


Arenes

Aliphatic-aromatic hydrocarbons >

A/

Important compounds are contain both aliphatic and <«
| aromatic units; hydrocarbons of this kind are known
collectively as arenes for example:

@cu »CH;

/ Ethylbenszene
he ring of ethylbenzene should undergo the electrophilic <

substitution characteristic of benzene, and the side chain
should undergo the free radical substitution characteristic

of ethane
° - N Mmre I, Y
CHyCHy mno, ms0, (()CH2CHy @Ulzf Hy itor
NO; O;N benzene
a-Nitrocthylbensene p-Nitrocthylbenzene

Clief provducts




@cuzcu 3 Bry ight @—CIHCH3 :"{ié:f;:mhly
elthane

Br

1-Bromo-l-phenylethane

(«-Phenylethyl bromide)
Only product

Thus each portion of the molecule affects the reactivity of <
the other portion and determines the orientation of attack

Structure and nomenclature »

IS methylbenzene,alkylbenzenes,theof simplestThe <
given the special name of toluene

CH;

©

Toluene




Compounds containing longer side chains are named <
by prefixing the name of the alkyl group to the word - _

benzene
CH;,
CH3 Csz CH;CH)CH; CH)&HCH;
Toluene Ethylbenzene n-Propylbenzene Isobutylbenzene

- &The simplest of the dialkylbenzenes, the
dimethylbenzenes, are given the special names of
xylenes

Hj Hj CHj;
[ifﬂs
CH;

o-Xylene m-Xylene p-Xylene




are group methylone containingDialkylbenzenes <
named as derivatives of toluene

/

Others are named by prefixing the names of both alkyl <
groups to the word -benzene

chain side complicatedverya containingA compound ¢
might be named asa phenylalkane (CzHs = phenyl)

g
CH; CaHs CH;—CH—CH—CH,CH;

© N ©

CaHs Hy

p-Ethyltoluenc m-Ethylisopropylbenzene  2-Methyl-3-phenylpentane




Compounds containing more than one benzene ring are <
nearly always named as derivatives of alkanes

@CH;@ @cnzcuz@

Diphenylmethane [.2-Diphenylethane

simplestThe+ hasalkenylbenzene namespecialthe

Othersstyrene. substitutedas namedgenerallyare
substitutedas  occasionallyalkenes, benzenes.

Alkynylbenzenes are named as substituted alkynes



Preparation of alkylbenzenes >

1. Attachment of alkyl group: Friedel-Crafts alkylation.

R
@ + RX M@ 4+ HX R may rearrange

Lewis acid: AICly, BF;, HF, etc.
Ar-X cannot be used in place of R-X

prepareto  possibleis it alkanespolyhalogenated <
compounds containing more than one aromatic ring
AlCI,

—— C¢HsCH,C¢Hs + 2HCI
Diphenylmethane

2C¢H, + CH.Cl;

AlICH;
————

2CHg + CICH,CH;,Cl C¢HsCH,;CH,C,Hs + 2HCI

1,2-Diphenylethane



CeHs
I H - CHOY, M2, cf,H,--é;—c.,H, + 3HCI
\

H
Triphenylmethane
ln': (|:°H’
YO M, +.0C1, 252 con,—c‘t—con, + 3HCI
Cl
Triphenylchloromethane
the InvolvesalkylationFriedel-Craftsformechanism «¢
following steps
(1) RCl + AICl; == AICl4;~ + R
LR
) RO+ CeHy —— CgHs
AN
H
R
3) C6H5\ + AICl,~ : CsHsR + HCI + AICI

H



We might expect the benzene ring to be attacked by <
carbonium ions generated in other ways: by the action of

acid on alcohols and on alkenes.

