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PREFACE 

Understanding of basic concepts, with logical conclusions is an impor­

tant factor for learning and teaching of organic chemistry. With this view 

recent developments in the field of nucleophilic substitutions in aromatic 
systems are considered in the light of experimental results available in 
chemical literature. The monogragh deals with nucleophilic displacements 

on benzene and its polycyclic systems, nonbenzenoid aromatics and hetero­
cyclic systems including arynes and Meisenheimer complexes. Generalised 
form of reaction schemes are illustrated and discussed with the view to help 
reader in understanding the subject with a systematic approach. Break­

down pattern of the reaction intermediates are particularly emphasized. 
Various polarising factors demanding structures and reactivity relationship 

are included alongwith some rearrangement reactions pertaining to this class 
of reactions . 

I would like to acknowledge my thanks for the understanding I have 

received from my wife during the preparation of this monograph and in 
particular to Dr. Rashid Iqbal for reading whole of the manuscript and 
stimulating discussions. I feel indebted to Dr. Afzal Ahmad for reading 
a portion of this volume and his critical suggestions. I should like to 

express my gratitude to Dr. M.Afzal, Chairman Department of Chemistry 
for encouragement during the preparation of this monograph. I am also. 
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NUCLEOPHILIC SUBSTITUTION IN AROMATIC SYSTEMS 

Introduction: 

The term 'Nucleophilic Aromatic Substitution' is identified in which 

one or both of thc electrons of the new bond formed 'between the entering 
substituent and the aromatic nucleus are supplied (by the nucleophile. 

These substituents are groups of atoms. Such reactions are often referred 

as displacement reactions and occur with. difficulty under normal conditions. 
The electrci~-~ttractirrg s:ubstituents at 0- or p-position on benzene or the 
hetero atom (0, N, S) in the hetero-aromatic ring facilitate these reactions. 

In the absenee of such structural features extremely vigorous conditions are 
necessary in order to bring about the substitution. For example, phenols. 

are produced by the fusion of aromatic g;wphonates with alkali. 

101 these stJbstitutiQns. the displac,ed gj:OUP is a,n. anion a.nd thu~ the­
reaction: be€oJ;Iles facile if the anion «;lis.placed is suffici~tJy stable such as 

halog~as, nitto gt:Q.UP, sulphonates. and a~~l g,l1OUp. 

The reaction of I-bromo-2, 4-dinitrophenol with alkali tofgive 2, 4-
dinitropheJ<1o} is a familiar reacti<l!t\. l -Bromo-2, 4.-drnitr.ophenol also x:eact.S 

readily with other nucleophilic reagents to give the corres~onQing 2, 4-cltnit­
robenzene derivatives. The displacement of hyd'l1ogen as hydride ion (H-) 

is rare due to the instability of the anion. The general natu.e of the~ 

substitutions should become clear from the following examples ~ 
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Bf OH ¢rNa, 
N02 

OH 
~ O'NO' 

N02 

+Br 

CI OCH) 0,"*00, 6CH) O'i¢t' - 0 .- 0 +CI 

N02 N02 

crit.N,CI .- • tOrI +N2+CI 

OlCI 

NH) .. ONH2 -tHel 

Q 01 • go +x-
z x 

Z = O,S x. CI, Bf , F • I 

The nucleophilic reagents are anions or neutral molecules with dipoles 
(T ab~c I) . T!1~ negat:<:e c!ld of ~!l~ !!!(+~rIJ!e poss!:,l';sing a free electron pair 

attacks at the point of lowest density or at a ' positive centre over the 

aromatic nucleus. The substituents attached to the benzene ring are usually 
electron-attracting groups with -M effect conjugated with the aromatic 

+ 
system. They are -N02, C=N, >C= O, -N=N, -COOR, -COOH, 
-COR or -S020H and are expelled with the bonding electrons. Since 
these groups are possessing 1t electrons and capable to interact with deloca­

lised 1t-orbital of the aromatic nucleus thus profoundly influence its activity. 

The withdrawal of electrons from a neighbouring group is. described as 
having -M effect, where M stands for mesomeric and negative sign indi­
cates the electron-withdrawing nature of the group. 
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C= N 

e 
CH (C02R }2 

P 
"CH (RCO )C02R 

() 
NH:z 

e EB8 
N"'N=N 

8 
N02 

o 
Pjt[,W ' 
V -C-• e 0 
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eOR 

8
SH 

G 
X 

3 

TABLE I 

R = Alkyl gr~. x= CI , 8 r • I . 

NUCLEOPHILIC AGENT 

(C6 HS)3 p' 
G:'>8 

Na R 

.. 
R SR 

-NH3 

.. 
RNH:z 

•• •• 
NH2NH2 

.. 
ROH .. 
R-CO-OH .. 
RRRN 
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AROMATIC UNIMOLECULAR SUBSTITUTIONS 
(SN1 MECHANISM) 

For several tertiary alkyl halides carbon-halogen' bond is heterolytically 
cleaved to yield a carbonium ion in the slow step of the reaction. First­
order kinetics are observed for such processes. The carbonium ion produced 
acts with a nucleophile pL:esent in the reaction medium to yield the nucleo­
philic aliphatic substitu~on product in a subsequent fast step. 

R3 C- X . -'. -'R C+Nu 

R .. Alkyl group x = CI • Sr . I 

Halobenzenes do not react in this manner under similar condltions to pro­
duce aryl action. 

~I 7 

The very high activation energy required fo r the reaction is manifold ;-

a. The carbon-halogen bond in .aryl halide is much stronger as com­
pared to aliphatic halide. This is revealed by the shorter bond length in 
c:h lor0benzene : 

COMPOUND C-C I BOND LENGTH 

o. Bond to the leaving group is much stronger in Ar-X~than 10 

R3C - X because the former is usually associated with conjugation of 
unshared electrons on X with the aromatic ring and this becomes an 
unfavourable heterolytic requirement. 

4 
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c. The aryl carbonium ion formed by the heterolysis of Ar- X can 
-not stabilise itself in the internal cojugation of the system because the vacant 
p -orbital is at right angles to the rest of the p 7t - orbitals and can not 
overlap: 

p-" clod 

~ .-" .... ,. 
p - 1T cloud 

d. The instability of the aryl carbonim ion can also be related to the 
greater electronegativity of the sp-like carbon atom that bears the vacant 
p-orbital and t~e positive charge in the carbonium ion as compared to 

