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ALCOHOLS
HENOLS
ETHER Hcay gt

C
P

Aliphatic hﬁrtxy derivatives
(I Aliphatic hydroxy derivatives :
Hydroxy derivatives in which —OH is di
(IT) Aromatic hydroxy derivatives :
Hydroxy derivatives in which —OH
Q Aliphatic hydroxy derivatiye

(a) Classification according
(i) Monohydric

(i) Dlhydrlc&—OH] —
| |

o1 O OH

hydric [n ~OH] —_— O CH

I I
OH OH

(b%ssification according to nature of carbon :
(i) p or 1 - alcohol ——— CH,;CH, - OH

(ii) s or 2 - alcohol ——— (CH,),CH - OH
(i) tor 3 - alcohol ——— (CH,),C - OH
a Structure of alcohol :

Alcohols are bent molecules. The carbon atom (linked with
'O' atom of -OH group) is sp® hybridised. The central 'O
atom is also in sp® state of hybridisation. The bond angle is
108.5° . In sp® hybridisation of O - 252,2px2 2pyl 2pz1
orbitals hybridised to form sp?® orbitals
o ~ 1] 1]
| 2s 2p, 2p, 2p|
sp’ hybridisation

In these four orbitals two containing one electron

each and two containing two electrons each.
Orbitals containing two electrons do not take part
in bonding. Other two half filled orbitals form o
bond with s-orbitals of H -atom and hybridised
orbital of C-atom (O—C).

Due to lone pair effect the bond angle of

tetrahedral oxygen atom is lesser than normal
tetrahedral structure (109928").

(iiii) Trihy% [three -OH] —— AH—a+—a,
I I I

B

Aromatic hydroxy derivatives

@ed to sp® C (Alcoholic compounds).

directly attached to sp? C or benzene ring (Phenolic compounds).

T
OH
2 ,:0;
-Q
w7 7 &
XK 108.5 (s\
HC , H1ls
sp
Structure of H,OH

H atom
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MONOHYDRIC ALCOHOL

Qa General methods of preparation :
(a) From alkanes (By oxidation) :

(CHy); C—H L‘Mﬂoa, (CH,); C5 V

(b) From alkenes :
(i) By hydration : Q~
CH,—CH==CH, \
(ii) By hydroboratlon o dat@

CH,;—CH= 202 ) G‘L—G—L—la—lz (1 alcohol)
OH
(iii) By oxymer demercuration
(1Hg(OAc)p H,0 ., COH—CH—OH
(i)NaBH, ,HO® = | =
OH
(c) From yl alides (By hydrolysis) :
Aq. KOH
CH3;—CH,—Cl Mo Ag0 CH,CH,—OH
d Frém carbonyl compounds (By reduction) :

sC=0 Reducing agent SCH—OH
E P R

Reducing agents may be,
LiAlH4/H®, NaBH‘,/HGB
Na + EtOH [Bouveault-blanc Reduction]
NaH [Darzen reduction]

Ni/H,
R—CHO — R—CH,—OH
R—C—R — R—CH—R
‘ I
e} OH
G—L—?—O—L L:—':*> ?
e}
L 2 Mechanism :
H H
A/—\Ho | ] |
aH cuz—o-{—a G—l—(ﬁ—(]—l,—)(]—l (l:—
(e) ‘o OH
oD
_ H
@) LiAIH,
P
oE NP
D
NaBD,
H
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CH,—CH=CH-CHO —*— CH,—CH=CH—CH,—OH

Crotonaldehyde

LiAIH,

Ph—CH=CH—-CHO 1O on- Ph-—-(w —CH,—OH
/OH
Cinnamaldehyde
(e) From ethers :
R—O—R diLH,S0, —OH
CH,—O—CH,CH, _ diH,50; . C OH + CH,CH,—OH

+

(f) From acid and derivatives(By ion) :
R—COOH R—CH,—OH + H,O0

Qo)

R—c—Q N R—CH,—OH + HCI
o
LiAIH
R—C5 — R—CH,—OH + R—OH
(H:—o—(":—oa% R—CH,—OH + R—CH,—OH
o O

LiAIH
R—kh:—l\l—lz — e R—CH,—NH, +H,O
O

(g) From esters (By hydrolysis) :
(i) By alkaline hydrolysis :
R—C—CR — R—C—Oha + R—OH
O O
(ii) By acidic hydrolysis :

@

R—C—OR 2 R—C—OH+ R—OH
" H,O(excess) "
(@] O
18 Hy0 18
Cl—{,—%?— OCH, _— C]—l,—(":_d—l + CHOH
O (@]

This reaction is reversible reaction and it's order is 1 and it is also called Pseudo-Unimolecular reaction.
(h) From p-amines :

NaNO, +HCl
R—NH, —’m HNO, R—OH + N, + H,0
CH,CH,—NH, —HNO; , CH4CH,—OH + N, + H,0
* Mechanism
NaNO, +HCl e @ e
CH,CH, — NH, —~——=""- 3 CH,CH, — N Cl—/> CH, CH, +N:+Cl

(Unstable)

I I-\ IZ 1° e
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS



\ I: I: Since 2001... ﬁ EM H sTRV
— ALCOH
STUDY CIRCLE PH

ACCENTS EDUCATIONAL PROMOTERS

(]
OH
— CHAH— OH [mgjor]
(€]
. <, aHa—A
a1ail— o

O N0, - \/
@
e = |

Ex. CH,CH,CH,—NH, NaNO, +HCl :

Sol. Mechanism : !

CH,CH,CH,—NH

Inter mediate is carbocation so rearrangemff\ e possible.

