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AROMATIC NUCLEOPHILIC SUBSTITUTION (ArSN)

The replacement of a hydrogen or a substituent on an aromatic ring by a nucleophile is known
as aromatic nucleophilic substitution. Unlike aliphatic compounds having a nucleophilic group as a
leaving group, aromatic compounds having the same group bonded directly to the aromatic ring do
not undergo nucleophilic substitution under ordinary conditions. :

The reason for this unusual reactivity of aromatic compounds is the presence of a lone pair of
electrons or a m-bond on the key atom of the leaving group. As a result of delocalisation of this lone
pair of electrons or the mt-bond through conjugation with the m-electrons of the armatic ring, there is
partial double bond character between the carbon of the ring and the key atom. Thus, the key atom
becomes firmly bonded to the aromatic ring and cannot be replaced easily.

® ® ®
CL L L L
- > —
(€]

Another factor for the low reactivity is the nucleophilic characte'r of' aromatif: rings because of
the presence of electron cloud above and below the plane of aromatic rings. This shields the ring
carbon from the attack of a nucleophile. ' '

Under drastic conditions, i.e., under high terr!per.ature or high pressure or both, in the presence
or absence of catalysts, aromatic nucleophilic sub§ututlon may take place. On the other hand, pr('n?erly
substituted aromatic compounds (compounds having — R or —/ group at o or p or bot}.l .the pOS.lth‘nS,
or aromatic nucleus having electronegative heteroatom O, I\_I, S,. etc.) undergo nucleoph{hc sub]stltu#;).n
with less difficulty because —R and — 1 groups are activating groups fqr aromatic nucleop 1f ic
Substitution. These groups decrease electron density on the aromatic ring and activate it for 4
B §ubStltun(m'ds undergo the following three types of nucleophilic substitution reactions: :

ﬁron;ich ‘;or:‘fc(iiuonn (Aromatic Substitution Nucleoph?}?c gpim;)lecllxlei)r).

2. ArSN2 reaction (Aromatic Substitution Nucleophilic Bimolecular

o1 st i ia Benzynes (Arynes)
. Substitution Reaction via Ben: ! . -
%‘h Aror}r:atl'c Nucf:l::g}il l(l,lfcthe above three reactions is similar to one of the aliphatic nucleophilic
€ mechanism o
Substitution mechanisms.

(431)
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AN | ArSN1 REACTION (AROMATIC SUBSTITUTION NUCLEOPHILIC
UNIMOLECULAR)

ArSNI reactions are very rare. These are mainly given by aromatic diazonium salts.

(-] (3]
ArN=N +Nu — Ar—Nu+Nj,
Mechanism :

® Slow o
Step I : Ar—N=N — Ar+N,
Aryl cation
& © Fast
StepIll: Ar+Nu —— Ar—Nu

Aryl cation (Ar) is highly unstable but nitrogen is highly stable, hence, very good leaving group.
This makes the generation of aryl cation extremely easy.
Evidence in support of the above (ArSN1) mechanism

(i) The reaction rate is first order in diazonium salt and independent of the nature and

e
concentration of the nucleophiles (Nu) present. _
(ii) That the first step is a reversible cleavage of carbon-nitrogen bond has been established by

e . -
the observation that when Ar !>’N=N was the reacting species, recovered starting material

D
also contained ArN=="°N. This could be possibie only when the nitrogen detaches from the
ring and then reattaches.

(iii) The effects of ring substituents on the rate are consistent with a unimolecular
rate-determining cleavage, e.g., electron-releasing m substituents (OH, OMe, Me, etc.)
increase the rate and electron-withdrawing and m substituents (COOH, NO,, Cl, etc.) retard
the rate of reaction.

Some examples of ArSN1 reactions of aromatic diazonium cation are given below :

H,0 ®
————> Ar—OH + N, + H

xe
® (alideion) > AT X+ N

Ar—N=N—""

——  Ar—N, + N,

CH;0H ®

Ar—OCH; + N, + H

Presence of electron-donating group (+R group) at ortho or

reactivity of substituted diazonium cation for ArSN1 reactions. Sj
at these positions decreases reactivity.

