg(OAc),, H,O, followed by NaBH, proceeds via Markovnikov’s rule.
(iii) Hydration with (BH,), followed by H,0, / OH™ proceeds via Anti Markovnikov’s rule.
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(iv) Addition of Hydrogen Halides:
General Reaction

~ -~
C=C_ +H-X—> -

I—0O—
xX—0—

(HX = HCI, HBr, or HI)
Markovnikov
orientation
(anti-Markovnikov with
HBr and peroxide)

HBr (dark)
—— CH,CHBICH, Markovnikov addtion
2-Bromopropane

CH,CH = CH,— (Isopropyl bromide)

[ DEroXides , ey o i e

HBr (ight) 1-Bromopropane  Anti - Markovnikov addition
(n-Propyl bromide)

Note : (1) Anti Markovnikov addition is valid only for HBr in presence of peroxide and light only.
(2) HF, HCI and HI give only polar addition and give Markovnikov product only.

e.g. CH,CH = CH, —AL s CH,CHICH,

Propene 2-Iodopropane
(Isopropyl iodide)

CH, CH, CH, CH,
® o Br
H H H H

roduct
positive charge P

on less substituted carbon
less stable ; not formed

H<__-H

CH, <,
e.g. + HI — I
H clp

(v) Addition of Halogen :
Halogen add to alkenes to form vicinal dihalides.
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General Reaction

X
Sc=c 4% —> —(II:—éI—
X
usually anti
addition

(X,=Cl, Br,)
The electron rich double bond induces a dipole in an approching halogen molecule making
one halogen electron deficient and another electron rich.

Note :

(i) F,is not added because F* is never generated. Morever reaction is explosive giving CO, &
H.O

(iiz) |, is not added because reaction is reversible with equilibrium in backward direction.

(iii) Reaction with bromine is basis for test of alkenes.

(iv) Halogen addition is stereospecific anti addition.

(v) Halogens can also be added in presence of sunlight and give free radical addition.
(Reactivity of halogen addition in sunlight is F, (explosive) > Cl, > Br, > )

Mechanism
Step-1  Formation of a halonium ion

- -~ N 5 PN S

_C=c__ +é)s<*_ X ——>-C=C+ X

Halonium ion

Step-2  Opening of the halonium ion

X :X:

o\ 1

5 ‘(Cr A Ved)
X:

x®

X© attacks from the back side of halonium ion.
e.g.
& Br, in CCl,

CH,CH = CH,—2———%5CH,CHBrCH,Br

Propene 1,2-Dibromopropane
(Propylene) (Propylene bromide)
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:Br%— back side
attack
e.g. >

Br—Br

(Transition state)
or s-complex

5 + Enantiomer
Br H

trans-1,2-Dibromocylopentane

(vi) Hydroxylation of Alkenes:
(a)Syn Hydroxylation : (Reaction with Beayer's reagent, (cold dilute alkaline KMnO, solution).
Both OH groups are added from same face of alkene. This addition is example of syn addition.

SN
General Reaction _C= C< + KMnO, + OH, H,0——> -C - C-
(or 0s0,, H,0,)

H +Mn0, +HO
HO

us glycol

OH OH
(syn addition)

\0/ /\o
/ i

The same function of syn addition of 2 - OH groups is performed by 0sO, / H,0,

0s0,.H,0, ~gOH
o OH
G
Cyclohexene

cis-Cyclohexane-1,2-diol

(III) EPOXIDATION OF ALKENES :
An alkene is converted to an epoxide by a peroxyacid, a carboxylic acid that has an extra

oxygen atom in a —0 — O — (peroxy) linkage.
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0]

O
0
N §
_C—C{_+R-C-0 - H(acid)
Epoxide (Oxirane)

The epoxidation of an alkene is clearly an oxidation, since in oxidation, an oxygen atom is
added. Peroxyacids are highly selective oxidizing agents. Some simple peroxyacids (sometimes
called per acids) and their corresponding carboxylic acids are shown below :

a peroxyacetic acid o
Peroxybenzoic acid

Mech.
\/ R \/ o R
(lf\_ﬁofg\c/ (.f <o O\F/R \C/\ \C/
O5— Hlf\g _ g0 £ ST o+ CI)
/\ /\ c— H™
; it /\ Acid

Alkene Peroxyacid transition state
e.g.

