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XL | /PSO ATTACK
A position which is already occupied by a non-hydrogen substituent in an aromatic ring is called
ipso position (Latin : ipso, on itself), the attack on this position is called ipso attack (or ipso addition),
and the aromatic substitution in which a substituent already present is replaced is called ipso
substitution. For example, protodealkylation of an alkylbenzene (reverse of Friedel- Crafts alkylation).
In this reaction tertiary alkyl groups are most easily removed, since they depart as stabler carbocations.
Thus, ¢-butyl group is used to protect the most reactive position in a compound to effect reaction

elsewhere. The mechanism is as follows :

C(CH3)3 .~ 1C(CHz)s
® H, ® o
ipso attack

Electrophilic
" ipso substitution

®
(CH3)3C —» (CH3),C=CH+H
merisation also involves ipso attack. For

The rearrangement of alkylbenzenes leadmg to their iso
to m-xylene as follows

example, o-xylene isomerises

CH,4
Rmmmgcment
H ==

CH; )
e ipso attack
+H &——————

i lectrophile to the position occupicd by
ency to direct the entering € [ n |
Silyl groun has & strong tcn:io thz strong stabilisation of cationic centre B to the silicon.

it, i.e., ipso position. This is due

Bromodesilylation : 0O
w - COOH ,
. +B, —* @ + Me3SiBr
ol - Br .
SiMe; ipso substitution
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Protodesilylation :

SiMe; SiMe;
@
4 H38 ipso addition +H,0 —-H @ + Me;SiOH

' REN | SOME IMPORTANT NAME REACTIONS INVOLVING AROMATIC
ELECTROPHILIC SUBSTITUTION MECHANISM

[jes]

1. Vilsmeier-Haack Reaction .

Formylation of active aromatic compounds, like phenolic ethers and dialkylanilines in o and p-
positions, with disubstituted formamide and phosphorus oxychloride is called Vilsmeier or
Vilsmeier-Haack reaction. Aromatic hydrocarbons (e.g., azulenes, ferrocenes) and heterocycles, which .
are more reactive than benzene, can also be formylated. The formylation is carried out by treating the

OMe OMe OMe
N POCI CHO
+ Ph—N—CHO —» + + PhNHMe

CHO

compound with disubstituted formamide and phosphoryl chloride followed by aqueous sodium acetate.
Although the most common reagent is N-methylformanilide (N-phenyl-N-methylformamide), other
simple or substituted amides are also used, e.g., DMF, etc. The reaction has also been carried out with
disubstituted amides other than formamide to give ketones. In the place of POCI3, other halides such

as SOCly, and COCI; have also been used. In all the cases the reacti i ion i
w12, ang | | . actin
chloroiminium ion, which behaves as an electrophile. B EpSciEteon (o caction s

Mechanism :

0
NN > PN=CH & ppRNe—c—y i
e ci | Q™—""+c® | | +0—FCh
¢ = Me 0—pch Me ClI
|
Iminium jon O I
@
Ph-—N—(|3=-H
~ Me CI
0;4 I ® ci Chloroiminium ion
:OMe OM
G ? ¢ (llH . OMe (|:1
—N—Ph N —
+®C—N—Ph —pn H I —H® CH T Eh aq.NaOAc
| ] Me >
H Me Me
OMe
CHO
+ ph—NH—M¢
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3. Gatterman-Koch Reaction 4 with a mixture of CO and HCI in the presence

. . late ) .
Certain aromatic compounds can be formy The reaction is gen erally limited o

: . an-Koch reaction. )
of AICl;. This reaction is known as Gatterm henolic ethers, and Tings which

take place with phenols, P -
benzene and alkylbenzenes. It does not P ce mostly at the para position. Cuproyg

. T . i la
contain meta-directing substituents. The formylation takes P X :
chloride is necessasry if the reaction is to be carried out at atmospheric pressure. At high pressureg
(150-200 atm) cuprous chloride is not needed.

AICl,
ArH +CO +HCl — ArCHO
CuCl

®

The mechanism of this reaction is uncertain, but probably the formyl cation (HC=0) is the
active electrophilic species. The function of cuprous chloride is to co-ordinate with CO to provide it
higher local concentration.