2 +HO CH,CH,CH,— N, O —> CH,CH, CH
=t |
« CI—IJ—(l;‘:—l—CI—I;—— H—CH—CH,
% O
[Exception :  CH, — NH, —"N% ,CH, — O — CH, |

om Grignard reagent :

p-alcohol :
R—Mg—X + [0] —> R—O—MgX — "0 , R—_OH
[Same C-p-alcohol]
i i
-6 +8
R—Mg—X+ H—(I:—H—> H—(IZ—H—H-‘O—> H—(I:—H
OvVg—x O [one C more p-alcohdl]
/’\ R R
-8 40 ] HLO I
R—Mg—X+ (H,—OH,—— H— c|1—l — S H— (I:H
Vv
O OMgX OH
[two C more p-alocohdl]
(ii) s-alcohol :
T T
R—Mg—X+ R—C—H——> R—(I:—H% R—(I:—H
O OMgX OH
R

|
R—Mg—X+ H—(":—OR——> H—({IZ—R —R= I—I—([:—R

O O CH

I \ I- I s a 2001
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(iii) t-alcohol :

R R
R—Mg—X+ R—C—R——> R—(I:—R e —clt—R
S v &
oY
R—Mg—X+ R—("_'I—CR—> _Hdo R—(IIZ—R
O \ OH
Q Physical properties : Q
(i) C, to C,; are colourless liquids and alcohols are solids.

(ii) Density of monohydric al js less than H,O.

(iii) Density o¢ mol. wt. ohydric alcohol).
(iv) Solubility : C, Q utyl alcohol is completely soluble in H,O due to H-bonding.
ubi

1
| oc No. of side chainsc oC .
molecular weight
Orde%lubility :
e > C,H,,OH >

H,CH,CH,CH,0H <

C]ﬂ_‘CIﬂzCIJ*l—Gﬂ < CH_,—<I3—OH

cl—ch(I:H <
OH OH OH

[Number of —OH increases, H-bonding increases]

C,H,,O0H

aH— cI:H— (IZ.‘HZ b

(v) Boiling points : B.P. ««¢ molecular weignt

If molecular wt. is same then B.P.oc I S
branching
Order of BP : C,H,OH < C,H,,OH < CgH,;0H
H,
CH,CH,CH,CH,0OH > CHHO+—0OH > C]—I_,—(IZ—CH
& &

G_LG_L(I:I_[Z <
O

aH— (|:H— ?—t < <|J-L— <|3H—<|2H
OH OH

[Number of OH increases, H-bonding increases]

Ex. Boiling point of alcohol is more than corresponding ether. Why ?

Sol. Reason : H-bonding in alcohol.

O—lll O—III
R R

O—H —— - O—H ——

I I
R R

AEP e
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Sol. Reason : Dimer formation in carboxylic acid.

a Chemical properties :

(B) Reaction involving cleavage of (-

(C) Reaction involving complete moledule of

CH,—OH > CH,CH
(i) Acidic nature :
H,O > 0]

Alcohols E&N -

R—ONa + §=C=§ ——

\g

(iii) Alkylation:

R—OH CH,N, /a
R—OH _Na_ R—ONa

(iv) Acylation :
R— O+ O—%—R I
O

R—OH+AQ—C—aH,——

OH
@m CH,COClI

Salicylic acid

|
(A) Reaction involving cleavage of Ot[—]: Reactivity order (Acidic nature) is

CH=CH

R—OH + K ——» R—OK +
1) ction with CS, :
R—OH + Na —

Ex. Boiling point of alcohol is less than corresponding carboxylic acid. Why ?

Monohydric alcohol show following reactions O
(A)  Reaction involving cleavage of O+ H Q

lcohol

AEMISTRY
ALCOHOLS
PHENOLS
ETHER
(CH,),CH—OH >  (CH,),C—OH

> NH, (Acidic strength)

than H,O and neutral for litmus paper and gives H, with active metals (Na, K)

1
R—ONa + - H,

1
H,y

1
R—ONa + — H,

R—O—'%—S—Na

S

Sodium alkyl xanthate (Used as floating agent)

R—O—CH,—H

_RX . R—O-R
(Williamson synthesis)
R—O—C—R
([\)
(Acylation)
R—O—C—,
g)

(Acetylation)

O—C—R

G

Acetoxy benzoic acid
Acetyl salicylic acid
Aspirin [Used as analgesic)

I-\ I 1° e
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(v) Benzoylation : (Schotten Baumann's Reaction) :
R—G—HO—%—Ph — R—O—
(@] (@)

( M
(vi) Esterification : Conc. H,SO, is used as c gﬂehydrating agent.

R—C—OH+R—OH

i
; Q
$ Mechanism :
H,SO, —— H"+ HSO%

R—ﬁ:—.Q—H 6@ R—ﬁ—O—H

o) OH
& :
OH OH OH “oH
| | o I I
R—QH = R—C-OH=— R—(lzt?Hz‘:* R—(lfB <—>R—c|: — R-C—OR

II
G OR OR OR e}

Nk

NV% a laboratory method to prepare ester.

Example : CHi— i:— OH+H-OCH, __cone Hi50, | oH—C— OCH, + HO
I '
0] (e)

18 conc. H,SO, =
Example : ph— (":—G—l+ H—OCH, ———— Ph—C—OCH,+ HO
I .

O O

Dry HCI can be used as dehydrating agent.

Example : G—L— i:_d—l*‘ H_(x:zl_l-, ﬂﬂﬁ G_I,_ C— anH, e Hzo
O O

1
Steric hinderence

(ii) Reactivity of R - OH [If acid is same] : CH; - OH > 1 > 2 > 3 alcohol
(iii)  Reactivity of RCOOH [If alcohol is same] :

(i) Reactivity for esterification oc

i
H—CHZ—OH # O—L—CH:—OH> H—aH+—C—CH 2 G—L—Cll—C"I—OH
| [
(@) (0] H, O aio

: ) Sinca 2001
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(vii) Reaction with CH=CH :

