ALCOHOLS
Methods of preparation

1. From alkyl halides (Hydrolysis) : Alkyl halides on hydrolysis T

with aq. KOH/moist Ag,O or AgOH form alcohals.

The hydrelysis oceurs by nucleophilic substitution reaction.

R-CH,~X +AgOH(aq) ———> R—CH,-OH +AgX'

19 Alcohol
R R .
R- [QH —X+ K—OH (aq.)——» R~ lc[-] ~OH-+KX
Alkyl halide 2% Alcohol
R R

| !

R—(!?—X +H-OH-— R ~C~-0H +HX
o ' I
|

3° Aleohol
2. From alkenes :
(i) Hydration of alkenes
—(CH= dil. H250 ’ -
R-CH CH:,_-FHZO 2004 3 R"—CH—CH_’;
Alkene |
OH

(ii) Hydroboration-oxidation 2° Algohol

The addition takes place in accordance with the

Markovnikov’s rule,

THF

3CH; — CH = CH, + B,H; — 5",
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4. By reduction of acids and their derivatives :

LiAlH u
| R=C—OH +4H —mrotor—s RCH,0H+Hy0

0 Alcohiol

Carboxylic acid

R- ﬁ:_X +4H —14Ms , RCH,OH +HX

0 Alcohol
_ Acid halide
R-C-OR'+4H M4 , RCH,OH + ROH

I : Alcohot

Ester )
LiAlH4 -

(RCO),0+8H —74—5 2RCH,OH +H,0

Acid anhydride Alcohal

Acid amide on reduction forms primary amine as major product
and not alcohol.

5. From Grignard reagent
(i) Primary alcohol :
(a) With oxygen :
——-- 2R-Mg-X+0, —4 ,9r-0- Mg - X

_-2HOH . »ROH + 2Me(X)OH

Primary alcohot

(b) With formaldehyde

3CH3CH2CH20H+H3BO } '
" The addmon takes place in accordance w1th anti- R— MoX + C o OMgX
Markovnikov’s rule-— & > > <
' -/
3. By reduction of carbonyl compounds : , ‘ H0 RCH.OH + Mg<OH
2
LiAlHg or Na+CsHsOHor . . X
e Sl Hy/Nior Nali; 7 OCHZOH
C) 1° aleohol Alcohol
it d- (c) With ethylene oxide :
ehyde
R~C-R+2H __LiAlHgorNatCHOH o ~pr_p R—Mg—X + CH,—-CH, {Ethylene oxide)
I : orHa/Ni or NaBHy - : : :
0. OH _
Ketone 2° aleohol — R_CHz_CHZ* —Mg-X
= Note: —1129 5 R_CH,CH,0H + Mg(X)OH
Alcohol

3¢ alcohol cannot be obtained by this method
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| ‘ . 1 ' Caone. Ha804
(ii) Seoondary and tertiary T —— ’ R-O-H+ R—ﬁ —0*?!3 ~R
H
& 6+ . : 0 O
R=—Mg—X+ R—C> Acid anhydride
I , R-C-0O-R + RCOOH
s - » ' I
: O
Aldehyde ' ) ) ester
‘ 4. Reaction with ethylene oxide :
H
' 1120 ﬁ[ © R-O-H+CH,~—CH,
—C—R =3 R—C—i
. ' . 0
O—Mg—.X QH ethylene oxide
(Secondary alcohol) > CH2 CH2 Hog CH2 —CHQ_
= fcarbonyl compound is ketone, pmductwrllbe tertiary o 3 | 2 '
aicohol. ‘ R OH OR OR

. . 1, 2-dialkoxy ethane
6. From primary amines :

HE 5. Reaction with diazomethane :

'R~NH,+HNO, ——— R-OH +N; +H,0 R—O—H+CH,N, ——» R_o_'CH3
7. Hydrolysis of ether : - Diazomethane {ether)
ROR'+HOH —H2594 5 pot+ ROOH 6. Reaction with Grignard reagent :

- Lther | - alcohol

> Mg< +RH
Physical Properties

Al kane

RO + R'MgX

(it Melting point and Boiling point « molecular mass 7. Reaction With ketene :

1 3+ +§
. S R-— +CH, =C
. No. of branches ) 0 o |I

(i) Boiling point of alcohols are higher than corresponding o
cthers due to H-bonding, Ketene
Chemical Properties ' Y CH,=C—0—R R b CHy—C~0—R
A. Reactions involving the cleavage of the O-H bond : K N ' il
l'he general order of reactivity of alcohols in this type of . H=0 O
reaction s .— tenol form) Lo L
anary>Secondary>Tertia1y T " B. Reaction involving the cleavage of C-OH bond :

1. Reaction with metals : Onreaction with active metals like —
Na. K, Ca, Mg, Al, etc. 1hey liberate hydrogen gas.
2R=0~H+Naw > 2R-0"—Na*+ H,T
Sodium aikoxide
The acidic order of aleohols is

The order of reactivity in this type of reaction is —
3°alcohol > 2° alcohol > 1° alechol

4. Reaction with dry HX (Groove's process)

Reactivity order ofhalogen acid is HT > HBr > HCI

MeOH > 0529530 . R—OH+ HX Anhydrous-Zn‘Clg » R—X + H20 :
2. Reaction with carboxylic aC|ds (Ester|f|cat|on) 2. Reaction with PCl, - : Al inlids
R-0 —lH. H- oj—c Ry —SeH230s | R—OH +PCl——> R—Cl+POCl3+HC1
Alwhul T T - - Chloro atkane-
3. Reaction with PCl, :
Acid , 3R—OH + PCl—— 3R—Cl+H,PO,
R-C-0-R + H,0 : Chloro atkane -
(|J| o 4. Reaction with SOCI2 (Darzen reaction) :
Ester - - R~—OH +80Cl, 2% 5 5. ¢y 450, +HelT
3. Reaction with acid derivatives (Acetylation) : . Thionyl ehloride Chleroalkane
: - HoS 5. Reaction with ammonia : :
R-O-H + X— € R —=0meH80s e 6 crit HX : anhy ZnC,
Alcohol ] || - ‘ R_OH+NH3 30-guc “— RNH, +H;0O
0 . ar Alkytamine
Acid halide . ’ ester AlyOq
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CHEMISTRY

