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Chapter 18

Reactions of benzene and
Substituted Benzenes

Reactions of aromatics



Aromaticity

Ch 18 #3
O aromatic comp’ds = comp’ds having aromaticity
O 2 requirements for aromaticity
= cyclic © electron clouds above and below the plane
o p orbital/cyclic and planar
See §8.16 — 20

= 4n + 2 nt electrons for aromaticity

aromatic [5&&] vs
aliphatic [fgB51&]

airs
benzene’s p orbitals benzene’s 7 cloud electrons

o what if 4n &t electrons? anti-aromatic

= aromatic < non-aromatic < anti-aromatic

) 8 9

sp? * sp’

cyclopentadienyl cyclopentadiene cyclopentadienyl
anion cation




Ch 18 #4

O result of aromaticity ~ resonance stabilization
large resonance stabiliz’n from
2 - large # of important resonance forms a/o
- forms of equal importance [contribution]

heat of hydrogenation { localized
electrons J| delocalized
g electrons
“cyclohexatriene” + 3 H,

(hypothetical) @ delocalization energy

resonance energy

benzene + 3 H,

Potential energy

cyclohexene + H, -% AH° =-85.8 kcallmo||

| AH° = —49.8 kcal/moll|
AH° = -28.6 kcal/mol |
= 2

cyclohexane




Substituted benzenes 1o e

O 2/3 of medicines are aromatic.

Some are natural, others synthetic.
Some synthesized chemically, others biologically.

generic vs biosimilar medicines

H NH
(')H u 0] H OH 0 Cl CH;0 2
:\ G CH;0
OH
adrenaline ephedrine . mescaline
epinephrine a bronchodilator : c_hlqramph_enlcol_ active agent of
s Hothont sleacad an antibiotic that is particularly the peyote cactus
by the body in effective against typhoid fever

response to stress

H
NH, N I e
‘ @) C
¢ I
O %
S
amphetamine methamphetamine 7\
an appetite “speed” acetylsalicylic acid o O Cl
suppressant aspirin saccharin p-dichlorobenzene
an artificial in mothballs and
sweetener air fresheners

» Benzene is a carcinogen. Use toluene as a solvent.




Naming monosubst'd bz 10 0

O --bz
UBI‘ : i@l : NOZ O/CHQCHG

bromobenzene chlorobenzene nitrobenzene ethylbenzene

O Oown name

O/CHH O/OH : NH, O/DCH3 UCH:CHZ

toluene phenol aniline anisole styrene \/ROOR
\ polystyrene [PS]
(In principle,) only these three are allowed
in the systematic [IUPAC] nomenclature. lcsle

O benz-- / / Styrofoam? EPS
0

benzaldehyde benzoic acid benzonitrile benzenesulfonic acid




Ch 18 #7

CH,ClI
a phenyl group
T Ol OO

chloromethylbenzene diphenyl ether dibenzyl ether CH,—
benzyl chloride -

a benzyl group

O bz as subs ~ phenyl or benzyl

O alkyl benzene or phenyl alkane

alkyl bz if alkyl has own name [no confusion]

$H3
CH;CHCH; CH;CHCH,CH; CH;CCH; CH;CHCH,CH,CH;  CH3;CH,CHCH,CH;
isopropylbenzene sec-butylbenzene tert-butylbenzene 2-phenylpentane 3-phenylpentane

cumene

O aryl [Ar] — general; <cf> alkyl [R]




How bz reacts o 15 45

O electrophilic aromatic substitution
the electrophile hasj See also §821

i i substltuted foran H
an eIectrophlle

O 2-step rxn with C* [arenium ion] interm

O = POl = O

1st step ~ forming C* ~ RDS

arene = aromatic HC

7
Y

o breaking aromaticity

addition product

Y
©/+HZ

substitution product

2nd step ~ substitution ‘

o not an addition
< recovering aromaticity

o H* removed from the original site




Halogenation

Ch 18 #9
O chlorination and bromination
cl
@ + cl, e, O/ + HCI
with Lewis acid catalyst
o why catalyst? aromatic reactant catalyst for addition

: lkene?
o LA weakens X—X bond, forming better E* to alkene

Br—Br" + FeBr; ——— :Br—Br—FeBr

o FeCl; for chlorin’n, FeBr; for bromin'n < regenerated and reused

= has to be made in situ € moisture-reactive
2Fe + icl, —— 2 FeCly

mechanism

6\0 Cl —FeCly

/B
+ ’\H ‘gl .
QLC] S O/ + HB* — HCl + FeCl; + B

+ FeCl
) B: can be FeCl,~ or solvent.




