Chapter 11: Alcohol, Phenol and Ethers

1. Classification: On the basis of number of —OH group it can be classified as mono, di and poly
hydric (tri, tetra etc), for example

C,H-OH (l';112t2n | I[l:I L,OH
CIH,0H CHOH
|
CH,OT1
OH
OH OH
(OH
OH
OH
Monohydric Dibydric Tribiydric

Classification of Monohydric alcohol: It further categorized according to hybridization of
carbon atom like as

Monohvdric Alcohols

Compound containing sp® C -0t bond Compound containing sp* C —OH bond

Alkanols = Allylic alcohols Benzylic alcohols Vinylic alcohols Aryl alcohols

i) Compound containing sp* C-OH bbnd: -OH group is bonded with sp* hybridized carbon.
This class includes-

a) Alkanols:
 CH—OH ScH—0H —=Cc—0H
Primary (17 Secondary (27 Tertiary (3°)
b) Allylic alcohols:
H —C-
CH,=CH-CH,-OH CH,=CH [:.‘ OH CI]z—CII—{{:—i'JH
—C— -C-
Primary .":-e-mlld:u}' Tertiary
¢) Benzylic alcohols:

H —f_l‘—
=~ - CH;O0H = wc:'_—cnz S {:;—r]E-‘.
~ NG g -

Primary Secondary Tertiary

ii) Compound containing sp> C-OH bond:

a) Vinylic alcohols: CH,=CH-OH
b) Aryl alcohols:
e~ _OH
T
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2. Common and IUPAC name of Alcohols:

Compound

CH,- OH
CHJ." CH; - CH;- GH
CH,- r.;:u - CH,

OH
CHJ__ CHi_ CH=_ CHi_ OH

CH,- CH - CH,- CH,
Ot

CH, - CH - CH,-0H
{IZI-I‘
o

CH,- C - OH
{I:IL

CH,- t:l:n - (Izu,

|
OH OH OH

oL

OH
CH,

Common name

Methyl alcohol
n-Propyl alcohol

Isopropvl alcohol

n-Butyl alcohol
sec-Butyl alcohol

Isobutyl alcohol

tert-Butyl alcohol

Glycerol

IUPAC name

Methanol
Propan-1-ol
Propan-2-ol

Butan-1-ol
Butan-2-ol

2-Methylpropan-1-ol

2-Methylpropan-2-ol

Propane -1, 2, 3-triol

Cyclohexanol

2-Methylcyclopentanol

3. Common and IUPAC name of Phenols:

OH CH, CI—I,, CH,
O O" O
OH
OH

FPhenol
Phenol

Common name
IUPAC name

4. Dihydroxy derivatives of Benzene:

OH
OH

Common name
IUPAC name

Catechol
Benzene-1.2-diol

Resonance Classes, Delta One,

o-Cresol
2-Methylphenol

OH

OH

Resorcinol
Benzene-1,3-diol

m-Cresol
3-Methylphenol

p-Cresol
4-Methylphenol

OH

Hydroquinone or quinol
Benzene-1.4-diol
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5. Structure of alcohol and phenol: In alcohols, carbon atom of R (-CH3) and oxygen atom of
—OH group are sp3 hybridised. The C-OH bond angle is slightly less than tetrahedral angle
(109.28°) due to repulsions b/w lone pairs of electrons of oxygen atom. The C-O and O-H bonds
are polar because of high electronegativity of oxygen atom.

In phenols, the — OH group is attached to Sp2 hybridised carbon and thus, the C — O bond
acquires a partial double bond character.

142 IJQ:.O lCl L ]]

H ¥ o)
\C/L%E%}” A

H..f""| 136 pm
H

6. Preparation of Alcohols:

1) From Alkenes:

(i) By acid catalysed hydration: Alkenes react with water to form alcohols with presence of
few drop of concentrated sulphuric acid. This is electrophilic addition which is carried out as

Markonikov rules.
H,50,

CH} = {:‘I‘I2 + H]D T} CH_ — CH_ —OH

CH,—CH =CH, + H,0 B0 CHy— CH—CH;
Heat |
OH

(ii) By hydroboration —oxidation: Addition occurs as anti-Markonikov rules.

H,O
3CH,-CH=CH, + % (BH3)2 — (CH,-CH, CH,).B .