® ® ®
CO +HCl + AlCl3 —— [HC=0 «— HC=0] AICl,
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HC=0

) | 0 : o
._ | I B Il
_ C—H o C—H
® ' . H ___.)—H
CYoe — 8 A
@ 3
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7.‘ Diazonium Coupling

Aromatic diazonium salts react with phenols, naphthols, and aro
coloured azo compounds (azo dyes). This reaction is known as coupling
are of great importance as dyes; about half of the.dyes ‘in industrial us

matic amines to form highly
I€action. The azo compounds
€ today are azo dyes.

D
ArN; + ArH — Ar—N=N—Ar+H T
o , . _ Azo compound »

The aromatic ring (Ar'H) undergoing attack by the diazonium ion electrophile must contain a
powerful clcf:ct'ron-.releasmg group such as OH, NR,, NHR or NH,. The coupling usually occurs
para to the activating group, if the para position is already occupied, it takes place at ortho position.
This is presumably because of the size of the attacking diazonium ion. ' ,

Phenols couple fastest in mildly alkaline solutions because phenoxide ion is much more reactive
than the un-ionised phenol in aromatic electrophilic substitution, and phenols themselves are not active
enough for the coupling reaction. For amines the solution may be mildly acidic or neutral. If the acidity
is too high, the reaction does not occur because the concentration of free amine becomes too small,
and most of the amine is in the form of amine salt in which the ring is deactivated due to the - I
effect of the ammonium ion group. In mildly acidic solution the concentration of the attacking

@ , . .
tlectrophile Ar—N,, is high. However, neither phenols nor amines react in strongly alkaline solution
because the diazonium ion is converted into a diazo hydroxidle Ar—N=N—OH and diazoate}
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— 0@ .
Ar—N=N—ONa which do_nst couple. _
® NaOH ' NaOH o 8
Ar—N=N Ar—N=N—OH Ar—N=N—ONa
Couples fl Does not couple :,l Does not couple

®
@ .. v @ o S
Ph—N=N <—»r Ph—N=N:@MeZ — Ph—N=g NMe,
) a
Ph—ﬁ=ﬁ‘©‘mez 9
-H

: p-dimethylaminoazobenzene

A detailed study of the coupling reaction has shown that it involves electrophilic substitution, the

® . @ o 20 e
Ph—N=N: <«—» Ph—N=N: + (:) —_— Ph_N:E =0

o |
: ~ Ph—N=N 0 <
| ] -H

p-phenylazophenoxide

electrophile being the diazonium cation and the substrate being the free amine or the phenoxide ion :
The coupling of phenoxide ion similarly occurs as follows :
Since Il is the reactive resonating structure, any factor that increases its contribution will increase
- the reactivity of that diazonium cation. Electrron-withdrawing group would favour I and
electron-releasing . group would favour I. This has been found to be so in practice, e.g,
p-nitrobenzenediazonium cation is more than 10,000 -times as reactive as the
p-methoxybenzenediazonium cation under the same conditions. The 2,4,6-trinitrobenzenediazonium
cation is so reactive that it couples with certain hydrocarbons, e.g., mesitylene.

OH
OH
© NaOH

1-phenylazo-2-naphthol
orange-red color (azo dye)
2-Naphthol in alkaline solution couples with diazonium salts to give l-phenylazo-Z-naphﬂW'»
this reaction is used to test primary aromatic amines :
Methyl orange (Helianthin) is prepared by coupling diazotised sulphanilic acid with

© (]
03S -N=N 5 NMEZ 055 NH‘—N=C>=NMC2
Orange Red

e
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FREE RADICA

[EXH | FREE RADICAL REACTIONS

| (or radical) may be defined as a specie

s that contains one or more unpaired

A free radica
electrons.

Due to the presence O

Types of free radical reactions :
reactions and termination reactions. Involving these reac

types of reactions such as substitution, addition, rearrang
Propagation reactions : These lead to other radicals, which themselve

are four main propagation reactions, of which the first two are most common :
! 1. Abstraction of another atom or group, usually a hydrogen atom :
R'+R—H — RH +R”

f unpaired electron(s) free radicals are paramagnetic.
Free radical reactions are of two types, i.e., propagation

tions, free radicals undergo most of the general

ement, oxidation and reduction.
s react further. There

2. Addition to multiple bonds :
| |
R +—C=C— — R—C—C

| |
3. Decomposition :
|
. P-Cleav

CH,—CH,—CHy—CH, —2 02", o, ¢
4. Rearrangement : H;—CH; + CHy=CH,

R

R—T—Cﬂz — R—é—CHz_ R

R R

£
Termination reactions : Th i
. n T : ese give stable produ i
are simple combinations of similar or different radipcals .cts. The most common termination reactior®

R+R'—> R—F

(450)

Scanned with CamScanner



FREE RADICAL REACTIONS — - ] 51

Another termination process is disproportionation.

