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Phenols

Compounds that have a hydroxyl group directly attached to a benzene ring are
called phenols.

OH

g
H.C

Phenol 4-Methylphenol
(a phenol)



Phenols

Compounds that have a hydroxyl group attached to a polycyclic benzenoid ring
are chemically similar to phenols, but they are called naphthols and
phenanthrols. For example:

1-Naphthol 2-Naphthol 9-Phenanthrol
(e-naphthol) (#-naphthol)



IUPAC name:
common name:

Nomenclature

OH

Br

2-bromophenol
ortho-bromophenol

N OH

3-nitrophenol
meta-nitrophenol

4-ethylphenol
para-ethylphenol

OH



Nomenclature

The methylphenols are commonly called cresols:

CH, CH, CH,
OH
OH
2-Methylphenol 3-Methylphenol 4-Methylphenol
(o-cresol) (m-cresol) (p-cresol)



Nomenclature

* The benzenediols also have common names:

OH OH
0
OH OH
OH
1,2-Benzenediol 1,3-Benzenediol 1,4-Benzenediol

(catechol) (resorcinol) (hydroquinone)



Strength of Phenols as Acids

OH NO,
OH OH ©/ OH
g T
cyclohexanol phenol 3-nitrophenol 2,4 ,6-trinitrophenol
pK,= 18 pK,= 9.89 pK,=7.15 picric acid

pK,=0.38




Reactions of Hydroxy Group of Phenols
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Reactions of Hydroxy Group of Phenols
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Reactions of Hydroxy Group of Phenols:

0
OH O-C-R
G/ + RCOOH — O

Ar-OH + RCOClI — Ar-O-CO-R

Ar-ONa + R-X — Ar-O-R + NaX

Ar-OH + HCI ——» No reaction



Reactions of the Benzene Ring of Phenols

e Bromination

OH OH
Br Br
3 Br,
HE—GP + 3 HBr
Br
2,4,6-Tribromophenol
(~100%)




Reactions of the Benzene Ring of Phenols

e Sulfonation

OH
SO.H

Major product under
OH 25°C

kinetic control
concd lcnncd H,SO,, 100 °C
H,S0, OH

Major product under
thermodynamic control

100 *C

SO.H




Reactions of the Benzene Ring of Phenols

 Nitration

OH OH OH
NO,
20%HNO; .
25°C
NO

30-40% 15%




Reactions of Phenols

e (Oxidation

OH 2
NazCrzO7
\ ’ H,SO,
CH, CHj
| O
m-Creso 2-methyl-1,4-benzoquione




Reactions of Phenols

e Oxidation

(Kﬂ + 2AgBrr — | | + 2Agl + 2HBr

OH O
hydroguinone quinone
(1,4-benzenediol) (1,4-benzoguinone)
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Synthetic Applications

* The substitution reactions of aromatic rings and the reactions of the side
chains of alkyl and alkenyl benzenes, when taken together, offer us a
powerful set of reactions for organic synthesis. By using these reactions
skillfully, we shall be able to synthesize a large number of benzene
derivatives.

* Part of the skill in planning a synthesis is deciding in what order to carry
out the reactions.

* A substituent group already present on a benzene ring can affect both the
reactivity of the ring toward electrophilic substitution and the orientation
that the incoming group takes on the ring.



Substituent Effect on Reactivity

Substituents not only affect the position of substitution, they also affect the
rate of substitution, whether it will occur slower or faster than for benzene.

If a substituent is activating, the rate of electrophilic aromatic substitution is
faster for the substituted benzene than for unsubstituted benzene. Likewise,
if a substituent is deactivating, the rate of reaction is slower than for
benzene.

With the halogens (F, Cl, Br, and I), two opposing effects bring about the only
important exception to these rules. Because they are strongly electron
withdrawing, the halogens are ring deactivating; but because they have
unshared electron pairs, they are ortho,para directing.



The importance of directing effects in synthesis

Br
NO;
H OMNO; +
FEEr_a, HES'Dd

ortho

NO,
] IONO,
ISI‘.:II‘1 F-EEI3_
Br

el

Br

NO,

para




The importance of directing effects in synthesis

CH, CO.H
(1) KMnO,, HO", heat X
(2) H,O* i
CH,
HNO, p-Nitrotoluene p-Nitrobenzoic
H,SO, (separate ortho from para) acid

CO,H

CH,
t NO, NO,
(1) KMnO,, HO-, heat
— % >
(2) H,0*

o-Nitrotoluene o-Nitrobenzoic acid




The importance of directing effects in synthesis

CH,

CO,H
(1) KMnO,, HO™, heat _ _HNOg |
(2) H,0° i 'H,S0,

heat NO,

Benzoic acid m-Nih'nbenznic
acid
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