ALCohoLsS

Hydroxy derivatives of Alkanes
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Classification of Alcohols

Depending upon the number of OH groups

|

Monohydric Dihydric Trihydric Polyhydric
alcohols Alcohols Alcohols Alcohols
(|:H 2Ol ?I-IZOH (|:HZOH
CH,0H CH,OH CHOH (CHOII),
ti\yl alcohol Glycol | I
(Monohydrw) (Dihydric) CH,OH CH,OH
Glycerol Sorbitol

(Trihydric) (Polyhydric)
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Classification of Alcohols

Depending upon the nature of carbon to which OH is attached

Primary Alcohols(1°)

Characteristic group is
-CH,OH

ill | ||l !li
cnl-cl‘.-on i - @-f—OH
H I H
Ethyl alcohol - Propylalohol Benzyl alcoho

19-12-2024

Secondary Alcohols(2°)
Characteristic group is

>CHOH

! !

CHJ—CI_'—OH CH,—CHZ—(I:—OH
CH, CH,

Isopropyl alcohol sec. Butyl alcohol

Tertiary Alcohols(3°)
Characteristic group
IS

_C-OH

i
CH,—C—OH
CH,

tert. Butyl alcohol
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Classification of Alcohols

Depending upon the nature of alcohol

Aliphatic alcohols Aromatic alcohols Phenols
OH gp attached to OH gp attached to
CH.OH Methyl alcohol side chain present benzene ring directly
3
CH,CH,CH,0OH n —Propyl alcohol on benzene
H

O 0oH @—CHZOH @ ora
Benzyl alcohol Phenol 2-Chlorophenol

(o-Chlorophenol)
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Nomenclature of monohydric alcohols

Common system | CH,OH CH,CH,CH,OH @‘CH ,OH
> Alkyl alcohols Methyl alcohol n —Propyl alcohol Benzyl alcohol

Carbinol system CHOH CH,—CH,OH (C:HH3>CH0H C—O—H
e el B G Fe———  Carbinol  Methyl carbinol 3 |
. Dimethyl carbinol
as carbinol
Tripheny! carbinol
CH,—CH,OH ‘CH,—CH,—*CH,—'CH,OH
Ethanol Butan-1-ol
. CH ICH
IUPAC System - 31 : 3
> Alkanols CH,-2CH-cH,0H CH,C—OH @_zcﬂz_lc}{zoﬂ
2-Methylpropan-1-ol 3 (|:H
3 2-Phenylethan-1-ol

2-Methylpropan-2-ol
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Nomenclature of monohydric alcohols

IUPAC System

QHLQ“LCHZ
1 6 5 11\
CM,—CH,— CH,— C— 0 X

CH,CH e

4-Ethylheptan-4-ol

*CH, = *CH—ICH,OH
Prop-2-en-1-ol
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Structural isomerism in Alcohols

1. Chain Isomerism

CH,—CH,—CH,—CH,OH

Butan-1-ol

2. Position isomerism

CH,—CH,—CH,—CH,OH CH,—CH,—CHOH—CH,

Butan-1-ol Butan-2-ol

3. Functional isomerism
» Alcohols are functionally related to ethers

CH,—CH,0OH CH,—O—CH,
Ethanol Methoxymethane




Physical properties

J Boiling points

» Alcohols have higher boiling points as compared to ethers and alkanes of comparable
molecular masses

v It is due to the presence of intermolecular H-bonding between alcohol
molecules(Associated state)

v Ethyl alcohol > Dimethyl ether > Propane

(351.5 K) (249 K) (249 K)
46 46 44
Solubility

Lower members are highly soluble in water

Alcohols can form hydrogen bonds with water molecules

Solubility decreases from C4 to C9 alcohols

Because nonpolar alkyl chain masks the polar character of —OH group
Nonanol-1 is completely insoluble in water

VAV AV
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Methods of preparation of alcohols