6. Reaction with H,SO, :

(i) C,HOH + H280 _U0°C , CH,CH,080,H

Ethyl hydrogen sulphate
{ii) 2CH3CHZOSOSH —A—% (C2H5)2804 + HZSO,,:-
{Diethyl sulphate)
(ii1) CH_rCH?_—OH + H2804 )
(cxeess) {conc.)
_% CH3—CH2".O.—CH2—CH3
Diethy! ether
(iv) CH3 CH2 OH+ HZSO4 _lae® CH2 . CH2
{excess) )
C. General Reaction of Alcohols
1. Oxidation :

{) Primary alcohol initially forms aldehyde on oxidation and on

further oxidation forms respective acid. -

(i) Secondary alcohol initially forms respective ketone on
oxidation which on further oxidation forms acid with less no.
of carbon atoms. Oxidation of ketone is slightly difficult than
aldehyde due to stability so, we use strong oxidising agent

for oxidation.

{iii) Tertiary alcohols are resistant to oxidation in normal conditions
but on taking strongest oxidising agent like chromic acid in

dilute nitric acid they form less carbon ketone.

(iv) Foroxidation of 1° alcohol, acidic KMnO, is used as oxidant

while for 2° aleohol acidic K,Cr,0, is used.

|
R—ET0 1 j[0]} MR, R-C=0
'H H- !
--------------- . Aldehyde
1° Alcohol l
.R_? .
oH
Arid
I
ROl oo oy,
Ho H : |
R-C=0
Ketone

2° Alcohol

CO, +H;0+ R— |(|3 OH (W‘

Carboxyhc acid

R
|

R--C-0OH +t0'] K2Cr04 +dil HNO3 y

CHy

3° alcohoi

R—C-R +C0,+H,0

|
0

(ketone of lesser carbon)
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To stop the reaction at aldehyde or ketone stage, milder
oxidising agents like CrO3 or PCC (pyridinium chloro
chromate) are used, (PCC is better option)

Reduction :
R-O-H +2HI —I‘QSLa R-H+H,0+1,
Dehydrogenation :
Reg-0 B Rc=0 1y,
H H aldehyde
prithary alcohol
]
R—(lz—.'c[) SO, R-C-R +H,
H H : 0
secondary alcohol Ketone
R
iy o ‘
R-C-OH L R=C-R 140
’ f
H,C-H ~ CH,
-tert.alcohol alkene

Oxidation through Fenton's reagent ‘Higher and branched
alcohols are converted inté diols through Fenton's reagent.
(FeSO4 +H,0,) is Fenton’s reagent.

Fe + H,0, ——> Fe"+ OH + OH
L_ C!:H:’: ) . - CH3
: CH3—(E3—~CH2—H+OH——} CHy —"<|3—<5H2+H20
OH OH
Ci, O Ci

Oy CH, + éHz"_([I—" CH, —-»

OH OH
| CH— cl: ~CH;— CHy—=C—Cit,
OH oM

2, 3-Dimethylhexane-2. 5-diol

Self condensation : -

R-CH,~CH,~OH + H-CH -CH,-0H £2/:0% , p_
1 ~HaO
‘ R
CHy~CH,~ (EZH— CH,-OH
' R
higher afcohol
The above reaction is called as “Guerbet’s Reaction™.-
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CHEMISTRY

6. Dehydration : Primary alcohols when heated in presence of
an acid catalyst (usually 1,50,) undergo intermolecular
dehydration to form ethels

H™, heat

R-—OH+HO-R- > R—O--R

Distinction between Primary, Secondary and Tertiary

Alcohols

1. By Oxidation reaction : Primary alcohols give aldehyde on
oxidation, sccondary alcohols give ketone and tertlary
alcohols arc resistant to oxidation.

2. By Catalytical Oxidation / Dehydrogenation :: Primary alcohols
aive aldehydes on oxidation, secondary alcohols give ketones
and teitiary give alkenes when treated with Cu.

3. Lucas test : - Amixture of (anhydrous ZnCl, + Conc. HCl} is
calied as Lucas Reagent.

{iy 3%alcohols give white ppt. with Lucas reagent in 2-3 seconds
only.
(iy  2°alcohols take 910 minutes.
(iiiy 1°alcohols does not give white ppt. at room temperature.
4. Victor Meyer Test - This test is also known as RBW {Red,
Blue, White) test.

@) R—CH,—OH 248

|@

aleohol

> R—CH,—1
1.t'\g]‘\102 (—-Agh

R—CH,—NO,
ll'IONO

C = N —OH MM i solution

.lR\

03 niteolic acid
R Redprly | R~
(b} . \CH - OH L CH-1 AghO2
R R
2° alcohol
R . '- ‘ HNO, R\\ /N02
CH —NO, -- >
R~ R N 0
pseudonitrale NaDH
(blue ppt.)
R RedPil, . R~ AgNO;
(€) R—=C—OH———2> g —C~ ——2>
R~ R
3* alcohol
R

NaOH

~ HINDo
;C‘ —"NO7 ——"%t 5 10 reaction —=—— colourless

R
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+ Difference between Methanol and Ethanol

Methanol

1. When CH;OH is heated | 1.
on Cu, it gives formalin
like smell

2, When CH;OH is heated | 2.

with salicylic acid in

H,80, (conc.) then

methyl salicylate is

formed which has odour
like winter green oil

It does not give haloform

or [odoform test.

Ethanol

Ethanol does not give
formalin like smell.

No such odour is given |
by ethanol

o
[

[t gives haloform test.

* Interconversions
(1) Conversion of lower primary alcohol into higher
primary alcohol.

