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14.6.2 Reactions of Trihydric Alcohols

1. Esterification: Glycerol is esterified with a carboxylic acid in the presence
of a mineral acid as catalyst.

I
CH,OCCH3;

CH,OH 0]
I CH3COOH/H* Il
(IZHOH —— > CHOCCH3
CH,OH ﬁ
CH,OCCHg3
Glycerol Glyceryl triacetate

With nitric acid glycerol forms glyceryl trinitrate.

?HZOH C|3H20N02

C|ZHOH + 3HONO, —> CHONO; + 3H,0

CH,OH CH,0ONO,

Glycerol Glyceryl Trinitrate
(Nitroglycerine)

During the period 1866-1875, Alfred Nobel, a Swede made basic discoveries
of the application in nitroglycerine as explosive. He made a large fortune
from this and he established the famous Nobel prize in science and arts.
Nitroglycerine is detonted by shock: When it is absorbed on Kiesulguhr (a
type of clay) it is called dynamite. It is less sensitive to shock and can be handled
safely. Presently only a small amount of nitroglycerine is used as dynamite.

2. Reaction with HI: Glycerol on reaction with hydroiodic acid leads tc
2-iodopropane according to the following sequence of reactions.

CH,OH CHyl CHy CHs CHs CHs
c|: ¢ é <|:IH L éH | = I .
HOH > CHI > > > CH >
[ 0T [ T
CH,0H CHal CHal CHal CH, CH3

3. Reaction with Potassium Hydrogen Sulfate: Glycerol on heating with
acidic pot. hydrogen sulfate loses two molecules of water to form acrolein, a
pungent smelling compound.
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CH,OH CH,
| Il
cHoH KHSOs Al

| —-2H,0 |
CH,OH CHO

4. Reaction with Oxalic Acid: A mixture of glycerol and oxalic acid on
heating yields formic acid.

i
CH,OH CH,—O—C—COOH
CHOH + | ————> CHOH
-H,0
| COOH 2 |
CH,OH CH,OH
Glycerol monoxalate
CH,—O—CHO ?Hon
[ H>O
~co, CHOH _— CHOH + HCOOH

| |
CH,OH CH20H

Glycerol monoformate

14.6.3 Uses of Glycerol

Glycerol is used for the manufacture of high class toilet soaps and cosmetics;
in the preparation of nitroglycerine used in making explosives; and in the resin
industry. It is also used in shoe polish and stamp colors. It is a component of
several pharmaceutical products and is employed in making dyes and for the
preparation of quinoline.

14.7 PHENOLS

Phenols are derivatives of benzene in which a ring hydrogen atom is replaced
by -OH group. They possess the general formula Ar-OH where Ar is a phenyl
or substituted phenyl group. Phenols differ from alcohols both in their physical
and chemical properties. Phenols give characteristic colors with FeCl, solution
while aliphatic alcohols do not. Phenols are acidic while alcohols are considered
neutral. A number of phenols may be obtained from coal tar.

14.7.1 Nomenclature of Phenols
The simplest member of the series is called phenol, @—OH . Phenol

derivatives are usually named as derivatives of this parent compound. Numerals
are used if more than two groups are present on the ring.
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OH OH OH
= | ©/N02 OCHjs
XNl
m-Chlorophenol o-Nitrophenol 0-Methoxyphenol
OH /CH3
CH
New
HsC
5-Methyl-2-isopropylphenol
(Eugenol)
Certain phenols are known by their trivial names.
CHs CHs CH3
OH
OH
o-Cresol m-Cresol p-Cresol

Compounds having two or more hydroxyl groups on the ring also possess
common names.

OH OH OH
OH
OH
Catechol Resorcinol Hydroquinone
(Quinol)
OH OH OH
OH /@\ O,N NO,
OH HO OH
NO,
Pyrogallol Phloroglucinol 2, 4, 6-Trinitrophenol
(Picric acid)

Certain groups like -COOH, -CHO, -SO_H, when present on the ring take
priority and the hydroxyl group is used as a modifying prefix.
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OH CHO
COOH
OH
o-Hydroxybenzoic acid p-Hydroxybenzaldehyde

(Salicylic acid)

14.7.2 Physical Properties of Phenols

The simplest phenols are liquids or low-melting solids. Phenol itself is a
colorless crystalline low melting solid and possesses a medicinal odor and is
moderately soluble in water. It must be handled with care as it can cause burns
when in contact with skin. Phenols are high boiling compounds because of
intermolecular hydrogen-bonding. Since they form hydrogen bonds with water
they are soluble in it. Phenols are colorless compounds but turn pink on standing
because of atmospheric oxidation.