In disproportionation - 2CI:I'3_CH2 > CH3—CH3 + CH;=CH, s/ 4
| reaction an alkane and . : dicals! A
hydrogen atom of one radical is abstracted by Zr:xotill::ra:l;g?:afre progluced iom, AiPat oo

FREE RADICAL MECHANISM

Mec.:hamszln of free radical reactions generally involves three main steps, i.e.. initiation,
PmPaIgaf’f’”_a“ termination. Each of these steps may consist of two or more Steps. ' _
] "{tlatl?n_Step :In .the initiation step(s) free radicals required for a reaction are generated in
situ by irradiation or heating of the reagent or by carrying out the reaction in the presence of an
initiator like peroxides, (e.g., benzoyl peroxide). This process is always endothermic. For example,
generation of bromine free radical from HBr :
C"> | (II) 0 0
(i) Ph—C—O0—O0—C—Ph — 2Ph—C—O" (i) Ph—C—O0" — Ph*+ CO2
(iti) Ph'+ H—Br — PhH+Br’
Propagation Step : When a radical reacts with a molecule (which has an even number of
electrons), a new radical is generated. This type of step is called propagation because the newly formed
radical can now react with another molecule and produce another radical, and so on, until two radicals
combine and terminate the sequence. Such reactions where there are hundreds or thousands of

propagation steps between an initiation and termination are called chain reactions. Free radical chain

reactions work best when all propagation steps are exothermic. An endothermic step corresponds to
he chain.

a slow and reversible reaction that breaks t

Br + CH,—=CH—CH3; — BrCH,—CH—CH3

H—Br — BrCH,—CH;—CH3 + Br’

BrCH,—CH—CH3 +
destroyed by coupling of two same or different

Termination Step : In this step free radicals are

radical by disproportionation : ;
adicals or by disprop R R R R

2CH;—CH, —> CHz—CHj + CHy=CHy
A chain reaction of free radicals may also be terminated by adding free radical

phenols, amines, thiols, nitric oxide, oxygen, etc. Oxygen acts as free
ide free radical which is much less reactive, thus it breaks the

Inhibitors :
inhibitors, e.g., benzoquinone,
radical inhibitor by forming a perox
chain. ‘ .

R +0p, — R—0—O
An inhibitor may be defined as a substance that slows down or stops a free radical reaction even

t in small amount. . '
hough present I free radical reactions :

teristics of >t ..
Gemeral milar whether they are occurring in the vapour or liquid phase.

he presence of acids or bases or by changes in the polarity of

1. Reactions are si
2." They are unaffected by t

3 'sl%l;/;n:e initiated or accelerated by typical free radical sources such as peroxides, or by
light. A

Scanned with CamScanner



=

- e—— ADVANCED ORM
- ANC Chesray

W—
[ by substances th
Their rates ar¢ decreased or the r_eactlons zz;c stopped by at scaveng
* radicals, e.g., nitric oxide, benzoquinone, ot 02

e fi
These substances are called inhibitors «

m’ FREE RADICAL SUBSTITUTION MECHANISMS

alogenation at an alkyl carbon ' ' ' o |
H ?Alkanes can be chlorinated or brominated on reacct’mn with chlorllne or bromine in the presenc,
of visible or uv light, or at high temperatures (250-400°C). For example : _
hv
| __H+Cl, ————— R—CI+HCI
R—H+Cl -2 250-400°C

The reaction can also be applied to alkyl chains containing many functlonz.il groups. The
chlorination reaction is not useful for preparative purposes because every alkyl C_arb?“ in the molecule
is chlorinated as well as di- and polychloro compounds are formed. The bromination is much more
selective than chlorination. It is possible to brominate tertiary and benzyh.c positions .selectlvely. It
should be remembered that the greater the reactivity of a species, the less is the selectivity. :

It should be noted that fluorine reacts too violently involving rupture of C—C bonds, whereas

jodine reacts too slowly and reversibly to be of any practical interest.
Mechanism : The halogenation at an alkyl carbon is a free radical chain reaction and proceeds

through the following mechanism: ;

... . hv
Initiation step X ————
" or 250-400°C
l Propagation steps R—H+X — R'+HX
' R+X, — R—X+X
Termination steps R+X — R—X