sp2-hybridised carbon of the aliphatic carbonium ion. 

~~~I 
+ 

--+ OJ( ~P I +x 

+ . j 
R3 C - X ." R3 C .~ +x 

(sp3 ) Isp2 ) 

e. The positive charge of the aryl carbonium ion is much less exposed 
-to solvation due,to its cage-like structure than that of the alkyl or side-chain 

aryl cations. 

f . Steric environments are not very important in forming aryl cation 

as they are in aliphatic unimolecular nucleophilic displacement reactions. 

However high temperature hydrolysis of o-and p-halogenophenols in alkaline 
medium aFe proposed to undergo unimolecular nucleophilic reactions but 
less well documented. Unimolecular mechanism .is known for s0IIl:e nucleo­
philic aromatic rearrangments. For instance , in . alkaline medium N-tert­

butyl-2-4, 6-trinitrobenzamide liberates nitrite ion in a reaction of 
zeroth orper. 

o H 
II I t 
C-N-Bu 

02N)¢:t' 
NOZ 

o H 
1/ 1 t 
C-N--e ... 
I 

/ - O,NiA + 
,low-NO,. .-9J 

NO, 
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Although unimolecular nucleophilic substitution reactions of arGmatic 
compOunds are riot : very common and they can not occur under normal 
'conditions. yet'the most commonly known of these reactions are the thermal 
hydrolysis of aryl diazonium salts. Thus, heating aniline with nitrous. 
acid gives a benzene-diazonium cati0!l which an be decomposed by heating 
in water and phenol is formed as a result of nucleophilic substitution 
reacrion. However. in th~, presence of the large concentration of chloride 

.. . .; • .J 

ion the product is largely chlorobenzene. The rate of decomposition of the 
diazonium compound remains uneffected by salt effect and shows that the 
rate-determining step does not involve the nucleophile thus supports aD. 
SN1 mechanism. 

.. 
r5~ 

•• 

rB • ... 6-0H 

• 't + •• -
N=N-OH NEN,CI 

6 HCl ·6 -H2O . 

OH 

+ •• o-{6 6N

•

a 
6 ~ CI • - N2 

kcT 6 
T he rate of disappearance of the benzenediazonium ion is only dependent 
of the concentration of the a yl cation because the decomposition produ_es 
a very unstable cation and stable diatomic nitrogen molecule at the same 
time, therefore, the energy required for th e formation of the cation i . 
counter-balanced by the energy gained in the formation of nitrogen. The 
reaction is carried out in acidic medium to avoi d side-reactions of the aryl 

cation which is a high energy species. very reactive and un selective in 
its reactions . 

This is illustrated by the fact that in both the benzenediazonium 
chloride and t -butyl chloride the ratio of the rate constant with chloride ion 

and water (KC1- /KHzO) is 60 times greater for the later. T he low 

I 

I 

j 
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-reactivity of the aryl cation IS due to the recombination of the ion with 
',' 

r earranged feably nucleophilic / nitrogep ~a~ shown by diazonium salts 

containing isotopic nitrogen. 

'Ar - 1Sft= N 

+ >-Ar -N=N " 
0(. f3 

15+ 
X = Ar- NxN 

, . , 
I'. 

X+Y 

'" ,i 
-\ 
+ IS 

Ar- N:=N 

NCS 

•• 
OH2 

SCN 

+ 15 
y= Ar-N=N 

• Ar-~l C S+N2 

Ar - OH+N2 

Ar-SCN-:-N2 

" 

in which intermediate X is hig~ly .reactive and unselective speCIes 

of high energy . (K SCN-/KH20 ~ 2 .E). It is suggested that this inter-
\ I _ t 

mediate exists in a vibrationally excited state of th~ diazonium ion with 

~eak C- N . bond having CA) as the main structu~e and would not require 
. . ex ~ .. I 

much assistance from the ring electrons and can achieve a t ransition state 

+ 
b y itself in such a way that C-N_N distance is rather large and 

+ -N=N 

Q 

as a result small fractional charge is introduced into the aromatic nucleus. 
" 
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Presumably the structure possess nearly all the activation energy necessary 
for decomposition and resembles an aryl cation. The intermediate X 

+ 
returns predominantly to ArN=N in such a way that both the nitrogen 
atoms become non-equivalent and kinetic isotope effect of 1.019 (in 
N14_NlS) is indicative o(C-N bond weakening. The intermediate Y is 
a more selective and less reacti.ve species as its specific rate of return from 
Y to diazonium ion is nearly twice that of the isotopic rearrangement 
(KsCN-/KH20:;:::4.70) suggesting the equivalence of both the nitrogen 

atoms. A spiro cyclic structure is proposed for the intermediate Y. 

R 

Q 
N=N 

Tlw seie.cti"ity of th~ iIlte.rmediate is due to th~ stability of the aryl cation­
(Y) requiring greater participation of the aromatic electrons. T he distance 
between the diazo nitrogen and the aromatic cat-bon to which it is' linked"is 
much sho~r in the interme<;liq.te and he~ ~reater positive fharge is 
introduced into the aromatic ring. 

In other words the intermediate Y closely r.esembles a benzenium ion and IS 

thermodynamically more stable than the intermediate X because of the 

difference in their transient stability and is evidenced by the ratio of the 
-

rate constant of SCN and H 20 with benzenediazonium sah. 

The rareness of aromatic SN1 reaction is due to the absence of structural 
features which stabilize the aryl cation and stronger bonding in aromatic 

£Ompound by the leaving group. The intermediate aryl cation can have a 
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triplet ion-radical character and thus gains some extra stability which would: 

appear in the transition state. 

+. • • • • 

C-l)-O'-O-+O' 
( V' J 

lr ip let ion - radica l 

In triplet ion-radical a it electron of the benzene ring has entered with 

concerted uncoupling into the vacant sp-u bond-orbital formerly occupied 
by the C-N bond electrons. The decomposition of benzenediazonium 

chloride in water has been shown to follow first order kinetics uneffected 

by the concentration or identity of the anion accompanying the diazonium 
cation and that the rate of phenol production is almost the same in D ?O 

and H20. The kinetic effdct of substituents on the aromatic ring is char:c­

teristic and can readily be understood on the basis of unimolecular mecha~­
nism. Electron-releasing substituents at ortho and meta position of the 

diazonium ion facilitate the reaction while electron-withdrawing subst ituents 
at these positions retard the reaction. Electron-attracting para substituents 

retard the reaction but electron-donating para substi tuents are no more 
effective (Table 2). 

TABLE 2 

Rate of Decomposition of Benzenediazonium Salts in Water at 28.8° 

Kl X 107. sec t . 

Substituents ~ , 
r ,1 

ortho meta r:ara 

- H 1 1 1 

- CH3 I 5.0 
I 

4-.6 0.12 

I 
-C6H S 1.5 2.3 0.050 

-OH 0.0092 12 0.0013 

-CI 0.0019 0.042 0.0019 

- N02 0.0050 0.0093 0.0042 

- C02H 0.19 0 .55 0 .12 

- 503
2- 0 .12 0 .21 0.057 
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This is because electron-releasing groups at para pOSitlOn increase the 
double bond character by virtue of mesomeric e.ft~ct strengthening the 

C-N bond as compared to the ortho substituents and increase the activa­
tion energy req~ired for the heterolysis of the bond in the rate-limiting 

step. Initial state for reaction of this type may be formu1ated as 
follows :- , /" 

x = -OR ,Ph, NH2 • NHR. NR2. NHCOR. OCOR •. F. CI, Sf. J .-CH=CH-C02H 

The electron-releasing meta substituents facilitate the reactfon more strongly 
than would be expected because of the conjugation which would result 
stability of the aryl cation. 

0:- ., .. 
"Q y 

t 



AROMATIC BIMOLECULAR SUBSTITUTIONS 
(ADDITION-ELIMINATION MECHANISM) 

A typical nucleophilic aromatic substitution reaction IS believed to 

involve an addition-elimination mechanism of SNz type in which first step 

is the addition of the nucleophilic agent (Nu) to the a~omatic ring giving a 

carbanion intermediate and the ring substituent (L) is then expelled with its 

bonding electron pair as anion: 

_6 

l 

N;;+ © ~ ... =~:"'©' 
A TS I; 8 

b 

N"@' N"~" 
Nu 

© 1Oo V "" ... +C ... ... .. 
". 

------
{j - Complex; C TS2; 0 E 

According to the scheme C-L bond is not weakened in reaching first 

transition state (TS1) but the energy is consumed in disrupting the aromatic 

characte r of the substance b y altering the i.-electron distribution in the 

aromatic ring. As a result geometry of the carbon atom under attack is 

changed from sp2 hybridised state to near sp3 hybridised state and a new 

sigma bond (C-Nu) is formed. The carbanion-type intermediate or a 

v-complex formed IS non-aromatic. However rearomatisation of the 

v-eJectron sextet is restored after the second transition state (TS2) by the 

explusion of the ring substituent (L) as al1l0n. This is illm;trated in an 

energy profile with solid line (Fig. 1). 

11 
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A : Substrate + Nu 

B : TSI: First Transition State 

C : tr Complex 

o : TS2: Second Transition Stot. 

E : End Produtt 

E 

React ion Coordinate 

.E!..U ENERGV OI;.GRAM FOR THE AROMATIC SN2 REACTION 

The carbanion intermediate is a resonating structure and stabilizes the nega­
tive charge facilitating the reaction in much the same way as the stabilisa­

tion of the positive charge on a similar intermediate is assumed to facilitate 

electrophilic substitution. Since negatively charged intermediate, i.e. the 

carbanion has at least one carbon which has four groups attached to it and 

has nearly tetrahedral geometry (i.e. sp3 hybridized) therefore approach and 

enterance by the nucleophile is from above the plane of ~l¢ benzene ring 

driving the substituent (L) to be replaced downwards from the ring. As a 

consequence Lo electron-pai r of the nucleophile to the 7t-cloud remains above 

the ring. 

l--.- L l---l 

The back-side attack would require the entering group (Nu) from within the 

benzene ring which is a stereochemical impossibility in this case. 
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The reactivity of the aryl halide towards SNz reactions is much slower than 
the corresponding reaction of alkyl halides. This is two fold: 

a. The energy required to disrupt the aromatic character of the sub­
·strate is too high under normal conditions. 

b. The special character of the repulsive interactions between the 
7t-electrons of the carbanion intermediate is present. This can very well be 
looked at the hydroxylation of chlorobenzene and substituted chloro­
benzenes (Table 3). 

T AS, E 3 

-< 
SUBSTRATE BA~£ CONDITION PRODUCT 

Chlorobenzene NaOH 8 % 350 &4500 Ib/m 2. Phenol 

I.-Nit rochlorobenzene NaOH 15"10 160
0 

L-Nitrophenol 

2,I.-Dinitrochlorobenzene Nii2COJ cq. 130
0 

2,I.-Dinitropheno l 

2,1.,6.r rinit rochlorobenz ene H2 O warm 2,1.,6-Trlnitropheflol 

In these reactions the formation of phenol is dependent of the reaction con­

ditions and the substrate involved. Hence for preparing phenol from 

chlorobenzene high temperature and pressure is required whereas similar 

phenols are prepared easily by putting suitable substituents on the aromatic 

substrate before hydroxylation thus indicating that the energy required for 

the reaction has been reduced to a greater extent and therefore the reaction 

can proceed under normal conditions. The cleavage of benzenesulphonate in 

.alkaline medium is another example of high energy requirement for prepar­
ing phenols. 

o 
II _+ _+ 

0.:b
0N
' HOXSD'N' ~ 

lQJ~H ~ lsJ N,OH.g 
OH 

~© 
Bimolecular substitutions are encountered most frequently with sub­

·strates containing electron-withdrawing substituents of -M types. Such 
-groups can stabilize the carbanion intermediate by resonance and disperse 
the negative charge brought in by the attacking nucleophile. 



Group-dipoles of the electron-with~rawin5 substituents also facilitate rate­
of aromatic substi tution. 

C=N 

~[ .6-lWlNu 
The reactivity of halogenobenzene in SN2 reaction is influenced by these 
groups substituted at ortho position because halogens withdraw electrons 
ma.inly from ortho carbon atoms by inductive effect and therefore the 
nucleophilic attack is fac~litated on these carbons. Nitro groups strongly 
activate SN2 reactions in the aromatic series than any other group with - M 
effect. For instance, in the para-substituted bromobenzenes the reaction 
with piperidine in benzene reveals the order X = N02(1.0) > CH3S02 
(0.053) > -CN(0.031) > CH3CO-(O.013). 

~+ 
X 

o N 
I 

H 

~ .. 
-HBr 

:{J 
© 

I 
X 

'1 tle presence C~ Gl3.ZCn.l~ll! g!~H . .!P~ ~~!0 .. \'- strong activating effect on the 
reactivity of aryl halides and thus 2, 4-dibromo- and 2, 6-dibromo­
phenyldiazonium chloride salts are converted into bromochlorophenyl­
diazonium bromides at room temperature in alcoholic medium by simple­
displacement of less electro-negative bromine by more electronegative 
chlorine. 

+ 
N:N,CI .,-&., 

+ 
N: N,Br 

.-0" •• ,-&el 
These exchange reaction sometime eliminate nitrogen. 
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In bimolecular displacements the breakage of the C-L bond is not 

-significant. Ordinarily chloro substituted benzene should react more slowly 

with nucleophiles than tlw correspondin g bromosubstituted compound 

because C-c 1 bond is more difficult to break than C'::""Br bond. 

BOND TYPE 

C-CI 

C-8r 

BOND DISSOCIATION ENERGY 
K Cals Imole. 

82 

67 

Experimentally it is observed that they react at almost the same rate and 

the activation energies for these reactions are nearly the same and independ­

·ent' of the substituent (L). 

Kinetics of these reactions reveal that they are second-order processes : 

d (P) = k (ArL ][ NU] 
dt 

The a-complex formed in the reaction are isolable as stable salts containing 
the carbanion function. Thus it has been shown that potassium salt of 
l-methoxy-1-ethoxy-2,4,6-trinitrobenzene anion is formed in two ways when 