Y | ArSN2 REACTION (AROMATIC SUBSTITUTION NUCLEOPHILIC
BIMOLECULAR)

para or both positions increases the
milarly electron withdrawing-groups

This reaction is the most common among aromatic nucleophili ituti i
‘s ilic sub. actions. The
reactivity of substrate for ArSN2 (also called as SNATr) reacti ’ Saton. [e

. on depend : .
(1) Reactivity o< leaving power of the leaving group pé“ s on the-following factors
(i) Reactivity o< — R and - powers of the group present at o- and/or p-position
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(iii) Reactivity o< electronegativity of the heteroatom of the ring
(iv) Nature of the solvent : Polar aprotic solvents favour the reaction.
Some examples of ArSN2 reactions : With substrate having no activating group:

Aq. NaOH

300°C, 200am . CeHs—OH
Aq.NHy/Cu,0
CgHs—Cl; 32 _
6 200°C CeHs—NH,
CliCN/Pyndlpic |
200G C¢Hs—CN |
With substrates having activating group(s):
NH,
7NH3/EtOH
150°C
SO3Na OH I
NOZ !
NaOH/fusion
OH 250°-300°C
NaOH Me CH3
200°C
NO, '
OMe OH
NH,
NO
NaOH/A . 2
NO, NO; NO,
A
\;\Q
cl NH—NH,
NO, NO,

aq Na,CO;
130 C

NO,

cl OMe -

HOH

25 C McOH,20°C
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OH
NO,
B
% NH
NO, \00 2
NO, NO,

OMe
NO .
. MeONa E_H}ﬂgi—»
B - 150°C
MeQH, A
N02 OMC
MeONa
L MeOH, A
0,N NO, O;N NO,

Displacement of hydride ion

N~ TNH N~ "NH,
This is called Tschitschibabin (chichibabin) reaction.

: _KOHA (j\
@ PhLl/llOC @
N
| BuLiios'c @
N
NO,

KCN/ A
02N N02 '

In general, aromatic compounds having the following leaving groups undergo ArSN2 reaction
It should be noted that all of these le |

av . ® :
departs as RsN, ing groups depart as aniong except the R3N group which

o
X (halogens). NO2 N3, NR;, OR, SR, SOR, 50,5 SO:H, OAr, H
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ArSN2 mechanism
It resemble ium i ;
i BEKTE Speiit:: ?remum ion mec.hamsm of aromatic electrophilic subst
ouieparts, i bOtl?r.ms a bond with the substrate, giving an intermedia
the first step i’s s;l;w oth involve an addition elimination process. ArSN2 reactio
complex, G-complex l([))so alciion l?y the nucleophile to give intermediate anion
R grou’p(s) arepprese;tci'ctlf?hcxadlenyl carbanion) which is stabilised by resona
ither at o or p or both positions. In th »
. . . In the

departs to give the substitution product, p second fast ste

itution. In both the cases
te, and then the leaving
n involves two Steps,
(Meisenheimer (salt)
nce, especially when
p the leaving group

L
Nu Nu Nu L Nu
(S)
Step 1. || TNy —Sov e = B
A ipso addition «—r -« =
| ©
L Nu Nu |
Step 2. _ Fast e
P elimination +L

General aromatic nucleophilic ipso substitution /
. |

Evidence in support of the above mechanism :
(i) In many cases salts of the postulated intermediate (Meisenheimer salts) have been isolated

and characterized.

OEt
EtO_ _OMe
O,N NO; O,N NO,
4+MeO — <«—> clc.
NO, N /N@\ 5
(o} o .

(ii) In the reaction :

L
NO, .
+ —_— 02N N > +L
N
NO | NO,
2'\\ H

enoxy, the rates differed only by. a factor
t broken in the rate-determining step- We

Br, I,A‘ SOPh, SO,Ph or p-nitroph
re of L affects the rate at which a

hows that the Ar—L bond is no
o be jdentical because the natu

d with 1 when L=1). The fact that fluoro

nucleophile attacks.
jve rate was 3300 (compare
most aromatic nucleophilic substitutions

(iii) When L=F the relat the halogens in
i best leaving groupP among the 12
is the be ving g m is different from the SN1 and SN2 mechanism, where fluoro

shows that the mechanis
group is the poorest leaving group among the halogens.

When L was Cl,
of about 5. This s
do not expect the rates t
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. VIA BENZYNES
AROMATIC NUCLEOPHILIC SUBSTITUTION REACTION

(ARYNES)

e hydrogen in ortho pos_ition undergo nucleophilic
NaNH, in liquid ammonia. The' reactlog' also occyrg
with bases such as PhLi and BuLi. This reaction procc.eds via benzyne (a;)f'_n:;)i Smrt:;;]fo n,ait: tahnd the
mechanism is called benzyne (aryne) mechanism. An ln'u?restmg fegtlge el e d T?‘t, lh'e
incoming nucleophile does not necessarily take the position vacate o)(li o ob%aii o p. This is
called cine substitution. In the presence of other nucleophiles mixed products _