< Diborane

_ 3CH,~CH,~CH,-OH + B(OH),
3H,0,. OH -

2) By reduction of aldehyde and ketones:

(9]
. P/P . :
R—C—H + HL—— RCH,0H 1° alcohol
or IN1
Rec=o + og NaBi., RocH_OH 2°aicehol
R or LIAIH, R~ B o e

3) By reduction of carboxylic acid and esters:

(i) LiAIH,
RCOOH ——— RCH,0H
(ii) H,O

I
RCOOR’ =————p RCIOIH + ROH
Catalyst
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4) From Grignard reagents: First step of reaction is nucleophilic addition to form an
intermediate.

|
A R R

0O + ﬁ—-:—ﬁg—x —>|7"‘CUM§X“ H,O =C-—OH + Mg(OH)X

By using different aldehyde and ketones, it gives primary, secondary and tertiary alcohols like as

H,
HCHO + RMgX =0, RCH,OH + Mg(OH)X
R’
) H,0 |
RCHO + RMgX —— R-CH- OH + Mg(OH)X

R’
_ 1,0 |

RCOR + R'MgX —— R—fl.‘ OH + Mg(OH)X
R

7. Some commercially important alcohols:

1) Methyl alcohol (Wood spirit): It is obtained by destructive distillation of wood. It is highly
poisonous, drinking of methanol causes blindness. Commercially it is produced by catalytic
hydrogenation of CO at high temperature and pressure.

Zno-C
CO + 2, —220Cr0s
200-300 atm

573-673 K

> CH,OH

2) Ethyl alcohol (Grain alcohol): 100% ethyl alcohol is called absolute alcohol. It is
commercially obtained by fermentation.
Invertas
C,H,,0,, + H,0 —=as%¢ . ¢ H,0, + CH,0,
(Enzvme
Sucrose Glucose Fructose
CH L0, Zymase (Enzvme)

> 2C,H.OH + 2CO,

(found in veast)

8. Physical Properties of Alcohols:
1) Boiling Point:
1) Alcohols have higher boiling points as compared to those of comparable molecular masses of
alkanes, Haloalkanes or ethers. This is b/c in alcohols intermolecular hydrogen bonding exists.
i1) The boiling points of isomeric alcohols decreases with increase in branching-
g
CH5;CH,CH,CH, 01 = C]:'[SCIIZEI:I ICH; = H3C—(|3—CH3

OH OH

Resonance Classes, Delta One, Greater Noida, Contact- 9891834003




2) Solubility: The first three members are completely miscible in water due to their ability to
form hydrogen bond with water molecules. The solubility rapidly decreases with increase in
molecular mass. The higher members are almost insoluble in water but they are soluble in
organic solvent like benzene, ether etc.

9. Chemical Properties of Alcohols: The reactions of alcohols can be classified into two types-
1) Reactions involving cleavage of oxygen-hydrogen bond (R-CH»-O----H)

2) Reactions involving cleavage of carbon-oxygen bond (R-CH»-....OH)

1) Reactions involving cleavage of oxygen-hydrogen bond (R-CH2-O------- H): In that type of
bond cleavage, an alcohol reacts as nucleophile.

i) Reaction with metals:
2R-0-1 + 2Na —>s 2R-0-Na + Ha

Sodiun alkoxide

CH, CH,
6 CHy - C-OH + 241 —> 2 (CI—LJ— &It—;",):-'m 3H,
CH, CHy 5
tert- Buiyl alcohaol Aluminium fert- butoedde
ii) Esterification: Below initial two reactions is reversible so con H2SOj is used to remove water
while in last reaction pyridine is used to neutralize HCI which is formed during the reaction.
H*

RO-H+R’- COOH — > RCOOR’ + H.0
Carboxylic acid Ester
. H”
R-OH +(R*- COX0 — RCOOR’ +R'COOH
Acid anhvdride
OH-=R rid
B-OH +RB°COCl Pyridine RCOOR = HC

Acvl chlonde

Acidity of alcohols and Phenol:

e The above reactions show that alcohols are acidic in nature. The acidic character of alcohols
is due to the polar nature of O-H bond. An electron releasing group (alkyl group) increases
the electron density on oxygen which decreases the polarity of O-H bond. This decreases the
acid strength of alcohol. So the acid strength orders of alcohols are as following-

R, R
R—— CH,0H > CHOH>» R==C-0H
Primary Secondary Tertiary

e Alcohols are weaker acids than water due to +I group (alkyl group) present in alcohols,
which decreases the polarity of -O-H bond.