the anioh is stabilised by the delocalisation of the negative charge over the 
n itro groups. 

r s 

s- Irinitrophenetole red crystall ine salt s-tr inltroanisale 

Decomposition of the red salt in acid medium results mixture of r.oth the 

trinitroanisole and trinitrophenetole. Th~ infra red and visible spectrum 

of the salt prepared by the two methods separately are identical and are in 

accordance with the proposed structure of the intermediate. Picryl 
.chloride gives a similar intermediate and so are the pyridine compound 
which produce coloured solutions. 
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Kinetic studies reveal that aryl fluorides react faster than the correa­
ponding aryl halides (kArF> kArCI ~ KAyBr~KArI) which is contrary to 
the SN!! reactivities of alkyl halides. The reason is that the amount of 

..fluorobenzene anion formed is larger than the other halobenzene anions in 
the first step (which is rate-determining) due to the larger stabilising polar 
effect of highly electronegative fluorine. In the second step, which is fast 
step, although . fluorine is poor leaving group but its above mentioned 
properties become less significant in aromatic displacements. 

It may be pointed out that the order of halogen displacement mentioned 

above for aromatic substitutions is usual one but for some reactions thi& 
order is reversed. For instance, in the reaction of N-methylaniline with 
l-halogeno-2,4-dinitrobenzenes the observed order is kArBr> kArCl > kArF 
and resembles that of aliphatic bimolecular nucleophilic substitution. On 
this basis. it can be argued that such reactions which obey SN2 (aliphatic) 

order of reactivity proceed through a different mechanism than the usual 
SN2 aromatic two step mechanism. 

H-N-CH) X HJC-N-@ 
J~ + r9;-N02 -HX ~~2 • 

! 

N02 N02 
'!' I ~, .... . .." ' , Ji ::, .. 

Reactions following the group displacement order Br > CI > F proceed 
thTough one step SN2 mechanism and that the observed order is not incon­
sistlant with the two-ste-p SN2 mechanism . 

... 
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For example , if L is a good leaving group than y (when L = F and Y = Br) 

then K-l > > K2. ~ 2 shall be the rate determinin g step of the reaction anp 

Kz shall be greater if L = Br than L = F. The rate of attack by different 

reagents on the same aryl halide follows the genera l order of l1ucJeophilicity . 

For chloride ion displacement the rate-order of the mJdeophilic agents 

is OCzH s> OPh > piperidine > aniline > T > Br. 

The base catalysed reactions bec"'me reversible when the leavin g group' 

(L) is relat ively slow to expulsion such as -OMe or - OPh. The energy 

profile for these reactions is different (Fig. 1 dotted line) wh~re the concen­

tration of the a-complex remains small during the reaction. 

Mechanisms for the base catalysis are suggested to involve either the 

removal of the proton from the intermediate complex followed by Il.cid . 

I 

R,+ 

c6+RRNH-R/~l .. 
~ 
~ 

I I 

R".. + •• /R 

R/NQlHB_ 6R

+
HB

+
C 

qtalysis. or a multi-centered hydrogen bonded transition state for secondary 
or tertiary amine catalysis. 

R...! 

.. 
+ RRNH' 

W/ N,'H 
I I + I Six- centered 
~>N L 

~ Re Transition State 

+ R 
R-l'i<R 

I 
H 

.. 
RRRN 

~ . ,~ "", 

.)~l Four- centered 

~ TranSition STate 



GROUP DISPLACEMENTS I~ AROMATIC NUCLEOPHILIC 
SUBSTITUTIONS 

Most easily displaceable groups on the aromatic ring inel ude, alkoxyl. 

bydroxyl, amino, nitro, sulphite and halides when the aromatic ring is 
activated by diazo, nitros:>, nitro, trialkylammonium and alkyl sulphonate 
groups. 

(a) Displacement of Hydroxyl, Alkoxpl and Aryloxyl Gronps 

Displpcement of hydroxyl group is difficult to carry out. However 
phosphorous halides, alcohols and aromatic sulphonates are effective in 
acidic medlUm when the substrate is strongly deqctivated ,?r c~njugated. 

Picryl chloride is prepared from the reaction of picric acid with phosph­
orous chloride and halo naphthalenes from naphthols. In the presence of 
acids (in alcoholic solvents, ethers are produced. Thus resorcinol, phloro­

glucinol and naphthols result in ethers. The mechanism of the etherifica­
tion of ~-naphthol is well supported by the use of oxygen-I8 methanol 
where ether produced has nearly all the radioactive oxygen of the alcohol. 

.. 

]8 
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Dihydroresorcinol in ethanol and p-toluenesulphonic acid give 3-ethoxycy­

c1ohexanone-2 by a similar mechanism: 

o 

---~~ & OC2
H

; 

Alko~yl groups are displaced from the activated aromatic nucleus with 

strong alkali in which the electronegative group accommodates negative­
charge and help in displacement of the alkoxyl group. 

kOH 

OH 
HO r OCH3 A · _Q -~. _ 9+0CH

, 

0 -11/- 0 O-N=O 
+ + 

The rupture of the aryl-oxygen bond is demonstrated by the reacti on of 
2,5-dinitroanisole with ISo-labelled ethanol yielding the labelled phenetole. 

Primary or secondary ar.(lines and nitro anisole form Meisenheimer complexes 
and intramolecular hydrogen bonding between the N-H and the ortho nitro 

group. 

Whereas tertiary amines have no possibility for intramolecular bydrogen 

bonding with the ortho nitro substituent. Therefore attack occurs on the 
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methyl-oxygen bond by an aliphatic bimol~CIiJar nucleophilic . ~1,lbstitution 
uaction leading to the formation of quaternary ~mm9,nium s""lts. 

R R R 
'1/ 

in hindered ketones ortho methoxyl groups are easily displaced by Grignard 
reagent. Mesityl, O-methoxylphenylketone and duryl, 2,6-dimethoxylphen­

ylketone on reaction with a Grignard reagent produce mesity, 2-bipheny­
!ketone and duryl , 2,6-, xylylketonerespectively. 

PhMgBr 
~ 

CHJ 0 CHJ 

HJ~~((~+CHJOMgBr ~ 
V-~~~ 

CH) 

Reaction of hydroxylamine with phenyl ether of 2,4-dinitrophenol re3 i.llt 
2,4-dinitrophenyl hydroxylamine by displacement of phenoxide ion. 

Similarly mercaptides replace aryloxy group from the substrate. , 



2.1 

An indirect displacement of hydroxyl group from nitrophenols is achieved 

by tosylation in which strong electron-withdrawing effect of the sulphonyl 

function makes the tosylate a good leaving group when reacted with 

am1nes. 

•• 
Tosylotion ~ RNH2 

(b) Displacement of Amino and Nitro Groups 
. Nitrobenzenes and nitronaphthalenes are prepared from the correspon­

drng amino benzenes or naphthalenes when treated with sod ium nitrite in 
the oresence of copper catalyst. 

¢t +~N~ Cu • ¢t., Sr 

NH2 NO] 

~NH2 o 0 +NaN~ Cu ~ (NNJ7 
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Pure secondary amines are synthesised by the hydrolysis of p-nitrosodialkyl 
anilines and 2, 4-dinitro anilines. 

CH)9~»/CH) OH 

H20/tt ¢ +IC .... "" ICH, ~ NHcH) o 'CH
3 ~ 

N=O N=O 

~"O, 
OH 

H20!H+ Qt0, • o +R2NH 

NO? Il102 

Similarly phloroglucinol is prepared by the hydrolysis of I , 3, 5-
trinitrobenzene (in acid medium). Heating activated substrate of 
aryltrimethylammonium compound in alkali, deamination occurs with the 
formation of ethers. 

Nitro groups are displaced easily from the arotnatic substrate in the 
presence of other nitro groups to activate the aromatic ring. These nitro 
groups may be at ortho, at para or at meta to th e displaceable nitro 
group. The displacements are effected by alkali; alcoholic ammonia, 
alkoxide ions or sodium sulphite. 

" 
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OR A 
----'--..... ~ N N~ 

1n substrate containing 1, 4-nitro groups, hindered nitro group. 
reacts at a faster rate than the unhindered nitro group. The steric 
hinderance offered by bulky methyl group forces the nitro group to become 
;non-coplanar with the benzene ring. 

~N . NH2 

HJC\tCHJ 
J I 

- -O-N-O + . 

- +. -
O- N'-O 

H3C~/CH) 
'--17--+ Y 

0, N NH2 , 
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In 1, 3, 5-trinitrobenzene ortho hydrogens or para hydrogens are 10Galised' 

due to symmetri<; -1environments provided by the nitro group and these-
~~ 

carbons are now strongly activated to th addition of the nucleophile. 

But carbons linked to nitrogen of the nitro groups are less activated as 
they are at meta position to the other nitro groups and therefore only 

inductive polarisation is effective. Hence the mode of the reaction is , 

determined by the greater tendency of the nitro group to be displaced as , 

N0 2 ion than fo r hydrogen to 1eave as hydride ion. For the former ion 
less activation energy is required. 

c. Displacement of Hydride iol'/. 

Nitro-substituted benzenes are known to react with nucleophilic reagents 

which are very strong bases or they react under vigorous conditions with 

hydroxide bases at elavated temperature to eliminate ring hydrogen with 
its bonding electrons. 

6 0 &0" Q kOH 300 
~ + 

_H 

.. ... 
OH 

6 kNH~ .. Q ' -H 
) I' ~ 

NH2 
• I ~ « 

The presence of second ni,tro group at meta posItiOn on the substrate ' 

strongly activa te the ring ~nder reaction conditions described above and. 
L }"j ; i ,J~ :,:.' ,S ;; ;', p;',,;iucd follo'oN'eel by the addition of nucleophilc. 

Metal salts of seco l~dary amines displace ortho or para hydrogen depending 

on the reaction conditions. In the presence of ether solvent ortho­
hydrogen and iFl piperidine para hydrogen is replaced by the metal amine:­

salt , 
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6 +u-() 
N02 

rO+U- {) 
Piperidine ~ 

Ylids are known to displace nucleoph ilic hydrogen and introduce a methyl, 
group in the ring. 

~CH) Qg +P(C6HSI) 

These nucleophilic displacements are not common and their use in ~organic 

synthetic chemistry is very limited. 

d. Displacement of sulphonates 

Aromatic secondary amine can be prepared from the reaction of 

tosy lesters of Z, 4-dinitrophenol and aniline by displacing sulphonate group. 

Nitroanilines are prepared from chlorobenzene by making use of a 

sulphonat7 group as a blocking agent at para position with respect to tbe 

chloro substituent. A nitro group at Z-or 6-position gives o-nitroaniline 
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'While 2. 6-dinitroaniline is produced when both the positions are blocked 

by the nitro~group. 

-Sulphonate ~roup is known to be displaced when benzenesulphonic acid and 
potasssium cyanide is fused in a tube to yield benzonitrile. However tosyls 

<)n fusion with caustic soda and potash result better yields of the phenols. 

e. Displacement of Halogen ion 

Displacements of halogen from the ditroaromatics are extensively 
studied and the removal of halogens are facile in such substrates. Nitro 
subsituents effect mainly the activation energy of these reactions and are 
ortho-para activating; the ortho . effect being stronger. All the four 
halides are displaced easily from ortho or ortho-para disubstituted substrate 
by sulphite. carboxylate. sulphide. alkoxy. amino groups and by halogen 
exchange reactions in polar solvents. 
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1. ~N-Q-F + 

~ 

o-I-ONO--+o,~-SO'-{)+'" . 
N02 

2. o,N~CI+",C1:}-COot_o,~O - ~-o-CHl+~ 
N02 . N0 2 

3 . ~~I+MtS ------;,..,.,. D2N-@-SMl' + ~ 

4. Q-e, + Mt O l> q-0Mt+ SrE. 

N02 1'«)2 

s. 

N02 

~NH-O Q-F+ C,", Nil> ,. +HF I 

N~ N~ 

Mercaptidea and alkali bases displace chloride, fluoride and bromide; 

azides and thiocyanate ions remove fluoride and iodlde while carbanions 
replace chlori~~\' and fluoride in the nucleophilic aromatic displacement 
reactions. However chloride ion is also replaced by ' sodium iodide , 

xanthates, amides, bromide in the presence of copper catalyst and by 
ammonia under high temperature and pressure. 

f. Displacement of Diazo Group 

Halogens such as iodine and fluorine displace diazo group from 
aromatic diazonium salts and give halobenzenes in good yield. Aquous 
solutions of these salts result phenols in acidic solutions. The rate of the 
decomposition of the diazo compound varies with the ring substituent 
present, such as chloro, alkoxyl or nitro groups. Alcohols also result 
similar displacements. These reactions are accelerated when catalysdby 



-copper ions. 

dia~o ' ~ 
D· DianisMw:e 
-sphorous acid. 
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Hypophosphorous acid or formaldehyde reduces the 

aq.,q are effectively used for ,s thesising organic sUQ~tC!fses' l 
giv~s- 3, 3-dimethoxybiphenyl ~n heated w'ith hypopho-

~ 

<Jail 
.' r ~ 

OCH3 

diQzotised • H3 POz 
~ 

- i , . ( 

OCH) 
oeM] I 

Xanthates also help remove diazo function from the aromatic substrates and: 
give thiophen~ls after hydrolysis. Such ~limination~ are i~portarii 
reactions for preparing. substituted thiophenols. 

~ 

~ 
R 

~:·t ; '>1 -- ¢ NaN02/HCI 
~ 

NH2 N2 C1 

+ -, , to- ~ • ?! 

R R ¢ + Ks-Lo"H, l!' ~,-Loc'.$ 
N2CI 

R R 

©...S-LO"Hs 
- + ~OH OH,H • 



AROMATIC NUCLEOPHILIC SUBSTITUTIONS IN 
NON-BENZENOID ARO¥ATICS 

Tropyliqrn, cati~l!l possess a sextet of 7t-electrons and i:~ an electron 

deficient ion with C -C bonds of equal length represented by the following 

structure :-

'0-" , + ' 
\ / 
'- - o - ! 

X-rays diffraction studies reveal that carbon-carbon bond lengths are 

close tC: the carbon-carbon bond lengths in benzene and delQcalisation via 
7t-electron ystem is little lesser. Tropylium ion reacts readily with 

nucleophilic reagents; as it acts like a carbenium ion and ,is sufficiently 

stable electrophilic species. Its reaction with cyanide ion, carboxyl 

functions (such as malonic acid, aceto-, cyano-or nitro acetic esters), water, 

cyclopentadienyl sodium, hydride iop donars and alkoxide ion are given 

below. 
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~ COO" 

Q,COOlt" , 
~ I -HBr 

I. I~TH • 
+ COOH 

H 

0" Q ~ lC;p'lH -HBr 
2 .. 

H + 