14.7.3 Preparation of Phenols

Phenols are prepared by methods different from those for the preparation of
alcohols. The major source of phenols is the petrochemical industry.

1. Aryl halides are quite unreactive towards displacement reactions under
ordinary condition. However, with hot sodium hydroxide and under pressure,
hydrolysis takes place. The product sod. phenoxide is converted to phenol by
acidification.

i) NaOH, 250-375°/High pressure
Ceecl O o e > CgHsOH

2. From Sulfonic Acid: An old but useful synthetic method is the fusion of
sod. benzenesulfonate with alkali. Sodium phenoxide so obtained is dissolved
in water and acidified to obtain phenol.

CgH5SO3H L} CeH=SOaNa* ~Solid NaoH -
6'5 3 Room Temp. 6175 sha T) CGHSO Na
su?fgﬂfggﬁid Sodium phenoxide

HCI
—> CgHsOH + NaCl
Phenol

/<)/SO§N&+ O/OH
NaOH H+
—_— > —
Fusion

HsC HsC

Sodium p-toluenesulfonate p-Cresol
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3. By Hydrolysis of Diazonium Salts: Aniline or substituted anilines are
diazotized with sodium nitrite and hydrochloric acid at low temperature and
the resulting diazonium salt forms phenol with water, and nitrogen is evolved.

NaNO,, HCI H,0

CgHsNH» 5 > C6H5N-£C|_ T) CgHsOH
—N2
Aniline Benzene diazonium
chloride
CHs3 CHs3
NaNO,, H* H,0 Z
0-5°C A A |
NH, OH
p-Toluidine m-Cresol

4. From Cumene Hydroperoxide: Phenol is produced from cumene
hydroperoxide by treatment with sulfuric acid. Cumene hydroperoxide is
obtained by autoxidation of cumene, between 95-135°C.

CH CH3

[0 e oH N

COOH —> + £=0

| /

CH3 CHs
Cumene hydroperoxide Phenol Acetone

Mechanism

The first step is protonation and then loss of water forms a cationic oxygen

atom. Rearrangement of the phenyl group to oxygen takes place. Finally attack
by water and loss of H* gives phenol.

CH3 CH3
He | ™
C—O0H —— C—OOH; ——>»
| —H20
CH3 CH3
CH Hs
| . - H,0
CH3 CHs3
H\ I .. H* transfer .f\y| (-1
po—c— = H,O,_C|3_O|
el
CH3 CHz H
CH CHs3
> + / 3 hid _ /
<«— HO=C + HO, —> O=C
oo \ —-H \
CH3 CHs
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5. Decarboxylation of sod. salicylate with soda lime is also a source of

phenol.
OH a0 OH
@: + NaOH %» ©/ + NapCOj3
COO Na'

14.7.4 Acidity of Phenols

As stated earlier phenols and alcohols differ in many of their physical and
chemical properties because the aromatic nucleus exerts a strong modifying
effect on the properties of the hydroxyl group. One such important property
is the acidic nature of phenols, i.e., they are soluble in aqueous sodium hydroxide
solution and form sodium phenoxide. Alcohols, on the other hand do not react to
any extent with sodium hydroxide. Phenols are acidic K, = 1 x 107 though

R@—OH + NaOH —» R—@—G Na" + H,0

ROH + NaOH —> No significant reaction

several orders of magnitude less acidic than carboxylic acids, but far more so
than alcohols cyclohexanol K_ =1 x 108 The acidity of a hydroxyl group
varies widely depending on the molecule and its location within the molecule.
The correlation of acidity with structure can be best explained if one considers
the ionized species for phenol and also ethanol. In anions like alkoxide (OR")
and hydroxide (OH") the full negative charge is localized on the oxygen atom
and there is no particular stabilization of the anion. As a consequence these
anions are strongly basic and the corresponding acid (ROH) is very weak. On
the other hand, in the basic phenoxide ion this is not the case as the negative
charge is delocalized over the entire molecule.