0 H

X ;

cl ~o¥ WG CH ﬁ y
CH3\ /CH3 m-CPBA ) . \O/
_C= C\H
H™ s CH,CI, Lol
cis
H CH,
CH3\ ~H 0
H/C = \CH _— >
trans 3
H,C H
trans
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(IV) HALOHYDRIN FORMATION:

General Reaction-C=C- +X,+H,0 — -C=C- +HX (X,=Cl, Br)

X OH
Addition of the electrohpile X* (from X,) to form a bridged halonium ion, followed by Nu
attack by H,0
Halohydrin formation commences when the 1t electrons of the alkene react with electrophilic
bromine to form a bridge intermediate called a bromonium ion. Water, acting as a nucleophile,
uses a lone pair of electron to open the three-membered bromonium ion ring and forms a
bond with the carbon in an S 2 process.

Cl,, H,0
e.g. CH,CH = CH, ——>—> CH,CH - CH,
Propylene OH Cl
(Propene)

Propylene chlorohydrin
(1-Chloro-2-propanol)

(V) OXIDATIVE CLEAVAGE OF ALKENES:

(i)Cleavage by permanganate

In a KMnO, hydroxylation, if the solution is warm or acidic or too concentrated, oxidative
cleavage by KMnO, starts with an addition to the n bond forming a cyclic intermediate which
eventually breaks down to an aldehyde or a ketone. The aldehyde is further oxidzed to a
carboxylic acid by the KMnO,. The mechanism of this transformation is covered in the oxidation
of alcohols.

R R' R '
General Reaction R:C =c KMnO, "N _ C/R

H Warm R/j \:H
conc.
O

0. >0
Glycol QMn<

—O/ \O

, R l R'

Rl I R:C _\S\iH
SC+ Coe— é‘) 5
I 1M %
O O o/MnQO

O OH
O g 6y:
Warm 7~
conc. 0

g KMnO
) Warm
| conc. COOH
% COOH
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(ii) Ozonolysis : Like permanganate, ozone cleaves double bonds to give ketones and
aldehydes. However, ozonolysis is milder, and both ketones and aldehydes can be recovered
without further oxidation.

R R'
eneral Reaction =
Rc c\H+o3—>R/\ ™\
Ozonide
l(CHs)zs
R R'
~ 7
C=0 + O0=C
Ketone
Mechanism
"’\o —
Molozonide
(Primary ozonide)
/
N /\
P
>CZ/O
/
Ozonide
e.g.
R'
R\/O\/ CH, - S - CH,

R/

RI

\ )/ P\H
RN

C=0+ 0=C

e H
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e.g.
0 H,0, Z
CH,CH,CH = CH, —2» 2020,
1-Butene

| |
CH,CH,C = O + O = CH
(i) O,
e.g. AN —————> CH,CH,CHO
3 - Heptene (i) (CH.); S
+ CH,(CH,),CHO (65%)

CH,

| 0 H,0, Zn
e.g. CH,- C=CH, —> 2 >

CH, H
CH,C = O + O = CH

(VI) HALOGENATION, ALLYLIC SUBSTITUTION
General Reaction

YTy

X, = Cl,, Br, (allylic halide)

NBS = N-Bromosuccinimide g

NCS = N-Chlorosuccinimide N -Cl

O
(o]
e.g. CH,CH = cH, Z2r600°C | _ ey cn = ch,
Propylene Allyl Chloride
(Propene) (3-Chloro-1-propene)
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(VII) ADDITION OF FREE RADICALS:
General Reaction

| | eroxides |
-C=C-+Y-2 p—>—C|Z—
Y

or light

N—O—

e.g.

