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338 ELECTROPHILIC AROMATIC SUBSTITUTION CHAP. 11

Electrophilic aromatic substitution includes a wide variety of reactions:
nitration, halogenation, sulfonation, and Friedel-Crafts reactions, undergone by
nearly all aromatic rings; reactions like nitrosation and diazo coupling, uridergone
only by rings of high reactivity; and reactions like desulfonation, isotopic exchange,
and many ring closures which, although apparently unrelated, are found on closer
examination to be properly and profitably viewed as reactions of this kind. In
synthetic importance electrophilic aromatic substitution is probably unequaled by
any other class of organic reactions. It is the initial route of access to nearly all
aromatic compounds: it permits the direct introduction of certain substituent
groups which can then be converted, by replacement or by transformation, into
other substituents, including even additional aromatic rings.

ELECTROPHILIC AROMATIC SUBSTITUT fION
Ar = aryl, any aromatic group with attachment direc?!g,:' t ring carbon

1. Nitration. Discussed in Sec. 11.8.

ArH + HONO, 5% ArNO, + Hy0

A nitro compound

2, Sulfonation, Discussed in Sec. 11.9.

ArH + HOSO;H _50: | ArSOH + 4.0
A sulfonic acid "

3. Halogenation. Discussed in Sec. 11.1].

ArtH + Cl, -, ArCl + HCl
An aryl chloride

ArH + Br, —= ArBr + HBr

An aryl bromide

4. Friedel-Crafts alkylation. Discussed in Sec. 11.10.

ArH + RCI AICL . ArR + HCI
An alkylbenzene

5. Friedel-Crafts acylation. Discussed in Sec. 19.6.

ArH + RCOCI AlCh . ArCOR + H(!
An acyl chloride A ketone

6. Protonation. Discussed in Sec. 11.12.

ArSO;H + H* HO_ ArH + H,50, Dest..fonation
ArH + D* —— AID + H* Hydrogzen exchange

M-H = @ !
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SEC. 11.2 EFFECT OF SUBSTITUENT GROUPS 339

S

—ASTIOOCTR); +CFC

.~ ATH~+ THOOCCF;), CFiCOOH _ cc .
’ T Fhattium T An_ arylthallium
= triffuoroacetate - ditrifluoroacetate

8. Nitrosation. Discussed in Secs. 23.11 and 24.10.

ArH + HONO —s ArN=O0 + H,0 Only for highly
A nitroso compound reactive ArH

9. Diazo coupling. Discussed in Sec. 23.17.

ArH + Ar'N; *X-  —»  AIN=NAr + HX Only for highly
A diazoniumsalt  An azo compound reactive ArH

10. Kolbe reaction. Discussed in Sec. 24.19, Only for phenols.

11. Reimer-Tiemann reaction. Discussed in Sec. 24.1 3 Only for phenols.

11.2  Effect of substituent groups

Like benzene, toluene undergoes electrophilic aromatic substitution: sulfona-
tion, for example. Although there are three possible monosulfonation pro-
ducts, this reaction actually yields appreciable amounts of only two of them: the
o0- and p-isomers.

Hj; H; Hj
00 50 587 and HOsH and 6% m-isomer

SO;H v
Toluene p-Toluene- o-Toluene-
sulfonic sulfonic
acid acid
62% 32%

Benzene and toluene are insoluble in sulfuric acid, whereas the sulfonic acids
are readily soluble; completion of reaction is indicated simply by disappearance of
the hydrocarbon layer. When shaken with fuming sulfuric acid at room tempera-
ture, benzene reacts completely within 20 to 30 minutes, whereas toluene is found
to react within only a minute or two.

Studies of nitration, halogenation, and Friedel-Crafis alkylation of toluene
give analogous results, In some way the methyl group makes the ring more
reactive than unsubstituted benzene, and directs the attacking reagent to the
ortho and para positions of the ring.

On the other hand, nitrobenzene, to take a different example, has been found
to undergo substitution more slowly than benzene, and to yield chiefly the metq
isomer.
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