. O

OH :0¢ o: :0:
_H* o .o e
S

Delocalization of the charge stabilizes the phenoxide ion and thus shifts the
ionization equilibrium to favor the formation of the anion, i.e., the phenoxide
ion. The resonance theory thus nicely explains this delocalization of the
phenoxide ion whereby several contributing structures can be written. The
acidity of a phenol can be further augumented by putting electron-withdrawing
groups such as -NO, on the nucleus. This will have the effect of further
delocalizating the negative charge of the ion. Thus p-nitrophenol (K =
700 x 107%°) is about 700 times more acidic than phenol (K =1 x 107%) itself.
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(0] HO
Phenol Keto form

14.7.5 Reactions of Phenols

Unlike most enols, phenol is stable in the hydroxy form, because in the keto
form the large stability of the benzene ring is sacrificed.

Phenols do not react with hydrogen halides to form aryl halides because the
protonated phenol does not dissociate to form a carbocation which will not be
stable. Phenol also does not react with PCI, or PBr, to give halides. Phenol is
not oxidized in the same manner as alcohols.

1. Formation of Salts: Phenols, being weakly acidic, form salts with strong

bases.
CgHsOH + NaOH —— C6H5O_Na+ + H,O

Phenol Sod. Phenoxide
2. Formation of Ethers: With dimethyl sulfate as the methylating agent
phenol forms anisole.
CeHs0H + (CH3)2,S04 — > CgHsOCH3

Phenol Anisole
NaOH _
CeHsOH + CICH,COOH ——— CgHsOCH,COO Na*
Phenol

M 5 CeHsOCH,COOH
Phenoxyacetic acid
3. Acetylating agents such as acetic anhydride and acetyl chloride form
phenyl acetate on reaction with a phenol.

0O
(CH3C0),0 I
CgHsOH T CgHs0CCH3 + CH3COOH
Phenol Phenyl acetate

Mechanism

Like the many reactions, we have studied earlier, phenol makes a nucleophilic
attack on the acyl carbon atom.

//\O) CHj3
CH3 _C\ f\
CeHsOH  + O — CoHsO'—C -0 —>
oo CH3 _ < |L &)
\O H3C -

C
\\O

CeHsOCOCH3 + CH3COO™ %» CeH5OCCH3
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4. Esterification: Phenols do not undergo the usual Fischer esterification
as do alcohols as the equilibrium generally lies towards the left.

O
T

CgHsOH + CH3;COH — No reaction in an appreciable time

Phenols may be esterified in the presence of a carboxylic acid by heating
with a mixture of thionyl chloride and pyridine. An interesting reaction is with
0-benzoylbenzoic acid, which forms two products a normal ester and the pseudo
ester, the former is formed in a very small amount. This is an example of
ring-chain tautomerism; the two isomers possess different properties, but on
acid hydrolysis both generate the original o-benzoylbenzoic acid.

COOH

Saslgs

Steam bath

Pyridine, SOCI,

!
Il

COOCgHs OC6H5
C\© ©/ j@
Normal ester (chain tautomer) Pseudo ester (ring tautomer)

5. The Kolbe’s Reaction: A useful aromatic substitution that involves a
phenol and carbon dioxide is Kolbe’s reaction. On heating sodium phenoxide
under pressure with CO,, sodium salicylate is obtained, which is acidified to
give salicylic acid.

O Na* : OH OH
+COp —2 N
2 Pressure _ +
COO™Na COOH

Sod. phenoxide Sod. salicylate

Mechanism

An acceptable mechanism for the Kolbe’s reaction consists of the following
steps in which CO, functions as an electrophile.
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o (O OH
H B coo
+ O=C=\9 — COO |—>
OH
. COOH
H o
OH OH OH
Ag KHCO3 H*
+ COp —» —
OH OH OH
COO Na* COOH
Resorcinol 2, 4-Dihydroxybenzoic acid

6. The Reimer-Tiemann Reaction: Isomeric hydroxybenzaldehydes, i.e.,
ortho- and para-hydroxybenzaldehydes result from the reaction of a phenol
with chloroform and base.

