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Types of Alcohol Reactions

* Dehydration to alkene

* Oxidation to aldehyde, ketone
* Substitution to form alkyl halide
* Reduction to alkane

* Esterification

* Williamson synthesis of ether

TABLE 111

Types of Reactions of Alcohols

1ype of reaction
R—OH > Product
(8}
dehydration esenfication 1, ,
R—OH » alkenes R—OH > R—0O—C—R
esters
oxidation
R~—OH > ketones, aldehydes,
acids tosylation
R~—OH » R—OTx

R—OH substitution % R—X tosylate esters

(oo leaving group)

halides
reduction (1) form alkoxide
R~—OH » R~—H R~—OH > R—O—R'
(HR'X
alkancs | cthers
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ROH + HX RX + H=20

HCIl < HBr < HI : HX Aole a3

Reaction with HCI

« Chloride is a weaker nucleophile than
bromide.

< Add ZnCl,, which bonds strongly with
—OH, to promote the reaction.

* The chloride product is insoluble.

« Lucas test: ZnCl, in concentrated HCI:

= 1° alcohols react slowly or not at all.
= 2° alcohols react in 1-5 minutes.
= 3° alcohols react in less than 1 minute.



Canc, HCI

R—CH,OH »  No reaction & hence no turbidity

o - +anhy. ZnCl, at room temperalure
Aleaho

R,CHOH 018 TY 2 eHEI + H,0
+ anhy. ZnCl e -
' 2 Turbidity appears after about 5 minutes

2" aleohnl
Conc. HCI -
RCOH ————= RyCCI+Hy0
) anhy, £nl
. 2 Turbidity appears immediately
OH
CHz—{’l‘_.—CHz + HXx Z"C':'HC' (CH:3)a CX + H20
CHa Gpaladl B b =l Sa o

CHsCH:0H + HCl —£nCEHCL , clicH.el + Ha0
e A

-

oheadl) Clatla AN aa Jolil) B

Y e Sl adla juanil AnLad] A8, ) 5391

3ROH + PXs 3R-X+ HsPOs

(PXs=PBr3,PT3)

Reactions with
Phosphorus Halides

Good yields with 1 and 2° alcohols.
PCI, for alkyl chlorides (but SOCI, better).

PBr, for alkyl bromides.
P and |, for alkyl iodides (P, not stable).
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ROH + NHs o= RNHz 4+ H20

yalzal CraY)

Reaction of Alcohols with Thionyl
Chloride

(4]
" heat
L‘_'Er}-'r R—0OH + Cl=—%—Cl » R—Cl + 50, + HCI

Coprright © 100 Paarsos Pranics Hal, Ing

« Thionyl chloride (SOCI) can be used to

convert alcohols into the corresponding alkyl
chloride in a simple reaction that produces
gaseous HCl and SO..

1Sl plall da edelds D

Joad 138 dapd ua CAAS Joal) (e slall Cida Aggu ) lSNY) o

A dehydration H OH

. \/ N 7
reaction 7C—C‘ N /CZC\ & HyO
CHs —CH2— OH H-S04 | cH,=CH: + H-0
180
C‘:Hs
CHs—CH-OH HSO1 | i CH=CH: + H.0
100
(_“,H:«; C‘:Hs
CHs—CH-OH H268094 » CH3—C=CH:2 + H=20

CHs



Acid- Catalyzed Dehydration
e Tertiary alcohols are readily dehydrated with acid

+ Secondary alcohols require severe conditions (75% H,SO,, 100°C)

— sensitive molecules don't survive
* Primary alcohols require very hard conditions — impractical

(S gl aladialy elidg Alad) §))ally Abiaiall Apuldll Jag pid) oo At (e LS ¢

CHs CH CH
| 3 2
H30*, THF \ \
H3C—?—CH2CH3 —>25 oC /C:CHCH3 + /C—CH2CH3
OH CH3 CH3
2-Methyl-2-butanol 2-Methyl-2-butene 2-Methyl-1-butene
(trisubstituted) (disubstituted)
Major product Minor product

© 2007 Thomson Higher Education
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+ 0
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Esterification

* Fischer: Alcohol + carboxylic acid
* Tosylate esters

* Sulfate esters

* Nitrate esters

* Phosphate esters

Chapter 11 47



Fischer Esterification

O O
‘ ' I H* I ,
@) R—O-H + H—O—C—R’ = R—O—C—R ¢ H—O—H

alcoho acid ester
Copyright © 2010 Pearson Prentice Hall, Inc

= Acid+Alcohol -> Ester + water

* Reaction of an alcohol and a carboxylic acid produces
an ester.

» Sulfuric acid is a catalyst.

* The reaction is an equilibrium between starting
materials and products, and for this reason, the
Fischer esterification is seldom used to prepare
esters.