J By reduction of carbonyl compounds
1. Reduction of aldehydes and ketones
a. By catalytic hydrogenation R\

o C=O+H, M, RCH,OH

Pri lcohol
rimary alcohol

Aldehyde
R . R
>C=0+H2 — R>CHOH
‘R’
Ketone Sec. alcohol v~

J Limitation
» Selective reduction can not be done
» Other easily reducible groups are also reduced
v CH,~CH = CH - CHO +H, —, CH,CH,CH,CH,0H .
Crotonaldehyle n-Butyl alcohol
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Methods of preparation of alcohols

b. Reduction with complex metal hydrides

(i) LiAlH, or NaBH H
Sceo MmN, Nel
(H) H30+ OH
Aldehyde or ketone Primary or secondary alcohol
(1) NaBH,, ethanol _
CH.CH,CH,CHO ———"——— CH,CH,CH,CH,OH
Butanal U0 Butan-1-ol
LiAl
CH,CHZ-@—CI-Q WLAMH, ether ol CH,CHOHCH,

Butan-2-one (i) HO* Butan-i-aol
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Methods of preparation of alcohols

Mechanism of reduction with Sodium borohydride

NaBH, == Na'+ BH,

—
H H
- e 3 \C = 0 o=
>®—BH, === —%—OBH, —— |—C—o| B
Aldehyde + Metal alkoxide
ot ketone 1 H,0°*
H

4—C—OH + H27%
4+ NacY
Alcohol
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Methods of preparation of alcohols

Mechanism of reduction with Lithium Aluminium hydride

LA, == Li*+AH,

; H .
\ -]
¢ £+ H-AH, — -4.:-0Am, L% ¥ [—$—o Al
44
Aldehyde or Metal alkoxide
ketone lHJO‘
H
4-%-0}1 + AIOH), 4LiOR

Alcohol

Vv s e ~Mb



Methods of preparation of alcohols

1 Selectivity
> Both are selective....... Isolated double bonds are not reduced

cu,-cn:cn-cnz-p:-c L CH,-CH =CH-CH,CHOH-CH,

¢
Hex-4-en-2-one (i) H 0 Hex-4-en-2-0l

»> NaBH, is less reactive and more selective......... Conjugated double bond is not reduced
by NaBH, but is reduced by LiAIH,

A (OLIAIH (/) NabBH
G*:'G*rCH:c’”"—T:‘-@C =CH-CHO——— CH =CH-CH.OH
(i) H,0 (il H,0

v henylpropy] alcohol Clnnamaldechyde Cinnamy! alcohol
(Carbon-carbon double (Carbon-carbon double

bond is also reduced) bund Is not reduced)
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Methods of preparation of alcohols

C. Meerwein-Ponndorf-Verley Reduction
» Ketones are selectively reduced to secondary alcohols
R CH AI[OCH(CH,),| R CH
>C=0 + "SCHOH = = SCHOH + _ *>C=0
R CH3 (.Alum'miu!n R CHS
Ketone Isopropyl alcohol ~ isopropoxide) Secondary Acetone (distilled off)
alcohol
» Mechanism
H
TN M.
R,C C(CH:;)') R-‘l C'i—jh"c(c.t\g Rg( H B
2 , - ; ¢ ) 1 +(c Hp) =0
B N
o :;M:‘D ChoLH
(CHy,CHO” NOCH(CH,), (wene” MR J/@ S

Rycpon + M {ocHENa), 1y
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Methods of preparation of alcohols

2. By reduction of esters

O
a. Bouveault-Blanc reduction | .
: ’ Nﬂ/Czl‘lO"l L po _ ’ =
» Mixture of alcohols is formed, R_éTOR — » RCH,OH + R O”
one from acyl group and other Ester CMg ~H A “'-M‘-"Sq- H,

from alkoxyl grou
Yl eToup CH,CH,COOC,H, —Na/CHOH |, oy oy, CH,OH + C,H,OH
Ethyl propionate 1-Propanol Ethanol

o0

* Mechanism
» Itinvolves electron transfer from sodium metal and abstraction of proton from ethanol successively