BrCCl i
rCCl,, perOX|des>n_ C6H13(|:H—CH2—CCI3

n—-C,H,,CH=CH,

1-Octene
Br

3-Bromo-1,1,1-trichlorononane

HBI/R:O: 1~ C,H.CH - CH, - Br

© 2022, BYJU’S. All rights reserved




HYDROCARBON

HYDROCARBON

(ALKYNES)

ALKYNES

Introduction
A triple bond gives an alkyne with four fewer hydrogen atoms than the corresponding alkane.
Therefore the triple bond contributes two degree of unsaturation (DU).
Alkynes are not as common in nature as alkenes, but some plants do use alkynes to protect
themselves against disease or predators. Acetylene as far as we know, is the the most important
commercial alkyne. Acetylene is an important industrial feedstock but its largest use is as the fuel
for the oxyacetylene welding torch.

Structure and bonding in Alkynes

(1) Alkynes are hydrocarbons that contain carbon -carbon triple bond.

(2) Alkynes are also called acetylenes because they are derivatives of acetylene.

(3) The general formulais: CH, .. (one triple bond)

(4) In alkyne C = C bond length is 1.20 A.

(5) Its bond energy is 192 kcal mol-!

(6) The hybridization of carbon atoms having triple bond (C = C) in alkynes is sp.

(7) Overlapping of these sp hybrid orbitals with each other and with the hydrogen orbitals gives
the sigma bond framework which is linear (1809) structure.

(8) Two = bonds result from overlap of the two remaining unhybridized p orbitals on each carbon
atom. These orbitals overlap at right angles (902) to each other, forming one = bond with
electron density above and below the C — C sigma bond, and the other with electron density
in front and in back of the sigma bond. This results in a cylindrical = electron cloud around &
bonded structure.

1.20R 1.06R

olelelo o-@aple

~
H-C-C-H
\

Note :
Any type of stereochemistry does not arise in acetylenic bond due to linearity of C = C bond.
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Physical Properties of Alkynes

(1) Alkynes are relatively nonpolar (w.r.t. alkyl halides and alcohols) and are nearly insoluble in
water (but they are more polar than alkenes and alkanes). They are quite soluble in most
organic solvents, (acetone, ether, methylene chloride, chloroform and alcohols).

(2) Acetylene, propyne, and butynes are gases at room temperature, just like the corresponding
alkanes and alkenes. In fact, the boiling point of alkynes are nearly the same as those of alkanes
and alkenes with same number of carbon atoms.

Q

O

Table
4 D
Relative density
o o
Name Formula M.p., °C B.P., °C (at 20°C)
Acetylene HC = CH - 82 = 7%
Propyne HC = CCH; -101.5 -8
1-Butyne HC = CCH,CH; -122 9
1-Pentyne HC = C(CH,),CH; - 98 40 0.695
2-Butyne CH,C =CCH; - 24 27 0.694
2-Pentyne CH;C =CCHCH;, - 101 55 0.714
3-Methyl-1-butyne HC = CCH(CH,;), 29 665
- J
TABLE - COMPARATIVE STUDY OF ALKANES, ALKENES, ALKYNES
o
9§ Properties Alkanes Alkenes Alkynes
1. | Bond length (angstrom) 1.54 (C - C) 1.32 (C=C) 1.20 (C=Q)
2. | Bond energy(kJmoIfl) 415(C-C) 615(C=0C) 835(C =C)
3. | Hybridization sp’ sp’ sp
4. | % s character 25% 33% 50%
5. | pK, 50 44 25
6. | Electronegativity of 'C' Increases
7. | Polarity Increases
8. | Rate of hydrogenation less more
9. | Rate of electrophilic more less
addition reaction
10.| Heat of combustion C,Hg(-373 kcal) C,H,4(-337 kcal) C,H,(-317 kcal)
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o
QS\ Properties Alkanes Alkenes Alkynes
11.| Density (g/cm?) C5Hg(0.49) C5Hg(0.52) C5H,4(0.67)
109028' 121.20
Hopyy M H H 1800
Cct Q 4 RS
12.| Structure HY7 Ci'"*H c= C\ H _\C =C-H
H b H H
1.098 1.08A 1,06k
ethane ethene sthyne
13.| Shape Tetrahedral Planar Linear

Laboratory Test of Alkyne :

Functional Reagent Observation Reaction Remarks
Group

' = alk. KMnO
(1) Baeyer's Pink colour HC=CH + HLt ] Hvd lati
Reagent . OHC - cHo | Hydroxylation
alk.dil. cold KMno,| 4SaPPears

_Cc=cC- (2) Bry/H,0 Red colqur Br, + HC = CH—>CHBr,- CHBr| Bromination
decolourises
White ppt
3) O5(ozone : ,
(3) 05¢( ) Acid Formed| R - C = C - R'%25 RCOOH + Ozonolysis
R'’COOH

Laboratory Test of Terminal Alkynes :
When triple bond comes at the end of a carbon chain, the alkyne is called a terminal alkyne.