ROH + H* — ROH;2? — R® + H,0 Carbonium ions
Sfrom alcohols

-—é;—-é— + HY ——%—A': O Z?lfif;‘i"'
H

CeHs + (CH;);COH —=25 C4Hs—C(CH,),

tert-Butyl alcohol tert-Butylbenzene
H.SO,

C6H6 + (C H 3)2Cﬂ” 2 CQH S—C(C H 3) 3
Isobutylene tert-Butylbenzene



We might expect Friedel-Crafts alkylation <  beto
accompanied by the kind of rearrangement ISsthat
characteristic of carbonium ion reactions

CH,
l
CsHg + CH3CHCH,Cl — 5> CoHsCH,CH,CH, and CoHs;CHCH,
n-Propyl chloride n-Propylbenzene Isopropylbenzene
35-31% 65-69%
.
C¢Hs + CH;CH,CH,CH,Cl 252> CgHsCH,CH,CH,CH;, and CgHsCHCH,CH,
n-Butyl chloride n-Butylbenzene sec-Butylbenzene
34 66°%
i o
CeHg + CH3;CHCH,Cl — 52> c‘,u,c':cu3
Isobutyl chloride :
utyl chiori CHJ
rerr-Butylbenzene
Only product
‘?1, CH;
Cch + CH)?QH;OH —%‘%) CoH;éCHzCH;
CHj" H,
Neopentyl alcohol rert-Pentylbenzenc

Onlyv product



2. Conversion of side chain.

Zn(Hg), HCI, heat Clemmensen or Wolff-kishner
ﬁ R or N;H,, base, h;—!’ @CH2R reaction
0O

A ketone
@CH=CHR Jalh, @CH;CH;R

Reactions of alkylbenzenes

Hydrogenationl.

@CHZCH3 + M, Nemrd OCH;CH;

Ethylbenzene Ethylcyclohexane




2. Oxidation.

CH,CH; _ Kkmao, | COOH (+ COy)
(Of K¢Cl‘10-;,
or dil. HNO,)

Ethylbenzene Benzoic acid
@CHZCHZCHZCH3 hot KMnO, @COOH aiid 'COs
n-Butylbenzene Benzoic acid

This reaction is used for two purposes: <

Synthesis of carboxylic acids

CH; COOH
H; OOH @ Cri0; - H*. @
KMnO, ’
——y
E(j NO NO
;, COOH : :

| p-Nitrotoluene  p-Nitrobenzoic acid
p-Xylene Terephthalic acid

(1,4-Benzenedicarboxylic acid)



|dentification of alkylbenzenes

Hy COOH
OOH

Hy
—
o-Xylene Phthalic acid, m.p. 231°
(b.p. 144°)

H; COOH

—

CH; COOH

m-Xylene  Isophthalic acid, m.p. 348°

(b.p. 139°)

Hy COOH
—0)
CH, COOH

p-Xylene  Terephthalic acid, m.p. 300° subl.,
(bp, Ijss) [ nonitrahanzul sctar m o A1)

© CoHs COOH

—

Ethylbenzene  Benzoic acid, m.p. 122°
(b.p. 136 )  (p-nitrohenzvl ester m n 89 )



. Substitution in the ring. Electrophilic aromatic substitution.

CH; CHj;
s, O w
NO,
o-Nitrotoluene p-Nitrotoluene
Chief products
CH; CH,
H:50,, 50, @so,u - @
CHj SOsH  R: activates
o-Toluenesulfonic p-Toluenesulfonic and directs
] acid acid ortho, para
Toluene CH; CH
CH,X, AICI CH
32X » @ 3 and @
CH,4
o-Xylene p-Xylene

Temperature may affect orientation

X;. FGX’A x
x ain C'. &, .3 and

X



4. Substitution in the side chain. Free-radical halogenation.

The ring and the side chain. We can control the position of attack <
simply by choosing the proper reaction conditions

CH,CI

heat or light Free radical
CH; substitution

Cl,
CH;, CH,
| _FeCl o @Cl o @ Electrophilic
substitution

Cl

CH; CH,(Cl CHCl, CCl,

0t @ =0 = 6
heat or light heat or light heat or light

Toluene Benzyl chloride Benzal chloride Benzotrichloride
CH,CH, cl CHCH, CH,CH,(Cl

O <8 O = O™

Cl
Ethylbenzene a-Phenylethyl B-Phenylethyl
chloride chloride

Chief nroduct