X+X — X
R+R — R—R

The following is the decreasing order of reactivity of halogens :
F,> Cl,> Bry > I

The most important single factor caus;
of the H—X bond whith 1s 1 s :smg the order of halogen reactivity is the decreasing strength

B—F>H-—CI>H Br>g_j

ng H—X bond strength the Propagation step :
R—H+x — R +HXx

?rmf:d after the abstraction of hydrogen.

titut . g '
l ?Or. b alkyl radical having planar structure 18
M racemic modifacion. For example :

QH3“‘?H2~CH—CH3 +HBr
Radical carbon has
i Planar structyre X

CH3—CHy—CH,—CH; + By "
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H
S __CHs III H
O I < ) +Br, > CH3—CH2—‘(I:-—BI'+Br——c——-CH2—-CH3
CH—CH; CHs - CIJH3
50% 50%

Racemic modification

Allylic Halogenation : Alkenes can be halogenated in the allylic position by a number of
utyl hypochlorite, etc.,

refagents Bich as N-bromosuccinimide (NBS), N-chlorosuccinimide (NCS), #-b
o th?se, NI?S is the most common. When NBS is used, the reaction is known as Wohl-Ziegler
reaction. Using NBS rather than bromine for allylic bromination solves the problem of formation of

the undesired addition product of alkene with bromine.

. The reaction of NBS is highly regioselective and takes place at the allylic position. NBS is also
a highly regioselective brominating agent at positions o to an aromatic ring (benzylic position), to @
C==C triple bond, to a carbonyl group. When both double and triple bonds are in the same molecule,

the preferred position is « to the triple bond.
Examples :

(i) CH;—CH=—CHy ————— Br—CH;—CH=CH

3 2 Thv/ccl, S e

CH,Br

CH;
/CCly

NBS
(iii) HC=C—CH3 3 HC=C—CH;,Br
hv/CCl,
t, most often CCly is used. NBS is only

out in nonpolar solven
of bromine necessary for the success of

The reaction of NBS is carried
he low concentration

slightly soluble in CCly, this ensures t .
this reaction. The reaction is catalysed by peroxides, heat or light.

o (0]

hv or A . .

Step 1. N—DBr -—Eg—L——» ‘fFN + Br
(0]

0O
NBS

Mechanism :

Step 2. 'CH3——CH:CH2 +Br — CH,—CH=CH; + HBr

(0] (0]
Step 3. N—Br + HBr —~ N—H + Br
o) (0]
Step 4. (H,—CH=CHy +Brz — Br—CH,—CH=CH, + Br
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: i ntration of T
Formation of addition proiihct always takes place when a high conce bromine jg Useq
orm

Br
NBS/hv
CCly
Br
Br
Bl'z/hv + q
Br

The function of NBS is to provide a low, constant concentration of bromine and to use up the

HBr formed in step 2. . :
Why is an ionic or a free radical addition to the double bond not observed with NBS if bromine

is the reacting species? This is because the concentration of bromine in the reaction mixture is too

low.
Ionic addition :
@
Br
)
CH3—CH=CH2 +Br, = CH3——C—CH2 +Br — CH3-—?H—CH2Br
D .
H Br

Free radical addition

. B Br
CH3—CH=CHj + Br' == CH;—CH—CH,—Br -2, CH3—$H—CH2Br +Br’
(1
Br
Free radical substitution

. Br
Br'+ = —CH= 2
r + CH3CH=CH, e CHo—CH=CH, 2, Br—CH,—CH==CH, + Br

‘ The addition of bromine to the double bond involves the reversible formation of the b nium
ion ‘I or the free radical IL. If the concentration of the proper bromine-contaj AN 'rotmo low
thg mtermednz.ntes I and II revert to the initia| species and the allylic substitutiolnmg species is oofu" A
This explfanatlon is <':onﬁrmed by running the Ieaction with very | . Sompetes e {1
case allylic substitution rather than addition takes place ¥ oW concentrations of Bry, in whic

In cases where the allylic intermediate mm
. late is uns i ' i
a mixture of both possible products. ymmetrical, allylic feaerrangement occurs to give

For example ;
CH3“CH2—CH:=CH +Br
e e CH3~CF-CH=CH2
CH3“'CH=CH—C.H2
Br
l Br,
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When a .d.oublfa bond has two different allylic positions, e.g., CH;—CH=CH—CH,CH3, 2
secondary.posmon is substituted more readily than a primary. The relative reactivity of tertiary
hydrogen {s not cflear. It is possible to brominate both sides of the double bond. Because of the
electron-withdrawing nature of bromine, the second bromine substitutes on the other side of the double
bond rather than o to the first bromine, for example :