(a) By cyanide synthesis :

RCH,OH ——-2— RCH,I —=— RCH,CN
Hy /Nior [INO5

Na(Hg)/Cyizon > RCHCHNH, ——=->RCH,CH,0H

- (b) By Grignard synthesis :

Pl Mg
RCH,0H —*2 1, Rem —E 5 rem, Mgl

HEHO R, CH,0Mel -722 5 RCH,CH,OH

(2) Conversion of higher primary alcohol into a lower
Primary alcohol.

reH,0H — 2L repo 190, reoon _ NeoH
RCOONa Soda—lime RII Cly RCI
uv

__KOH(Ad) | ROH

(3) Conversion of 1° alcohol to 2° alcohol :

CHCH,CH,0H —>22> CHCH,CH,Cl — 50

n—propyl alcohol
CH,CH=CH, %, CH,CHCH,
: |
Br

—22. KOR_, (CH,),CHOH
isopropyl alcohol

(4) Conversion of 2° alcohol to 3° alcohol :

croz?mt '
(CH3),CHOH — 22— (CH,),C=0

isopropyl alcohol

CH3MgBr
—_—

+
CHy-CH,0MgBr - ™39, (CH,),c-0H

(intermediate) tbutyl alcohol
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(5) Conversion of 1° Alcohol to 3° alcohol : o (i) With Benzene diazonium chloride : By adding benzene

b S diazonium chloride to a large volume of boiling dilute H,SQ,.
CH; ~CH~-CH,0H ~—%—4=— CH, ~C=CH,

. .
| —Hzo | ) Nz Cl H
CH; 7 CH3 .

iso-bulyl atcohol +HOH T:F-aé—o-% + N2 +HC]
HBr . aq. KOH

Benzenediazonium chloride Phenol
-buty! alcohol (iii) By heating chlorobenzene with caustic soda under pressure
PHENOLS _ (Dow’s process). This is commercial method. The reaction
Introduction . involves nuecleophilic substitution.
Compounds in which hydroxyl group is directly attached to the Cl O Na"
car| bon atotn of the aromatlc ring. '
Cu-Fe, 300°C

+ NaOl ——————-»

200 atm.
Chlorobenzene Sodium phenoxide
OH

CH; HCY
Phenol - o-Cresol p-Cresol -~ in-Cresol ’
Like other classes of organic compounds, phenols also show
isomerism. The three cresols (o—, m—, and p—) are position isomers Phenol

while benzyl alcohol and anisole (C,I1;,0) are functional isomers. (iv) From cumene hydroperoxide

CH,OH 0 —-CH, .
OH 2
+ CH,CH=cH, —251 @
CH,4 _
Benzene - Propene ) Cumene

o-, m- and p-Cresols Benzy] alcohol Anisole ) e
Similarly, dihydroxybenzene (dihydric phenols) may exist in 07 _ (|: _O0-0-H H30™
three isomeric forms. ‘ ) .

: _ - OH . CH, .
OH OH : . : Cumene hydroperoxide -
OH CgH;OH + (CH;),CO
Phenol Acetone
©/ @\ ) (v} By distilling a phenolic acid with soda lime (Decarboxylation) :

Catecho! Resaorcinol Quinol OH .
(1,2-Dihydroxy (1,3-Dihydroxy (1,4-Dihydroxy COOH
henzene) benzene) benzene) +NaOH CaO +Na.CO
Methods of preparation K 8~
(i) With NaOH : By tusing the sodium salt of benzenesulphomc ’ ' Phenol
acid with NaOH. - Salicylic acid :
SO;H SO;Na - (¥} By Rasching process :
‘ ‘ ' CoH Ol ~0, — s ¢ 1 1+ 1,0
NaOH Z | 7 gHe + HCL+ 50, " oec gy
N CHCl + —510_,
i sHs HOH C6H50H+HCI
Benzenesulphonic acid Sed. benzenesulphonate . - (steam) 450°C
' OH - Physical Properties :
Z _ (i Colourless crystalline solid with carbolic smell,
(i NaOHl + Na,S0, (i) mp.=40°C b.p.=182°C
(__gg%°ﬁc1 R S {(iii) Turns reddish brown when exposed in air.
iiydi )

_lr {iv) Soluble in organic solvent, partially soluble in cold water.
Pheno
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Chemical Properties
1. Acidic Character

The most characteristic property of phenois is their acidity. -

Phenois are more acidic than alcohols which are even more
weakly acidic than water, but phenols are less acidic than
carboxylic acids.

: R —CO0MH » Ar—OH > H—OH > R—OH (Acidic character)

N Greater acidity of a phenol than an alcohol is due to
possibility of resonance in phenol which Ieads to
electronsdeficient oxygen atom.

iy Once hiydrogen atom is removed from phenol, the ion

(phenoxide) is very much stabilized due to
delocalization of its negative charge.

10 0

X3

v ' VI VI VIII

Resonance in phenoxide ion
(note that structures VI to VIII are equivalent)
Remember that phenoxide jon is very much more stable

ALCOHOLS, PHENOLS AND ETHERS

(iv) Acylation :
OH OCOCH;-
+ CH3COC1 N2OH, + NaCl+H,0
Phenol  Alcetyl chlonde Pheny! acetate

(v) Reaciton with PCI, :

OH a _
+ PCly —> © ++ POCl, + HCI

Phenol Chorobenzene
3CHOH+POCl; —» (CgHg»PO, + 3HCI
(vi) Reaction with NH, : (Triphenylphosphate)

Aniline s obtained

NHy;
o

Aniline

ZnC12 {anhyd)
30eeC

OH
@ ML v —

Phenol

than the parent compound phenol because phenoxide 3. Reactions of benzene ring
ion does not involve charge separation, while in phenol (|) Halogenatlon

three equivalent resonanting structures (I1 to IV)
involve charge separation.

Electron-withdrawing substituents increase the acidity
of phenols ; while electron-releasing substituents
decrease acidity. Thus substituents affect acidity of
phenols in the same way as they ‘affect acidity of
"~ carboxylic acids ; it is of course, opposite to the way

these groups affect basicity of amines.

2. Reactions of - OH group

(i) Action of ferric chloride :Unlike alcohols, phenols give
characteristic colour with neuiral ferric chioride solution.