, OO.' ... ON 
KCN .. Q -KBr 

H 

4. 0··,+ 9~' -NaBr 00 ~ 

H + H 

S. o. ;;,+H liAI HI. .. Q -UAI H3Br 

H -t . H H 

n. Br+O~ ROt; 

Q -hoI 
.. 

><" H 

Monoketones in the absence of activating groups are tropylated under 
stringent conditions requiring reflux for a longer time and as a result 
«-hydrogen from an alkyl group is replaced giving a carbanion which then 
attacks the tropylium cation. 

o Q oc~-~-c© @-~-CH3 + \ I _ -~Bt~ I ___ H 
H Br 
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1n the presence of an activating group ketones readily react with tropylium 
salts at room temperature. 

~ I D -Her Q ~ cttrC-tH2-C-C~3+ ~ I e;~ \ I I C
-

CH
) 

H H H 
I 

0= c-eH3 
Vinyl ethers react with the tropylium cation due to the activation of the 
double bond by the electronegative oxygen present in the vicinity. 

n sr 

>.! 
""' 1' .. + CH2=CH - OCH3 ---+ 

The electrophilic reactIvity of tropylium cation, tropone, tropolone and 
-tropolonate anion respectively towards nucleophiles is in the order of 

, 2-Fluorotropone and 2-chlorotropone on hydrolysis yield tropone and 
benzoic acid, formel' reaction occurs by normal subtitution at 2-position 
while the later reaction involves ring contraction and attack by the nueloo­
phile at I-position. 

Olc, 
~"""'/"'­...- OH 

0" 
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The nucleophilic attack at different position for tiuuro and chlorotropone is 
due to the high electronegativity of fluorine as compared to chlorine. 

EL EMENT E LECTRONEGA TIViTY 

F 

CI 

Br 

TROPOLOL TE REARRANGEYlENTS 

10 00 

J 00 

2 00 

2 .50 

Cine-substitution is achieved when bromotropolone-methylether is 

treated with Grignard reagent such as phenylmagnesium bromide or 
naphthylmagnesiumbromide. 

Br 

0 0 

UOCHJ 

Sf 

Ar 

"MgB'. bo + 

OH 

Br 

&00+~~B' 
YOH 

Sr 

+ 

Nitrosation of 3-or 7-aminotropolone result salicylic acid by nng contrac­
tion and cine-substitution. 

d: 
OH OH H 

~- 0 H.o,.00-.fu..dt~ tyooH 
.& Hel V; .. - /:: + ~ 

NH2 NiiN CI [; N=N 

Similarly 3-iodotropolone on reaction with bicarbonate gives 2,4-diiodo 
and 2,4.6-triiodobenzoic acids. Tropolone on bromination gives a 3-bromo­
diketo-compound which on treatment with an alkali is rearranged to 

bromo benzoic acid and phenol by ring contraction. Other minor p roducts 



33 

are also formed in which ring is not contracted but bromine is substituted 
on t ropolone. 

OH aU +8'2----

H0l}COO Br 

I . H 
.# 

_ o~e, 
~ U'H 

©r
COOH 

Br 
- H20 .. 

&~H -CO2. 
OH 

© 
Azulene show the decreasing ease of attack by a nudeophile at various­
carbons in the following order : 

6 

Metal alkyls give substitutions "reaction at 4- or 8-position and hydride 
ions are expelled in the presence of chlorani l which acts as a dehydrogena­
ting agent. 

S + CH,l, 
Ch loranil 

~; ~~ 0- ",0 • 

~3 
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Due to instability of azulene towards bases very few nucleophilic substitu­
tion reactions are known. These substitutions generally occur at 4- or 

8-position and if both these positions are blocked then nucleophilic attack 
is preferred at 6-position. 

+Nu ---+ 
-it • 

R 
--~~ R R 

Sodamide in liquid ammonia on reaction with azulene gives 4-aminoazulene, 

which is a basic compound and somewhat unstable and red in colour 

because of conjugation of the azulene arom3.tic system with 7t-elect rons of 

the nitrogen. 

NaNHzJNH3 
~ 

Methoxy group in 4-methoxy azulene i~ displaced easily by ethoxide ion or 
a strong alkali as the attack by a stronger nucleophile. 

Since 4- or 8- and 6 position on azulene are points of lowest density 
therefore electron-donating groups having ind uctive effect such as alkyl 
groups are activated and ()(-hydrogen attached with these groups become 

weakly acid ic. Therefore when alkyl substituted azulenes are treated with 
strong bases, a proton is lost from the alkyl group or carbon chain and 

anion is produced. The anion formed undergoes electrophilic substitution 
reactions at the alkyl group. 
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+ 
CH2 l i 

The carbanion formed above is also known to react with FeCI:, to form a. 

ferrocene-like compound, 

HZC 



HETEROCYCLIC SYSTEMS 

In heterocyclic ring systems tile nucleophilic substiution occur on the 
ring carbon atoms due to the ability of the hetero-atom to stabilize the 
aromatic character of the intermediate complex by redistributing the charge 
over the it-electron system on all the ring atoms except the one at which 

substitution occurs. This particular atom is bonded by both the incoming 
nucleophilic group and the outgoing group (weaker nucleophile) in such a 
way that the atom is sp 3 hydridised while the rest of the atoms are sp2 
hydridised (see Table-3). In the benzenoid systems nucleophilic sub­
stitution generally takes place at (1- or y-position to the hetero atom than 
at the ~-position because negative charge produced in the intermediate 
complex can be delocalised on the hetero atom which is more electronega­
tive than carbon. 

~ + Nu --.('l Nu 
l A~~ ll.Z'xL 

NuOl 
I I 

Z 

7 L a NU 

- z"':: 

In monocyclic hetero ring systems the reactivity of the hetero-atoms 
are in the order of 

ELEMENT 

Carbon 

Oxygen 

Nitrogen 

Sulphur 

•• + + - .. 
- O->R-N">=N-O>=N-~ 

I I 

TABLE 3 

CONFIGURATION OF 
S'IMSOL ELECTRONEGATIVlTY VALENCE ELECTRON 

C 2.5 252 • 2PX .2PY 

0 3.5 252 • 2PX • 2PY • 2PZ 

N 3. 0 252 , 2PX. 2PY • 2PZ 

S 2.5 352 • JPX. 3PY .3PZ 

36 



37 

In five-membered heterocyclic rings, the negative charge produced in 
-the intermediate complex lies on the carbon next to the hetero atom for 
ubsstitution at a.-position (see resonance contributing structures) 

o 
f 

+Nu ------____ •• r--l ~Nu 
9 "'-ZAH 

I 
H 

The a-inductive effect of the hetero-atom increases the electronegativity of 
the neighbouring carbon and the negative charge of the arenide system is 
placed there. Most of these substitutions are bimolecular in nature and are 
activated by electron-withdrawing groups which are capable of stabilising or 
destabilising the intermediate camplex. 

Since heterocyclic systems are well known bases of varied strength therefore 
the substitutions by the nucleophilic reagents which are generally basic in 

nature sometime are carried out by proper reaction control. Thus with 
basic nucleophilic reagents acids are added to activate the reaction and with 
strong bases neutral reagents are generally used in the reaction mixture 
-containing heterocyclic species. 



RESONANCE CONTRIBUTING STRUCTURES 

PYRROLE 

CJ 4 » w- 4 

N N 
H H 

: l 
0 4 ~Q • 

N 
_ ;A: 

H H 

INDOLE 

~-+ IO="J "4-+~ ~)_ 
t H ! H 

I]vjID:\ZOLE 

~ 
(+] ~o(--+~ 

-t 
H 
I 

(!tj .o(--'~ 
N _ 

H H 
I ~ 

r~~- +-0( -+~ (';:''-1 
N-d- Nd-

t t 
~ 

-(~~ 
Nd-

38 
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PYRIDINE 

+ 

0 .. ~ 0 c • 0+ N 

t t 
0 c • ~ C ·0 + -

N N N 

.PYRIDAZINE 

10 c ~ 0 N~ ~N/N 

t Q$ Qe c • 
t ~ 

Q .. • O~ <I,) e e 
w' ~N /N 
¢ 

O~ 6 8 
c • e -:/ ~ N,/N N 

«-PYRONE 

0 0 

6 4 • Q -
0 

~6/1 1 0 
0- /11 ~ 0-

6+~ 6 .- ,. + I 
0 

':-0 
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AZULENE 

1 1 1 
C F. + C 

+ 

1 I I 
, 

+ 



FIVE-MEMBERED HETEROCYCLES 

Aromatic nucleophilic substitutions of pyrrole, furan or thiophene are 
not well known. 

. , 

(. 

~ 
I 
H 

0 

Q -
; 0 ., 

.. 

.~ 

~} 
... H'~-MgBr 

Q -
. S . . , 

[0] +-,. MgBr 

I ~ . " 

~:.. 

I 
I · 

The NH group in pyrrole is acidic because electron pair on nitrogen 

can be delocalised on the ring carbons by resonance and makes the ring 
nitrogen less basic. Therefore the active hydrogen on the nitrogen is 
removed by Grignard reagent resulting in an ionic salt. 

Pyrrole by virtue of being acidic can act as a nucleophile and thus its 
reac;:tion w'ith electrophilic reagents like halides give 2-alkylpyrrole ; ~hile 
carbon dioxide, esters and acid chlorides result in 1-and 2-substitution 

~roduct8. 

41 
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ot'l 0 

OH ~ - "~aO 2 I •• I 3.C=O ~ 

~~ C-O D •• 
N N C-O-Ii 
I I u I 

.H H 0 H 'r: r' 

t.0 
" , " 

O+~=O ~ 0 R2NH -0 ) ~ 

ttY I 1 
C=O c=O 
1- J-H 0 I" . i--

0 Q ' I Q lit ' I l +R-C-Ct -. ~ H -,. 
4 

.. ~ ~ C- O N "1 
I A R/ 'CI H 

n N 

([~JJJ 
, 

" 
H Q~ ' 

N ~-R ~ C-R 
~ 'CI fI 

~R ~ GJ ~ '0 S 

N '~ r,N R N 
I C= HI \(£0 t 
H , R- C=O 

CI ~I\ 

" , -

Pyrrole gives Grignard reagents when treated with alkali metalamides . 
These derivatives are mainly N-substituted as discussed before. However,_ 
when less basic reagents are used and the reaction mixture is heate!d then 
ring substitutions are predominant. Thus, the anion produced- acts as 
nucleophile and give reaction with other electrophilic reagents such as 
alkyl nitriteS, alkyl nitrates and with electron deficient species "carbenes" . 
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CI 

©o ~ 

-+K-O'-~-:-:-~~-C-1 3· ~~I' ~ 00 
H 

. NO N0 2 

~~ ©t:fH ~ ©rj 
I 
H 

Furan and thiophene on reaction with Grignard reagents are ring metalated 
at 2-position. Pyrrole and furans have low resonance energy and possess 
diene character. As a result they undergo Diels-Alder reaction with 
dienophiles such as acid anhydride. 

0 
~ 

~o ~NH + ~ 0 ::::::::y 
~ -- 0 

0 

0 
~ 

~o tV ~o + • 0 

~ 0 
0 

When five-membered heterocycles are 3, 4-benzo-substituted , extended 
conjugation in the molecules of isoindole, isobenzofuran and isothionaphthene 

...show reactivity towards dienophiles. 

CH3 
CH) 

~ o CH) I ¢tzCHl :(: ~ ::?' :-c.r-
~ s + 0 

~ ~ k" 

CH) 0 I 

CH3 
0 ( li) 
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Pyrroles, furans and thiophene when IX-substituted by alkyl halide group, 
hydroxy methyl group or amino methyl group, the nucleophilic displace­
ment of the halide, hydroxyl or amino function is facile involving intra­
molecular rearrangement. Therefore entering group is substituted at 
IX-position In the heterocycle. 

---+n 
Nuf'ZACH) 

l ::halide, OH • NR2 

Ring-open products are formed from five member heterocycles contain­
ing a carbonyl group adJecent to the hetere atom when treated with nucleo­
philic agents. The ease with which ring cleaves is dependent on the 
capicity of the hetero atom to localise the negative charge. Thus the order 
of reactivity is S> 0 > NH. However when both the IX-position in the 
heterocyclic ring are blocked by carbonyl groups the ring fission is eased. 
The attack by a strong nucleophilic agent on the carbonyl function adjacent 

to the hetero-atom usually proceeds by ring opening. Phthalimide gives 
1, 4-phthalazinedione on reaction with hydrazine. 

tn 0-
I~/<':~~R 

~C-NHR ©('f: --+ o \..::NH2 ~ 
c-,t. C..... H 

U II 
0 

0 

• ©¢l: + RNH2 



OH 

~
J ..... ~-Oh 

~ H 
-0 

_ , N 
.- - A 

gSo 
I 
H 

Similarly isatin give a color test with thiophene as a result of condensation 
between the methylene groups of thiopene molecule (in which both the . 
positions are unsubstituted) and 3-carbonyl group of the isatin. It is 
known as indophenine test. 

0 
r, .. 

2 ©Q=o +2 0 .---. 
<1~ 

. I 
-H 

1 

Indopr.enine 

Similarly ions derived from ox indole and indoxyi show 'reaction with isatn 
to give isoindigo and indirubin each showing a nucleophilic attack by the 
methylene group at 3-and 2-carbonyl groups respectively. 



Similarly 2-coumaranone, its s-analogue and the diones react with hydroxide­
and alkoxide ions to give acid and esters. 

When carbonyl function is not adjacent to the hetero-atom in the ring then 
weak nucleophilic agents are required for ring substitution because carbonyl' 
group is less stabilized by resonance as it is away from the hetero-atom. 
Therefore addition by the nucleophile is followed by spontaneous elimination 
of water. For instance indoxyl gives phenyl hydrazone when treated with 
phenyl hydrazine. 

However , if both the carbonyl functions are present at 2-and 3-position 
then carbonyl at 3-position is preferentia.lly attacked. Therefore is!ltin 
gives as oxime when treated with hydroxylamine. O-and S-analogues of 
the NH-compound are also reactive. 
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Ox indo it' 

Isoindigo 

Indirut in 

Nucleophilic attack at the ring carbons of five membered rings with two 

or more hetero atoms occurs readily because of the inductive electron with­

drawing effect of the heteroatom and ring-opening products are formed. 

Iso-oxazoles when unsubstituted at 3-position give ~-ketonitriles; when 
substituted at 3-position but unsubstituted at 5-position give both acids and 

nitriles on reaction with ethoxide ions. 



~N 
C . 

CH(' ,~ 

;-Methylisoxa zo(e 

"--u--v\cttJ I!..._;N + OCllfS --... ~ 
0/ 

3-Methy lisQxQzo le 

Imidazole and its benzanalogue give carbazones when treated with a mixture 
of an alkali and an acid ch191'ide. 

Thiazoles are aminated in 2-position when treated with amide ions, while 
isoxazoles give pyrazoles with hydrazine by some internal rearrangement 

reaction. 
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SIX MEMBERED HETEROCYCLES 

Pyrans and Relo ted Compounds 

Carbonyl derivatives of pyrans are known as ex-pyrone and y-pyrone and 
are feably aromatic. 

0. ' ~O~O 6 o 

c(. -PYRONE 'I-PVRONE 

However, IX-pyrone is less reactive than its other isomer due to lesser 

aromatic character. y-pyrone is attacked by the nUcleophiles at ot-carbon 
atom only and ring opened product are usually formed, while in the case 

of ot-pyrone carbonyl function is attacked due to its viscinity to the oxygen 

atom of the ring making the carbonyl carbon electrophilic towards attack 

by a nuc1eoplhile. 

50 
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OJ 0 

~H _ IAI 
~~~IR IH~;NHJ 