R RM o & op SMOH, pey or—N L penfOR ——s
| M 0T i RO
O Y . O:-
) j )
Na == CaHs0OH Na —~ C-H;0OH _
R—(l-: H — R—C—H —CoHO R ":f H » R T 1 _c:}ga'_—l R—C—H
O Y O (o OH
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Methods of preparation of alcohols

2. By reduction of esters contd. @
b. Reduction with LAH R—C”:—i-OR' (LA /Ether RCI,OHH + ROI
» Mixture of alcohols is formed, (if) HO!

one from acyl group and other @)

from alkoxyl group

CHy—CHy—CH,—C—OC,H, — =2, CH,—CH,—CH,~CH,0H + CHOH
EthY' butyrate . ; l.Bu[anol EthﬂﬂOl

\/

% Mechanism

» Itinvolves attack of hydride ion on carbonyl group followed by release of alkoxide ion to give aldehyde
which is further reduced to give alcohol successively

°F C | \
/ —
— H }
= ste ;3 H h
PR de Buole
C\O H - ht ﬁ/
| 0T 0 & R-cHi—0) -0 — 2T aR cpyon KoM
3 - remo K~ 3 ~A(om)
H — Loy
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Methods of preparation of alcohols

2. By reduction of esters contd.

c. By catalytic hydrogenation under high temperature and pressure
» Production on industrial scale

(y, 0y
CH,CH,COOC,H; + 2H, M CH,CH,CH,0H + C;H,OH
Ethyl propionate 1-Propanol  Ethanol
o 0
\! oM
CH.ICHL"A%O%\-\S— ,C:%’.'_‘fj-) cajc_u,:-C-H + G¥s

" Cy Oy, 05

W

('_ugt\*\)f-“z.o Y
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Methods of preparation of alcohols

3. By reduction of carboxylic acids
» Reduction with LAH

O
R C“ O D LAIH/Ether | b gy OH
Carboxylic (ii) H3;07 Primary
acid alcohol
CH,CH,CH,cOOH —QUA/ERE , cy CH,CH,CH,0OH
Butyric acid S") Ha© 1-Butanol
9 N },(? (o LAY e -
,ﬁR—C——O\\ '+U-M“‘1 — > G R-C-p —>—> L Kthron

- Mo, (Y Hao
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Methods of preparation of alcohols

3. By reduction of carboxylic acids contd.
» Mechanism of Reduction with LAH

E sthe '-M'H} J‘ g s
A g e buols
g H = Hyo [kt
3 P\-C‘CI— H. Ai.Q:o H ~— (R‘CH)_‘O}E‘HQ-O H ._—g—-l—-} RCHLO“ :

— LioY
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Methods of preparation of alcohols

4. Grignard Synthesis
» Carbonyl compounds can be converted in to 1°, 2° & 3° alcohols

; | .
SC=0 + RMgX —Dryether U,
Carbon\l Grigtﬁlrd C (|: R —Mg(OH)X —C'—'OH
compound reagent R R -~

Addition product Alcohol

[V Sy N \C-on + M?DH
=

X
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Methods of preparation of alcohols

4. Grignard Synthesis

contd. Iil H Pll
» Formaldehyde is H—C=0 —HhMgl | H—C—O\igl e H—C—OH
converted in to (Dry ‘ether) | ~Mg(OH)X |

CH3 CH 3
Ethvl alcohol
|

primary alcohol

» Higher aldehydes I|1 H H
are converted in to CH.~C =0 *CEJMB_, l H.0* |
- 3 = CH,—C—OMgl —~— CH,—C—OH
secondary alcohols Acetaldehyde (Dry ether) ’ | 5 ~Mg(OH)I ,
CH, CH, .
Isopropyl alcohol =
> Ketones are CH, CH, CH,
converted in to | | . |
e onole | CH—C=0 M,y ¢ omgl 12— CH—C—OH
tertiary alcohols Acetonc (Dry ether) | _Mg(on) | :
CH, CH,

tert- Butyl alcohol
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Chemical properties of alcohols