NBS
CH3—CH=CH—CH—CHj3 CC£7) Br—CHz——CH——CH——-(IZ'H——CH;;
4

Hey (1934) reported that the thermal
arylation of the aromatic rings.
ent of a

Free radical mechanism at an aromatic substrate :
decomposition of diazonium salts in aromatic solvents results in the
He explained these results by the following mechanism involving the direct displacem
hydrogen atom in the aromatic solvent molecule by the aryl radical, i.e., the abstraction of an entire

aryl group of the solvent molecule by the aryl radical.
Ar—N=NX — Ar + Ny +X’
Ar + Ph—H — Ar—Ph+H
[X = Cl, OAc, OH]

r results are obtained from the aryl radicals generated from other source
aromatic solvents.

Simila s such as the
decomposition of benzoyl peroxide in
(0] 0] O

Il | |
ph—C—0—0—C—Ph — 2Ph—C—0O" — 2Ph’+2CO;

Ph’ + Ph—H —— Ph—Ph+ H
The above direct displacement mechanism was discarded because :
f a C—C bond at the expense of a relatively stronger C—H bond

1. Tt involves the formation o . : ‘ stror
(i.e., abstraction of an entire aryl group) which requires a very high activation energy, thus,

actually this is not the case.
2. Tt does not explain the formation of products I and IL
The following two-step mechanism which is exothermic and also explains the formation of
products I and II was proposed. This is similar to the mechanism of aromatic electrophilic and
nucleophilic substitutions.
P ]
Ar——llf—-O—-O——C——Ar 3 2Ar—C—0" — 2Ar +2C0,
H Ar

H Ar H Ar H Ar
Ar'+ © —> @ D D @ = 0
tabilised by resonance. The reaction can terminate in three ways:

The intermediate free radical is S
(i) By simple coupling :
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H Ar

H_Ar H NH
@~ U U
)

A partially hydrogenated
quaterphenyl

The coupling need not be ortho-ortho, other isomer can also be formed.

(ii) Disproportionation :
Ar
H Ar Ar H
() — @
H H

A biphenyl (In
ydrobiphenyls like II are oxidised to the corresponding

L=

-n

Under the reaction conditions dih

biphenyls. : :
(iii) By abstraction of hydrogen, if a radical R is present in the system :

Ar
H Ar
_— @m

NEIGHBOURING GROUP ASSISTANCE IN FREE RADICAL REACTIONS

Br, LN Br'+Br’

I,{ & .'B{ | R\/Br
Br"l—.R—C'—C —Br —» = "~ _ .\
o YO S ko,
H I'_I lBrz
Ilir' R

The above mechanism is Supported by the fact that as expected it proceeds with retention of

configuration. Thus photolytic bromination of ¢ ticall i e gi
1,2-dibromo-2-methylbutane with retention of conﬁgll:ratim{ etive " 1-bromo-2-methylbutane gives
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[EXH | REACTIVITY

Reactivity for Aliphatic Substrates

e r:(ti ixcsalth? abstraction step that determines which product' will be formed in a chain reaction. A
ee radic al(rinost always abstracts a univalent (hydrogen or halogen) and never a tetra- or tercovalent
atom, seldom a divalent one. For example, a reaction between 2 chlorine free radical and ethane
gives an ethyl radical, not a hydrogen free radical :

H—Cl + CH:CH, AH =-3 kcal/mole
CH;—CH;3 +ClI' = e ¢

S CH;CH,—Cl+H AH=+18 kcal/mole

_ The main reason for this is steric. A univalent atom is much more exposed to attack by the
incoming radical than an atom with a higher valency. Another reason is that in many cases abstraction
of a univalent atom is energetically more favoured.

In the case of alkanes, the following is the decreasing order of the ease of abstraction of different
kinds of hydrogens : ‘

tertiary H > secondary H > primary H > methane H

This is according to the relative stabilities of the free radicals formed after the abstraction of
hydrogen.