(acetylenic hydrogen)

\V4
1-Butyne, terminal alkyne

Functional Reagent Observation Reaction
Group
] NH,OH
(1) Cuprous chloride R - C=CH + CuCl———
+NH,OH Red ppt R - C=C Cu{(red)

R-C=CH +Ag —>

R-C=C-H |(2) AgNO; + NH,OH | White ppt R - C=C Ag{(white)
(3) Na in ether Colourless [Hc=CH + 2Na 5
gas Na - C=C - Na + Hp
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Acidity of Terminal Alkynes :
Terminal alkynes are much acidic than other hydrocarbons due to more electronegative sp hybridised

carbon. The polarity (acidity) of a C—H bond varies with its hydridization, increases with the increase
in precentage of s character of the orbitals. sp® < sp? < sp

Weakest
acid
O] —
9.‘“ Compound Conjugate Base | Hybridization of C | % s-Character pPK,
1. H H H H ,
H-C-¢-n Hot-ty sp 25% 50
(. [
H H H H
HQ M AN sp’ 33% 44
2 L= A=K
H H H H
3 :NH; NH;
4 H-Cc=C-H H - c=c® sp 50% 25
5. R - OH R-0" 16-18
Stronger
acid

The hydrogen bonded to the carbon of a terminal alkyne is considerably more acidic than those
bonded to carbons of an alkene and alkane (see section). The pK_values for ethyne, ethene &
ethane illustrate this point.

H-C=C-H cC=C H-C-C-H
H Ny I
H H
pK, =25 pK =44 pK =50

The order of basicity of their anions is opposite to that of their relative acidity:
Relative Basicity

CH,CH®, > H,C = CH® > HC = C?

Relative acidity
H-OH>H-OR>H-C=CR>H-NH,>H-CH=CH, > H - CH,CH,

pK_ 15.7 16-17 25 38 a4 50

Relative Basicity

O O [©)] O o )
:OH <IOR <:C=CR <:NH, <:CH = CH, < :CH,CH,

Preparation methods of Alkyne :
(I) By dehydrohalogenation of gem and vic dihalide:

H H
||

General Reaction: RCH = CHR +Br, > R - C - C - R 2Nz 5 g C=C—R+2NaBr
[
Br Br

vic - Dibromide
The dehydrohalogenations occur in two steps, the first yielding a bromoalkene and the second
alkyne.
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Mechanism :

Step 1

HoNet R-CEC-R—> Y=’ +H-N-H +Br
| iy B4 R | "
H .5!‘..5.[‘. H
Amide ion vic-Dibromide Bromoalkene  Ammonia Bromide ion
(The strongly
basic amide ion
brings about an
E2 reaction.)
Step 2
R\ wH‘(\
‘[\/— +II\IH—>RCCR+HII\IH+Br
R H H
Bromoalkene Amide ion Alkyne Ammonia Bromide
(A second E2 reation ion

produces the alkyne)

e.8.CH,CH.CH = CH TIZ—>CHCHCIIHCHB r—2H2 s ch cH C = CH

mineral oil
110-160°C
Br

CH,CH,CH=CHBr
p NaNi CH,CH C=CH] —NaNH2 5 ¢y cH Cc=CNa®
€.8:[ CH,CH,C = CH, | —mmomra> | 3 & 2

mineral oil
110-160°C

Br

CH,CH,C=CNa* — M™% 5 ¢y cH,C=CH
General Reaction

0]
I

C
~N
CH _pal, __PCly
—ooc —oc >

Cyclohexyl methyl (-POCI,) A gem- d|ch|or|de( POCI5) Cyclohexylacetylene
Ketone (70-80%) (46%)

(II1) By dehalogenation of tetrahaloalkane:
General Reaction

X X
I I 2 Zn dust

R—CI—(I:—R' WR C=C - R'+22nX
X X
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(I1I) Replacement of The acetylenic hydrogen atom of terminal alkynes:

¢ N\ o/
General Reaction R - C=CH ————2—»R - C=C: + R' —\7)\(—> R-C=C-R'

Sodium ethynide and other sodium alkynides can be prepared by treating terminal alkynes with
sodium amide in liquid ammonia.