» Chemical reactions can be divided in to three categories

B. Reactions in which . Reactions in which
R-OH bond breaks \ o

C. Reactions which involve both R & OH groups

19-12-2024 22 Darshan Kumar Principal MPGDC Amb



Chemical properties of alcohols

 Type A reactions

¢ Order of reactivity

» Primary alcohol > Secondary alcohol > Tertiary alcohol

» It is due to Positive inductive effect of alkyl groups. +l effect of alkyl groups increases
electron density on oxygen atom so ease of shift of electron pair of O-H bond on to oxygen
atom decreases

H ' ST H R

| o aa
R "f'(l: Sy Rs—C—O—H Ro>—CssOLH
i ? i
R R

Primary alcohol Secondary alcohol Tertiary alcohol
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Chemical properties of alcohols

 Type A reactions contd.
¢ Acidic nature: Reaction with metals
» 2RO- H + 2M -> 2ROM + H, ( M can be Na, K, Mg, Al etc.)

2CH,CH,OH + 2Na » 2CH,CH,ONa + H,
Ethyl alcohol Sodium ethc:-)(ideT
CH, CH,
6 CH,—C—OH + 2Al > 2|CH,—C—O| Al +3H,
CH, - CH, -3
tert- Butyl alcohol Aluminium fert-butoxide

» Very weak acids
» Order of acidic strength 1°> 2° > 3°
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Chemical properties of alcohols

 Type A reactions contd.
¢ Reaction with organic acids (Esterification reaction)

| Conc. H,SO,
R—C{—OH + H]-OR’ = = RCOOR’ + H,O
Acid Alcohol
O

| H*
CH3—(l.'-—'OH + HOGH;, —— CH,COOC,H; +H,O

~ Acetic acid Ethyl alcohol Ethyl acetate
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Chemical properties of alcohols

] Mechanism of esterification reaction

(") H* (1 ,.Hj_.qw, ?H: H* shift
R—C—OH —=R—C+'=2R—C-OR —=

_

, -HO ?'T [
R % OR" —= R—C—OR ——= R—C—OR'+H¥
H:OH -
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Chemical properties of alcohols

] Mechanism of esterification reaction contd.

» Evidence for mechanism (Isotopic tracer studies)

Il ------------ ||
CH,—C i—OH +H. -J“OC H, —— CH,—C—""0CH; +H,0

> If we take isotopically labelled ethyl alcohol & react it with acetic acid, O!2 isotope goes
in to ester which proves that H comes from ethyl alcohol and OH comes from acetic acid
in H,0 . So there is cleavage of RO-H bond during esterification reaction
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Chemical properties of alcohols

[ Type B reactions (involving cleavage of C-OH bond)

*»* Order of reactivity

» Tertiary alcohols > Secondary alcohols > Primary alcohols

Il‘I ' . I|'I ] R.. _
~ ﬁ g E
O T e
bomd,
H ’L L Retameg Wegh
Primary alcohol Secondary alcohol Tertiary alcohol

» Electron releasing alkyl groups increase electron density on C and O atoms. So the C-O
bond gets elongated and is weakened and its cleavage becomes easy. Hence greater is
the number of alkyl groups greater is reactivity of alcohol.
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Chemical properties of alcohols

1 Reaction with hydrogen halides
» ROH+HX > RX+H,0

CH,—CH,OH + HCl (g) _Awhwd. 2l - CH—CH,Cl+ H,0
Ethanol Chloroethane
CH,—CHOH—CH, + HCl () _Arhyd %1€y, CH,—CHCI—-CH, + H,0
2 Propanol 2-Chloropropane
CH, CH,
CH_,—C!'—OH + HCI , CH,—C—Cl + H,O
CIH,‘ conc. "
2-Methyl-2-propanol 2 Chloro-2-mcthylpropane
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Chemical properties of alcohols

(J Reaction with hydrogen halides contd.