(ii) Reduction with zinc dust :

(i)

CeHsOH + Zn —20, C H, + ZnO
Phenol ' . Benzene
(iii) Alkylation :

(a) Phenol isalkylated to give Phenolic ethers in the presence
of alkali with alkyl halides, for example

. OH OCH,

NaQH
—

+ CHyl — +H,0 + Nal

Methyiphenylether or Anisole
~ or Methoxybenzene

{b) Phcnol can be methylated by treatment with
diazomethane,

OH

Br Br
3 __3Bra(aq) , O

Br
2, 4, 6-Tribromophenol
(white ppt.)
In fact, phenols are so reactive towards bromine water that
. even substituent like — SO;H, - NO,, - COOH, ete. if present,
in o-and p-positions, may be renlaced by halogens.
halogenation is
carried out at low temperature and in non-polar solvents such
as carbon tetrachloride or carbon disulphide. For example,

OH OH ~ OH
. -, Br .
Bra in C8p : e
oc

Phenot

Phenol |

o-Bromophenc] p-Bromophenal
(minor) ~ _\(majbr}

Non-polar solvents (CS,, CCl,) decreases the electrophilic

-character of Br2 and minifmizes ionization of phenol.

OH OCH, @ ‘
' - dil. ANO4
\ .
| + CHNy e HNT
/ - s
- Anisole o-Nitrophenol- (40%) p-NltrophenoI (~ 10%)
6 M.K. JAIN CLASSES PVT. LTD. (NEET/ lIT-JEE/ KVPY) 9414301104 | www.mkjainclasses.com



CHEMISTRY ALCOHOLS, PHENOLS AND ETHERS

Nitration of phenol with-concentrated nitric acid or a nitrating

Ao it TR oH '
reagent gives 2, 4, 6-trinitrophenol (picric acid).

NO, NO, N
conc. HNO3 = Phenol

cone, H2504' ; OH
) ' + 4NaCl+ 2H,0
' o - : "\ COOH

Phenol 2,4, 6-'1'rinitruplwnol
(iii) Sulphonation :

o-Hydroxybenzoie acid
{Salicylic azid)

oH SO (vii) Gattermann's reaction :
3 _
H804 @ HoS04 @( HCl+H-C=N _ A€y o CI-HC=NH
100°C Tls-zsC ot | i
S0,

; . : ' ©AICh
p-Phenolsulphonic Phencl o-Phenolsulphomc acid + CIHC = NH
(iv) Friedel - Craft's alkylation and acylation : ' (=R
(i) AIkyIation
. . - CH=HNH
@ : - OH .
anhy. Alt;l3 ;
) HqO .
. (-NHz)
(i) Acylatlon ' o
CHO

- ' " (p-hydroxy benzaldehyde)
__RCOX (viii) Mercuration : _ :
'mhy AlCls OH

(v) Kolbe's reaction or Kolbe-Schmidt reactlon * (CHECOO)?. Hg

ONa ) - QH
' COONa ' OH
o+ C()2 123°C
47 aum HgOCOCH;
Sodium phenoxide : Sod. salicylale
{Matn product) _
o HgOCOCH;
COCH E : :
—}Hf , \“ < T - -~
: -0- & p~ hydroxy phenyl mercuric acetate
(vi) Riemer-Tiemann reaction : Salicylic acid (ix) Hydrogenation :
OH - OH
OH ONa _ : | .
' CHCI, |+ 3H, _ M
+ CHCI, + ag. NaOH ——> 130200
Phenol : Cyclohexanol

Phenol ~

4. Oxidation

NOH [ @-on 0y (by i) _ 0=C>;o
Eoad ’ or CrOg

o-Hydroxybenzaldehyde :
{Salicylaidehyde) (p-Benzogquinone)
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Oxidation by other oxidants :

Koy He _ K28)08

iulmb]ﬂuqumone
(Chioranil)

Tests : o

(Qumol)

()  Phenol+FeCl, {neutral] — Violet colour
(ii} . Brominc water + phenol — white precipitate
(i)} Bluc litmus + phenol -—-> red

(iv} Libermann’s nitroso tést:

Hy0

NaNG
~2 5 Green colouration —e,

cone. HaSOy

Phenol —

NaDQH
—272"5 Blue colouration

" Red colouration -
ETHERS
Methods of Preparation
1. By dehydration of alcohols
CH3-~CH,~—OH +conc. H,S50,
Ethanol

100°
----- == CHy~CH, - 0SO;H + H,0

Ethyl hydrogen sulphate

-—‘ﬂ—> CH,~CH,-O-CH,—CH + H,50,

ether
2. Williamson's synthesis : When ethyl halide reacts with
sodium ethoxide then ether is formed. Mechanism of the
reaction is bascd on Nucleophilic Substitution.

R+ X+Na OR—>R O -R + NaX

—CH,~+
Elhyl lodide

.Sod:_um ctimude

-CH24)£H2—CH3 +Nal
3.By reaction of ethyl halide W|€h Ag,0

> CH3 ﬁCHz—O—CHZ—CHE, +2Agl
4. By action of diazomethane on alcohols :

CH3CH,0H + CH, N3 —24 5 CH,CH,OCH; + N,

Properties

ALCOHOLS, PHENOLS AND ETHERS

(ii) In light :
CH;-CH,—0-CH,~CH, + 10Cl,

— 5 CCl~CCl,~0-CCl, —
Perchlorodiethyl ether
2. Oxidation When ether is left open in air, it reacts with

atmospheric oxygen and forms peroxide.

CCl, + 10HCI

CH,— CH, -
ez peo
CH,—CH,” CH;—CHZ/

2
—=CHq— 0 0—-C,H;
: ether peroxide )
When ether is exposed to air for a long time then the above
peroxide changes into another peroxide which is called as
“Ethoxy ethyl hydroperoxide’ and is more explosive in nature,

o
i ) .
CyH;=0-0-CyH; + —03 — C,H; ~0- C—CH,

0-0-H
Ethoxyethyl hydroperoxide
3. Reaction with HX :

(a) If HX is cold :
CH; —O—CH,—CH, + HX(cold)

(b) If HX is hot :
CHy-CH,-O-CH,~CH; +2H-X —2— 2CH,~CH,-X+H,0

CHy-0-CH,~CH, + 2H-X —2— CH;-X+C,HX +H,0

CHs~0O-CHe+ PCl5 — 2C,HCl+PQCl,
4. Reaction with PCI,

(”3 CH,

5. Reaction with Acetyl ChIQride :
Y I, CH, —C—0—CyH +CyHLC
A I
O
6. Reaction with carbon monoxide (carbonylation) :

BF
CoHs~ O -Gyl +CO o CoH— “
7. Reduction :