OH OH
OH- CHO
+ CHCl; ——> +
reflux
CHO

phenol o-Hydroxybenzaldehyde p-Hydroxybenzaldehyde
(major) (minor)

Mechanism
A dichlorocarbene is initially formed as follows:
CHCl3 + OH- &——— CCI3+H,0
CCl; ——: CClL+CI
The sequence of reactions involved in the mechanism is shown below.

Dichlorocarbene makes an electrophilic attack on the phenoxide ion. The
o-isomer is the major product. It can be separated by steam distillation.

o;> o} 0
/\CCI H H
. = H,O
5 | _ ccl, > || P CHCI,
OH

(i) Tautomerism CHO

(i) Hydrolysis
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Problem 14.7
Write the product and the IUPAC name in the following reaction:
T
CH,—C
/o Mg H,0
CH2 —_—
N\ chp—cA°
CHs
Problem 14.8
What product would you expect in the following reaction? Explain.
OH
CHCl3, KOH
—» 7
CHs

7. Condensation with Phthalic Anhydride: Phenols undergo a special
Friedel-Crafts acylation with phthalic anhydride and sulfuric acid to form
compounds known as phthaleins. Phenolphthalein is obtained in this manner
which is used as an indicator in acid-base titration

OH o HO OH
Vi
& M50,
2 + o — C—o
c |

C
% o
Phenol Phthalic anhydride Phenolphthalein (colorless)
20H-
C —
COO
(red)

Resorcinol under these conditions yield fluorescein dye. Phthaleins are an
important class of indicators as well as dyes. Phenolphthalein, for instance, is
colorless in the lactone form below pH 8.5, but above pH 9, i.e., in basic medium
an intensely red colored dianion is formed.
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8. Diazonium Coupling: Phenols couple with diazonium salts in basic solu-

tion. The reaction presumably involves an electrophilic attack of a weak
electrophile on the activated aromatic ring of the phenoxide ion present in

alkaline solution.
H,0
N5CI- + HO —_— N=N (@]
NaOH, 0°C H

— { Y= Hor

Benzene diazonium chloride p-Hydroxyazobenzene

9. Reduction of the Aromatic Ring: Phenolic properties are destroyed when
the ring is reduced with H, in the presence of Ni, to give cyclohexanol.

OH Ni, A OH
+ 3H2 —_—

Phenol Cyclohexanol

10. Ring Substitution: Electrophilic aromatic substitution on phenol is rather
facile because of the powerful activating affect of the -OH group. In contrast
the -OR group is less powerful an activator than -OH. The reaction takes place
on unionized phenol and ortho and para derivatives are obtained.

a. Nitration: Phenol can be nitrated in dilute aqueous nitric acid even at
room temperature and both ortho and para nitrophenols are formed.

OH OH OH
NO,
20% HNO3
AR N "
25°
NO,
Phenol o-Nitrophenol p-Nitrophenol
(30-40%) (15%)

The isomeric compounds in the mixture are separated by steam distillation,
o-Nitrophenol has a lower solubility in water but a high volatility because of
intramolecular hydrogen-bonding.

H%, _
O/

+Z2—0"

NS
o
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The lower solubility of o-nitrophenol is explained by the fact that the
hydroxyl group is not available for hydrogen-bonding with water rather it
undergoes intramolecular H-bond formation. The ionization constants of
nitrophenols are as follows:

K
o-Nitrophenol 0.76 x 101
m-Nitrophenol 50 x 1071
p-Nitrophenol 700 x 1071
2, 4-Dinitrophenol 0.85x 10
2, 4, 6-Trinitrophenol 0.4

p-Nitrophenol is more acidic than its isomers.

b. Nitrosation: Phenols can be readily nitrosated at low temperature in
the presence of nitrous acid, p-nitrosophenol is the major product.

OH OH
HNO,
0-5°
N
X
o
Phenol p-Nitrosophenol

c. Sulfonation: Phenol reacts with conc. sulfuric acid to form monosul-
fonated products. The isomeric ratio depends on the temperature of the reaction.