‘CH—CH,—CH,OH + Hir ——— CH,—CH.~CHgr + HO

1-Tropancl I-Bromopropane
CHOH#+Hl] —— C,HJ+H 0
Ethanol lodoethane

CH,OH + 2HI —— CH, + H,0 +1I,
Methyl alcohol Mecthane

v
WML I, +1,
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Chemical properties of alcohols

(J Reaction with hydrogen halides contd.
«» SN1 type mechanism () R—OH +HX —— R—OH, + X

Protonated alcohol or
Oxonium ion

65 R /\'... Slow - R+ 5 Hzo

Carbocation
. (#ii) R* + X ——» RX
** Evidence ]
CH, CH, CH,
| + HCl | e D [
CH;—C—CH,0H —— CH,—C—CH,0OH, —* CH,—C—CH,
. -CI- | s 1
CH, CH,
Neopentyl alcohol (Primary carbocation)
Rearrangement
(1, 2-Alkyl shift)
CH, CH,
CH; (1,(21 CH,—CH, < CHB—é——CHz—CH3
tert-Pentyl chloride (More stable tertiary carbocation)
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Chemical properties of alcohols

(] Reaction with hydrogen halide contd.
** SN2 type mechanism

R—(:?'H-FHX —— R—é}IZ+X'

_ + -0 +0
X+R—OH, —— [X..R.OH,] —— X—R + H,O

Transition state
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Chemical properties of alcohols

O Distinction between 1, 2 & 3nalcohc3Is (Lugas Test)
» Based upon different reactivity of 1, 2 & 3 alcohols
» Given alcohol is reacted with equimolar mixture of conc. HCl and anhydrous

ZnCl,(Lucas reagent)
» During reaction alkyl chloride is formed which causes cloudiness

v If cloudiness appears immediately..........coccceeveereeeeeserreeserveeseneneneecindicates 3 alcohol
v If cloudiness appears after 5 minutes........cccccecveerrerresresnneessenennns ....indicates 2 alcohol
v If cloudiness does not appear at room temperature................ ......indicates 1 alcohol
Primary alcohol Secondary alcohol Tertiary alcohol
RCH,OH R,CHOH R,C—OH
lucuzm:l2 LHC!/ZnClz iHCI/ZnC],
RCH,Cl + H,0O R?HC1+I-120 —Cl1 + H,0O
No cloudiness at Cloudiness within Cloudiness appears
room temperature five minutes immediately
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Chemical properties of alcohols

1 Type C reactions(Involving both R & OH groups)

¢ Oxidation

» Can be done with oxidising agents such as aqueous, alkaline or acidified KMnO,, Acidified K,Cr,0,, dil. HNO,
or CrO; in pyridine

oo o H H OH
» 1,2 & 3 alcohols give different products T | I

) CH,—C—OH _—H°2—0> CH;—C=0 —%- CH,—C =0
» Oxidation of 1 alcohols e Acetaldehyde Acetic acid
Ethvl alcohol
v How to stop the reaction at the aldehyde stage

» By distilling off the aldehyde as soon as it is formed
» Or by using Pyridinium chlorochromate (PCC reagent)

ol PCC
e &5‘ ——— C|—Er-DH —= C|—[é|r-[] H—N@ "_butylakohol Butynldehyde

chlorochromic acid pyndinium chlorachromate
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Chemical properties of alcohols