— lig. NH _9 @
H-C=CH - H + NaNH, ————>H - C=C: Na + NH;

_ lig. NH — 9. @
CH; - C=C- H + NaNH, —19: Wy ey c=ct N+ NH,

£ o N _

R-C=C  Na + R'CH, = Br—— R - C=C - CH,R' + NaBr
Sodium Primary Mono or disubstituted
alkynide alkyl halide acetylene

(R or R' or both may be hydrogen)

The following example illustrates this synthesis of higher alkyne homologues.

/\ [élr lig. NH;

CH,CH,C=C:° Na'+ CH,CH, CH,CH,C = CCH,CH; + NaBr

6 hours 3-Hexyne
(75%)

o 5,2 _ ©
R-C=C: + R'-X R-C=C-R'+ X

(R'=X must be an unhindered primary halide or tosylate)
The unshared electron pair of the alkynide ion attacks the back side of the carbon atom that bears
the halogen atom and forms a bond to it. The halogen atom departs as a halide ion.

e.g.
2 moles
—C=C-— 2 eq. B -+ (CHX) —C=C-—
H-C=C HWNa C =C Na —)CH3 C=C CH3
alNH;
R' MgX — R' X
e.g.R-C=C—-H —>R‘C—i|\g9|:(—>

R—C=C—R'+MgX,

_ (i) NaNH -
QC=C - H (i) ethyl bror21'1ide

e.g. Ethynylcyclohexane

<:>—CEC — CH,CH,

1-Cyclohexyl-1-butyne
(ethylcyclohexyl acetylene)
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Addition of acetylide ions to carbonyl groups :

\ 5 5 | .0
Ne Cg0:— Nu-C-0
I
R' R’
R’ R |
o . . H,0O (or H;0
R-C=C + >c=o—>R—csc—!:—o<? 00, R - c=C-C-oH
R' e e I
R' R'
0] OH
e.g. Q) Il H,0 _
H-C=C: + CH;CH,-C-H—%2>H-C=C-CH - CH,CH;
sodium Propanal 1-Pentyn-3-ol
acetylide
e.g.
(i:HB CIIH3 IIDh
B [P (i) NaNH B _ ~=45 _
CH;-CH-C=C-H WCH3 CH-C=C-CH-O0H
3-Methyl-1-butyne (D) HO™ 4 Methyl-1-phenyl pent-2-yn-1-ol
o OH
e.g.(j D Na-t=C-H , ©<CEC—H
(ii) H30
Cyclohexanone 1-Ethynylcyclohexanol(39)

Chemical reaction of Alkyne
(I) Reduction to alkenes
(a)By Lindlar's reagent
General Reaction

Pd/BaSO,, quinoline_

Rl
R\C £ C/
H/ cis \H

R-C=C-R'+H,

(syn addition)
(b) By Birch reduction
General Reaction

H
R\ e
R-C=C-R — Na + WA, o Cc=C (anti addition)
H Trans R’

CH,CH, CH,CH
— N 7
€-g. CH;CH,~C= C-CH,CH, —2 222> c=c{
H H

cis-3-hexene

CH,CH, H

Na + NH; \C _ C/
H”  “CH,CH,

trans-3-hexene
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(c) By hydroboration reduction