CyHs — 0~ CyH +2H — 2,

8. Reaction with H,SO,?

CyHg +CyHs -0l

1. Halogenation : - (a) Withconc. H,50,
(i) In dark : Halogen reacts with ether in dark and substitutes o A
and o'~ hydrogen atoms. C,H;—0—CyH; +H,30, > C,H;050,0H +C,H,OH
A a 8 . Ethyl hydrogen sulphate
CH;—CH,-0~CH,—-CHj +2Cl —Cl (b) Withdil. H,S0O,:
- f CyH; -0~ CyHg +H-OH —12%4 9C, H0H
W%, CHy~CH-0~CH-CH; *2HCI g Dehydration :
? When vapours of ether are passed at 380"C over heated
, C_l . alumina, then alkene is formed by the elimination of water :
. o'-Dichlorodiethyl ether
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S

1.
12,

—-1
=

|
l .
|

0: _A_IZQ}.M) 2CH, = CH, +H,0
| :

ALCOHOLS, PHENOLS AND ETHERS

Uses
1.  Wurtz reaction
2. Alcohol + ether — Natelite (Used in place of petrol)

3. Dueto inertness of oxygen, it is best solvent for preparation
of highly reactive compounds such as Grignard Reagent,
4, It is used as an anaesthetic, '

e IMPORTANT POINTS

Rectified spirit — [95.5% ethanol +4.5% water] (an example of azeotropic solutlon)
Abselute alcohol — [100% ethanol]

Power alcohol — [ethanol + benzene + petrol]

Methylated spirit —  f[rectified spirit + 0.5 % methanol]

Denatured spirit — [rectified spirit + pyridine]

Wash — [10% to 12% alcohel]

Grain spirit — [ethyl alcohol]

Raw spirit — [90% alcohol]

Wood spirit [ — fmethanol]

Boiling point of methano! is 65°C and of ethanol is 78.3°C.

Ternary mixutre : — Ethanol + Benzene + Water (boiling pomt 65°C)
Binary mixture — Benzene + Ethanol (boiling point 63°C)

Miscellaneous Solved Examples

Example1: Phenol has a smaller dipole moment than methanol.

Sol.

Explain.
It is due to the electron w1thdrawmg nature of benzene
ring attached to oxygen atom in phenol and electron
rcpclling nature of methyl group attached to oxygen atom
is methanol. The difference in electronegativity of Sp?-C
& oxygen in phenol is less than that is Sp*>-C & oxygen in

methanol.
H
4
O

Example2: Wrile equations when

(@)
(L)
Sol.

thiony! chloride acts upon 1-propanol.
cumene hydroperoxide is treated with dil H,$0,.

(a) CH,CH,CH,OH +SOCi, —£

LH CH,CH,CH,Ci+ SO, +HC}
(I,H
HC—C—0—0H OH

HpOH :
(b) 0,7 + CH,COCH,

Example3: Why phenol is more easily nitrated than benzene?
Sol. - Nitration involves an attack of nitronium ion, NO,"
- {electrophilic) onbenzene ring. The —~OH group is electron
~ donating and its presence increases the electron density
on benzene ring (+ [ effect). Therefore, phenol is easily
nitrated as compared to benzene.

Exampled: An ether would possess a dipole moment even if

 alkyl groups present in it are identical, Explain.

Sol.  Itis because of angular structure of C — O — C bond (like
H — O — Hbond is water). In structure of ether, C — O —
Cbond is gbout 110° The dipoles are towards lone pairs 6f
electrons which increase the dipole moment.

© one pairs of

electron

Exampte5: Why are Grignard reagents soluble in ether but not
in benzene?
Sol.  Grignard reagents form coordination complexes with ethers
but not with benzene since the former has lone pairs ol
electrons but the latter does not.
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Daily [JEXS Problems
TARGET : IIT-JEE / NEET

How many isomers of C;H, OH will be primary alcohols ? 11. The best method to prepare cyclohexene from cyclohexanol
(a) 5 (b) 4 ¢y 2 (d) 3 is by using .
The structural formula of cyclohexanol is . (a) Conc.HCl+ZnCl, (b) Conc. H;PO,
CQ ///C%\ _ (¢) HBr | (d} Cone.HCI
; x ‘
, —CH= =CHCH,OH. I
" C/ o ¢ von 12 CeHs—CH = CHCHO—*—> CH CH = CHCH,0H . In
{a) (b} | the above sequence X can be
Hz(“\ (Cﬂz Hz‘“\ {CHz (@ H,/Ni (b) NaBH,
B . & (c) K,Cr,0,/H* (d) Both{a)and (b)
CH,OH 13. Acid catalyzed hydration of alkenes except ethene leads to
: - the formation of : '
© O (a) primary alcohol
{b) secondary or tertiary alcohol
Molecular formula of amyl alcohol is - {c) mixture of primary and secondary alcohols
' d) mixture of secondary and tertiary alcohols
C;H0 (0 CeHpO () CsHpO (@) CsHgO ¢
(a)' Zlihe () CeHys -(C) sHiz0 (@ CsHyo 14, Which one of the following is not formed when glycerol reacts
Carbolic acid is : TS
{a) phenol : (b) phenyl benzoate (a) CH,—CHI—CH, (b) CH,;~CH=CH,
() phenyl acetate (d) salol (c) CH,OH-CHI-—CH,OH (d) CH,=CH—CH,I
Which of the following is dihydric alcohol ? ' 15. Which of the following reagent is best to change glycerol to
(a) Glycerol ‘ (b) Ethylene glycol liny
{c} Catechol {d) Resorcinol
| o (@) PO (b) Conc. H,S0,
3 (¢} Anhydrous CaCl, (d) KHSO
| 2 4
‘The TUPAC name of CH; —CH-CH, —-C-CH, is: 16, Which one of the following alcohols is least soluble in water?
D - ' (a) CH,OH b) C,H,0H
{a) 1, 1-dimethyl-1, 3-butanediol (c) C,H,OH - (dy C,H,;0H
(b) Z-methyl-2, 4-pentanediol 17. Lucas test is done to differentiate between :