** Oxidation of secondary .

alcohols give ketones which
under vigorous conditions CH 3\ /H CHB\
give carboxylic acids with / \ -HZO ~ 0 Cch_/H
lesser number of carbon CH OH CH 2' 2 Acetic acid
atoms than starting alcohol Isopropyl alcohol Acetone
¢ Oxidation of tertiary CH3 CH.« v
alcohols t.al.«-::s place with \C—OH +40 3\C=O +C6 +2H:O
strong oxidising agents to 74 CH / 2
give ketones which further 3
give carboxylic acids with tert- BUtYl alcohol | Acetone
lesser number of carbon -
atoms than starting alcohol CH:,\

b(C =0 % CHBCEQOH +C0O,+H,0
CH, Acetic acid
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Chemical properties of alcohols

*** Oppenauer oxidation

» By this method secondary alcohols are oxidised to ketones by reaction with acetone in the
presence of Aluminium isopropoxide

» It is reverse of Meerwein-Ponndorf-Verley Reduction

» Particularly useful in the oxidation of unsaturated alcohols (double bond is not affected at

all)

R\ (“) Al{OC(CH3)a] R\
CHOH + CH, - ¢ -CH, 123, C = 0 + CH,CHOHCH,

/ Acetone / Isopropyl alcohol

R R’

Secondary alcohol Ketone
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Chemical properties of alcohols

** Mechanism of Oppenauer oxidation
» Itis similar to Meerwein-Ponndorf-Verley Reduction

~ CHg),cnop
Kg Cnoum[ow(cug)z_] th S P'Q [oer(chs) ]
3 ARedhof ' &2(‘“ T R v~e daaks
CH (C,Ng)z
H CH ‘/H A
3\ RN <. ’ ‘¢ Ry \ ok K =0
o€ C aa w,c/\c | = mr T
j L il Soefengy, IR
) (o (CHg),
‘A‘Q P2
Soc(My)

e
(Cha) cno” OU*LO*J)L (CHpen©
- &
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Chemical properties of alcohols

 Type C reactions(Involving both R & OH groups) contd....
s Dehydrogenation of alcohols

> It is done by heatin hol with reduced copper i
™ /
c1-13—<|:-—”""‘ OO K L CH,—C —O + H,

= Acetaldehyde

Ethyl alcohol

CH; (- e mom
C e >C =QO + H
CH,
Isopropyl alcohol _ Acetone
CH, CH,

, ]
CH;—C L, CH,—C JCHz + H,0
CH Iso-butylene

tert-Butyl alcohol
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Dihydric alcohols

J Nomenclature

. oH DM oo
** Common system N C—C
» Known as glycols in common system %m;.wi Vie

» Vicinal glycols if OH groups are present on adjacent carbons
» Polymethylene glycols (If OH groups are not on adjacent carbons and are present on

extreme carbons) CH, ' »CH.OH
l | -
(IZHZOH < ,CHOH L ,CHZ
CH,OH ' CH,OH \CH,OH
Ethylene glycol Propylene-1, 2-glycol Trimethylene glycol
Or a-Propylene glycol Or B-Propylene glycol
CH,—CHOH—CH,—CH,OH

B-Butylene glycol
Or Butylene-1,3 - glycol
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Dihydric alcohols

(J Nomenclature
** IUPAC System
» Known as diols in IUPAC system

(lszOH e | CHOH
CH,OH » CHOH > CH,
Ethane-1, 2-diol I I
' CH,OH . 3CH,OH
Propane-1, 2-diol Propane-1, 3-diol
CH, CH,
W . L !
CH,—C—C—CH, C6H5—(lZH (|:H C H,
OH OH OH OH

2, 3-Dimethylbutane-2, 3-diol 1, 2-Diphenylethane-1, 2-diol
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Methods of preparation of Dihydric alcohols

By cis hydroxylation of alkenes

KMnO,
>SC=C<+H,O+0O > G —
Alkene | |
. OH OH
Glycol
CH, = CH, =VRCe MO 5 CH,—CH,
Ethylene - | I
OH OH
Ethylene glvcol
KMnO, '
CH3——CH=CH2+H20+O -» CH,—CH—CH
Propylene ’ | | i