R R'
. , (i) BH;-THF N, _ 7
General Reaction R—C=C—-R W /C = C\
H H
(II) Addition of halogen (X,=Cl,, Br,)
T
General Reaction R—C=C—-R' —X2 3 R-CX=CX-R —2X2 5 R~ CI - ? - R" (Anti-
X X
addition)
(III) Addition of hydrogen halides (Were HX = HCI, HBr, HI)
H X
R - CH CXR'H‘XRCI(I:R'
| ReactionR—C=C-R' _H-Xx R-CH=CX~ —G-C-
General Reaction (Markovnikov's addition) [
H X
CH,-CH, H cl
o _ HCl - /7 Ha |
8- CHyCH,-C=C-H—~—>» c=c/ —=— CH,CH,~C-CH,
/ \
1-Butyne Cl H |
2-Chloro-1-butene Cl
2,2-Dichlorobutane
i i~ T
e.g. CH,~C=C~CH,CH, + HBr - CH,-C = C - CH,CH; + CH;-C = C - CH,CH,
e.g.
e JCH,CH,CH; B
r — r
H-C=C-CHCHCH, — > L= & — > H-C-C- CHCHCH,
: i H Br

(Iv) Addition of water
(a) Mercuric ion catalyzed hydration:

H
Dil. HgSO RN ~H Tautomerism_ R - C (I: H
GeneraIReactionR—CEC—H+HZOTZSO:‘—> C=C - T - | -
HO” NH O H
(Markovnikov rule) Vinyl alcohol Ketone
(unstable) (stable)

Electrophilic addition of mercuric ion gives a vinyl cation, which reacts with water and loses a
proton to give an organomercuri alcohol. Under the acidic reaction condition, Hg is replaced by
hydrogen to give a vinyl alcohol, called an enol.

Mech.
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>

H
+2 . od H ® OH H @ O
R-C=C-H—2— rc=c-H—5 Y=/ —5 Y= &£ Ne-¢-h
Alkyne y oS R/ \Hg R/ \H R/ |
HgJr2 Vinyl alcohol H
Vinvl cati (enol) Methyl Ketone
yl cation (Keto)
0
Dil. HgSO H
e.g.CH,-C=C-H+H,0 W CH; - C - CH;

Propanone (acetone)

(b) Hydroboration-oxidation:

In alkyne, except that a hindered dialkylborane must be used to prevent addition of two molecules
of borane across the triple bond.

General Reaction

H
R R’ |

R-C=C-R oo™, [ Ne- ]A TN i
H

C
(2) H,0,,NaOH H~ N OH >
(anti-Markovnikov's rule)

Vinyl Alcohol Ketone or Aldehyde
(Unstable) (Stable)
i
(1) BH;, THF
e.g.CH~C=C-H 5 H,0,, NaOH Clyt gy
Propanal

Product obtained by

Reactant I
Hydroboration oxidation| Hg~ ion-catalysed hydration

v, I Il
(@) CHsC =CCHs 1 oy ceH,CH, CH3CCH,CH;

) { )-c=cH | { )-cH,cHo <:>_(CI:I)CH3

(V) Formation of alkylide anions (Alkynides)
Sodium, lithium and magnesium alkynide

General Reaction
R-—C=C-H+NaNH, > R-C=C" *Na+NH,
R-C=C-H+R'-Li-»R-C=CLi+R'H
R-C=C-H+R'MgX -»R-C=CMgX+R'H
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(VI) Alkylation of alkylide ions

General Reaction

R-C=C"+R'-X > R-C=C-R'

(R'= X must be an unhindered primary halide or tosylate)

e.g. CH,CH, C= C°Na_ + CH,CH,CH, — Br - CH,CH,—C = C — CH,CH,CH,
Sodium  1-Bromopropane Hept-3-yne
butynide

(VII) Reactions with carbonyl groups

General Reaction

R' R'
RN ., | .o Ho |
R—C=Ce+ C=0.—> R-C=C-C-0, —®>R—CEC—C—OH
= R'/ . | . (or H,0™) |
R' R'
0 OH

Il
(1) CH,CH, - C - CH, |

9 @
e.g. CH,-C=C: Na oo > CH, - CH, - ? - C=C-CH,
Sodium Propynide CH,
3-Methylhex-4-yn-3-ol

(VIII) Oxidation of alkyne
If an alkyne is treated with aqueous KMnO, under nearly neutral conditions, an a-diketone results.