{(c) 4-methyl-2, 4-pentanediol

(d) 1,3;3-trimethyl-1 3-propaned10[

HDBr reacts fastest with

{a) 2-Methylpropan-1-cl (b) 2-Methylpropan-2-ol

{a) alcohol and ketone

(b) alcohol and aromatic ketones
{c} 1°,2°and 3° alcohols

(d} None of these

(c) jpropan-2-ol {d) propan-l-ol

bl e i e ol o Eien Ses o isters § 18. The dehydration of 2-methylbutanol with cone. H2504 gives:
(@} Primaryalcohol {b) Secondary alcohol _ (&) Zeileitilipaiars e w0 produo:

(c) Tertiary alcohol () Allofthese . () Pl o

n-Propyl alcohal and isopropyl alcohol can be chemically (el 2 ety 3 e i o oL

distinguished by which reagent? (d) 2-Methylpent-2-ene

(a) PCl 19. Which ofthe following will not gweaposn:we iodoform test?
(b) Reduction - (2) CH;CH,CHOHCH3;  (b) CH3CH,CH,COCH;
(c) Oxidation with potassium dichromate (©) CHCH,COCH,CH (@) CH.COC.H

(d) Ozonolysis 32 213 3 e

. Among the following the one that gives positive iodoform  20. In the reaction :

test upon reaction with 1, and NaOH is K,Cr, 0, oxidation

A —-_—->acetone—>acetlc acid
CHj _ . _ H;30,
| Als
{a) CH3-CHCH,OH (b) PhRCHOHCH, - (a) I-propanol (b} 2-butanol
(c) C]*I3CH;:CH(OI-{)CHECH3 (d) CzHs;CH,CH,OH (c) 2-propanocl (d) ethanol
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CHEMISTRY

21.

24,

25,

20.

27.

28.

- (i) CH; -CHOH

{a) Rosenmund’s reaction

: (C) C()['ISNzOH

In the reaction :
NH,

(e[ i L B A and B respectively
are :
(a) HCHO, HCOONH,

(c) HCOOH, HCONH,

(b) HCOOH,HCOONH, -
(d) HCHO, HCONH,

. Glyeerol is more viscous than ethanol due to

{(a) high molecular weight

(b} high boiling point

(c) many hydrogen bonds per molecule
(d} Fajan’srule

. Which one of the following compounds will be most readily

debhydrated?

® o

on
I
/o

() “cr W

OH
(c} _|.i3C/P\OH/\/

. OH
@ /(K/\/
aEy

I'ollowing compounds are given:
(iy CH,CH,OH (i) CH,COCH,4

(iv) CH;0H

CH,

Which of the above compound(s), on being warmed with
iodine solution and NaOH; will give iedoform?

(a) (1)and{(ii) {b) (i), (iii) and (iv)

(c) only(i) (d) (i), (i) and (iii)

Which one of the following compounds will be most readily
attacked by an electrophile ?

(a) Chlorobenzene {b) Benzene

{¢) Phenol (d) Toluene -
When phenol is heated with CHCIl; and NaOH then
salicylaldehyde is produced. This reaction is knownas
(b} Reimer-Tiemann reaction
{c) Friedel-Crafts reaction (d) Sommelet reaction
When phenol is treated with excess bromine water. It gives
(a) m-Bromophenol {b) o-and p-Bromophenols
{c) 2,4-Dibromophenol (d) 2.4,6-Tribromophenol.
Which is formed when benzalamine react with nitrous acid

(a) CgH;OH (b) CgHsON
(d) C4H5CH,OH

M.K. JAIN CLASSES PVT. LTD. (NEET/ IT-JEE/ KVPY)

29,

30

31.

3z,

_(c). Phenol
. In Williamson’s synthesis, ethoxyethane is prepared by

ALCOHOLS, PHENOLS AND ETHERS

Benzyl alcohol is obtained from benzaldehyde by:
(a) Perkin’sreaction (b) Wurtz reaction
{c) Cannizzaro’sreaction {d) Claisen’s reaction

"On distillation with Zn dust, phenol gives :

{(a) e{cetophenone (b} benzoic acid

(c) benzene {d) benzophenone

To distinguish between salicylic ‘acid and phenol, one-can
use :

(a) NaHCO; solution (b) 5% NaOH solution

(¢} “neutral FeCl, (d) bromine water

Which one is formed when sodium phenoxide is heated with
ethyl iodide ?
{(a) Phenetole (b} Ethyl phenyl alcohol
(d) None of these

" {a) passing ethanol over heated alumina

34.

35,

37,

“(c) CH,0CH,
. An ether is more volatile than an alcohol having the same

39.

40.

(b) sodium ethoxide with ethyl bromide -

(c) ethyl alcohol with sulphuric acid

(d) ethyl iodide and dry silver oxide

The reaction of sodium ethoxide with ethyl iodide to form
diethy] ether is termed . -

{(a) electrophilic substitution (b} nucleophilic substitution
(c) electrophilic addition (d) radical substitution
Which of the following product is formed, when ether is
exposed to air ?
{a) Oxide

{c) Alkenes

(b) Alkanes
{d) . Peroxide of diethyl ether

. In the following reaction

Red P + HI

CoHsOC,Hs +4[ 1] 2X 4 H,0, X is
(a) ethane (b) ethylene '(c) butane (d) propane

The ether that undergoes electrophilic substitution reactions
is . 2
(a} CH,OC;H; {b) C,H,OCH;

{(d) C,H;OC,H,

molecular formula. This is dueto

(a) dipolar character of ethers

(b) alcohols having, resonance structures

(<) inter—molecul@r"hydrogen bonding in ethers
(d) inter-molecular hydrogen bonding in alcohols
Diethyl ether oft heating with conc. HI gives two moles of .
(a) ethanol - - (b} iodoform

(¢) ethyl iodide (d) methyl iodide
Methylphenyl ether can be obtained by reacting
(a) - phenolate ions and methyl iodide '
(b) methoxide ions and bromobenzene

{c) methanol and phenol

(d) bromo benzene and methyl bromide

. Thecleavage of an aryl-alkyl ether with cold HI gives :

(a) alkyliodide and water

(b) aryliodide and water

{c) allky!iodide, aryliodide and water
(d) phenol and alkyl iodide
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CHEMISTRY

42.