OCH
— BF, /HgO 3
CH=CH + 2CH,—OH —AL e *‘G_Koo—{_,
V Methylal
OCH,
- B 3
CH= CH + 2CH,CH,— OH G-LO-KOCZH)
\ Ethylal
(viii) Reaction with carbonyl comp@
OR
R—CHO + 2R—OH § _»* , R—a¥K
OR
Acetal
R OR
R—C—ﬁ+§—d—l i F?c
<C}?
Ketal
O + 2CH,—OH _#° aHaK ?
%' $ ? OCH,
Methylal
X ction with Grignard reagent :
R—Mg—X + H-OR _H4° | R—H+ Ivg<x
OR
(x) Reaction with Ketene : Ketene is used as acetylating agent.
OR OR

|
= H—C=0

CH,=C=0 + R-OH —— H1—=C—
<|ch1—1, IOCJ-l
CH,=C=0 + C,H—OH —— H~C—O0H —— a1, C=0
Ethylacetate
Reaction with isocyanic acid : Ethyl urethane is used in preparation of urea
NH=C =0 + H-OC,H, —— NH=C—OH— NH—C=0
Ethyl urethane

(xi)

(xii) Reaction with oxirane :

OR
o
R— OH + G\—L—/G—L ——_)G_L_(l}L
o OH
1
(B) Reaction involving cleavage of C—+ OH: Reactivity order or basic nature is
CH,—OH < CH,CH,—OH < (CH,),CH-OH < (CH,); C—OH

' ALEP
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(i) Reaction with halogen acid :

ZnCl,

R—CH,—OH + HCl —%& 5 R—CH,—Cl +
R,CH—OH + HCl —#f+ R,CH-Cl + H,0
20 alcohol V

| Reactivity of the acid

> HCI > HF

(ii)

Reaction with inorganic acids :

R—OH+H—O—N=0 6\R_O_N=O+ HO
{ ) )

O
Nitric a

R—OH + @

(iii)
+ PCl
(iv)

R—OH + SOCl,

Reaction with NH,

Reaction w hosphorous halides :
3R + PCl; —— 3RCI

-

5
cti;%th thionyl chloride (SOCI,) :

Pyridine

O

Alkyl nitrate
R—HSO, + H,O
Alkyl hydrogen sulphate

ey

+ H,PO,

R—Cl + POCl, + HCI

R—Cl + SO, T+ HCI

(gas)

: Alumina (Al,O,) is used as dehydrating agent.

Al,O

R—OH + HINH,

(vi)

Reaction with halogens :

R—NH, + H,O

250°C 2

Oxidation and chlorination takes place simultaneously.

CH,CH,OH + Cl,(dry) ——> CH,CHO + 2HCI (Oxidation)
CH,CHO + 3Cl, - — CCl,CHO + 3HCI (chlorination)
chloral
(C) Reaction involving complete molecule of alcohol :
(i) Dehydration : Removal of H,0 by two type
(a) Intermolecularly removal of H,O [form ether]
(b) Intramolecularly removal of H,O [form alkene]
oc
—————> (CH), SO,
CH OH + HSO, 10C€ __,  CHHSO,
( ) 0L . CH—O—CH, (Williorson's synthesis)
0% _» H~H, Birriration)
250 C
CHOH+ALO, —— * CHTO0-CH
(Alumina) L3¢ AH=H,
Ease of dehydration follow the order : 3 ROH > 2 ROH > 1 ROH > CH,;OH
IIT-NEET-CHEMISTRY, \ 1= 1° o
2 S T ubDy C [ RCLE
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(ii) Catalytic Dehydrogenation : This reaction is useful in distinction of 1, 2 and 3 alcohols.

C
CH,CH,OH —4— CH,CHO + H,
(p- alcohol ) (Acetaldehyde) %
H—H—H, —c— O C— &g+

| 300°C i (V
OH
(s- alcohol) (a 0
% "
Q_I.a_ (I:_G_l 3()COL:C —G_L + HAO [de}m‘ahon]
a,
(t. alcohdl)
(iii) Oxidation : This useful in distinction of 1, 2 and 3 alcohols.
H®/KMnO,or [0
R_« H“’/KZCr24O7 RCHO Room tlemp. RCOOH
p- ho (same carbon acid)
H(B (e} No :
R—(H—R -HMO o, R—C—R—— Roomtem reaction
| H? K,0r,0, I
OH O high terp. .
(s-alcodhaol) (same carban) > Adids (less carbon)
R
| o No .
R_(l:_R '——’te'rp. reaction
OH -
(t-alcohal) LI 5 Acids (less carbon)
G—ICI—IZ—(]]—I—G—Q%) c:—lJCJi—(Il:—CHs —©5  CH,COOH + CH,COOH
OH O

Carbonyl group goes with smaller alkyl group
(iv) Reaction with phosporous pentasulphide :
R—OH + P,S, —_— R—SH + P,O,
Thio alcohol
(v) Reaction with salts :

— 2%, 3:80,. 2aHOH

CHOH S, @Q,. 4CHOH
Mo,
% Mg, . 6GHOH

(vi) Distinction between 1, 2 and 3 alcohols :
(a) Lucas test : A mixture of HCl(conc.) and anhydrous ZnCl, is called Lucas reagent.

p-alcohol _ ZnCly+HEL No turbidity at room temp. [On heating within 30 minutes.]
s-alcohol _ ZnCl<HCOL Turbidity appears within 5 minutes.
t-alcohol _InClg+hal . Turbidity appears within 1 minute.

I I-\ I 12 e
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(b) Victor - Meyer test : This is colour test for alcohol (pri. sec. & tert.) .
p-alcohol — Red colour

s-alcohol _— Blue colour
t-alcohol ——— No colour
R—CH,—OH [1] R,CH—OH [2 ] V R,C—OH [3 ]
J'P+ 1, Jlﬂ L, O P+l
R—CH,—I R2CHI\Q R,C—I

« R,C—NO, No reaction
|
=0

NaOH
Jv
Insoluble (Blue) Colourless (White)
w ichromate test :
@ ¥e
1 Alcohol LCZZ” Acid + Cr*3
orange [Cr™ ]
[green)
H® /K, Cr,0,
2 Alcohol m’ Ketone + Cr*3
[green]
H? /K, Cr, 04
3 Alcohol m” No oxidation, No green
(viii) Test of alcholic group :
1
R—OH —Na R—ONa + EHZ
[effervesence of H,]
R—OH PG R—CI + F‘OCI3 + HCl __NHs o NH4C1
[White fumes]
R_OH Cerric ammonium nitrate > Red CO]OUY
(ix) Distinction between CH3 - OH and C,H,OH
CH,OH CH,CH,OH
B.P. 65 C 78 C
I, + NaOH No ppt Yellow ppt of CHI,
Cu/300 C Smell of formalin [HCHO] No smell
Salicylic acid Smell of oil of wintergreen No smell