+I effect group 7 polariy of -O-H bond | Acidity of alcohol or Phenol |

e Phenol is more acidic than water and alcohols due to stabilisation of phenoxide ion through
resonance.
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So the order of acidity is

RCOOH = H,CO; = C¢H;0H = H,O = R — OH

e Presence of electron withdrawing group (-I effect group like —NO») increases the acidity of

phenol by stabilising phenoxide ion while presence of electron releasing group (+I effect
group like —CH3) decreases the acidity of phenol by destabilising phenoxide ion. Thus

increasing acidic strength is
o-cresol < p-cresol < m-cresol < phenol < o-nitrophenol < 2, 4, 6-trinitrophenol (picric acid)

2) Reactions involving cleavage of carbon-oxygen bond (R-CH:--—-OH): In such type of
reaction the order of reactivity of alcohols are
3° Alcohol > 2° Alcohol >1° Alcohol

i) Reaction with hydrogen halides and phosphorus halides:

iC] + ZnC
R-0OH B s, R-Cl + H,0O (Groove's Process)

Lucas Reagent

PX, or PCl, or S0OCL,

R-OH > Alkvl halide
Note: Lucas test is applicable for distinction b/w primary, secondary and tertiary alcohol.
Alcohols are soluble in Lucas reagent while their halides are insoluble and produce turbidity in

solution.

In case of tertiary alcohol, it easily formed their halide so turbidity appears immediately. If
turbidity appears within five minutes, secondary alcohol is indicated. If turbidity appears only
upon heating, primary alcohol is indicated

ii) Dehydration:
H H
Is la Conc. H,50, :
H=C=C=H ——— (H,=CH, + H,0
b o) HMIK Ethene
H OH '
Ethanol
Secondary and tertiary alcohols are dehydrated under milder condition like as

358 K

CH;CHCHj; = CH,~ CH = CH, +H,0O
440 K
CH, C
| 20% H,PO, IIH‘=
CHS_{i:_ OH — CH;-C-CH, +H,0

CH,
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Mechanism:
Step 1: Formation of protonated alcohol:

i N Fa H H
4 |
H-C-C-0-H+H —H (L ¢ Ot H

II II II H
Step 2: Formation of carbocation: It is rate determining step of reaction.

H H H II II
I 3 . Eulnu..
H- (_ L “O“H — < H- ﬁ, ‘T + H,O
H H H H
Step 3: Formation of ethene by elimination of proton.

H H
| H H X

H-CL ¢* == T=¢ +H
R H H

iii) Oxidation:
e Primary alcohols can be oxidised to aldehyde or further to carboxylic acids. In aqueous
media, the carboxylic acid is usually the major product.
K:Cr0- / Ha50s [O]

Cro
R-CH:0H ——> R-CHO

e Pyridinium chlorochromate (PCC), a complex of chromium trioxide with pyridine and
HCl is used to stop the oxidation at the intermediate aldehyde.

CH, —CH = CH - CH,0H —FP€¢ _,CH, - CH = CH - CHO

e Secondary alcohols can be oxidised to ketones but no further:

I{—c H-R' -—% R-(”-R

(JII O
e Tertiary alcohols cannot be oxidised due to non availability of alpha hydrogen. If
oxidation is carried out under strong conditions then they undergo oxidation with the
cleavage of C-C bond and form lesser carbon number carboxylic acids.

CH:E_ Hot Con HNO3 CHs [O] [O] >
CHH_ = OH W 1‘:::Hi!-_ C =CH’2 -H:20 CH3COCH; -H20 CH:COOH
CH, €02 o

iv) Dehydrogenation: 1° and 2° alcohol formed aldehyde & ketone but 3° alcohol produced
alkene.