43.

44,

. ethanol

[n the reaction:-
CH,
Cliy --(le _CHj -0 - CHy - CHy + Hl—2e=td
Which of the following compounds will be formed?
(a) CHj —CH~CHj +CH3CH;OH ‘
éH :

(b) CHj--CH-CH,OH +CH3CH;

 d

CHs

(€ CHj - (|:H ~CH,OH +CH; —CHy -1
| CH,
(d) CH, —CH—CH, — 14+ CH;CH,OH
Consider the following reaction,
PBry g alcKOH .

(i) H>50,4 room temperature
{it) H5O, heat

Z;

the product Z is: '
(a) CH,CH,-0O-CH,-CH; (by CH; - (‘H2 0-504H
{c) CH,CH,0OH (d) CH,=CH,

1,COH - CH,OH on heating with periodic acid gives:

(fHO

“(a) 2HCOOL b

(a) (b) -
H~_

(c)2 C=0 (d) 2C0O,

H/
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45,

46.

47.

438.

49,

OH
{c)

ALCOHOLS, PHENOLS AND ETHERS

Consider the following reaction:

Zn dust CH;Cl
Phenol e

Alkaline KMnOy4

Z

The product Z is: :

{a) benzaldehyde (b) benzoic acid

{c) benzene {d) toluene

Which one of the following compounds has the most acidic

nature?
CH,OH OH
() ‘ b)
OH A

iexee

Among the following four compounds

(i) phenol (i) methylphenol

(ili) meta-nitrophenol (iv) para-nitrophenol

the acidity order is : ’

(a) ii»i=ili>iv (b} iv>iii>i>ii

(c) iii=iv>i>ii (d) i»iv>ii>ii

When glycerol is treated with excess of H, it produces:

(a) glyceroliriiodide {b) 2—iodopropane

(c) allyliodide {d) propene

Which of the following compounds can be used as antifreeze
in automabile radiators ?
(a) Methyl alcohol

(c) Witrophenol

(b) Glycol
(d) Ethylalcohol .
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SOLUTION

2

6.

(b}

(i}
(i)

(iit)

@)

(c)

(@)

(b)

(b)

®

)

Four primary alcohols of C;H | ,OH are possible. These
are:

CH;CH,CH,CH,CH,OH

CH4CH, — CH - CH,OH
B
CHy
CH,
: : Y
Cl_‘!g ~CH -~ CH,CH,0H (iv) CH; -C-CH,0OH
]
CH CH,
CH, .
AR - H
njc (fH oH
or
H;\ CH,
CH,

5% aqueous solution of phenol at room temperature is
called as carbolic acid.,

Glycols are dihydric alcohols (having two hydroxyl
aroups), Ethylene glycol is the first member of this series.

' CH, 01

CH,0H
(Ethylene glycol)

I
5 4 3 2 1
CHl;— CH-CHy - C- CHy
N !
OH

OH

2-methyl- 2, 4-pentanediol.
Greater the stability of the intermediate calbocatlon more
reactive is the alcohol. Since 2-methylpropan-2-of generates
3° carbocation, therefore, it reacts fastest with HBr. -

Secondary alcohols on oxidation give ketones.

. Note : — Primary alcohols form aldehydes.

(c)

[sopropyi
“aleehol

Primary a]cohol on oxidation give aldehyde which on
Turther oxidation give carboxylic acid whereas secondary
alcohols give ketone,

Ketone

SR EHEN
n=prapyl alcohal
CH;CH,cHo —2L, crsen,coon
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13.

‘14,

10. (b)

1. (b
12. ()
)]

A©)

15. @)
16. (@)

17. (©

HsC 01 HiC :
: \CH on 12 g
1,0 Hc/
lsopropy] alcohol Ketone
i
The compounds containing  CHs - (|3 OH or
R
i
CH; - C —R (R=H, alkyioraryl) give CHI, w1thl and
NaOH,

Conc. HCI, HBr and conc. HCI+ ZnCl, all are nucleophiles,
thus convert alcohols to alkyl halldes However, conc.
H,PO, is a good dehydrating agent which converts an
alcohol to an alkene.

NaBH, and LiAlH, attacks only carbonyl group and

reduce it into alcohol group.
CgHs —CH = CHCHO —2#8Ha

cinmamic aldehyde

CyHs — CH = CH.CH,OH

cinnamic alcohol .

CH,OH CH,1 CH,
{ I -
CHOH 3HI1 (l:Hl =liz » CH .H](exccssJ N
| ! |
CH,0H CH,1I CH, T
CH CH
] 3l | 3 CH3
cHI—2 5 cn—Hl, Ly,
| |
CH2I CHy |

All the compounds except {(C),
C{,.rzoll»CHI CH,OH are formed during reaction
of glycerol with excess HI.

Gilycerol is dehydrated by using dehydrating agent like

- PyO; or cone H,S0, or KHSO, but KHSO, fis best of

them.

Solubility of alcohol in water decreases with increase in

molecular mass due to increase in water repelling alkyl

part in alcohol.

Lucas test is used to distinguish between 1°,2% and 3

alcohols. Lucas reagent is anhy. ZnCl_ and HC].

3°aleohol + Lucas reagent ——» turbidity immediately

2% aleohol + Lucas reagent — turbidity after 5 minutes

1° alcohol + Luces reagent —— No turbidity at room
" temperature.
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CHEMISTRY

19.

20.

22.

23.

24,

(©)

{©)

- (b}

(©)

CH;
“ 18, (€) CHyCH,CHCH,OH <o
2—Methylbu-tanel - 13504
CH4 ' (|3H3
L+
CH;CH,CHCH , —Seaangement oy cH, —C-CH,
1° catbocation : ®

{ 3% carbocation )

—— CH;CH =C—-CHj4
2—Methylbut-2-ene
CH,CH,COCH,CH, has neither —COCH; nor
- CHOHCH3 it does not undergo iodoform test.
KaCrnOy

(,“1 -(_H"(\”J"_“__”_"} CH3R( (,”3
B30, I
OH
(A) 2-propunol acetone
—191, ‘cn,coom
acetic acid
CH;0H - Duidation ., HeooH —M» HCOONH,
(A) (B)
Because of larger (three per molecule) number of

intermolecular hydrogen bonding in case of glycerol
(CH,OH — CHOH - CH,OH ) as compared to ethanol

© (Cl,CH,0OH), the attraction betwéen motecules of

()

(d)

25, (o)

26.