OH OH
SO H
95% H,SO, +
OH —
20°

SOz H
Phenol 95% H2SO4 49% 51%
100° 10% 90%

At higher temperature predominantly p-isomer is formed because it is of
lower energy, compared to the ortho isomer due to steric interference of the
bulky sulfonic acid group.

d. Halogenation: Phenols are readily brominated in an aqueous solution
forming 2, 4, 6-tribromophenol. Mostly p-bromophenol is obtained by treat-
ment of phenol with bromine in CCI,.
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OH OH
H,O Br Br
+ Br, —_— + 3HBr
Br
Phenol 2,4,6-Tribromophenol
OH OH
(CH3),CHNH, Br Br
+ Br2
toluene,~70°C
Phenol 2,6-Dibromophenol
(87%)
OH OH
CS
+ B, —Z» © + HBr
5°C
Br
Phenol p-Bromophenol
(80-85%)
OH OH
CHs Aqueous bromine Br CHs
solution, 25°C o
Br
o-Cresol 4,6-Dibromo-2-methylphenol

Treatment of phenols with aqueous solutions of bromine results in replace-
ment of every hydrogen ortho or para to the -OH group. Bromination may
even cause displacement of certain other groups to yield tribromophenol.

e. The Friedel-Crafts Reaction: The Friedel-Crafts alkylation results in
alkylation of phenol. Phenol itself reacts with aluminum chloride to form

+ -
OH O AICl3 o
@ AlCl3 @ CHs(CH,)4CClI
> —>
Phenol OH
OH ﬁ
C(CH2)4CH3
+
//C(CH2)4CH3
56% 34%

2- and 4-Hydroxyphenyl n-pentyl ketone
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phenoxy-aluminum dichloride salt. This salt on heating in the presence of an
acyl chloride leads to acylation products.

11. Formation of Resins: Formaldehyde condenses with phenol in the
presence of alkali or acid in a way which is similar in some respects to aldol
condensation.

Phenol H CHzo

©/CHZOH ©

CH,OH
0- and p-Hydroxymethyl phenols

In actual practice the reaction is carried out to a relatively low stage of
polymerization under controlled conditions. As a result a linear polymer is
obtained.

PR/ @

o
— —> Polymer
OH
CH,

This process repeats over and over again to form the final highly cross-
linked net work phenol-formaldehyde resin known as Bakelite. The partial
structure of the resin is shown below:
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Bakelite is a thermosetting plastic and is very hard and rigid. It is used in
making radio and telephone equipments, electric iron handles and washing
machine handles.

12.  On heating phenol with zinc, benzene distils over leaving solid zinc

oxide behind.
Zn @
—_— + ZnO
distil
14.7.6 Uses of Phenols

Phenol in a dilute aqueous solution is used as antiseptic and disinfectant, as a
raw material for the manufacture of bakelite and for the manufacture of several
chemicals such as phenolphthalein, picric acid and cyclohexanol. It is also
used in the manufacture of dyes and aspirin. Certain phenols such as 2, 6-di
t-butylphenol and hydroquinone are used as inhibitors. Phenol is a constituent
of cuticura ointment which is often used for the treatment of skin marked by
itching.

14.7.7 Qualitative Tests for Phenols

Phenols are weakly acidic and thus soluble in strong bases such as NaOH.
They also give colored solution with 5% FeCl, solution. Formation of a ferric

con plex takes place.
6

OH

3—

6 CgHsOH + FeClz —> 3H™ + + 3HCI
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The reaction is favored in polar solvents. Formation of phthaleins between
a phenol and phthalic anhydride has already been described on p. 402.

14.1

14.2

14.3

14.4

14.5

14.6

STUDY PROBLEMS
Give IUPAC name for each of the following alcohols:
OH
CH3 Br
a. Q<OH b.
CHs;
(l)H
C. CHs _CO d. CH3CHZCHCH2(|3HCH20H
@ CH,OH
-OH
e. <j:H f. CH3CH2CHZCH2(|3HCH2CHZCH20H
Z OH CH=CH;
“H
HO OH
g.
(CH2)sCH3

Write short notes on the following:

Absolute alcohol, destructive distillation of wood, power alcohol,
acidity of phenols, fermentation and Collins reagent.