OH OH
Propylene glycol
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Methods of preparation of Dihydric alcohols

1 By reduction of dicarbonyl compounds

ll :
—C-CH ~CH,-C-H HyNi . HOCH,~-CH,-CH,-CH,OH

/ Butane-1, 4-dial Butane-1, 4-diol

(] By reaction of diketones with Grignard reagent

() 2RMgX OH OH
L (i) H,O* - l I
CH,—C—C—CH, 2 > CHB—-(lZ (IZ CH,
Butane-1, 2-dione | ’ R R

1, 2-Glycol
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Physical properties of Dihydric alcohols

1 Colourless Viscous liquids
» Due to greater extent of hydrogen bonding

 High Melting & Boiling points
» Again Due to greater extent of hydrogen bonding

1 Glycols have greater solubility in water as compared to monohydric alcohols
> Due to greater extent of hydrogen bond formation between water molecules and glycol
molecules

» Glycerol > Ethylene glycol > Ethyl alcohol
CH,—OH
ey CH,OH

H —GH I CH,-CH,-OH
CH,—OH CH,OH
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Chemical reactions of Dihydric alcohols

] Oxidation
» Different products under different conditions

CH,OH 0 CHO COOH

| —— — |

CH,OH "9  CH,0oH CH,OH

Glycol Glycolaldehyde Glycollic acid

H,0) |0 (-H,0) lo

CHO o (I:OOH o COOH
CHO CHO COOH
Glyoxal Glyoxalic acid Oxalic acid
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Chemical reactions of Dihydric alcohols
] Oxidative cleavage of 1,2- Glycols

|
» Can be done with Periodic acid or Lead . O C =0
tetra acetate & = HIO, .
» Periodic acid is used in ag. Medium while e or Pb (OOCCH;), . w
Lead tetra acetate is used in organic —C—OH L =)
solvents ' l
T i
v
H—C—BH H—C=O _ ST N
'\%%;_\L, + HIO, ——> 4+, + HIO; + H,O
H—(':—-OH H—C =0 — .
CH, CH,
Propane-1, 2-diol
i R
ROt e
+ Pb(OOCCH,), —
H—C—OH 3 £ _E =6 +2CH;COOH + Pb(OOCCH,).

R’ R’
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Chemical reactions of Dihydric alcohols

] Oxidative cleavage of 1,2- Glycols contd....
» Mechanism with periodic acid

' ' - _t—0 0 \ 0
_C@ Ly o CQeawwﬂ (=0 1<~
|7 = — TNy y 0
—tory N Y N0 et T \\O
‘ ' > '
|, L-Diol ?wta&\ab cyclie et ,C\_,o Toddlt (0
40
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Chemical reactions of Dihydric alcohols

] Oxidative cleavage of 1,2- Glycols ..........

> Mechanism with Lead tetra acetate

aday '
-0 CH v, =0
| bOOCCH,), P

: —— V Shoay, — + 4 mooce
_ CH—C—0 IO 7:0)/ 2 —(|?=O (00CCH,),
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Chemical reactions of Dihydric alcohols

J Utility or importance of Oxidative cleavage of 1,2- Glycols

1. Structure determination of glycols

> If we have a sample of butylene glycol, it may be 1,2 —Butanediol or 1,3 —Butanediol or 2,3 —Butanediol or
1,4 —Butanediol

» By carrying out this reaction and by identification of products formed, we can ascertain the structure

I i
H—C—OH H—C =0
H—C—OH '+ HIO, —» L + HIO, + H,O
CH, |
CH,—CH,—C=—0
CH,
CH, (|5H3
—C—OH H—C =0
I-’I """ I """ . u HIO4 — + + HIOa + Hzo
H—(|:—OH H (IZ =0
CH, CH,
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Chemical reactions of Dihydric alcohols