(b)

glycerol is more than that of molecules of ethanol. Due
to this glycerol is more viscous than ethanol.

The intermediate is carbocation which is destabilised by
C = O group (present on a~carbon to the —OH group) in
the first three cases. [n (d), o~hydrogen is more acidic
which can be removed as water. Moreover, the positive
charge on the intermediate carbocatmn isrelatively away
fromthe C=0 group.

Among the given compounds only CH,OH does not
give iodoform reaction,

De Lo strong electron-donating effect of the oH eroup,
the electron density in phenol is much higher than that
in rofuene, benzene and chlorobenzene and hence phenol
is readily attacked by the electrophile.

Ol ONa
ZHCL,
+C H(l Ncl(_}rii
OMa ONa
. CH{OM), CHO
2MaH
~H, O ’
ldi].HCI

ClG

Reimer-Tiemann reaction.
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27. (@ With Br, water, phenol gives 2, 4, 6- tribromdphenol.

28,

29,

30.

31,

32,

33

34.

)
(©

(©

(@)

(@)
()

)

2CH;C0OO0C, Hs

H
Br.

+ 3Br, (excess) —E—:b +3HBr

" 2,4, 6-Tribromaphenol

CH,0H

+ HNO, —> © + N+ H,0

Perkin reaction involves reaction of aromatic aldehyde
with aliphatic acid anhydride in presence of sodium salt
of the same acid as anhydride to form «, B-unsaturated
acid.

CH,NH,

CgH;CHO +(CH,C0), 0 — a0,

C¢HsCH = CHCOOH + CH;COOH
Wurtz reaction involves the reaction of an alkyl halide
with metallic sodium in dry ether to form higher
hydrocarbon.

RX+2Na+ XR —"th R -R+2NaX

Cannizzaro reaction is given by aldehydes having no
o-hydrogen atom to form a mixture of alcohol and sodium
salt of the acid. It is a disproportionation reaction in
which half of the aldehyde molecules are oxidised and
other half reduced in presence of. NaOIl,

2C4H,CHO —M2H_, C4H5CH,O0H + CgH5COONa

Claisen reaction is the self condensation of esters
having a-hydrogen atom in presence of strong base to
form p-keto ester.

C,HsOH 1l
—Heona~> CH3CCH,CO0C, Hy

OH

© +7n —'ﬁ:» © + ZnQ
Phenaol
o

Phenol
(No reaction with NaHCO,)

Benzene

COOH
Salicyclic acid :

(evolves CO, with NaHCO,)

CsHsoNa = C2H51 —) C6H50C2H5 +NaI

Phenetole
Wllllamson s synthems -
CH; -CH; —ONa+Cl-CH, -CH; —
- ~CH, —~0O—-CH, - CH,

Reaction of sodium ethoxide with ethyl iodide to produce
diethyl ether is known as Williamson syathesis.

It is a nucleophilic substitution reaction and proceeds
via 5,2 mechanism.
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CHEMISTRY ALCOHOLS, PHENOLS AND ETHERS
46. (b) Phenol is most acidic because its conjugate base is
35. (@ CyHs~0-CoHs+0;— 5vc ’ stabilised due to resonance, while the rest three
B A compounds are alcohols, hence, their corrosponding
Ly~ OO == 5 conjugate bases do.not exhibit resonance
Red P /HI : - :
36, (@ C,H;0C,H; Cleavage of 2C,Hsl OH . OH
ethers ©\
47. () >
Red P/ HI
Reduction 2C,Hg ; NO
Ethane NG
37. (b)) Only alkyl aryl ethers e.g., CﬁlrISOCI-I3 undergoes :
electrophilic substitution reactions. {iv) (iii}
38, (d) Due to inter-molecular hydrogen bonding in alcohols (—Tand — M effects, (only -1 effect)
" botling point of alcohols is much higher than ether. both increase acldlty)
39. (©) CH0CH+2HI —25 2C,HJI+H,0 oH
: ' 3
40, (3) CqHEO™ +CHyl — CgH;OCH; +1- @ "
41, ) R=O-Ar+HI -—— Ar—OH + RI ® @
Aryl-alkyl ether -~ Phenol Alkyl jodide
Due to steric hinderance, smaller alkyl group is always (+ 1 effect of CH, group decreases ac:ldity)
gy 48. {b) Glycerol when treated with excess HI produces
attached to iodine, 2-iod
42. (¢) Inthe cleavage of mixed ethers havingtwo different alkyl SO : _
groups, the alcohol and alky! iodide that form depend on (!:HZOH CH,i |CH2
the nature of alkyl group. When primary or secondary i
alkyl groups are present, it is the lower alkyl group that (|3HOH+3HI 2 (I:Hl _ 4 (|:H
“forms alkyl iodide therefore CH,O0H CH,I . CH,1
CH; - CH—CH, -0—CH, —CH, +HI —2 5 :
e o gh
3 +HI ?HI oy (|:H[
I '
(fH3 CHpl CH, CH;
CH, ‘CH—CH20H+CH3CH21' 49, ® Glycol is used as an antifreeze in automobiles. -
43. (¢) CH,CH,OH—2%5CH,CH, Brﬂ}i—n-CHz =CH
' H,S0,
CH3CH20He—H20—CH3—CH2—HSO4 _
44. (c) 1, 2 — Diols, when treated with an aqueous solutlon of
- periodic acid gwe aldehyde
CH,OH - yip
[ ——%5 CH,0+CH,0
- CH,OH "
Note that a 1° alcohol gives CH,O. Since in glycol both
the OH groups, are primary hence give 2 molecules of
CH;0 as by product. :
- ol . 2
45. () D @ = ES
anhy
Phenol X et
CH, . COOH
alc.
Y B
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