H 

o 

6 
~ 
R 

o 

fL 0-, , 0 
H H 

Pyrylium salts give y-substitllted products when Ct.- positions are blocked 10 

the ring wJ-.en treated with carbanions. 

H owever when a-and y-position are substituted by alkyl groups the addition 
of the nucleophile is mainly at a-position due to the neighbouring electrone­
gative oxygen atom. This effect is diminished largely at y-position. There­

fore products are formed by ring-opening and subsequent r ing-closure 
transformations . 
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R R R R R 

~+NH)=H7 ~ R-- 0 --RD ~6 ~ R R)l~H2 R~~t,R HO} '-Z • R~YJ-R 

Nucleophiles like. eN, H, Ph and ammes Jesult identical reactions and 
the open:chain stable dienones are formed prior to ring closure 
in these reactions through the nucleophilic added. However, when ring­
closure occurs through ring substituent then carbocyclic rings are formed. 
These reactions are carried out in a strong basic medium and the resulting 
dienone formed in the ring-opening step is either derived by the addition 
of a carbanion or in the resulting dienone by nucleophilic addend . 

. ~ 
R R 

R .. alcyl , phenyl 

~
, CH3 

H~ I 
02 OH 

H H 
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However when tlW pseudo-base is substituted by an electron withdrawing: 
mesomeric group then only open chain diketones are produced py rearrange­

ment processes. 

Cyclopentadienide anion results In nng enlargement product (azulem s). 
when treated with pyrylium salt. 

CH:; 

- +-CStfSNa 
-NaX 

CH3 

Pyridine 

Aromatic nucleophilic substitution on the pyridine ring IS facile due­

to the accomodation of the negative charge on the hetero atom and is a 
char.acteristic of the pyridine ring as compared to benzene . This happens 
because nhrogen atom is more electronegative than the ring carbons and 

therefore it helps electron disolacement towards itself in the ring allowing 

the nucleophilic attack at the ex-position or y-position which are resonance­
stabilised. 
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HONU 
----.It 0 Nu +c -+It I _ I 

llN)(H N 

The initial formation of the adduct thus undergoes rearomatisation by the 
loss of the hydride ion to give an addition product. 

---+It -~ +H 
~~NU 

-+H 

Electron-withdrawing substituents on nitrogen and fused benzene systems 
.attached to pyridine ring facilitate the attack by the nucleophile. 

Q +Nu I th - XOR 
I _ 

:OR X 

or o Nu 

~N,..k(H 
I 
OR 

kOH/300
e

• ~ OH -+~ 
~N)(H ~NAo 

I 
H 

When IX-positions in pyridine ring are blocked then attack by the nucleophile 
occurs at y-position. 
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The reaction of pyridine with amines lS very slow and a stronger basic; 

nuclephile is usually used. The substitution of the ring is temperature-. 
dep!'ndent . 

____ ~17-0-0, -NH-2-/-NH-3--~~ ~ 
~NANH2 

Organometallics react under vigorous condi tions anel gIve CY.- substituted 

pyridine. Benzopyridines give similar reaction \!niess a-positions are 

blocked by ring substituents. Dihydro-derivatives of the benzopyriclines 
are stable and can be isolated. 

xy lene 1100· .. ~ H 

~N,)(R 

R c alkyl or aryl 

I 
Li 
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Reduction of the pyridine in sodium and ethanol gives hydropyridines. 

Na .etOH o 
I 
H 

oc-Pyridone and y-pyridone undergo nucleophilic substitutions by nucleophilic 
agents. The later furnishing attack by the nucleophile at ex-position while 
in the former carbonyl carbon. attacked by the loss of carbonyl oxygen 
followed by rearomatisation. 

OH OH 

< ~ ~N) __ Nu_-+. O:u 
" - pyrldone 

U
~ 

--~~ I 
N Nu 
I 
H 

0(, - pyridone 

Phosphorous oxytrichloride or pentachloride are usually used as nUcleophiles 

for chlorination of the pyridine ring. When pyridine is N-substituted by 

an alkyl group it forms a pseudo-base at the ex-position on treatment with 

alkali. However benzopyridines form these bases readily (aromaticity is lost 

only in the pyridine ring) and are stable compounds . 



C)~ .;::" :::=::!:" 
N OH 
I 
CH3 
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o ~H 
~NXOH 

I 
CH3 

oxid 0 ' 
k4(Fe(CNI~ ~NA 

I 0 
CH3 

In case of acridinium the pseudo-base adduct is formed only by substitu­
tion at y-position. 

