- The paramagnetic Species containing an atom or a
~ unpatred electrons is called a free radical. Organic reactions which are either ini
b radicals or involve free radical intermediates are called free radie '

{ al reactions,
g @) Formation

g Free radicals are generally produced
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Occasionally, a free radical cleaves further to give yet another radical. For example,

nJ—’lEl“—fE- ——> R+ (O,
0]
Free radicals are sometimes formed also by the reaction between radical and a molecule, For l
example,
CI-/—*_\H-Q:HJ —_— ‘CH, + HCI '“ )
Chlerine radical Methane Methyl radical
(5) Reactions

important reactions of free radicals can be outlined as follows -

Coupling of free radicals to form neutral molecules. Two free radicals readily couple (or
" combine) to form a stable, neutral molecule. These ar
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¢ the usual termination reactions in Jree radical '
chemistry. For example, P
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tion. [n examples given above, carbon is €
 for a covalency higher than normal covalency of the charged atom (e.g
4, oxonium ion for RQH,, etc.). Therefore, the name carbonium ion for

; cerbon is misleading. Therefore, it has been suggested that the term carb
" for carbonium ions with trivalent carbon. Since this suggestion has not been adopted univers
far, the term carbonium ion continues 1o be used in literature for carbocations with even triwalent

carbon.

N
Caution ! Although the more scientific term carbocation has been Used in this book, users of the buok | :
{_should k=ep this limitation in view while reading other books or even examination papers. P

(@) Nomenclature.

Two systems of nomenclature have been proposed. Under the carbonium ion system the
simplest zarbocation ©CHy is called ‘carbonium ion’ and the related carbocations are named as o

Fl derivatives of this ‘carbonium ion’. Under the cationic system, these species are named as alky ! (0
o aryl) cations, as illustrated bzlow : »
L ! {
v : Name Under i
i Formula
Carbonium fon system Cationic system
@ z
CH;4 Carbonium ion_ Methyl cation L/’ r
9 - il . '
CH;CH, Methylcarbonium ion Ethyl ‘cation, ﬂ
e ® ; ; : 1
(CH,),CH Dimethylcarbonium ion Isopropyl cation
' .9 )
(CH1):C Trimethylcarbonium: ien tert-Butyl cation
)
H,C=CH-CH, Vinylcarbonium iun Allyl cation
-. Csﬁs—%ﬂz Phenylcarbonium ion Benzyl cation

Avoid using names like isopropyl carbonium ion for dimethylcarbonium 1
for trimethylcarbonium ion. Under the carbonium ion sysiem, the correct

ions are really (CHjy);C H-CH, and (CH3);C~CHj respectively. It
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1t has already been explained in terms of threon]ugulon (sec. 3.5.) and the concent of Iﬂductlvs'

wffec: (sue, 3.4.1 puge AD).
S=""12) Allyl cation. It Is highly resonance-stabllised, as already explained under sec. 3.3.1 (page 44),

(3) Benzyl cation. This is also a resonance-stabilised species, as already explained under sec. 2.3.1
(page 44)

(4) Triphenylmethy| cation. This is among the most stable carbocations known due to extensive
dispersal of the positive charge, as already explained under sec. 3.3.1 (page 44). M

15) Acyl cationS TAcylium lons), These carbocations are also resonance-stabilised, as shown be ow:
y )
R_?*—'-Q. —s R"'CES
{dy Formation,

rbocations arc formed in one of the following ways

Insymmetrical cleavage. For example,
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{CeHg)xC L) e (CgHsC + :Cl
Triphenylmethy! chloride Triohenylmethy! cation
| Colouriess) (Yellow)

(2) Polar additions to multiple bonds. For example,

T8 ®
CH, - “H ————> H,C—CH—CH,

(1) Hi C—‘ H=
Isopropy! cation
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NO;
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\S Benzene Nitronium on Carbocation : resenance Sabilised '

(€) Reactions.
Some representative reactions of carbonium ions/carbocations are
(1) Combination with anions or electm-rl_rh species (nucleophiles). For example,

Bu

(CH3),C—CN ' (CHHZC® ———>  (CH)C—OH
serr-Butylcation | tert-Butylalcoho
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CHCly + NaOH . CHO
70°C :

: o-Hydroxybenzaldehyde CHO
Phenol (Salicylaldehyde) p-Hydroxybenzaidehyde
(main product)

hjis reaction involving carbene intermediate will be discussed under phenols (sec 20.4.6, page 467).

Karbylamine reaction. When warmed with chloroform and potassium aydroxide, a primary
orms an isocyanide or a carbylamine characterised by a highly unpleasant odour.

RNH, + CHCl; + 3KOH —> RN =C+ 3KC| + 3H;0
(R 1s an alky /a roup _

This reaction is not given by a secondary or @ tertiary amine and is therefore used 4s &

diagnostic test for primary amines. This reaction involves carbene as intermediate will be discussed

later under chapter on amines (section 28.9.6, page 711 ).

(3) Addition of carbenes to alkenes. (a) When treated with diazo-methane :n the presence of
ultraviolet light, cyclopropanes are formed by the addition of methylene across the double bond. For

example,
] u.v. light
! (Az'? N:g: L_.._g——}-a 3 CH: 4 N! t
Diazomethane Carbene
~CH3;CH=CHCH; + :CH, —— HiE —-(3\4‘_/@;_@;1

2-Butene Carbene

i,

1. 2-Dimethylcyclopropane

ism of this reaction will be discussed under chapter on alkenes (section 10.4.1, page 212).