, \ E P ez
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OH
aL,0H @»OOOH, ( ' iclate
OH

OH
@m ; Ph—OH > gliqdate

@ dl (Intemal antiseptic)
O—
Aspirin
m—"’ (1“31961(:)
Q Additional reactions : !
(a) Oxidation by HIO, [ iodic®acid] :
(IJ—L%cl:Hz s — OH + HO—CH, —2%% 5 HCHO + HCHO
' | I
OH o& OH OH

Y HIO , o ?—HHO—(lj—l—G—HHO—Clj—I — 310, HCHO+HCOOH+HCHO

o1 OH OH

L ion for oxidation by HIO, :
% least 2 —OH or 2 >C=0 or 1 —OH and 1 >C=0 should be at adjacent carbons.

?‘L

. . "

Example : G‘l—?ﬂ*ClH*(I?—CH —200, HOHO + HOOOH + CH—C—CH,
OH OH OH

I
Example : G—lj—?l:—cl}l—G-L—C—Hi) CH,C00H + CHO—OH,—CHO
O OH
Example
(@]
P I -HO QOOH
oH + HO—C—OH—— +HO+ GO,

HO—Q OH HOO) HO—G1L "o
(b) Pinacole - Pinacolone Rearrangement

(l}l.;(l}l., (I}L

G—i‘_?_(lz_o—l’ LHSQ) G—l,—C—?—G—L
OH OH O i,
Pinacole Pinacolone

I \ SI a 2001...
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Mechanism

AROMATIC HYDROXY DERIVATIVES

Qa Phenolic compounds

Compounds in whi oup is directly attached to sp?c [Benzene ring]
OH

o o

Phenol o-cresol Salicylic acid
OH OH T
SO
e OH
catechol resorcinol quinol

All phenolic compounds give characteristic colour with neutral FeCl,.

Ph—OH __neutralFeCly . Violet colour
CH,CH,—OH —neutral FeCl; No colour

PHENOL (C,H,OH)

Phenol is also known as carbolic acid or Benzenol or hydroxy benzene.In phenol —OH group is attached with
sp? hybridised carbon.lt was discovered by Runge in the middle oil fraction of coaltar distillation and named it

carbolic acid (carbo = coal; oleum = oil) .It is also present in traces in human urine.
a General Methods of preparation :
(1) From benzene sulphonic acid :
When sodium salt of benzene sulphonic acid is fused with NaOH phenol is obtained.
C,H,SO,Na + NaOH ——— C,H,OH + Na,SO,
(2) From benzene diazonium chloride :

When benzene diazonium chloride solution is warmed, phenol is obtained with evolution of nitrogen.

NQa OH

(Steam distilled) H, O .
) ; @ “ N, + HOl

O _
| Alz 12 s
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(3)

(4)

(5)

(6)

=
)
=]
s
=<

mmQ
=2

By distilling a phenolic acid with sodalime (decarboxylation):

CH

OH
©/ QO0H NaOH +CaO + Na2C03

From Grignard reagent : (The Grignard reagen Qwith oxygen and subsequent hydrolysis by acid
\ N
H,0) , C,H.OH + M<

Salicylic acid

yields phenol)

C,HMgBr 0 _, C.H,OMgBr
From benzene : \
VZ 5

@ N [O]& 00°C
From chlo@ene :
Aq. NaOH

Cl —Aq.NaOH
able by resonance

—ClI Aq. NaOH
_—

Aqg. NaOH
—_ _—
i Ph—Cl 300°C

(7)

Order of NSR :

a

Aq. NeOH
300C

OH

©

Industrial preparation of phenol:

O

cH

No NSR at normal condition

R—OH [NSR]

Ph—ONa

§ . &m Gmondn

mex. -1, -M
min ed Ag. NeOH
min. ESR o5 C

mex. NSR
O
NQZ@/NOZ
NO,

2, 4, 6-Trinitrophendl (Picric acid)

Phenol can be prepared commercially by :

(a) Middle oil fraction of coaltar distillation

(b) Cumene
(c) Raschig process

(d) Dow's process

AEP =
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(a) Middle oil fraction of coaltar:

Coaltar —:—;ac“ﬁlf"-—» Midde ail (170-230)
x l(Pha‘lol cresols, Na ene;
CDF{/,
v
Naphthalene
(Sdlid aystals separate out) \ NaOH (cil.)
QC,H,ONa

l Q0O,/H,0 or sulphuric add

GHOH+ Na, OO,
(b) From cumene @zene) : Cumene is oxidised with oxygen into cumene hydroperoxide in
alyst.

presence of This is decomposed by dil. H,SO, into phenol and acetone.
O—OH
(]—l< /& |
aa), OH
o) H,S0, .H,0 +H—C—OH,
130°C @ Hz /100°C @ I
(@]
Gumene hydroperoxide
(c aschig process : Chlorobenzene is formed by the interaction of benzene, HCI and air at 300° C in

presence of catalyst CuCl, + FeCl,. It is hydrolysed by superheated steam at 425° C to form phenol and

HCI.
1 u el
CeHg + HCl + =0, S CH.Cl + H,0
C,H,Cl + H,0 __azs’c C,H,OH + HCI

(super heated steam)

(d) Dow process : This process involves alkaline hydrolysis of chloro benzene-(large quantities of phenol

formed).
OH
Cu— Fe
C¢HsCl + NaOH  ~3op0¢c ©+ NaCl
Q Physical properties :
(i) Phenol is a colourless, hygroscopic crystalline solid.
(ii) It attains pink colour on exposure to air and light. (slow oxidation)

Phenoquinone(pink colour)

(iii) It is poisonous in nature but acts as antiseptic and disinfectant.

