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Electrophilic aromatic substitution includes a wide variety of nractions:
nitration, halogenation, sulfonation, and Friedel-crafts reactions, undclgone by
nearly all aromatic rings; reactions like nitrosation and diazo coupling, unirrgon.
only by rings ofhigh reactivity; and rcactions like desulfonation, isotofic e:rchange,
and many ring closures which, although apparently unrelatat!. are found on closer' examination to be properly and profitably viewed as reactions of this kind. trn
synthetic imaortance electrophilic aromaric substitution is probably uneq,ualed by
any othcr class of organic reactions. It is the initiat route of access to nearly ail
aromatic compounds: it permits thc direct introduction cf certain substituent
groups which can then be converted, by replacement or by tr.ansformation, into
other substituents, including even additional aromatic ring::,

33t rLr,cTRoPHILtc ABoMAITC SUBT;TITUTToN CHAP. rr

ArH * HONO, {4o', ArNO2 + H2O
A nitro compound

2. Sulfonetion. Discussed in Sec. 11.9.

ArH + HOSOTH So: , ArsorH + lt:o
A sulfonic acid

3. Halogenation. Discusscd in Sec. I l. I t .

ArH + Cl2 -&-* ero + Ucl
An aryl chloride ,.:l

ArH * Br2 -I-+ erBr + HBr
An aryl bromide

4. Friedel-Crrftralkylatio,n. Discussed in Sec. I I.10.

. ArH + RCI ^tctr> ArR + HCI
An alkylbcnzenc

5. Friedet.Cnfts acyhtion. Discussed in Sec. 19.6.

ArH + RCOCI Atctr, ArcoR + HCI
An acyl chloridc A ketone

6 Protanatlon. Dirusscd in Soc. il.12.

ATSO3H * Hf H,o, ArH + H2SO.

ArH + D+ --> ArD * H+

Dest':ft;xatian

Hydrogen exchctnge

l "-  -  "  l t - t ' tEt

'''';*fo;ut
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Ar-u = G;,
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sEc. il.2 EFFECT OF SUESTITUENT CROUPS

E. Nitrosation, Discussed in Secs. 23,11 and24.10.

ArH + HONO -+ ArN:O + H,O
A nitroso compound

9. Diazo coupling. Discussed in Sec, 23.17.

Arl{ + Ar'N2 +X- -+ ArN:NAr, + HX
A diazonium salt An azo compound

10. Rolbe reaction. Discussed in Sec. 24.1[ Only for phenoli

ll. Reimer-Tiemann reaction. Discussed in Sec. 24.1!. Only for phenols,

3:r9

ll.2 Effect of substituent groups

Like benzene, toluene undergoes electrophilic aromatic substitution: sutfona-tion, for exampre. Atthough 
.there are three possibre monosulronatir'n pro-ducts, this reaction actuaily yierds appreciable amounts of onry two of thei: theo- and p-isomers.

Tolucnc

K'l[- f*t l., ir14
olq.o

tt <.i'r,r ey"*T<r^q, /t fqqtl !" ra,

o
cdcb , dnop b4--[*-_>----+

So I rLg l;q "rciut

o1{

d-]-'"'u
\_-!

9u

0
lh u^"t

S'""o"'o"", d' and
sorH

p-Toluenc-
sulfonrc

acitl
62%

Benzene and toruene are insorubre in surfuric acid, whereas the surfonic acidsare readily solubre; compretion of reaction is indicated sirpry uy airapp"-arun., orthe hydrocarbon rayer. when shaken with fuming surfuric acid'at ,oirnirrp"r"-ture, benzene reacts completely within 20 to 30 m'lnutes, whereas toluenc is foundto react within only a minute or two.
Studies of nitration, halogenation, and Frieder-crafts arkylation of toluenegive analogous results. In.soire *uy'rrr" t*tiyr group makes the ring morereactive than unsubstituted benzene, and direcis ttre aitact<in! ,r"g.ni,"to tt,ortho andpara positions of the ring.
01 the other hand, nitrobcnzene' to takc a difibrent exampre, has been foundto undergo substitutibn more srowry than benzcne, and to yierd'cnirenyiie netaisomer.

f c t

A" 14"
+ Co r *-----+

aM

S""

CHr
rAr'So.,H
L\-/ j - 
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