/OH 

~ ;::. =:=!:" 
~~~ 

I 
CH3 

and aromaticity of the benzene ring alongwith the pyridine ring is distorted. 
However these bases are oxidised to pyridones on treatment with potassium 
ferricyanide. 

When pyridine is N-substituted by electron-withdrawing groups, it 
undergoes ring fission on treatment with alkali under mild conditions. 

87'"\ 

rI1 
~y 

~ ~N IL-N-H 
I eN 

-+ 0H 
~N)(H 

I 
eN 
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With cyclopentadienide anion. ring enlargement occurs involving opening of 

the pyridinium ion and subseguent <;losure to even membered carbocyclic 

ring. 

• 

, . , , 

N-oxides in pyridine compounds react with Grignard reagents in ether. 

In these reactions 'deo~ygenation of the N-oxide group is accompanied ' by 
substitution at IX-or y-position with respect to 'the mtrogEn atom of the 
ring. 



C6l~ 
Tg(;J 

6-
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PhMgBr I ether. 

Carbimides add nucleophilically to these systems involving ], 3-dipolar 
cycloaddition reactions. 

While nUcleophiles like eN, amines and halide IOns give ring subttituted 
products. 

N02 

Q 
1-o 

+ CN 

.. 

PhCOCI 

ReaCI. 

': 

~CN 
[QJ ­

oo+Coo-~o 

+ r6L~ 'NlQJ 
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Pyridazines are weak bases and therefore nucleophilic substitution occurs 
readily at 3-and 6-position of the pyridazine ring and to a lesser extent at 
.. -position involving dihydrderivatives. 

-L'iH 

R= C&HS- Of Bu-

Displacement of halogens at 3-or 6-position can readily be achieved by 
treating 3.6-dichloropyrazine with a suitable nucleophilic reagent. Alkoxy. 
amino and mercapto compounds are particularly useful. 

•• 
,(YCI 

~ N~ +RNH2----l •• 

CI N 
JY

NHR 

I N 
CI N~ 

Benzopyridazines on treatmeQt with sodium in ethanol are reduced to 
indoles by ring opening and subsequent ring closure, 

In pyrimidines nucleophilic attack occurs at 2- ' 4- and 6-position, These 

positions are a-or ~- to the ring nitrogens and are therefore activated 
towards a nucleophilic attack. However 4-position is most activated 
because it is iocated at '(-and x-position to Doth the rir.g nitrogens . T here­

fore the addition of a carbanion is facile at this position. 

&-&+ 
+ Pt-Mg Br --+ oxid • 

Halogens are introduced on the pyrimidine rIng by treating pyrimidones 
with phsophoraus oxytrichloride. 
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~7 amine 
"~.~ +POC I3 ----)I> 

~ 0 
H 

Hydrazine and its derivative reduce the pyrimdine to pyrazolone by the 
enclosure of the ring and recyclisation. 

H H HLO ~OH ", I N-H r N-H 
'N-N' + 
" " ~ 

Me 'Me~/, NAO .. , H N~O 
I H-N- I 

H 

.. 
'C 

H , I H 
Me Me 

° 
,1-H 

0 

;):" ";:l t-te - N 
N-N'"H ~ I 
~e~ Me -N H 
N 0 H NHCONH2 
I 

Pyrazines with amide ion are aminated at a position v.:hich is ortho to the 
ring nitrogen. It also reacts with alkali to give pyrazinone., 

() NH2/NH3 
.~ crNH

' A, 
N N 

(r"' OH/ A 
~ (:1

0 

When ring substituent is an alkyl group at IX-or y-posltJon, it gives a 

carbonion first and then side chain can be increased by the use of proper 
reagents. 
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Other N-oxides of the nitrogen heterocyclic ring system / cQntalOlOg more 
than one nitrogen give expected nucleopilic subl'titution i at x- r y-porition. 

Some examples are CJ.uoted 4elow. ... '" , 
II 

crCI 
C'~N?{' POCI~ · 0 + 

6-
N 

'-0 

OC2HS OC2 HS 

£N Poel3 ~~. . I t )H+CN • 
H3 - N~~N H3 C N 

'-0 . . ,. 

S-Triazine and 1, 2, 4-triazine undergo ring nucleophilic substitution when 
treated witn amine!;. The former gives amidihes by J'nng opening ~hile 
later is substituted at «=position or y-position born b; the same carbon at 

a time with respect to the ring nitrogens by displacelI1'fnt of chloride ion. 

On treatement with alcohol both triazines give ex-substituted product. 
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CI (I 

N~O'N N~ON I ~ ~ +ROH_al_ka_l_in_e... I \. ~ 
CI~N CI CI~N OR 

C6H5YrN~CI C6HS~N~OH 
~OJ +ROH---'.~ Of 

CSHS N'/ CsHs N,/N 

While dehalogenation of s-triazine is temperature dependent with synchro­

nous addition of the amine nucleophile. 

o 
I 
H so" 
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Benzynes 

For an elimination-addition reaction threE:: factors are considered 
generally. 

(a) The aromatic substrate should be . deactivated in such a way so 
that addition-elimination reaction can not occur . 

(b) The presence of ortho hydrogen to a group L (sufficiently 

electronegative and good leaving) be rendered acidic to be removed 

as a proton and group L with its bonding electron pair to eliminate 

HL from the aromatic substrate resulting a benzyne" Group. L may 

be a halide. 

(c) The nucleophilic reagent used must be a very strong base to help 
eliminate HL and can add as a nueleophile to the benzyne triple 

bond. However under forcing conditions unactivated aryl halides 
can be converted to phenols. 

r6 + OH 10·I.N'0~/350· 

- -
X = CI , Br • F, I 

In these reactions the formation of the carbanion intermediate (as in 
SN2 aromatic reactions) is sufficiently energentically unfavourable and the 
nucleophilic substitution occurs by an climination-addition mechanism 

involving dehy drohalogenation of the aryl halide by E2 type elimination 
reaction. The reactive intermediate is called banzyne or aryne which them 

follows rapid nucleophilic addit ion reaction . 

64-
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$low 011 .. -
~ + H2 0 + CI 

In the formation of the benzyn,e only aryl hydrogens are removed l::y strong 

bases. This is observed by the comparison of bromobenzene-2- D which 

reveals a large deuterium isotope effect of 5.7 in diethylamide ions. 

rtJl 
~Br 

L =H{ or H! 

Both m -bromoanisole and o-bromoanisole yield m-anisidine because they 
form the same benzyne intermediate. The negative charge of the anion is 
on the carbon next to the electron-withdrawing group . Addition of amide 
ion occurs in such a way that the negative charge appears on the carbon next 

to methoxyl group. 
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&" ~Br 
H 

When p b romoanisole is t reated with potassium amide in liquid ammonia, 
a mixture of meta and para anisidines is obtained . 

~ + 

Br 

T he evidence for the intermediacy of benzyne in these reactions is well 
established. When chlorobenzene labelled with 14C at l -position reacts 
with potassium amide, the' radio-active carbon is equally distributed between 
1- and 2-position in th e aniline. 

H 
I Q-NH2 
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Generation of benzynes also involves the use of organolithium compounds~ 
In the reaction of phenyllithium with flouroanisole a proton is abstracted 
by the phenyl anion which loses fluoride ion to give a benzyne. 

Ortho-Disubstituted benzenes also yield benzyne from which stable molecules, 
can be formed by elimination reaction. 

©C"' No ©tN' © '+NOBr ether 
Br Br 

©:;502 t;,. © I • N2 • 502 ~I 

J<N~ 

?7 
@ ' C=O 

O'4EN 
t:. ©! · N2 • CO2 

©t:J Pb (GAC l" ~J --; ©. 2"'2 
'N2 

I 1 
N~ 

!N' 

Photolysis of O-disubstituted benzenes also afford benzyne. 

©(" Hy 
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Halonaphthalenes substituted at 1- or 2-position yield corresponding aryne 
;..-hen treated with piperidine. 

X 

©J6y" _-~HX~~ 00 

Generally 2,6-Disubstituted halobenzenes do not give such reactions because 
of the absence of ortho hydrogens. 

Br Rl&R 

herefore 3-methyl-6-methoxyl bromobenzene, 2,4,6-trimethyl bromo ben­

zene and 2,3;5,6-tetramethylbrobenzene are inert towards amide ions in 
!iquid am:noni~. 

8 r 
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The benzynes serve as dienophile in the presence of dienes in the reaction 
mixture and addition products are obtained. 

In the absence of dienes benzyne dimerizes to biphenylene. 

Triphenylene, a trimer of benzyne is formed when dil'lafol':>enzene-re'acts with 
metallic lithium. 
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3r(5Tt 
~Br 

{, li 

Aryne intermediates are not restricted to aromatic systems. Cyclopentyne 

and cyclohexyne are produced by treating dibromocydopentene and l -chlor­
ocyclohexene with :yfg and phenyllithium respectively. 

8r Sr 

O+M9-M98"·V + 

O rtho disuhst ituted and para disubstituted benzenes form a single benzyne 

intermediate with alkali metal amides in ammonia while meta disubstituted 
benzenes form two different benzynes. The following products are expected 
in which ortho meta and para reactants yield ortho and meta; ortho, meta 

and para; meta and para products respectively. 
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. R: ActivQtlng substituent. l: Good leaving group 



T ese generalisations are well documented by e~~erimental ~ ults. For 
the base catalyseg. thermal reactions-Df chloIotoluene per~n yields of the 
three isomers formed are cit~ below: 

SUBSTRATE %ORTHO 01. META % PARA 
Ji 

~CI 
(,Sa 52 a 

45b SSb 

CH3 
:.M 

( 

~CI 
.; 

0 21 a 610a IS a 
~ 

I I 

40b S2b Sb 

; 
CH3 
CI 

¢ :;oa SOa 

62b 
38

b 

,1 CH) 
/ 

r ~ 

-",) I' 
a = OH , H2 0 , 340

0 

'1 
b = RNH2/NH3 

The orientation of the benzyne formed depends-upon the acidity of 
the hydrogens to be eliminated . This is col}trollec\ by the imluctive effect 
of the ring substituent and falls true for ' the subsequent riucleophilic 
addition. The nucleophile attacks the benzyne SP2- bond which is coplanar 
with the ring and at right angles to the aromatic 7t-system thus making the 
conjugative transmittance due to the ring substituent ineffective as can be 
seen from the rate constants for benzyne formation at 20° from arylbromide 
and lithium piperidide in pyridine. 

SUBSTITUENT 
-1 -1 

10 x k2l mole • sec 

-H 11.7 

O-CH3 2 .9 

m-CH) 4·25 

P-CH3 5 . ) 

p-CsHS 29.7 

O-OCH) 8·2 

m-OCH3 33 .00 

p-OCH) 13.8 
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The inc.oming nucleophile' (it). the addition stages) attacks at the region of 

least electron density and therefore electro'nwitndrawing (activating) sub­
stituents favour the reaction at a more distant position because electrons 

of the Sp2_7t bond of the benzyne are closer to the electron-deficient carbon 
linked with the substituent. 

Similarly with electron releasing (deactivating) substituents the addition will 
be preferred to a nearer position because Sp2_7t bond electrons are away 

from electron-rich carbon linked with the substituent. 

R 

dr(l 
'. I 

For instance electron-withdrawing substituent (CF 3 group) on a halogeho­

benzene follow such a reaction. 

x F,C,© 
+ f3C~ 

NIL 
100 0/. 

100% 
NIL 
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The pres~ce of benzyne is confirmed in organic syntheses which involve. 
such intermediates from ortho disubstituted and Meta disubstituted ~zene 

< 

compounds. 

CQC) C6Hsli/ethH 

CI ~N -Hel 
H" 'Me 

.., 1· 

H 

,"", 
H 

Other similar reactions in which 
follows ;-

SlX membered rings result are as 

2 00 NH2/NH3 

CI~,© -HCI 

•• 
) . ~~M' C§H~Li/ether ~ - HBr 

Sf 

~ 

©:::©. , 
H 

ro 
© 

©O 
I 
M. 

Although benzyne is generally represented by a structure with a triple bond 
for convenience and simplicity but this is not the t rue picture of the 
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intermediate. Triple bonded oa.tbons ~re sp .. hybridise:c;l, ,-linear and poseS'S' 
bond angle equal to 1800

• A linear arrangement of two sp-hybridised 
carbons can not be shown in a cyclic si",:-membered system. The actual 
structure is unknow'n·. Ii:- has been suggeJtec;1 that the intermediate has all 
the carbon sp2-hybridised but the third bonet which is a new sp2-r.-bond is 
in the plane of the ring and involves overlap 'of the sp2-hybrid orbitals due . ...... 
to two sp2 electrons on the neighbouring c(irbo:n __ w.ith ;(f ti-p,%rallel spins . 
Thus the new bond (sp2-r. bond) is different ~nd weaker tlian.p.:!r. bond. 

. \ 

, I 

The strain caused by sp2.1t bond orbital is decreased when ring becomes 
larger thus cycloctyne i~ in fact;"isolable a.~d a somewhat stable compound. 

Hetaryne 

Hetaryne is heterocyclic analogue of benzyne. The species known in 
pyrjdine system are represented as follows :-

' , •• 1 J . ' ., .I MI . . ' ,' 

',' " , " ,01' . ' 

0 
/ 

I tY~ 

2.3- pyridine 3,4-pYlidine 

The additional 7t~bond is formed due to the paired · electrons, the p-otbital 
is'coplanar with the pyridine ring and can be represented in a similar way 
as benzyne. Both the species are possible from 3-chloropyridin~" but 
3,4-pyridyne is easily formed and is more stable than 2.5-pyridyne becuase 
in the later species carbon-2 is next to the electronegative nitrogen and 

therefore explus~on of carbon-3 substituted .chloriQe i~ difficult in elimination 
addition process due to lower mobility of hydrogen attached to corbons. 
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Therefore the absence o£ 2-IUbstttuted pyridine suggests that ~.4.:pyridyne 

i~ fonned. J I 

.. ( ( .. cy c 
-. . [ " 