(0]
General Reaction R - C=C - R’ S > R - (IZI - g - R

or 0, & Zn/H,0

e.g.
_ KMnO, (neutral)
CH3-C=C-CH,CH;™(or, 0, & zn/m,0) > CT3~ G~ CHaCHa
2-Pentyne (”) 0

Pentane-2,3-dione

(IX) Oxidative cleavage
If the reaction mixture becomes warm or too basic the diketone undergoes oxidative cleavage.
The products are the salts of carboxylic acids, which can be converted to the free acids by adding

dilute acid.
(1) KMno,SoH o} o)
_ 2) H' I [
General Reaction R - c = C -R' >R-C-0OH+ HO-C-R
(or O,, then H,0)
(1) KMnO,, NaOH 0] (0]
) H* I |
e.g.CH, - C=C - CH,CH, > CH, - C - OH + HO - C - CH,CH,
(1) KMnO,, NaOH O
(2) H I A
e.g. CH,CH,CH,- C=CH CH,CH,CH,- C - OH + CO,
Ozonolysis :

General reaction R—C=C-R' ﬁa(? R - COOH + R'— COOH

(i) O
e.g.CH,~ C=C~CH,CH, —5 -5 CH,~COOH + CH,CH,~COOH
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AROMATIC COMPOUNDS

BENZENE

Introduction :
All organic compounds classify into two broad classes, aliphatic compounds and aromatic
compounds. Aromatic compounds are those that resemble with benzene in chemical

behaviour.
Proposed structure of benzene :
|i| H
C H H CH CH
we” en | Ncn” |
T T LS,
_C\ /O_ H \CH/
? b [Prism like structure proposed

H
Kekulo benzene Dewar's benzene by Albert Ladenberg]

* Benzene mostly represents by Kekule structure.

Electrophilic aromatic substitution reaction (AR E reaction)

H H H
H H . H H E .
+ B ——s —_— + H
H H H H X
H H H
c-complex

A reaction energy diagram for the electrophilic bromination of benzene
The reaction occurs in two steps and releases energy

H

Br

Addition
(does NOT occur)

Im T

>

Br

o-complex

..................... S

Br
+B
"2 ©+ HBr

Substitution

Reaction progress >

| Potential Energy
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Some Electrophilic Aromatic substitution Reactions of Benzene :
<8

0

I

C
Y S
NOZ A R Acylation
Halogenation
SO;H
Nitration @ Alkylation

Sulfonation

(i) Ortho- and para-directing activators : Groups like —OH and —NH, present on a ring
direct an electrophile, E*, to ortho or para position and they react faster than benzene.

(ii) Ortho- and para-directing deactivators : Halogens present on a ring direct an
electrophile, E*, to ortho or para positions, and they react slower than benzene.

(iii) Meta-directing deactivators : Groups containing a carbonyl (>C = O) or a —CN group
direct an electrophile, E*, to the meta positions, but they react slower than benzene.
No meta-directing activators are known. Figure 5.8 shows how the directing effects of
the groups correlate with their reactivities. All meta directing grops are deactivating
and most ortho - and para - directing groups are activating. The halogens are unique in

being ortho and para directing and deactivating.

I [
—NO, —SO,H —COH —CH —-Br —F <X, —OCH, —NH,
I I I | I I I
| Reactivity
I I I I I I
—C=N ﬁ ﬁ —I —Cl  —H —CH, —OH
—CCH; —COCH, (alkyl)

Meta-directing Ortho - and Ortho - and
deactivators para - directing para - directing

deactivators activators
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Figure: Effects of Substituents in electrophilic aromatic substitutions. All activating groups
are ortho - and para - directing, and all deactivating groups other than halogen are meta-

directing. The halogens are ortho and para-directing deactivators.

Concept Map :

Electrophilic Aromatic Substitution

involves reaction

between
- | [ -
| An aromatic ring I and I An electrophile
is is
can be
Activated towards Deactivated towards
electrophilic substitution electrophilic substitution X*
No,
by by SO,
R+
- 4 - RCO"
Electron-donating Electron-withdrawing
groups groups

lower raise
the the

Energy of activation (E,.)
for arenium ion formation

A4

Increase Decrease
reaction rate reaction rate
stabilize . M destabilize

An arenium ion

is a wj a proton to form the

Cyclohexadienyl cation | |Aromatic substitution product
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Method of Preparation of Benzene :

(1) From Sulphonic Acid: When benzene sulphonic acid is heated with steam under pressure
benzene is formed.