(iv)  Phenol is slightly soluble in water , readily soluble in organic solvents.

(v) Solublity of phenol in water is much lower than alcohols because of larger hydrocarbon part in the
molecule.

(vi)  Due to intermolecular H-Bonding, phenol has relatively high boiling point than the corresponding
hydrocarbons, aryl halides etc. but intermolecular H-bonding in o-derivatives is used in the preparation
of dyes, drugs, bakelite and it's melting point (MP) is 43 C and boiling point (BP) is 182 C .
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Q Chemical Properties :
(A) Reactions due to -OH group :

* Acidic Nature : Phenol is a weak acid. The acidic nature no] due to formation of stable phenoxide

ion in solution. The phenoxide ion is stable due to regonance® e negative charge is spread through out
the benzene ring which is stabilising factor i e xide ion. Electron withdrawing groups
(-NO,, -Cl) increase the acidity of phenol while eledron releasing groups (-CH, etc.) decrease the

acidity of phenol.

©
C,H,OoH ——= CH;0 \

Phenol is stronger acid than alcoh@ls but@weaker than the carboxylic acids and even carbonic acid
The acidic nature of phenol islobserved in the following:
(i) Phenol changes blue litmas d.

s react with phenol.

(ii) Highly electro positi @
2CH,0H + 2C¢H,ONa + H,
(iii)  Phenol rez& ng alkalies to form phenoxides.

PH+NaOH CGHSSI?la+HZO
(iv) ever phenol does not decompose Na,CO,; or NaHCO, because phenol is weaker than carbonic acid.
C¢H;OH + Na,CO, or NaHCO, e No reaction
Ph—OH + NaHCO; =— Ph—ONa + H,CO,

?\ Acid-1 Base-l Base-II Acid-II
Addl <  Addl

B I & B II} Reaction in reverse direction.
(v) Phenol does not react with NaHCOS.

a—(,—cll:—a—l +  NaHCO, & G—I,—%—C]\Ia +  H,CO, [H,0 + CO,M

(@) O

Acid-I Base-I Base-II Acid-II
AcidH > Add-l L. .
B I > B II} Reaction in forward direction.

(vi)  Acetic acid reacts with NaHCO, and gives effervesence of CO,.

* Reaction with PCI; : Phenol reacts with PCl; to form chloro benzene. The yield of chlorobenzene is
poor and mainly triphenyl phosphate is formed.

CH,OH + PCly, ——> C¢H,Cl + POCI, + HCI
3C,H,OH + POCl, ey (C¢Hg);,PO, + 3HCI

L 2 Reaction with Zn dust: When phenol is distilled with zinc dust benzene is obtained.
C¢H,OH + Zn > C¢Hg + ZnO

CH—OH
Ex. @/ _Z_n_) ?

Sol. No reaction

: : Sinea 2001
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mmo

-2

oV
-
7))

N - ¢
P Qg}’
. Do O

Zn ? !
Sol. No reaction
= @OH &

Sol.

eaction with NH,4( Bucherer reaction): Phenol reacts with NH, in presence of anhydrous ZnCl,

form aniline.

C H OH + NH AnhydrousZnClzor;(f;l(l)'lC)zSO /NH,150°C > C H NH + H O

L Reaction with FeCl,: Phenol gives violet colouration with FeCl, solution (neutral) due to formation of a
complex.
C(H,OH + FeCl;, ——> Voilet colour

This reaction is used to differentiate phenol from alcohols.

L 2 Acetylation (Schotten-Baumann reaction) : Phenol reacts with acid chlorides or acid anhydrides in

alkali solution to form phenyl esters.

CH,OH + CICOCH, —— QI—L,O—CH:—G—L

HCl
(@]
CHCHI=O=GH, == CHO—CHZ GH,
(@)
L Ether formation (Alkylation) : Phenol reacts with alkyl halides in alkali solution to form phenyl ethers.

(Williamson's  synthesis)

C¢H;OH + NaOH —alkalisolution _ C H.ONa ——hx—> C.H;OR

Sodium phenoxide
C¢H,OH + CH,N, —_ C,H,OCH, + N, T

¢  Reaction with P,S, : 5C,H,OH + P,S, —A,  5CHSH + P,0,

I \ I- I sn a 2001...
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(B) Reaction of Benzene Ring : The —OH group is ortho and para directing. It activates the benzene nucleus.
* Halogenation : Phenol reacts with bromine in CCl, to form mixture of o-and p-bromo phenol.

OH OH

OH
@ + Br2 CHCI.()J(:EISQ;,“(‘):CHCI,‘ > @
Br
Phenol reacts with bromine water to fo hite ppt. of 2,4,6 tribromo phenol.
C) OH
OH Br Br
@ + 3Br, 0 + 3HBr

Br

* Nitration : Phegol redgts%vith dil. HNO, at 0 -10 C to form o- and p- nitro phenols.

NO, (10%)

hen phenol is treated with nitrating mixture to form 2,4,6- trinitro phenol (picric acid)

Q OH
OH NO; NO,
@ % [2, 4, 6-Trinitrophenol (Picric acid))
NO

2
* Sulphonation: Phenol reacts with fuming H,SO, to form o-and p-hydydroxy benzene sulphonic acid
at different temperatures.

OH
SOH
25C 3
- —ze, (o)
@ + conc. H,SO, —— OH

100 C

SOH
* Friedel-Craft's reaction : Phenol when treated with methyl chloride in presence of anhydrous AICI,
p-cresol is main product.

oH -
@ + CH,Cl  __AnhydrousAlcly @G‘* .

o-cresol p-cresol

I I-\ 1= 1° oo
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OH
OH QOCH, "
+ CH,COCI Anhydrous AICl;
QOCH,
W p — hydraxy acetophenone
* Gattermann aldehyde synthesis : When phenolis tr
n

ted with liquid HCN and HCI gas in presence

of anhydrous AICI, yields mainly p- hydr yde (formylation)
HCI + HCN __ACl; \ CHCI
OH Q]—l OH
H,0
@ * HN=CH%"£E—¢ —,

GF—=NH a0
* Riemer-Tiem readkion : Phenol on refluxing with chloroform and NaOH (aqueous) followed by
acid hydro, vi ~hydroxy benzaldehyde. When CCl, is used salicylic acid is formed.