1 " 

.. 

"' ( ,r .. J.r .., • I 
to "1 

•. 0 . .., 
~"" .,t 

'-t • " !:i ) ,.. 

/' , 

However. the p;~~-ie' -at: ' i3-pyridyne has been ' demo~ated when 
3-bromo-2-chloroPSiridme is reated with lithium-amalgum in 'fqran. when 

J 
the species gives adductlt. -, 

t.)fL 
N 

U-amal 
-L 

.. l: CI, e, ;", 

Reduction of both the adducts results quinoline and i8oqtirnolihe respec­
tively. For the preparation of hetarynes essentially similar conditions are 
required as those for benzYnes l~ , e . the use of strong b~ses, low reactivity 
of the substrate, presence of a good leaving group which should be suSki­
ently electronegative and the presence of ring hydrogens on neighbouring 
carbon to the carbon bearing the leaving group etc. 

Quinolynes are, produced from 3-bromo-2-chloroquinpline and 3-bromo,. 
4-cbloroquinoline with lithium-piperidide by nucleophilic addition 
reactions. 

(XX'-':: Br 

- 1 
~ 

N CI 
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a roe, 
~ I ~ li-piperdide ~ 
~ I'f~ 

The'presence of 5,6-quinolyne and 7,8-quinolyne has been demonstrated 
when the benzene ring is substituted by a halogen at 5- or 6-position and 
.at 7-position respectively but when pyridine ring is unsubstituted. 

li . ridide I ether 

Li-piperi dide .. 



NUCLEOPHILIC RECTIONS AND REARRANGEMENTS 

Bart Reaction: 
When solution of aromatic diazonium salt is added to an alkaline 

mixture of sodium arsenate in the presence of copper or in a buffered 
solution of the arsenate in the presence of catalyst and warmed, the diazo 
compound is converted to sodium salt of arsonic acid in good yield. 

+ -
N:N CI O-As (ONa12 6' +~~-'O--A"ONa~ _c_US_O...:;4:......_ ... 6 +NaCI +N, 

Fluorborate salts of the diazo compound react neatly with sodium meta 
arsenite in alkaline medium containing copper catalyst giving improved 
yield of the arsonic acid. 

Bucherer Reaction: 

Phenols and naphthols which have tendency to ketomerise give corres­
ponding amines when treated with aqueous sulphite or bisulphite solution 
in ammonia. 

" & OH 

", 

Ji ,,,: 

HO h- OH 

.. J:x
0 H 

, H ~ 

HO ---:- OH 

2 

3 rocrOH-===~ .. o ,-
// 00:0 

OH 

00 , .. 
° 

~: 4 

78 
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.The reaction is believed to involve a bisulphite adduct of the keto-tautomer 
-of the phenol. The formation of the adduct is the ' rate-determining step 
·of the reaction. The addition product of an <x-naphthol gives an addition 
product tetrahydro- ~ -oxo-2-naphthalenesulphonic acid. 

uS+N'2S0J~a\ .. 
~ ~S03Na 

R R 

'The reaction is a reversible one and therefore it is performed by heating 
with aquous amII).onia and ammonium sulphite. For ,a-naphthol the 
-reaction mechanism is as follows :-

~OH 
or LQv,,"SDJ 

- -
NH3 ,.. H2O -HS03 or HS0J", 

+OH 

Gattel'man Reaction: 

Halo-or cyanobenzene can be prepare? by heating aro~atic diazonium 
halide salt with finally divided copper 10 hydrohalo aCid or hydrogen 
.cyanide. 

+ CE N N;:::;N ,CI + -

© c6 6 b 
H-CEN + N2 + HCI ~ 

ell 
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The reaction is not very commonly employed in organic synthesis becluSe 
of low yield Of the product ar1d practical problems fcited in purification of 

, the...product. !fhe reaction proceeds by two step mechanism as ) discUssed 
in Sandmeyers reaction. 

Sandmeyer Reaction: 

The reaction is carried out by adding a solution of diazonium salt to 
a solutiqn of hydrochloric acid and cuprous chloride with cuprous bromide 
or cuprous cyanide and the corresponding bmmo or cyano aryl compounds 

-
-a(~ prepared. Other nucleophilic groups like NOz, SH, N3, SCH3, F 
and ' Wgi\S03 replace the diazo group from the aromiltic diaZ?'_ '§ubsl rate 
under the reaction condition. The reaction follows first-order kinetics with 
respect to both the diazonium ion and cuprous chloride solution. The 

CUCI~ ion probably coorflinates v.rith the diazonium cation involving copper 
and the terminal nitrogen of the diazo group to form a complex which is 
decomposed rapidly to an aryl radical by redox transfer process by 
the copper. 

© + NH Cu i CI2 

• . • I' " , . 

, . . , 
. " 

In p-nitrosophenols, the strongly electron-attracting nitroso group is easily 
displaced by chlorine when reacted with hydroxylamine in the presence of 
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cuprous chloride in hydrochloric acid. The modified procedure gives better 

percent yield of the halogen substituted phenol. ...... 

n 

¢ 
OH 

CI 

NH20H,Cu2Cl2 AO' 
Hel • ¥ 

OH 

Generally m-dichlorobenzene is not easy to prepared but Sandmeyer method 
is convenient for such a synthesis as can be seen from double diazotisation 

of 1,3-dinitrobenzene. 

Schiemann Reactitm : 

The reaction is used for replacing diazonium salt group with fluorine 

by adding fluoroboric acid to the diazotised amine in a distillation unit 
with a trap for borontrifluoride. The resulting diazonium fluoroborate is 
precipitated dried and thermally d~composed to give aryl fluoride . The 
product is collected after distillation. 

8e 

©i'C:HBfi 6B

", o · .He l 

.e 

©"' F 

A © • N2. BF) 
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Wurtz-Fit t ig React ion 

Aryl halides do not undergo Wurtz reaction as alkyl halides do with 

metallic sodium to give hydrocarbons because of the absence of activating 

groups in the aryl substrate for such a substitution reaction. However, 

aryl halides do react with metallic sodIUm in the presence of primary alkyl 
halides. The reaction most likely involves sodium derivatives of the halides 

in which aryl anion displaces halide ion of the alkyl halide by aliphatic 
.SN2 process. 

Na 
Cr,HsBr+CHJBr ~Cr,HsNa+CHJNa+2Naer 

C&HsNa+CHJ Na~Cr,Hs CH3+ 2Na. 

Na \ / &_ ' 
&+ H H ~3 
©------ z- -- er 0 + NaBr 

Ullman Reaction 

Symmetrical biphenyls may be synthesised by heating aryl halides with 
copper or silver powder with the exception of fluoroaryls. lodo-and 
activated chloro-and bromo aryls are generally employed to get good yields 

.of the racemic biphenyls. 

Cu I .1 90· • 

The reaction is homolytic in nature involving free radicals. 
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Rosemund-von Braun Rt!oction : 

The reaction is useful for preparing aryl cyanide from aryl halides and 
cuprous cyanide in the presence of bases like pyridine or quinoline in. 
excellent yields. 

el eN 

00 CuCN • 00 ~ I 

.. 
8r eN 

oo? CuCN • ~ 

¢ 
eOOH 

CuCN Q 
COOH 

Ziemmernan Reaction: 

It is widely employed as a .bio~analytical procedure for the estimation 
of 17-ketosteroids. The analytical . method involves the treatment of the 
steroidal compound with meta dinitrobenzene in ethoxide or methoxide ion. 
The base removes a hydrogen from the general structure-CO-CHz­
resulting a carbanion. The ketone carbanion attacks on the m-dinitro­
benzene and displaces a hydride ion with the formation of highly coloured­
conjugated product. The coloured compound is estimated by a colorimeter. 

HO 

Equilenin 

o 

H 

H 

o 

H 

HO 
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• T 

J ~ t ' .. 'I. 

.' 

H 

I • 

h t .:,~ \ {'-~ ',' I 

l 

h i 

'1 ,. ') 

((- ' 
, ~~ed product 

Smiles Rearrangement: 

..,- 'y""~,. 
• . i 

,.../1 
./ '..,./ 

These rearrangements are interamolecular nucl~philic aromatic substi­
tutions and are carried 0 t in alkaline medium. They are represented 
generally by the followiDg- scheme. _. __ 

" 
• i 

: , ,fl' • :' .. fU " " 

~.HX~ 

~~ ) 

where Xjs C02, S, S02, S03 or -0- and act as good ,lea.ving gJ;o.up and 
YH is OH, NH2 , CONH2, S02NH2, NHR, SH or SO~m: and act~ as a 
strong nucleophile. In these reactions aromatic substrate is duty activated 

by an electron withdrawing group such as nitro substituent. Typical 

rearrangements are presented below : 
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if»:Hl 
N02 .. ~CHl B 

~ ~ 
-BH 

1 

r • , ,-.. 
- HOi N02 . , 

1 . ~:©rCHl 6::;©t;Hl BH • ~B 

" . 1 

2 &~)©}' o../lcRf &N")~ ~ 

H2N HS02 

" 

4 ©:CHJ SO':o~~3 OCrvCH3

, ' CH) o 0 ByLilether/30: 0 _ '. 0 
CH) I . CH) J. 502 

CHJ 

5 
- OH 

T hese rearrangements are accompanied by colour changes from red to 

yellow and are proposed to involve Meisenheimer type complexes. The 
substituents on the aromatic ring play imp0rtant role in controlling confor­
matioI;ls and favour the one which will exert the least energy of activation 
and steric; interactio.n between the substituent and the nitro group of the 
aromatic ring. 
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-
-' 

6~i. 
Several rearrangements are known in which bridge between the leaving 
group and nucleophilic gro~p is not neces$ariiv part Qf the aromatic ring 

.; - t· "", ..-

but an aliphatic chain. However .rear.dnged gro\:ip has to move ) from one 
• --:: 'l:" 

position on the aromatic ring to another. For example -; . 

'I 

) 

Double Smiles Rearrangement: 

For preparing high purity nitrated diphenylamine from urea or gauni­
dine the substrate is first treated with p-nitrobenzenesulphonyl chloride to­

give bis-(p-nitrobenzene-sulphonyl)-urea or-gaunidine. It is then treated 
with alkali at an elevated temperature. The -reaction undergo double­

smiles rearrangement. 
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'von-RUcher Rearrangement ,' 

The reaction is carried out by heating halogen substituted nitro 

.aromatic compound with ethanolic potassium cyanide. Therefore p-chloro, 

bromo-or iodonitrobenzene yield meta-halobenzoic acid, while m-bromo­
nitrobenzene gives a mixture of o-and p-bromobenzoic acids. In these 

-nucleophilic displacement reactions position taken by the entering group is 
not the same as that vacated by the leaving .grpup. The phenomenon is 
also known as cine-substitution. The other nitro aromatics undergoing 
similar displacements include, dibromonitronaphthalene. The reaction has 
been extensively investigated by Bunnett , by Rosenblum and by Ullman 
:separately. The essential features of the reaction are as follows :-

1. The carboxyl group is introduced at ortho to the leaving nitro 
group . 

2. Deuterium is incorporated in the aromatic nucleus from the 
hydroxylic solvents such as C2HsOD. 

3. Carboxyl function introduced is formed from the nitrile or 
the amide. 
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~" ,) i. Nitrite ion is a by-product. 
_: (' 5. Nitrogen is evolved corresponding to the carboxylic function. 

! $ ~ introduced. r ,-

Dne .atom ot ,. e iiitrog~ c b 1roinr"t e ,nitro groUP (as JOOWn by 
lSN- welling) and the other rom cyanide ion by a path not 
involving ammonia. 

7. One o~en at01:n:of the carboxylic group comes from the solvent 
<-t ~~owil- · Y'" 80-kbeUing of t~vent) and the other from 
h " '- - \ t e rut1-e group.- ../ I 

8. Substituents ~tho to the ~o grou'p - i~,- the' /" ~ to a-
greater e ~¢nt. ,~:: _ HlI' _ / 

9. Moderately activating groups should be present on the aromatic 
substrate. 

The reaction scheme based on these facts is cited below : 

REACTION SCHEME 

. ' , 

• fI(. 

, '. 

~~ "-
C=N 

- I 0""'"- N - ' 0 + 

~OH 
•• 

c- r • 
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However experimental findings are in agreement with the reaction mecha­
nism proposed by Rosenblum. The scheme proposed by Bunnet can not 
be ruled out because it is valid to certain extent and is the only m~chanism 
whioh accounts for the nitrite ion formed in the reaction. 

Benzilic Rearrangement : 

In moderately alkaline medium nitrophenanthrene diquinones are 

rearranged by proton transfer to IX-hydroxy acids like benzil. The reaction 

is an aromatic substitution because of the keto-function which become part 
of aromatic phenanthrene structure. Nitro group activates the aromatic 
substrate at the carbonyl carbon and attack by hydroxide group becomes 
facile. Absence of mesomeric effect with the nitro substituent through the 

aromatic ring facilitate the rearrangement. 



OH .. .. 

Bamberger Kearrangement : 

90 

-', 

o 
CeQ 
I 
OH 

.j 

Arylhydr9~ylamines are cOnverted ' to p-aminophenols on treatment 
with dilute acids by an intermolecular rearrangement process. Acid 
catalysed rearrangement of phenylhydroxylamine into p-aminophenol IS 

an example; 

+ 
HN-.J)H2 

©r 

OH 

The mechanism proposed above is a unimolecular one. Bimolecular mec­
hanism is also feasable in which removal of ' W:ltcr and addition of the 
nuc1eophil~ are synchronous. 

Sommelet-Hauser Rearrangement .' 

It is an internal nucleophilic aromatic substitution carried out by 
treating ary lalkylammonium salts with a strong nucleophilic base in 
ammonia. Thus benzyltrimethylammonium salt on treatment with soda­
mide in ammonia removes an oc-hydrogen of a methyl group resulting a 
carbanion which then attacks on the aromatic ring to give an exomethylene 
derivative which is isolable. 
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By limply heating the exomethylene product, tertiary arylalkyl amines-­
are produced with the introduction of a methylene group and rearo­

matisation. 