In the case of alkenes vinylic hydrogens are never abstracted, and the abstraction of allylic
hydrogens is greatly preferred to other positions of the molecule. This is because of the resonance

stabilisation of the allylic radical :

C=C—-C—H— /C—-C—C > C—C—-C\

A | |

Allylic rearrangements are common in these cases.
In the case of alkyl chains of aromatic rings the preferential position of attack on a side chain

is usually the position o to the ring. Aromatic hydrogens are seldom abstracted if there are aliphatic

hydrogens present. . ) ) .
In the case of compounds containing electron-withdrawing substituents, e.g., Z—CH,CH3

(Z=COOH, COCl, COOR, SO,Cl, or CX3) the B positi.on is a.ttacked predgminantly or exclusively
in free radical halogenations. This is because electron-wnhérawmg groups highly deactiYatF adjacent
(or) positions. Compounds like acetic acid and acetyl chl.o_rlde are not attacked at al}. This is because
halogen atoms are electrophilic radicals and look for positions of high clectrc?n. density. Hydrogens on
carbon atoms next to the electron-withdrawing groups have loyv. electron densities, therefore, the attack
is avoided at this position. The radicals that are not electrc_)l?hlllc do not shf)w this behaviour, e.g., the
methyl radical does not avoid the attack at the o position. Some radicals, e.g., t-butyl, benzyl,

il lectron-poor hydrogens.
| are nucleophilic and tend to abstract electr r
cydoﬁizgz’tli:illg }i):ex-omatic Substrates : Free radical substitution at an aromatic carbon seldom

takes place by a mechanism in which a ring hydrogen is abstracted to give an aryl radical. Usually,
theersngc;(;iisri is similar to that of aromatic electrophilic and nucleophilic substitutions.
: H. Y

D) — ,,
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The following generalisations have been made regarding the react-ivity in aromatic substrateg

1. All substituents increase reactivity at ortho and para posit!ons as compared to that of
benzene. There is no great difference between electron-donating ar.xd electron—wnhdrawing
groups. This is because radicals are neutral species and are not 1pﬂuenced by the polar
properties of the substrate: to any significant extent. Furthermore, it has b;en shown that
both electron-donating and electron-withdrawing groups stabilise a fre.e radical.

2. Reactivity at meta positions is almost equal to that of benzene. This fact, coupled with
preceding one, means that all substituents are activating and ortho-para directing; none are
deactivating or mainly meta directing.

3. Reactivity at ortho positions is greater than at para positions, except where a large group
decreases ortho reactivity due to steric reasons.

4. Electron-withdrawing groups exert a greater ortho-para directing and activating effect than

electron-donating groups.

Substituents have a much smaller effect than in electrophilic or nucleophilic substitution.

Although hydrogen is the leaving group in most free radical aromatic substitutions, ipso

attack and ipso substitution (e.g., with Br, NO,, or CH3CO as the leaving group) have been

found in certain cases.
Reactivity at a Bridgehead : Many free radical reactions have been observed at bridgehead
carbons. For example, in the following reaction a free radical is formed at the bridgehead carbon.

COOAg Br

+ BI'Z —> 87%

o »

(For mechanism see Section 8.10)

This demonstrates that the free radical need not be planar. Although bridgehead free radical
substitution is possible, it is not preferred because of the strain involved.

Reactivity in the attacking radicals : The greater the reactivity of a species, the less is the
selectivity. The bromine atom is so selective that when only primary hydrogen are available, as in
neopentane or r-butylbenzene, the reaction is slow or nonexistent. Isobutane can be selectively
brominated to give r-butyl bromide, and toluene reacts with bromine instantly. Other alkylbenzenes,
e.g., ethylbenzene and cumene are brominated exclusively at the o position emphasizing the selectivity
of bromine free radical.

Some radicals, e.g., triphenylmethyl, are so unreactive that they abstract hydrogens very slowly.
As mentioned earlier, some free radicals, e.g., chloro, are electrophilic and some, e.g., t-butyl are
nucleophilic. However, the predominant character of a free radical is neutral, whether it has slight
electrophilic or nucleophilic tendency.

The effect of solvent on reactivity : Unlike jonic substitutions, the solvent usually has little
effect on free radical substitutions. Free radical reactions in solution are quite similar in character to
those in the gas phase, where there is no solvent. However. in certain cases the solvent can make an
appreciable difference. For example, chlorination of 2,3-dimethylbutane in aliphatic solvents gave

O

about 60% (CH3),CHCH(CH3)CH,Cl and 40% (CH;3),CHCCI(CH3),, while in aromatic solvents the
ratio became 10 : 90. This is due to complex for.matlon between the aromatic solvent and the chlorine
free radical which makes the chlorine less reactive and thus, more selective,
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