B CPh,
Ph;C ©/
——
Cl )
I = Q-
—_2, |
NH,
Y

Benzyne (Aryne) Mechanism : This mechanism involves elimination followed by addition,
hence, it is also called elimination-addition mechanism of aromatic nucleophilic substitution.

a o
jNHz — | + NH; + Cl
H

Benzyne or aryne
or dehydrobenzene

®
b
b + NH3 —_— ©/ —_— ©/
' S}

Evidence in support of the benzyne (aryne) mechanism :
(i) 1—'*C-chlorobenzene on treatment with
equal amounts of 1—!¥C-anjline and 2—14c.

can only be explained if the reaction is proceed
can be attacked by ammonia at either of the ¢

Unactivated aryl halides having at least on
substitution with a very strong base like KNH; or

potassium amide in liquid ammonia gives almost

aniline. The formation of these two products

ing through a symmetrical intermediate which
WO positions as follows:

conditions.
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Br i |
HC CH; oo
KNH
NH: No reaction
CH;

(iii) Benzynes a
by trz’ppingrfhl:f)l:al}:y deteCted- l?y spectroscopy or by their participation in dimerisation, and
gh cycloaddition to compounds such as furan and anthracene. '

() gt ([
0}

-0 — Y
(.

O Q20— T

Prediction of major products in the reactions proceeding via benzynes (arynes) : In the
case of ortho or para substituted halobenzenes two products are possible, while meta substituted
halobenzenes may give three products. One can predict the major product in these product mixtures.
Two factors govern the position of the incoming group in reactions involving benzyne intermediates:

1. Direction in which benzyne is formed : In the case of ortho or para substituted

halobenzenes there is no choice:

G
X
Must from
(no choice)
G

Must from
(no choice)

[l

o
5n

/ x

But in the case of meta substitu

G G
e

ki) e X

ted halobenzenes tWo different benzynes may be formed :

G -
=

L N——
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In such cases the more acidic hydrogen is removed, i.e., if G i§ a —_1 group then it will favgy,
removal of hydrogen ortho to it, when G is a +/ group, it will favour removal of the
hydrogen para to it. . - )
2. The benzyne formed may be attacked at two positions. The favoured position of attack j
that which gives stabler carbanion. If group G is a —/ group then the more stable carbanion
is that in which the negative charge is closer to the substituent (G). The following reactions

illustrate the above generalisations:

OCH; OCH, OCH, OCH;
Br oo o NH; o
KNH, NH, +
NHj(1l) l e
3
NH,
(Must form) (Less stable) (More stable)
. ® @
| :
OCH; OCH;3
NH,
Minor product Major produc:tNHZ
CH; CH; CH; CH;
Cl e e
B =L - @L
i’ [ I —2 +
e
(Must form) (More stable) (Less stable) SE

ﬁl lg

CHj CH,
NH,

Major product Minor productNH2

(HCH; OCH;  OcH, i ocH
3 3
<)
Q
L IR — () NH, ‘
T T e > re
= A (i) H i
Cl (Must form) 2
i NHg
OCH 3jor product  Minor product
3 OCH; OCH OCH
H <—More acidic ¢ 3 3
NHZ o () NI_I
— (i) NH 2
, —%’ +
cl (i) H
H <« Less acidic Favourably - NH,
, formed ;
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SRN1 MECHANISM

o g-égd.o]1.%ittrirmethylbenzene Ion treatment with KNH, in liquid NH3 gives I a
00 0 L presence of an unactivated substrate, strong base and the formation 0

nd III in the
f cine along

Me Me Me
] Me
6 g NH, Me HoN Me
5 3 — +
3 HoN @
Me Me Me

M (In) Im

with normal substitution product indicate that the reaction proceéds through a benzyne mechanism.

HOW&YCY. the 6_-iodo isomer of I should have given II and III in the same ratio (because the same
aryne intermediate would be formed in both the cases), but in this case the ratio of II to III was 5.9
. 1 (the chloro and bromo analogues did give the same ratio, 1.46 : 1 showing that the benzyne
mechanism may be taking place there). '

To explain the result of iodo analogue I, it has been proposed that besides the benzyne
mechanism, the following mechanism (called as SRN1 mechanism) is also operating :

Electron donor . o
Arl = 5 Arl'" — Ar+1

i Arl
Ar +NH; —> ANHy™ ——— ArNH, +Arl'~
chain mechanism. An electron donor is required to i
ted electrons from KNH; in liquid NH;.

The reaction involves a nitiate the reaction.