% aa OH ONa N OH
rrred ) QIS ) G- )
SOC Nk o) aq, a0 g a0

Salicialdetyde

; . OH ON\a N OH
GOCNaéH( ) @[ @[ :0 @(
o al, aoOoNa - QOOH
Salioflic add
Mechanism : CCl, is neutral attacking electrophile (formed by o,o— elimination reaction)

CcHcl, —%H 5 .ccl,

C@ S o o
] o A
HP aq, —
Q2 G =B
OH g e o
G Grogin ot
-HO OH a

2 Kolbe 's Schmidt reaction : This involves the reaction of C.H.ONa with CO,, at 140° C followed by
acid hydrolysis salicylic acid is formed followed.

=) ]
ONg OCOONE” OoH OH
oo o ¢ S oo, QOOH
¢  6atm pressure HO
Sodium pheryl carbonate  Sodium salicylate Salicic acd
- AP
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2

Hydrogenation: Phenol when hydrogenated in presence of Ni at 150-200°C forms cyclohexanol.

OH

R

Gud
(

Fries rearrangement reaction : \
C,H,OH + CH,COCI A“*‘Vdmusg C,H,OCOCH,

A OH
CH. % aoarH,
o R W ey
100°C

ff 's reaction: This method gives only the o-compound which is hindered by the presence of a -I

p in the ring.
OH OH OH
=N aio
© ann 2=, OF T e, (oY
Boric acid
Hexamethylene tetrarmine addified with HSO,

and steam distilled (1520 O

Coupling reactions: Phenol couples with benzene diazonium chloride in presence of an alkaline
solution to form a dye (p- hydroxy azobenzene) red only.

@ o @-at 52 DD
pHydraxy azobernzene (Orange dye or Red dye)

Phenol couples with phthalic anhydride in presence of conc. H,SO, to form a dye (phenolphthalien)

used as an indicator.

o)
T o &3
o—=C c==OH-@—OH _ny, <
+
D

Phenol (2 noleaules) Phenolphthalien (Coaurless in addic
medium and pink in alkaline mediuim)

Lederer Manasse (Condensation with formaldehyde) : Phenol condenses with HCHO (excess) in
presence of NaOH or weak acid (H") to form a polymer known as bakelite (aresin).
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S - E8

(40%)
with HGHO

Ho@ o
H, H,
OH

CH H,

Pdymer bakehte (Phenol formaldehyde resin)

L Lelberma reaction : When phenol is reacted with NaNO, and conc. H,SO, it gives a
e colour which changes to red on dilution with water. When made alkaline with NaOH

deep
ongm% or blue colour is restrored.
is reaatigfl is used as a test of phenol.

NO, + H,80, —— 2HNO, + Na,SO,

_HoNo %G‘een phenot25 Red MM, Bue Scdium
" or blue cdlour Indophend Salt (original
H ion green or blue
oolour is restored)
* Reaction with acetone: (Condensation with acetone)
OH OH OH
con. HAO
-HO
H H aH—~C—H,
(@] Bis - Phend-A

i 5 .
H—C—H, PP Isopropylidene diphend

@ Oxidation:

i, O=<:>=O+ HO  pBenzo quionone (Red)

aoq,
OH QOOH
® H——OH
@ © L 715012 S Meso tartaric acid
H—1—OH
(Phenol)
| KSO/KOH
HO-@—OH (Quind)

(Elb's persulphate reaction)
1, 4 — Dihydroxy benzene
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Q Test of Phenol :
(i) Phenol turns blue litmus to red.
(ii) Ageous solution of phenol gives a violet colour with a drg# ofgferric chloride.

(iii) Phenol gives Lieber mann 's nitroso test.

. NaNO, .
Phenol in conc. H,SO, ~oess of water > Red golour OH excess Blue colour

tribromophenol with bromine water.

(iv) Aqeous solution of phenol gives a white

(v) Phenol combines with phthalic anhydrix

gives pink colour with alkali.
(vi)  With ammonia and sodium hypoc ite 4/ phenol gives blue colour.

resence of conc. H,SO, to form phenolphthalein which

Q Differences between phenol andfalcohol (C,H,OH) :
(i) Phenol is more acidic alipMgtic alcohol due to resonance in phenoxide ion.
(ii) Phenol gives viole c@h FeCl, while aliphatic alcohol does not give.
(iii)  Phenol gives trgphen sphate with PCl; while aliphatic alcohol gives alkyl chloride.
(iv)  Phenol ha en our whereas alcohol has pleasent odour.
(v) Pheno oxidtion gives quinone while alcohol gives aldehyde or ketone and acids.
Q Uses of Ph : JPhenol is used :
(a) n antiseptic in soaps and lotions. "Dettol" (2,4-Dichloro-3,5-dimethyl phenol)
( manufacture of azodyes, phenolphthalein , picric acid (explosive), cyclohexanol (Solvent for rubber),

tics (bakelite) etc.

In manufacture of drugs like aspirin salol, phenacetin etc.
(d) As preservative for ink.
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ETHER

R—O—R (Dialkyl ether), alkoxy alkane. It's General formula i H, . ,0
CH,—0O—CH,CH, (Methoxy ethane) or ethyl methyl ether o butane
Ether is monoalkyl derivative of R-OH and dialkyl denv

R—OH ... T R—0O—R H O—H

+R
\

(b) Mixed or unsymmetrical ether e.gfR-O-

Structure :
: O: sp hybridi The molecule of ether is bent due to lone pair of electron on oxygen

atom- bond electron repulsion. The bond angle is 110°. It is greater

than that of water 105° due to the repulsion between bulky alkyl groups.
bond o . s

Due to bent structure, it posses dipole moment and hence are polar

Classification : They may be classified as :

(a) Simple or symmetrical ether. e.g.

molecules.