How would you distinguish between the following pairs?
0-Cresol and benzyl alcohol

Phenol and cyclohexanol

Ethyl alcohol and methyl alcohol

1-Pentanol and 3-pentanol

. 1-Propanol and phenol

Write structural formulas for all the isomeric alcohols of for-
mula C H, ,OH and suggest their IUPAC names.

Write the products of the reaction of t-butyl alcohol with PBr,,
conc. H,SO,, CH,COCI, Na, CH,MgBr and Na,Cr,0./H,SO,.
Arrange the following alcohols in order of ease of dehydration.

(CeH5)3CCH,0H, (CgHs),CHOHCH3, (CgHs),COHCH3

Po0 o
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14.7 Offer explanation for the following observations:
a. Why is phenol unstable in the keto-form?
b. The following dehydration is extremely facile:

CHs CHs
H+
—
o} OH o]

c. Why does thionyl chloride provide alkyl chlorides of high

purity?

2-Methyl-2-pentanol dehydrates faster than 2-methyl-1-pentanol.

Phenol is acidic but ethyl alcohol is neutral.

Ethanol responds to iodoform but tert. butanol does not.

A tertiary alcohol reacts faster than a primary alcohol in the

Lucas test.

14.8 lllustrate how ethyl alcohol and phenol differ or behave similarly
towards the following reagents:

K, NaOH, PBr,, HBr, PCI,, SOCI, and CH,COOH/H*/D
14.9 How will you effect the following conversions?

$-¢

b. C2H5OH — CH3CH2CH20H

CH,OH
RN
OH
—

7 CH—CHZ =z CH2CH20H
e. | — |
A

NO,
_>

«Q oo

gQ

4

Q
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.

OH

—_—

OH OH
—_—
Cl

{;

|
CH3 CH3
i. CgHg —— CxHsOH

OH
— L
OH

k. CH3CH,CH,CH,OH —» CHg?H— CHCH,

OH OH

14.10 Postulate a mechanism for the following reaction:

Y/
2 = X0
HO

14.11 a. Why does ethylene glycol have a higher boiling point than
dim ethyl ether ?
b. How would you convert cyclohexene into 1, 6-hexanediol ?
14.12 Give the chemical tests for phenolic and alcoholic groups in an
organic compound.
14.13 How does glycerol react with a. HI, b. (COOH), and c. Conc. HNO.,,
14.14 Predict the product of the following reactions. If there is no
reaction write N.R.

OH

a. PCls
—>

’ @CHZOH KMnO,, OH™
[ -
H
© H,S0,
c. CHy ——
CHs
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OH

HaC CHs Zn, A

CHs

OH
e. + HCl —
f O[CHS (i) BoHe
. - _
CH3 (II) H202,0H
CHs

9. OH o,
—>

/@O NaBH,
h. T
H3COOC CH30H
. CeHls (i) LiAlH,
i. o) _—
(i) H,0

O
NO, Il
Hz—S—ClI
j Il
o o
OH

14.15 List three methods with pertinent chemical equations for the prepara-
tion of alcohols from alkenes.
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14.16 Dehydration of 3, 3-dimethyl-2-butanol leads to two alkenes, neither

of which is (CH,),CCH=CH,. What are their structures ?
14.17 Which of the following alcohols would react faster with Lucas reagent?

CH3CH,CH,CH,0H, CH3CH2(|3HCH3, CH3(|3HCH20H,

OH CHs
T
CH3—|C_CH3
OH
14.18 Write a suitable mechanism for the following reaction.
CeHs
| H,SO, 0O
Cl:_C5H5 - CeHs
OH & CeHs

14.19 Arrange each group of compounds in order of decreasing acidity:

OH OH OH OH

9. 0 0 O
NO, CHg
OH OH OH OH

NO,
0 Q
’ X N0,

NO, NO, cl

14.20 Propose a mechanism for the following reaction:

G o
y e

14.21 Write the product and ITUPAC name in the following reaction.
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