In the above case it was solva
Evidence in support of the SRN1 mechanism

(i) The addition of potassium metal (a good producer O

completely suppressed the cine substitution.
(ii) Addition of radical scavengers (which would suppress a free radical mechanism) led to II

- TII ratio much closer to 146 : 1.
(iii) Some 1,2,4-trimethylbenzene was found among the products, which could easily be formed

by abstraction of H by Ar from the solvent liquid NH3.
(iv) Besides, initiation by solvated electrons, SRNI reactions have been initiated

photochemically, electrochemically, and even thermally.
SRN| reactions have wide scope-. Cine substitution is not observed in these reactions. There is

f solvated electrons in liquid NH3)

)
for activating groups Orf strong bases. Alkyl, alkoxy, aryl, and COO groups do not

no requirement
9 .
N, O and NO; groups do interfere.

interfere, although Me;
73 | FACTORS AFFECTING REACTIVITY IN AROMATIC NUCLEOPHILIC

SUBSTITUTIONS :
Effect of substrate structure .

- electron-withdrawing groups, especially in the 0 and p-p avir
electron-donating groups. Heteroatoms of the ring are also strongly activating,

is more activating when quaternized. The decreasing order of activating power O

ArSN2 reaction is given below :

As we have noted, ArSN2 reactions are accelerated by

ositions to the leaving group, and retarded by
e.g.. nitrogen, which

f some groups in
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I?IH3>N02>CF3>CN>SO3H>CHO>CO>COOH>COOR>CONH2>F>C|>Br>1

Effect of leaving group : The following is an approximate decreasing order of leaving group
power : . . .
F>N02>0Ts>SOPh>Cl>Br>I>N3,>NR3>OAr,OR,SR, 2

Effect of the attacking nucleophile : The following is an approximate decreasing order of
nucleophilicity :

@ ] ) ) e ©
NH; > Ph;C > PhNI(?I (aryne mechanism) > ArS >\RO > R,NH > ArO > OH > ArNH; > NH; >

(2] () e
I1>Br>Cl>H;0>R0OH

As in aliphatic nucleophilic substitutions, nucleophilicity is generally dependgnt on balsicity, and
nucleophilicity increases as the attacking atom moves down a coloumn of the periodic table.

[N | SOME IMPORTANT NAME REACTIONS INVOLVING AROMATIC
NUCLEOPHILIC SUBSTITUTION MECHANISM

(1)"‘ von Richter rearrangement

When aromatic nitro compounds are treated with cyanide ion, the nitro group is displaced and
a carboxyl group enters always ortho to the displaced group. This reaction is called von Richter
rearrangement, and is an‘example of cine substitution. As with other aromatic nucleophilic

substitutions, the reaction gives best results when an electron-withdrawing group (Z) is present in o-
and/or p-positions.

NO,
© o COOH
e
. z R :
Mechanism : :
S) Q (e e o
OQI%/O 0,00 o_ _O 0 )

)
QO
I
4
NQ&
o0
i
Z,
:'r:@l
Z
(@)
I
Z,
/
Z
£
Jo

z
z y/
123
| =N - N=N oY T,
®  _C—OH M I/5 N
] O ¢ ¢
z
s ® Z z 1
1" )
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E)Vidl\?nc'e in support of the above mechanism :
i 2 1S a major . :
formed dur{ng f}::‘::‘g:r:ef (t)lgclhrcacuor}. This indicates that nitrogen-nitrogen bond
(i) (A) is a stabl ASsTEACHoN;
of von Richt; ::::lgotnd which has been prepared independently, and it gives the product
ngement when subjected to the conditions of this reaction.

must be

(iii) When th i - '

- Seh:)e;f:tlonhwas performed in H2'30 with CI?J, the half oxygen in the product was ;

" oné : ing that one of the oxygen of the carboxyl group came from the NO, group, f

.- rom th'e so}vent as required by the above mechanism. |

(iv) : endthe reaction is carried out in the presence of D,0/CH
ormed contains the‘ deuterium at the position originally occupied by the NO;
confirms the formation of the species (B).

sOD, the carboxylic acid
group. This

(2) Sommelet-Hauser rearrangement

When benzylic quaternary ammonium salts are treate
rearrangement called Sommelet-Hauser rearrangement. Since,
it can be further alkylated and the product again subjected to the rearrangement.
continued around the ring until an ortho position is blocked.