Q General M
(A) From alkyl
(i) @ Williamson's synthesis

reparation :

R—X + Na—O-—R - R—O—R + NaX [SNz Reaction]
w ple : CH,—I + C,H, O" Na’" ——> CH,—CH,0—CH, + Nal
Mechanism : [SNz Reaction]

o
CHONY =— CH+ Ny

H H H H
NS ” \/ - -
CﬁM U—‘% CHO—<|:—1 =t , CH—O—-CH+1
H H
N IP——» Nl
Cll*l., ?_iz
Example : G‘L—(I:_G*’G‘{.;Q\h — H.;C_Cf
a, H,
Example : O—l,—(|:—C1\b+O—l_,—O—lz—O o C]—l,—(l:—O—G—lz—O—l‘
aH aH,
Example : CH,=CH-Cl + CH,CH,—ONa — No reaction

[Stable by Resonance]
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(ii) Reaction with Dry Ag,O :

2RX + Ag,0 A R—O—R 4 X
Example : 2CH,—CH,—Cl + Ag,0 _4_, cm% 3 * 2AgCl
(B) From R-OH:
i fon _ #on) 2
(i) By dehydration : R—OH v ?
250 C \ 140 C
HH—O0—HOH; — > HAa1L-O0—-ai1al,
— CH— conc. HSO, (Willomson's synthesis)
H=aH, —2 H—aH,
(Blimination)
(ii)  Reaction witlQCH, diazomethane) :
R—OH & CM-N, —s— R—-O—CH,—H + N,
Q Physical P%es :
(i) OCH, , CH,;OCH,CH, are gases and higher are volatile liquids.

er are less polar [u=1.18D].

(i thers are less soluble in H,O.
w Ethers have less BP then corresponding alcohol.
Ex. ¥ Ethers are less soluble in H,O . Why ?
Sol. Reason : Due to less polar, it forms weaker H-Bonding with H,O.
Ex. Ethers have less BP then corresponding alcohol. Why ?
Sol. Reason : No H-Bonding in ether molecules.
O  Chemical properties

Ethers are less polar so less reactive and do not react with active metals [Na,K], cold dil. acid, oxidising and

reducing agent.
Reason : They do not have any active functional group.
3 I Basic nature : Due to presence of /.p on oxygen atom ether behave as lewis base

Ethers react with cold conc. acid and form oxonium ion

2.2 o 3 oconc. @
Example : CHOGH —2¢<0=rd, CJ—L,—(I)—Cﬁ,Oe (diethyl oxonium chloride)

H

.. R ®
Example : CH— O_Czl'lmldH—bo’ CH— (l)_CzH_r, HSO, (diethyl oxonium hydrogen sulphate)
H

Ether form dative bond with Lewis acids like BF,, AICl,, RMgX etc.
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R R

Nasd
o
R. .. F |
Example : R>O‘_’B<—F R—I}’b—x [Ether is us% t] for Grignard reagent.
F
LN
R R

2. Halogenation

o~ oo -Dichloro diethyl ether

ca—o—ca, + 10HAa

10 Q, light

Perchlorcdiethsd ether
3. Formation of D&‘MS : Ether add up atmospheric oxygen or ozonised oxygen. It is explained by Free

radical mechfinisyy as htermediates is free radical.
H 0O, (nonpolar)
- —_—————— —
5 2°°5 Long contact C}‘I]G‘IZ O_CIJ‘H‘{,

on polar) sunlight or UV O—O—H

HOCH, + O —— CHOCH, or (CH),0—0O

'

CH,CH,~O—CH,~Ph —Tseima— CH,—CH,—~O—CH —Ph _ % C[*[_;—CHZ—O—(le—Ph

stable by resonance O—O—H

Peroxides are unstable and explosives.

Test for peroxides
ether (peroxide) —FeSO4/KENS _, Red colour
ether (Peroxides) + Fe'? » Fe'3 —M5_,  Fe(CNS),
(Red)
hot dil

4. Reaction with hot dil. H,SO, : R—O—R —s5, 2> 2R—OH

5. Reaction with hot conc. H,SO, :R—0—R hot conc. H;S0, ,, 2RHSO,

coddl. ‘on

— Oxonium salt
H,S0, cone.

hot dil. Ethylalll

hot conc.

———— Fthl hydrogen sulphate

H—OH—O—OH~—H,

6. Reaction with PCI; : ROR + PCl, —_heat . 2RCl + POCI,

7. Reaction with BCl; : 3ROR + BCl, —_ 3RCl + (RO),B
. ' ALEP
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Cl,

Al
8. Reaction with RCOCI : ROR + RCOCl 5o ,o.7  RCOOR +RCl
2

9. Reaction with CO : ROR + CO

10. Reaction with C,H.Na : CII_“G_l O—G—lG—i V—) CH,CH,OH + CH,=CH,+C,H,

11. Dehydration : AHH— O@ S, 2 2H=aH,+ HO
CH C

12. Reduction —ResPr M, 2CH,CH,
13. Oxidation
CH,CH,—0—CH, /KC0;, y 2CH,CH,0OH _19_, 2CH,CHO _19l_, 2CH,COOH
14. Combustion sOC,H, 4CO, + 5H,0
(explosive mixture)
15. Reaction w%( :  Reactivity of HX |HI>HBr>HCI |
Q with cold conc. HX :

ms oxonium salt with cold and conc. HCI (less reactive)

?‘l_,
Ex. G’i;_ |C_O_G‘L_ G'i; Cold a}r_\{(liconc ?
a,

Sol. Mechanism
I O\ Ne L
aH— lc—o—mm ) - Y 01,—? cl?—mm_> aH—C% CH,CH,OH

aH, a1 H aH,
(Oxonium ion)

?‘L g
aH,— cl:—l + CHOHOH +—

a
] ® (=]
¢ If oxonium ion gives more stable carbocation [PhCH,, CH,=CH—CH,, (CH,), C] then SN! reaction occurs.
) o ®
* If oxonium ion gives less stable carbocation [Ph, CH,= CH, CH3C H,] then SNZ? reaction occurs,

and X© attacks at less hindered carbon.