J Utility or importance of Oxidative cleavage of 1,2- Glycols

2. Determination of number of OH groups on adjacent carbons

» Particularly in polyhydric alcohols

» Number of moles of HIO, used for one mole of polyhydric alcohol tells us about the number of OH groups on
adjacent carbons

> If one mole of HIO, is used then two OH groups are on adjacent carbons & if two moles are used then three
OH groups are on adjacent carbons

H : H
H—C—OH H—(|2 =0
H—C—OH 2HIO, 6}-1 + 2HIO; + H,0
H—C—OH Het—a
H | H—C =0
t

3. To determine whether OH groups are on adjacent carbons or not

> If OH groups are not on adjacent carbons then reaction will not take place
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Chemical reactions of Dihydric alcohols

1 Pinacol-Pinacolone Rearrangement
» 1,2-Glycols rearrange to ketones in the presence of acid catalyst

(I:H3 CH, ?H3
H+
CI—I3—--(|I———C------~CH3 _}—1—6_) CH, % ,C CH,
—M2
OH OH O CH,
2, 3-Dimethyl-2, 3-butanediol Methyl tert. butyl ketone
or | or

Pinacol Pinacolone
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Chemical reactions of Dihydric alcohols

(J Mechanism of Pinacol-Pinacolone Rearrangement
» It involves intermediate formation of carbocation followed by migration of alkyl group

?Hs ?13 c':n3 CH, CH, ,CH3

Hb
CH3—{|2—(|2—CH3 "TT) CH3-—(,3 — cl—CH3 —22 CH;—C—C—CH,

- ; B - +

:OH :QH :QH :’gg)n C:QH
H
tﬂ 1,2 — methyl shift
C GH,

3 Loss of Proton |

i .
CH,—¢—C—cH, €~ Y= (CH,
+9“l|.| CH3

_H*

[
CH,
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Chemical reactions of Dihydric alcohols

J Important features of Pinacol-Pinacolone Rearrangement
» Of the two OH groups that OH group is eliminated which gives more stable carbocation

ftHS |CH3 . lcsHs (|:H3 C.Hs CH,
H* | |
C,Hs—('f—f—Cl:b o Cets—C |C CH, (HO' CeHs (|3 C —CH;
OH OH OH OH
More stable (due to resonance ;
stabilisation by C,H groups) Eﬁiﬁ?}gﬁ:ﬁigﬁ oy
] Migratory aptitude of groups
» Hydrogen > Phenyl > Alkyl
,H fli I|-I H H
_ . 7 _ |
Cey—C—Cop, X ep . of o O, e O e O,
e | -H>0 + .- l (Migration of = , I %
OH OH OH H and not CH3) H O
I-Phelrg.lgirglpane- More stable carbocation Methyl benzyl ketone
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Chemical reactions of Dihydric alcohols

] Stereochemistry of Pinacol-Pinacolone Rearrangement

» Migrating group does not become completely detached so the configuration around it
does not change ie retention of configuration

» In other words, the stereochemistry of migrating group is retained

S &, - % R
N 7 % B o
ne n oS we
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Why do alcohols have higher boiling points than ethers of comparable molecular
masses?

Lower alcohols have very high solubility in water whereas higher members do not.
Explain

What is pinacol-pinacolone rearrangement? Give its mechanism.

Give a chemical test to distinguish primary, secondary and tertiary alcohols.

What happens when i. Propane-1,2-diol is treated with lead tetraacetate ii. Isopropyl
alcohol is heated with acidified potassium permanganate solution.

What is Oppenauer oxidation. Give the mechanism of the reaction.

What happens when n-Butyl alcohol is heated with HI in the presence of red
phosphorous?

Write balanced chemical equations for the following reactions

i. Reaction of Magnesium metal with tert. Butyl alcohol
ii. Reaction of isopropyl alcohol with potassium metal

9. Explain Bouveault-Blanc reduction with mechanism.

19-12-2024

54 Darshan Kumar Principal MPGDC Amb



	Default Section
	Slide 1: Alcohols
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54