d with alkali-metal amides, undergo a

the product is a benzylic tertiary amine,
This process can be

® e
CH,NMe;X CH;
CH,;NMe
NaNHZ 2 2
—_—
Mechanism :
e
CH
I CH3 CH3 CH3 'JCH;_ CH3
CH; ylide (A) ylide (B)
CH CH,
3 Tautomerisation 7~ CH;
— CH,N
/CH3 or ~
CH,N aromatisation H CH;
CH;

i i hyl groups on nitrogen, but other groups
ion 1 en carried out with three met s on ni '
The reaction is most Ofitf a B hydrogen is present, Hofmann elimination often competes. This

can also be used. However, ]
f [2,3] sigmatropic rearrangement.
hed from t

mechanism is an example O .
: | group 1S detac :
hich a methy” & e f:l the following reaction II is not

he nitrogen and then attaches itself to
formed from 1, but III

A mechanism in W

the ring is not acceptable- This is because 1N
is formed as expected from the first mechanism-
| o o CH,
CH; CH,NMe3X CH;
CH,NMe; >
CHzNMCZ
CH; i am

an
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Crossover experiment showed that the Sommelet rearrangement is Vintrarr:z:’;i:rllarezin :::g;fé:ii
has been confirmed by isotopic labelling experiment. When IV and V are g )
radioactivity at all could be found in the product VII.

o CH3
CH,
. o, CH
C6H5—“CH2_N<CH3 o+
CHs
(1v) ¢H
3
)
lNaNHZ/NIﬁ(I)
CH; o
3
EHS CHZ_N/\/
3
CH—NZ
CH; -
vI) : CH; vy

Exomethylene derivative VIII has been isolat

ed. This clearly indicates the formation of the ylide
B in the above mechanism.

CH. H
P e, CSCH
2. CH3 NaNH, 2 CH,3
H,;C CH SN H .
3 3 3C CH, CH,
(v
The main drawback of Sommelet Tearrangement is that it igs accompanied by Stevens
rearrangement.
® CH,Ph © o ,CH,Ph
cH;—N CH—N{ cH
| “cu, Navm, | NCH, _ Sommele 3
CH, NH;() CH; rearrangement /CH3
CH—N\
N | CH;
evens
rearrangement Ph
_-CH;

CH,—CH—N
| cH, -
Ph

A group of rearrangements following the mechanism given below is called Smiles rearrangement.

(3) Smiles rearrangement
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Z
X z 4
-~
>C Base \/X X
g . - (|: (v — >C
YH -~ \$ /C-—Y
Cyclohexadienylide anion
Z Z
Y by
AN ~ [©] w3
>C Z \(I: VA
\XH S

Smiles rearrangements are simply intramolecular nucleophilic substitutions. A particular example
is given below:

S0°

NO, - NO, @ NO,
SO, o) Soﬂ (0]
A0 = 070 —
© .
OH (¢}

©
In the above example ArSO; is the leaving group, ArO is the nucleophile, and the NO, group
activates the ortho position. In this reaction X =S5, S0, SO,, O, or COO. YH=OH, NHy, NHR or SH.
The reaction has also been carried out with YH = CH;3 (PhLi was used as the base here) ; in this
known as Truce-Smiles rearrangement.
for nucleophilic aromatic substitution reaction. Z and /or Z’ should
h as —NO,, —CN or CFj to stabilise the cyclohexadienylide

particular case the rearrangement is
Z and Z’ are activating groups
be an electron-withdrawing group suc

ani i ; . I
nlonlf]ortrtr:_e d rearrangement the chain linking Xand Y can be aromatic as well as aliphatic. The
rearrangeml:nt also takes place in heterocyclic aromatic systems. Some examples of substrates that

i i ow :
undergo Smiles rearrangement are given bel

NO2 NO,
. NO,
80, 0
oo, £ O &
CH
NO: CONHCgH;
. CH3 NO,
SO
N 2
SO @[ @
OH
PN

NO;
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The presence of an electron-withdra\&ing group para to the YH in the substrate retards the rate

o
of the Smiles rearrangement because such groups reduce the nucleophilicity of Y.

Co Z
9 P X ) /N/
Y Z

Nucleophlhcnly of
- Y is reduced by NO,.

Examples of Smiles rearrangement :
H;
SO SO H
) ‘: 2\@ DCHON h
(u) H30
NO,
(.) Buts OH .
1
@c O, v
NHZ NO, ‘“) H,0M H,C NH
N SH
BuL
(iii) SEULLIR @
NH (n) H30 NH

0,

NO,

NO,

L LLLLL LT LT T /0 77 2207777 L7722 2777777,

By

D Ks. DADoRIYA

é)%:\ \)“N%ﬂ%m( (Qu\mi/ﬂ-{b
TN g, (1§ ye

UL L7 P 7777777,

Dedia (mp,
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