Cu
2HLO1 [—:» ~“HC
RCH,C 573K RCHO

R(HR(—} R( -Rr

573K
ou 8
CH, . CHa
CH,- 4‘ - OH ——> CH,-C =CH,
CH 573K
3
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Phenol (Carbolic Acid)

1. Preparation of Phenol:
1) From Aryl halides (Dow Process):
Cl ONa’ OH

623 K HC(l
FNAOH e—— @ @
i[l(] atm

sodium phenoxide

2) From Benzene sulphonic acid:
S0.H OH

Ulcum [1] NaOH @
[11 ) H*

3) From Diazonium salt:

® 9
N, Cl OH
_NaNOz 10 + N, +HCI
+HCI Warm

Aniline Benzene diazonium chloride

4) From Cumene (Isopropyl benzene):
CIL (I“H
CH. -(“H CH;-C-0-0-11 OH

e Tt 09 e

Cumene Cumene acetone
hydroperoxide

2. Physical Properties: Same as alcohols.
3. Chemical Properties:
1) Acidity of Phenol: Reaction with metal and NaOH show that phenol is acidic in nature.

(815 ONa
2©+ 2Na—}-2© +H,
Fhenol Sodium phenoxdds
OH ONa

@—HaDH—}@ + H,0
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2) Esterification:

OH QCOCH;
Pyridine
@ - CHiCOC  — . HCl
OCOCH:

©-(CH;CC')JD =, @ + CH:COOH

3) Electrophilic substitution reactions of Phenol: The -OH group attached to the benzene ring
activates it towards electrophilic substitution at ortho and para positions.
i) Nitration:

OH OH OH

Mk
Drilute H'\I{'}J

o-Nitrophenol

OH OH

O,N N,
Cone, HINGy
——

2,4, 6 Trinitrophenaol

Ny (Picric acid)
ii) Halogenation:
OH O OH
Br; in CHCI, or C5, Br =
= +
2TIK =
Br
Minor Majm
OH
OH Br
] |
+ 3B —4mm
bromine water Br  2.4.6-Trbmmophenol

iii) Kolbe’s reaction: Sodium phenoxide is more reactive than phenol towards electrophile

substitution reaction. Here CO- act as weak electrophile.
OH ONa OH

uD:I[ -:1] O, COOH
{11] H

2-Hydroxyhensoic acid
[Salicylic acid)
COOH COOH

OH QCOCH,
+[LH((}]U—|'I- + CH,CO0H

Acetylsalicylic acid (Aspirin)
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iv) Reimer-Tiemann reaction: This reaction is an electrophilic substitution reaction and
electrophile is dichlorocarbene. Similarly with carbon tetrachloride and alkali, o- and p-
hydroxybenzoic acid are obtained.

OH O Na* O Na’ OH

4 CHCI, CHO CHO
CHCly + 3 NaOH @/ Sired ©_ NaOH H
5\“( I ()H (-HZO)

Intermediate Salicylaldehyde

+ Zn — @ + Zn0O
OH O
Na,Cr.0,
@ ﬁj bengoguinone
H 50,
0

Ethers
1. Introduction: These are represented by the general formula R—-O-R’, where R may be alkyl or
aryl groups. These are the functional isomers of alcohols and exhibit chain isomerism &
metamerism.

4) Reaction with zinc dust:
OH

5) Oxidation:

The group R and R’ may either be same or different, so according to that ethers are two types-
Simple or symmetrical ether CH3-O-CH3 and Mixed or unsymmetrical ether CH3-O-C2Hs
2. Common and IUPAC name of some Ethers:

CH,OCH, Dimethyl ether Methoxymethane

CH.OCH,CH,CH; Methyl n-propyl ether | 1-Methoxypropane

C;H.OCH, Methylphenyl ether Methoxybenzene
(Anisole) (Anisole)

CH-OCH,CH, Ethylphenyl ether Ethoxybenzene
(Phenetole)

CH.O[CH,);- CH, Heptylphenyl ether 1-Phenoxyheptane

CH,0—CH —CH, Methyl isopropyl ether 2-Methoxypropane

CH,

C.H,—O0—-CH,~ CH, - (le_CH;. Phenylisopentyl ether | 3- Methylbutoxybenzene
CH,

CH~ O - CH,- CH, - OCH, — 1,2-Dimethoxyethane
H,C Cll,
OC,H, — 2-Ethoxy-

-1,1-dimethylcyclohexane
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3. Structure of Ether: The hybridisation of oxygen atom in ethers is sp’ (tetrahedral) and its
shape is V-shape. The bond angle is slightly greater (111.7°) than the tetrahedral angle due to the
repulsive interaction b/w two bulky alkyl (-R) groups. The C-O bond length is 141 pm which is
almost same as in alcohol (142 pm).