Another ex~mple is the rearrangement of 9-Fluorenyldimetbyl sulphonium 
salt. 

+ M -
CH-S/ e OH~ 

"-Me 
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Hetnke-Pechman Reaction: 

Polynitrobenzenes on reaction with diazomethane ,result rin~ enlarge­
ments by the introduction o(methylene groups. The nucleophilic addition 
of diazomethane on the aromatic substrate gives a Meisenheimer type of 
complex, which is deep red in colour followed by ring enlargement. The 
introduction of the methylene group to cycloheptatriene; cyclopropane ring 
along the double bond of the benzene ring or pyrazoline derivatives are all 
dependent on the molar concentration of the diazo methane used. 

-m' 02N~N02. -----~,. b 
~ 

H tH}..~=N 

~
N02 02N~_~_ ~02-

O +CH2N2--. I 
-h 

N02 N02 N02 

1~ 

,. .. ~V~ · 
, NOl 

2Cli2N2 ~"-y~ 
not bqtobt. 

NOl 
. " 

3CH N ~v~ .i l 
" 

N02 

02N 

" N2 r~lIDzj N _, -

H . 

N02 



· Trinitrotoluene, picryl chloride, picric acetate and trinitro xylene react with 
diazo methane to give ring enlargement products . More reactive diazoalkanes, 
give mainly pyrazolines. 

I I 

Hammick Reaction: 

In six-membered heteroaromatic rings the reactivity is dependent on the 
heteroatom influence and is relatively small when a substituent is present 

at ~-position to the heteroatom than at (1;- and y-positions, where the effect 
is large. For instance, (1;- , ~- and y-pyridine carboxylic acids are decomposed 
on heating in the order (1; > y > > ~ and can be explained due to the inductive 
stabilisation of the intermediate ion formed. In this reaction pyridine carbox­

ylic acid is heated in the presence of aldehydes or ketones and (1;-substituted 
.amino-methanol are prepared. The reaction sequence is as follows : 

• 

o u _ 

1) 
H t.~ 

l!. , .. , )III 

r~-CHO 

Ii 

.Ing-manske Reaction: 

... 

o 
II •• 
C-O-H 

6 

o O-N 
l!..N~ I N C-R 

I 
H 

When N-substituted imides are condensed with hydrazine, primary 
amine and azodienes are produced. For instance, heating N-alkylphthalimide 

gives 1,4-phthalazinedione and an alkylamine when treated with hydrazine 
~hydrate in acidic medium . . 

o 

N 
II -t C2H SNH2 
N 
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Equivalent amounts of hydfazine and imide are refluxed in alcohol for some­
time. The solid product obtained is then separated from. alcohol and heated 
with hydrochloric acid in such a way that steam passes through the reaction 
mixture. The precipitated final product is separated and filtered off. The 
filtrate contains the amine-hydrochloride salt and gives a very good yield of 
the primary amine. 

Hoflrtann Rearrangement: 
, , 

3-Aminopyridine is prepared by treating nicotinamide with bromine­
in alkalin~ medium. The trCUlsformation involves the formation of a C-N 
bond between the heterocyclic carbon and nitrogen of the a11}ide group. 

0 0 • o-~-NH8r o-C-NH2+sr2 
( . • ~N .. 

J 

j 

I~LI 
r:" ' 0 

ft:2r~7; ON o C-N --+ "-..-:" 8r ,. 
N N ~ 

__ ... &N=C=O 20H 
l~~ .. 

Reimer-Temann Reaction: 

Formylation of pyrrole with chloroform in an alkaline solution IS easily 
achieved by heating the reaction mixture. 2-Pyrrole-carboxaldehyde is' 
produced aio~f with .a ring enlargement product 3-chloropyr~dine. 

o N 
H 

KOH/CHCI3 

fiT1JCI o-C.l «'0:; Y"CI -. ~ I . 
N N 



Zinke Reaction. 

Primary amines on reaction with substituted pyrylium cations or pyrid­
'inium salts result open chain dialdehydes. The substituents on nitrogen are 
strong electron-withdrawing in nature. Therefore pyridine-sulphurtrioxide, 

N-cyanopyridine and .~_(2,.4~~~it!0~~e~yl py,rid,inium. ion result glutaconic 
.dialdehyde. - : .' , 

Tschitchibabin Reaction,' 

2-Aminopyridine is prepared by heating pyridine with sodamide. 
2-position of the pyridine is aminated because the charge developed by the 
addition of the amide ion on the ring partially resides on nitrogen. A 
similar addition at 3-position is not possible because the charge developed 
is only delocalise'd"clVer carbon atoms of the ring only. The amination 
reaction is coihpl~ted by the loss of a hydride. 

f j ~ I • . • 1 

01 
~N 

NH 

J 

~ ~t.jJ 
N 
1-
503 
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MElS'ENHEIMER COMPLEXES 

It is well understood that nuch:!oppilic substitution of activated aryl 
r· 

halides do not follow SN2 processes but a,h intel'mediaty- specief; caned the .. , .... 
a-complex or Meisenheimer complex interposes between reactant and 

product and is isolable in some case§ -as a coloured salt. The f!}tmation of 

these complexes is known for over 90 years and particularly by the covalent 
adduct of dinitroaromaticethers along with their structural representation 
w~ere cyclohexadienide structure involves all the nitro groups for charge 

de16calisati'on. The carbon undergoing displacement ' becomes sp3 hybridised 
and the negative charge is produced as a result of the covalent bonding by 

the incomming nudeophile. The aromatic substrate is stabilised over the 

aromatic system which is activated by an electron-withdrawing group such 
as a nitro group substituted at 2- and 4-position of the benzene ring . 

• • ~ j ..... 

l.!': leavIng Group .. 

' .. 
> - , 

}. 

J 

. ~) t-.... 

Nu L 

-?!~ 
O-N-O 

+ 

Nu = Nucleophile 

Several studies in this field have demonstrated. that along with the 
a-complexes some 7t-compkxe~ (charge-transfer complexes) are also produced 

in the aromatic nucleophilic displacement reactions. For example . the 

C)~ 
- I 
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reaction of 2,4,6-trinitroanisole wit.~ ethoxide ion reveals that both slow and 

fast reactions occur correspon-:ling to anj cr-c.:>mplexes and are evidenced by 
the fact that in slow reaction the intermediate complex is decomposed by 

dilute sulphuric acid to 2,4-,6-trinitrophenotole while undissociated acids 
employed do not decompose the intermediate:cotnplex. 

However charge-transfer complexes if present are known to decompose 
readily by general acid catalysis r~v~rsibly to the reactants because th~ 

• 
complexes are produced as a result of the fast reaction between the donqr 

> 

and the acceptor. 
I.' ,f ! . ) j r 

.. ri. J " 
') . ('[' 

1 I 

~~C-P'" OCH3 
02 -'.., N02 

OC2HS'--' \:h . 
N02 

The product of the slow reaction which is regarded as the a-complex is 

identified by NMR, Visible, UV and IR spectra and is also prepared from 

the reaction of 2,4,6-trinitrophenetole with methoxide ion. The use of the 

radio-active IS-0CH3 ion confirmed the view point further when the product 

obtained was 
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OC2HS H)CO'8 tS OC2HS 

02N-AO N02 1S _ 02N-X-N02 ¥ + OCH3~ V 
~~2 N02 

from2,4,6 -hrinitrophenetole . Kinetics of slow and fastreactions at _800 
In 

excess of ethoxide ion are indicative of the l1-anc!r.-complex. (Table). 

, 
, 

Reaction or 2,4 ,6 trinitroanisol~ 
with OC2 HS at _800 11" - Complex o -Complex 

lo9lOK, , ·09 lImot./St'c -4·81 lImole / sec 

t:. E* 10.4 kcals/mol. 1) .7 kcol/mole 

Where loglOk is the rate constant fe r the fOl\lIard reaction and 6 E is the 

free energy of the reaction. Thus it is evident that in the formation of 

a-complexes . charge-transfer complexes are also followed. The prelimi,nary 

formation of the .. -complexes on route to the ~-complexe5 do not change 

the activation energy of the reaction because activation energy is the energy 
di fference between the initial state and the transition state leading to the 

formation of the l1-complex. 

" ~~:~"h 
C,N ~) no, 

N02 

Initial stat. 
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This is illustrated below in the energy profile (fig.) 

1.S fOf '-Complex 

) J 
Rfoction Coo,dlno~f 

..L T.6.= ransltion stotf 
I. S.= Initial statf 

ElG. ,Enfrgy profitf- showl"9 1T-C~ .and 4-Complell formation - 9 

The interaction of 1-fluoro-2,4-dinitrobenzene and ethylmalonatc in the 
presence of triethylamine results a colo~ solution which is stable in 
dimethylformamide. However on additioIr6f- water decolonisation occurs 
~nd 2,4-4initro~henylmalonat-e esW.i • e coloured pred tis 
considered as the triethylammonium salt of the q-~Qmplex. J' 

~ """1 • • -"'" f ().9 ",1 

ICOOC~HS --•• 
H2 C \ +R3 N r lq~'i' +CH.ICOOC2HS I2 2" 

COOC2HS • 

" - ,JI \ 'Jf I 

., 
F 

A-O NO), G ¥ . . +CH . ICOOC2~sl 

N~ 

) o!E-~--

, _ .... 1 - " • nt. 
'" 0 + 

til .tI,: 

COloured 6-Comptex 
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Kinetic inve:;;tigatiQns reveal the presence of cr-complex in nucleophilic 

~ro~atic sub.stit~ti~n and are demonstrated in a: moddsystem invblvin~ · 
s'ecpndary amines and 2,4-dinitro aryl derivatives which is base catalyse'd, 
.. '. . ( ' , • I 

The cr-complex 'formed is such that the loss of proton from ' the ammoniuin 
p,art an'd th~ expulsion of the leaving group (L) are more favourable rathe~ 

than the elimination of RNR ion from the complex which is itself ~ poor 
l<~ay'ing ;group . . Hence the model,provides for a lower activation process fqt:. 
the cqnversion of ~-complex to the products , 

. , <. . ) , 1.. . 

hol -N02 ¥ . +HNR2 

N02 " ; 
-- I 

)( -:- ' Y I"' 

R 
I 

.. ' ~ R?NQ~ 1 ~~D2 
1<-1 i _ .. / ; 

1 N02 ' 

~ f' .... 

. '- J ._ ' - - -c • 

t J' \ 

"­
K ,Base : 

CatalyseCl' 

6 , • \,' • 

Steady-state' tie~trp.e~t of the-above process reveyJs, the expression 

Rate 

(x)[ y) 
= I< = 

KI K2+KI K3[e) 

K- 1 +K2+K3 [S] 

It is obvi01:ls that two competing paths are involved for the converllion oftne' 
<>-,co,nplex into product: one is , uncatalysed process a.nd the seco~d b.as~~ 
~fltalYl?ed, where tl;!.e nature of the base is .a Bronsted type such as R2NH, 

RCO-2, off, The steady-state approximation further reveals that for a 
forward ·reaction teo the conversion of <>-complex into the products, therafe 
constant ·becomes, 

Mowever when the back-ward process is too slow in relation to the forward 
reaction.i.e, K-I <K2 + K3 [B]. 

Such a situati9n is indicatiye of the formation of th~ cr~complex at a rate­
determining step. However if the backward reaction is fast enough to 
compete with the forward ' r~action i. '~.) 'K - '] > K2 + K3 [B], the rate-deter­

mining step ' is the product f~rma~ion step and here base · catalysis' would be 

expected. Therefoie· the forward reaction would b j:! follQwed for the systems 
,: . ; I· 
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containing poor leaving groups i.e. when L=F rather than when L=CI. 

However when backward and forward reactions are in equilibrium i.e. 

K-1=K2. then base catalysis is observed at very low concentrations of the 

Bronsted base but the catalytic effect of the base will decrease when the 

-<:oncentration of the base is increased . For example base catalysis is more 
effective in the reaction of 1-fluoro-2,4-dinitrobenzene with Bronsted bases. 

than with 1-chloro-2. 4·dinitrobenzene. Very convincing systems are those 

of 1-fluoro-2. 4-dinitrobenzene with N-methylaniline catalysed by OH ion 

-or CH3C02 ion but this catalysis is virtually absent with chloro-analogue. 

· N02 

@-N~' N02 
, I. ' . 

, . CH3 ' . 

The detailed chemistry- and the structural characteristics of stalDle : a~com­

plexes htco been developed by the systematic study of visible. 1R and NMR 

s~ctroscopy as' well as thermodyti'a~ic study of . the coloured ' 'products 

formed from the interaction of picryl ethers and potassium alkoxide. Larg~ 

number of evidences weJ;e provided by iwlating the same product fJ;'om 

2,4.6-trinitroanisole and potassium ethoxide and from 2.4 ,6-trjnitrop,hene­

tole and pOiatiSlUfli ll1eU10 .. \ ldc. /"!t. QUH10id s trl1ctio n (1; was proposed for 

the product obtained from both the interactions. Such additio,n complexes 

are. reported to be formed from a large variety of necleophiles with electr6!) 

deficient aromatic compounds and are called Meisenheimer or Jackson­

Meisenheimer complexes (a-complexes) . The crystal structural determina­

tions provided the conclusive evidence for the structure (1 ) (Rt = Rz=CH2 
CH. 'R1 = R2"",CH3). Instead of quinoid structure another structure (II) 

has also been suggested. Molecular orbital calculations and crystal staucture 

determinations indicated that most of the negative charge localised on the 

nitro group para to the Sp3 ring carbon. Thus structure (I) was considered 
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more suitable where as the complexes with substituents other than 
nitrogroup, para to SF] ring carbon could be represented like structure (In. 

, 1 

_,' t" 

1l 

x o I .' 
6 2 7r'X)' 5lL~J ll ~ .. ! _ 13 

" 5 " 
m I!l 

In benzene and naphthalene complexes &p3 ring carbon was considered C-l 
and proceed to right as in the canonical forms III and IV. Substitution on 
the anionic ring of complexes at a position other than C-l was termed as 

"substituted cyclohexadienate"' . Structure (1) (R1=R2=H3) was suggested 

to be prefered by the evidences from visible and infra-red spectroscopy 

along with NMR studies. 
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