Ch 18 #10

O iodination
with Lewis acid? |, too stable.
with oxidizing agent like H,0,/H,SO, or HNO,

[2 + HZOE + ZHESO4 _— 2[+ =+ ZHED =+ 2HSO4-

H,0, : N
+ I, — + H
H,S0,

O fluorination
too reactive - gives bz-F6
for fluorobz, thru indirect method (using N,CI) sl#46




Nitration

Ch 18 #11
NO,
@ + HNO; 204, O/ + H,0 0
N
HO/+\O_

O needs H,SO, to form nitronium ion E*

~

R H
HQ_NQE + H_OSD:qH —_ HQ:NDE o +N02 +

")

+ HSO,”

nitric acid nitronium ion

O follows general mechanism

H B
F o i NO,
3 NG, —= ONOZ — O/ + HB

o B: can be H,0, HSO,, or solvent

H,0:

nitric acid

+
O0=N=0

nitronium ion




Sulfoantion

Ch 18 #12

. SO;H
@ + H,SO, — (j/ + H,0

O using conc. or fuming sulfuric acid

sulfonic acid ~ RSO;H

sulfuric acid ~ R = OH
== R, R

& H o
HQ—SO3H -+ HCOSO3H — H_OﬁSO:;H — +SO3H + H,O: =— SO; + H30+
sulfuric acid sulfonium ion
+ HSO4—'

+ = sulfonium ion

O mechanism ~ general

/\
+ H :B

r SO;H
+ +SO3H — OSO:},H R O/ + HB+

o B: can be H,0, HSO,, or solvent



Ch 18 #13

O Sulfonic acids are very strong acids.

O O

| K,=—-6.5 |
Qﬁ—OH ,\pa:‘ ﬁ—o_
+ Hf
O O
benzenesulfonic acid benzenesulfonate ion

delocalized to 3 O’s

O Sulfonation is reversible. — desulfonation

SO;H
H30" /100 °C )
== + SO; + H

@ + \wOsH
+
O/ +  H—OH, — OLH . O + *SO,H =— SO, + H'

(4
+ H,0

useful in some synthesis p935




Friedel-Crafts acylation o 15 1

(I.'l) an acyl group

f”) ¢
~
+ C 1 Ald R4 He
R/ ‘\Cl 2. H,0 0 0
A [
R™ 0 R

O acyl group from RCOCI or (RCO),0 w/ LA

Less reactive carbonyls do not give RC*O with LA.

O O
I [ . +
C + ~AICl;, — C —3'[ R—C=0: «— R—C=0: ]+ ~AlCly
~ N . ot - +
R Cl R*  SCI—AICl,
an acyl chloride an acylium ion

O mechanism ~ general
I

/\ R Sy
© + R—C=0: — H — ©/ . + HB*
+ UB




Ch 18 #15

O More than 1 equiv of LA should be used.

LA complexes to C=0 ~ removed after rxn (by water)

Eﬁi: fO—AICl,

[ A

C & C
O/ R + AICl; — O/ R ol i O/ R + AI(OH); + 3HCI

O For benzaldehyde, use Gatterman-Koch rxn

O:
I

(”)
high (”) C\
CO + HCI pressure C AICl3/Cudl H
H Cl @
formyl chloride benzaldehyde

unstable
prepared /n situ




Friedel-Crafts alkylation o 15 16

R
AICI
©+Rmﬁ>© + HCI

o with LA following general mechanism

R—{l:-F>AICl; — RTCAIC; — R° + "AICk

an alkyl halide a carbocation

+ »H R
Kj)w — @R — Q/ + HB'

O Multiple alkylation occurs.
Alkyl bz is more reactive than bz. < ED R

For monosubstitution, use xs bz.




Ch 18 #17

o C* rearrangement occurs.