SO.H

HCI
+ HO —/~~> + H,SO
(Steam) 1500C @ : N

(1) From Diazonium Salts:

N.CI

When benzene diazonium chloride undergoes reduction with H_PO, in presence of H,O,
benzene is formed.

(III)From phenol: When phenol is distilled with zinc dust, benzene is formed.

Zn dust
@ d|st|IIat|on @ + 28

(IV)From Grignard Reagent:

OH
H,O
CH.—Mg—Cl—=—> CH, + Mg<
Phenyl magnesium Benzene
chloride Cl

Note: C,H.—CI m) C,H,— MgCl
(V) From Decarboxylation of Sodium Benzoate:

COONa

—Naoti+Ca0, @ + Na,Co,

Note: Benzene is prepared in the laboratory by heating the mixture of sodalime and

sodium benzoate. This reaction is called decarboxylation.

(V1) From Acetylene: [Synthesis] Acetylene polymerizes to give benzene when passed

through a heated metallic tube.

HC + CH = CH
. ||| + Red hot tube
e. 1500 2000°C
HC + CH = CH

Note: (i) This reaction is called cyclic polymerisation.

(ii) Red hot tube or a tube containing a complex organo-nickel catalyst at 70°C.
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Chemical reactions of Benzene
The characteristic reaction of benzene are aromatic substitution. In these reaction one of

the ring hydrogen is replaced by some other group.

(1) Nitration: The treatment of benzene with conc. HNO, in the presence of concentrated
H,SO,. Then nitrobenzene is formed.

NO,
©+ HNO, =29 5 @ + H,0

(1) Sulphonation: The treatment of benzene with conc. H,SO, at 80°C or fuming sulphuric
acid (i.e conc. H_,SO, + SO,) at room temperature.

SO,H
conc. H,SO, + HO
80°C :
© — SO,H
——
H,S0,+S0, @ +H,0
room
temperature

() Friedel-Crafts Alkylation:

@ + R—ClI Anhydrous AICI, +HCI

This involves the treatment of benzene with alkyl chlorides in the presence of anhydrous

AlCL,.
(IV)Friedel-Crafts Acylation:

0
|
C—R
0
I

@ + R—C—C| Lo ACh,y +HCl

The treatment of benzene with acyl chlorides in the presence of anhydrous AICI.

(V) Halogenation:

X,/Anhyd. AlX,
—_—————
or
X,/Fe
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Example:

(i) Chlorination:
Cl

@ Cl /FeCI + HCI

(ii) Bromination:
Br

@ Br,/FeBr, + HBr

(iii) lodination:

@ I /CuCI + HCl

Note: Fluorobenzene cannot be prepared by a direct method.
(V1)Phenol From Benzene:
(i) From Chlorobenzene: [Dow Process]

+
Cl ONa OH
Cl, /FeCl, aq. NaOH H/H,0

(ii) From Benzene Sulphonic Acid:

SO,H SO,Na

O'Na* OH
Fumlng NaOH NaOH > HEO+E
H, SO 300°C

(iii) From Benzene Diazonium Chloride:

NH,
Conc HNO, Sn/HCI NaNO,+HCI
& H,SO, 0-5°C ‘
N,CI

OH

H,O
A
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(iv) From Cumene Hydroperoxide: [Cumene Process]

CH
CH CH; H,C— C OOH

||)HPO

Cumene Cumene
hydroperoxide

(VIl) Benzaldehyde From benzene:
1. Method:- Gattermann-Koch Synthesis:

CHO

@ +CO+HCI Anhyd. AICI, + HCl

This reaction involves the treatment of benzene with carbon monoxide and hydrogen
chloride (CO + HCI) in the presence of anhydrous AICI, catalyst.
2. Method: Gattermann-Aldehyde Synthesis:

CHO

@ +HCN + HCl + H,0 Anvd-Alchy + NH,CI

This reaction involves the treatment of benzene with (HCN + HCI + H,0) in the
presence of anhydrous AICI, catalyst.
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