141 pm
H H
[—I—\(_' 111.?“'(:11{
H” NH
4. Preparation of Ethers:
1) By dehydration of alcohols:
H,S0
& — 5 CH,=CH,
443 K
CH,CH,0OH =—>
1,50,
>C H.OC. H.
413 K “"21 5 2405

Mechanism: It is nucleophilic bimolecular reaction (Sn2) involving the attack of alcohol
molecule on a protonated alcohol. This method is suitable for the preparation of ethers having
primary alkyl groups and only symmetric ether can be prepared by this method.

H “H,0 +
) CH,CH,-O-H + H' —> CH,~CH,~O-1l —— CH~CH,
{protonated alcohol)

(i) CH,CH,—O: + CH~CH, —s CH,CH,—O— CH,CH,
o i

(iii) Cllaﬂllz—?(l}— CH,CH,— CH,CH,-O-CH,CH, + H
H
2) Williamson synthesis: Only primary alkyl halides when react with sodium alkoxide (strong
base) give ether while tertiary alkyl halides give alkene due to steric hindrance.
- +
E-X + R-O-Na — R-O-FE"+NaX
Sodium alkoxide

:OH ONa 0-

R
I l
+ NaOH— @ + R_X—p© + NaX

Anisole
Secondary and tertiary Ethers also prepared by this method. The reaction involves Sn2 attack of
an alkoxide ion on primary alkyl halide.
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EH.’V_"_ Ty CH,

7ol

[ + W f e |
CH;C-ONa + CH,"Br —>CH, (-C-CH, - NaBr
CH, ST CH,
Secondary and tertiary alkyl halides give alkene due to steric hindrance.
CH, _
Ull3—gl_‘-—l:}r + NaQ-CH,— CHH—({::CH2+NHH]‘ + CH;0OH
CH CH

3 3
5. Physical Properties of Ethers:

Boiling points: Ethers have much lower boiling points as compared to isomeric alcohols. This is
because alcohols molecules are associated by hydrogen bonds while ether molecules are not.
Solubility: Ethers containing up to 3 carbon atoms are soluble in water, due to their hydrogen
bond formation with water molecules.

-l-
R_(IJ-----I—' -.H

R 11
The solubility decreases with increase in the number of carbon atoms. The relative increase in
the hydrocarbon portion of the molecule decreases the tendency of H-bond formation. Ethers are
appreciably soluble in organic solvents like alcohol, benzene, acetone etc.

6. Chemical Reactions of Ether
1) Reaction with HX: Ethers are least reactive functional group. During reaction with HX, the
cleavage of C-O bond carried out in extreme conditions and formed a primary halide (or smaller
and less complex alkyl halide) by Sn2 mechanism.

R-0O-R + HX—— RX+ R-0OH

R-O-R'+ HX=— RX+ R -0OH

O-R OH
+HX =—*RX +
The order of reactivity of hydrogen halides is as follows HI > HBr > HCI

In ethers if one of the alkyl groups is a tertiary group, then it formed tertiary halide by Snl
mechanism.

CHy=C— O—CH; +HI—> CH,OH +CH;— (1
CH; CH,
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Mechanism:

CH, CH,
I slow I

CH,—C—0—CH, —— CH,—C* + CH,O0

[ I
CH, CH,

{I:H:" '[I—TH:-,
. fast
CcH,—C* + I ——— CH,—C— I
I I
CH, CH,
2) Electrophilic substitution reactions: -OR is ortho, para directing group and activate the
aromatic ring towards electrophilic substitution reaction.

i) Halogenation:

OCH, OCHs OCH,4
Br, in Br
Ethanoic acid +
Anisole
Br
o-Bromoanisole p-Bromoanisole
(minor) {(Major)

ii) Friedel crafts reaction:

OCH, OCH, OCH,
z"&nh\d AICL,
CH,
4-Methoxy toluene
(Major)
OCH, OCH, OCH,
COCH,
+ CH,cocy Anhyd. AICL +
COCH,
Ethanoyl chloride 4-Methoxy acetophenone
(Major)
iii) Nitration:
OCH; OCH, OCH,
@ 1[71‘30 ©/I\()2 @
NO-

4-Nitroanisole (Major)

7. Uses of Ethers:
1) Dimethyl ether is used as refrigerant and as a solvent at low temperature.

2) Diethyl Ether is used as anesthesia in surgery.
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