CH;4
ALl CH,CH,CH,CH; CHCH,CH;,4
O +  CH;CH,CH,CH,Cl —— O/ 4 O/
excess 1-chlorobutane 1-phenylbutane 2-phenylbutane
60 - 80%
+ 1,2-hydride shift
CH;CH,CHCH, ydride shiRt CHLCH,CHCH,
A\ ;
.a primary carbocation |a secon dar} carbocation |
CH; CH;
| 3 Al CH2$CH3 C|CH2CH3
3
O + CH3C|CH2C1 —_— O/ CH3 + O/CH?
CH;
excess 1-chloro-2,2-dimethylpropane  2,2-dimethyl-1-phenylpropane 2-methyl-2-phenylbutane
0% 100%
o o ) CH; CH;
on3°>2°>>1 : i I
CHC—CH,  —ZMEEMRL o CCHCH,
i

[~ A
CH; |\ i
r — (a tertiary carbocation)
a primary carbocation )




Aklkylation by acylation-reduction ...,

0]
0 s CH,CH,CH
[ 1. AICl; N CHLCH H, N
+ S 2. H,0 0 i
CH,CH; el “ ™
acyl-substituted benzene alkyl-substituted benzene

O F-C acylation then reduction

to obtain straight-chain alkyl bz
o Acylium ion [acyl cation] does not rearrange.
o (EW) acyl bz less reactive than bz - only one equiv bz needed

C=0 reduced to CH, with H,/Pd/C?

o effective only for aroyl [C=0 next to ring]
» aliphatic C=0

= NR with H,/Pd/C

= to CH—OH with H,/Raney Ni or NaBH, §16.6




Ch 18 #19

O F-C acylation then reduction

= another method for C=0 to CH, = Wolff-Kishner reduction

0
| CH,CH,CHj

C H,NNH,, HO -, A
O/ \CHZCH3 2 2 .

o for all ketones [not only for aroyls]

delocalization of
the negative charge
R R Hr\.._ R V
S X g HO: A e 2
C=0 + NH,;NH, =—= C=N—N - C=N—N—H ¢— R—C—N=N—H
¥ Ve N e R | G
R R H R R
H

a hydrazone I—)
\:'mation of nitrogen gas as a H—0:
r

esult of an elimination reaction

H
H—clrjb\ = Y A

2 ) . ¥ N
R—CH,—R «—= R—CH—R + N, «— R—CH-N=N «— R—CH—N=N-H, + HO:

| |
HO™ R R proton removal




Alkyl bz using coupling rxn o 10 20

O Suzuki rxn

Cl OR oy CH,CH,CH;
+ CH3CH2CH2_B\ W
OR

O Gilman reagent

Br CHQCHECH_}
O/ + {CHQ,CHZCHQ:'QCULI E—— O/ + CH::,CHECHQCU

+ LiBr




Converting subs

Ch 18 #21

O alkyl
CH,CH,CH;4
©/ + Bn

propylbenzene

O benzyl halide
= Sl or S2

©/CH2Br

benzyl bromide

= E1or E2 Br

1-bromo-1-phenylethane

“C=N
—_—

tert-BuO~
—_—
tert-BuOH

phenylacetonitrile

+
CH-NH,; Br™ CH,NH
\. NHs 2 HO" 2
+ H20
O/CH=CH2

styrene

Br

|
CHCH,CH,4
O/ + HBr

1-bromo-1-phenylpropane

CH,OH
HO™
) — + Br-

benzyl alcohol

CH,C=N

+ Br

) + Br-
benzylamine



Ch 18 #22

O reduction
CH=CH, CH,CH;
e = Y
+ H, —
styrene ethylbenzene
N
&
g _ CH,NH,
Raney Ni
0 w7
benzonitrile benzylamine
Ni
O * 3Hy “350°c 25atm O
benzene cyclohexane

NO, NH,
+ H —



Ch 18 #23

O oxidation

CH, COOH
" e
A

toluene benzoic acid

Oxidation at benzylic C

o All alkyl oxidized to COOH.  GH.CH.CH,CHy COOH
H,CrO,4
A
(llHCH3 COOH
CH;,

o No oxidation if no benzylic H on
3

—CH
(|: CH; H,CrO, ,
CH3 %A no reaction

Other oxidizing agent like KMnQO,, K,Cr,0, can also be used.
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