Ex. CH,CH,—O—-CH,Ph —-C"ui%) CH,CH,—OH + PhCH,—I, write mechanism of given reaction.

Sol. Mechanism

.. H® ® @
AHMHOHPh=— CH,— O—QHPh —>CH,CH,0H +PhCH, —“— PhCH,l + CH,CH,-OH
|

H —
' A !T'u 1 iz
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Ex.

Sol.

Ex.

Sol.

*

*

CH,CH,—O—CH, —2Hl ;7

o
a1a1— O—G—I\—O-I,G—I (l)—(]-l —> CH] +

SN2 reaction 1© attacks at less hinderd carbon.

Oxonium ion glves less stable carbocation QV
CH,—CH,—O—Ph —laqJHBr . o Q

Mechanism : CH— G—I—O— —G—I-—Cl)—Ph C]—IC]—IBr+PhC]—l
H
SI\JI
— > 1a1O0H+ [— (I}{—G—L
C]—lC]—I O— artia)nc. H G_IJ
ib HAa1—1+ HO— (ll-i—Cl—l,
1
H,

If of HI is used then two moles of alkyl hallides are formed.

#CH,~O0—CH,Ph _Hl_, CH,CH,OH+PhCH,] —H' CH,CH, — I+ PhCH, — I

(B%ction with hot and conc. HX :
CH,CH,—0O—CH, hot and cone HI CH,CH,—I + CH,-I

Ex.

Sol.

Q

5
?

—0— hot and conc. HBr . 9 2
C2H5 O C2H5 iy 6 F

C,H,—Br + C,H, — Br

Uses of ether :

(i) General anaesthetics agent.

(i) Refrigerant a mixture of ether and dry ice gives temperature as low 110 C.

(iii)  Solvent for oil, fats, resins, Grignard reagent.

(iv)  For providing inert & moist free medium to organic reaction example : Wurtz reactions.
(v) In perfumery.

(vi)  Di-isopropyl ether ——— Petrol as an antiknock comp.

(vii)  Mixture of alcohol and ether is used as a substitute of petrol. Trade name "Natalite"

(viii) Halothane (CF,CHCIBr) used as an anaesthetic because it produces unconsciousness without affecting

lung and heat.
Preparation of Epoxides :
(i) Epoxidation of alkenes by reaction with peroxy acids
(ii) Base-promoted ring closure of vicinal halohydrins

(iii)  Epoxidation of alkenes by reaction with peroxy acids
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L Epoxidation of alkenes by reaction with peroxy acids :
O
>o-c + R-C-OOH — >c-c +
N/
O
Peroxy add i V
Example :
(@]

|
(a) = aHOL)~a1 + a1-C

P
%A_‘ + H~C-OH
(c) Epoxidation is @p cific syn addition :

(b)

O
[
({-l [-CHOHD),OH, + O L-G-CH

(@]
P T GH: H n
H” o N\ + 1L-CGOOH — >< >< + CH-C-CH
G H d ‘GH
-1,2-diphenyl ethene trans -2,3-diphernyl axirane
anism
H
\ / N\
3 EF /A /S Ny |
HEGL — g o | —— g T+ oo
7'\ \'s e N o) \C/
transition state Epoxide
E3 Base-promoted ring closure of vicinal halohydrins :
. HO
RC=CR, s RC—(R,—> RC—CR,
| W
HO X
Vidnal halohydrin Epoxide
Mechanism :
R
X
%/ F\q, D
R /C—Cuu- R<— R-—/C—C{'-w- R +HO—H
Step | ~ O R O R
HO M
R R
) \ .
Step 1 RP/C—O“"-“R —> Re— ({_/(}.. R+X
O R
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Example :
H
| PRe !
ST
Br
trans-2-bromocydohexandl
H;

lmmd

(ii) H,C conhgralcn
cds-2 cis-2, 3—epoxytxlane

CO "
l}./‘HO u‘lvaq(nd
Amaddtm m,gu—(‘,m JC
H
(@]
trans-2, 3-epoxybutane
E3 EReaction of Epoxides
* With Grignard reagent
RMgX + HZRA;}'L %}T_’ RCH,CH,OH (primary alcohol)
O
Q LMo L \—04/ e AHAHAHOH
O
Benzl magnesium Ethulene
chloride
. .

oxide
Nucleophilic ring opening reactions of epoxides

Y

i
Y +RG—CR, —* RC—R, — M0, RC (R
o _ |
O O :COHE
ke —emnolaie 76— CH,--CH,CH,--CH,SCH,CH,0H
o
[IT-NEET-CHEMISTRY, 2-(butylthio) ethanol
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Note : Nucleophilic ring opening reactions of epoxides is the characteristic feature of SNz reaction.
GOCEL
o O = SV
(H yCH,OH
>j§o e Q
a1io ai
haO(H I |
(") CH JOH G—{;_Q—i_cl:_o_l,s
OH
* Nucl ilic g opening of epoxides :
1, diethyl ether
Mg HGQ—HOH, e GHOHOHOH
O
E R
Y- s
O
epaxide
H—aah)al, — 0 CH,{—CIH—(CH,)?cH,
(@] OH
) HC—a, —*— BrCH,CH,0H
O
CH4,CH,OH
@ FLC—L o e CH,-CH,OCH,CH,0H
HC—OH, +H,0 __ o , HOCH,CH,0H
O
Mechanism
+ H
Step-1 : HC—O—I + H—Oc< = HC—G1 + HO
/\/ H Ot
|
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ER
HGC—H, .
H ANY T Sow +
Step-2 : o+ (O > H-Q ..
pr& = H™ II_} [-@1,-OH

Step-3 : >o*_H + HOOHGHOH
H
Example : F
2 OH
= (-
H
1,2 ochexane trans -2-bramo aydohexand
H, /Gi ?0—1
c—C CH,0H aH—-C—CH
:’J \o/ \G—g o R

HO

2,2,3-trimethyl oxirane 3-methoxy-3-methyl-2-butanol
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