Chapter 11 48

Reaction of Alcohols with Acyl
Chlorides

T 0
i R—O+H| + |a+Cc—R — R—O—C—FR’ + |Ha

alcohol acid chloride ester
Copyright & 2010 Pearson Prantica Hall, Inc

« The esterification reaction achieves better results by
reacting the alcohol with an acyl chloride.
* The reaction is exothermic and produces the

corresponding ester in high yields with only HCl as a
by-product.

Chapter 11 49



Nitrate Esters

CH,—O-+H -:|'Ii. 0—NO,
('II—()+I] ‘ + 3| HU‘I»NUE it CH—O—NO, -+ 3| H,O ‘
CH,—0O-1H CH,—0—NO,

glycerol nitric acid glyceryl trinitrate

(zlycerine) (nitroglycerine)

Copyright © 2010 Pearson Prentice Hall, Inc

* The best known nitrate ester is nitroglycerine, whose
systematic name is glyceryl trinitrate.

* Glyceryl nitrate results from the reaction of glycerol
(1,2,3-propanetriol) with three molecules of nitric
acid.

Chapter 11 50

Phosphate Esters

CH,0—}H |
HO II’—OH —I> CH.—0—P—OH

|
OH + [HEO OH

phosphoric acid monomethyl phosphate
CH.OH I CH.OH
— CH,—0—P—OH — CH—0—F—0—€CH,
+ H,0 O—CH, + H,0 O—CH,
dimethyl phosphate trimethyl phosphate

Copyright © 2010 Pearson Prentice Hall, Inc

Chapter 11 51



Phosphate Esters in DNA

—O—CH, base

H
H H
O\P/O——CH;l f0) base
O/ \O' H H
hosphate O\ /O-HCH: [e) base
' P H
I 1
O/ \O‘ H H
0\ /O-—(‘H: O base
P
O/ \O‘ H H
O\P/O—
N
O/ O
Copynght © 2010 Pearson Prentice Hall, inc
Chapter 11 52

Conversion of Alcohols into Esters

0

|
B €

N
OH  CH0H OCH3
—_—
HCI, heat

=0

Benzoic acid

Methyl benzoate
(a carboxylic acid)

(an ester)
30& ﬁ AgoH
C

Cl

Benzoyl chloride
(a carboxylic acid chloride)

© 2007 Thomson Higher Education
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Oxidation of Alcohols

» Can be accomplished by inorganic reagents, such as KMnO,,

CrO;, and Na,Cr,05 or by more selective, expensive reagents

Primary alcohol

Secondary alcohol

Tertiary alcohol

® 2007 Thomson Higher Education

OH 0] @)
| [0] | [0] ]
/C\ /C\ 7NN /H
R- H R H R @)
H
An aldehyde A carboxylic acid
OH O
| [0] |
IO Y das NUES
R H R R
Rl
A ketone
OH
| [0] :
P i —>  NO reaction
R/ R"
R/

» The direct oxidation of primary alcoholsto carboxylic acids normally

proceeds via the corresponding aldehyde, which is transformed via an

aldehyde hydrate (R-CH(OH),) by reaction with water before it can be

further oxidized to the carboxylic acid.



* The direct oxidation of primary alcohols to carboxylic acids can be

carried out using

Potassium permanganate (KMnO,);

Tertiary alcohols (R'R’R’C-OH) are resistant to oxidation.

Geusl A B3sagall (0) Cliagsugd Ga JS) g aaly (a8 (gl Bans] et ¢
S asing L) @ clinmgued o2 2 o ziiall £4i aaingy —OH 0311 Jalal)

Qﬂlﬁ 3l 1,33.113 3 1,.43\ Jod) Gl 1) L o adlay ‘5‘

sl U8l gda saly (B L) aliianys 0 Ciangua o osing A1 JAlE -

‘ R—-—C=0O

T T
R—‘C—OH R—_C_—_OH
H
Q1988 JSug gl o Aptag i S8h o (gl (J ) adaieng
Rl

|
R-C-OH ————> R—C=0O

H R
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Oxidation of Primary Alcohols

. To aldehyde: pyridinium chlorochromate (PCC, CsH¢NCrO;Cl) in

dichloromethane

. Other reagents produce carboxylic acids

i
)\/\)\/CHZOH e MC\
CH2Clo H

Citronellol (from rose oil) Citronellal (82%)

{PCC = </ \ﬁ—H CrO3CI']

© 2007 Thomson Higher Education

Pyridinium Chlorochromate (PCC)

Pyridinium chlorochromate (PCC):

N-—H CrO.Cl-
<\ /> >

CrO; - pyridine - HCI
or pyH"™ CrO,CI~

* PCC is a complex of chromium trioxide,
pyridine, and HCI.

* Oxidizes primary alcohols to aldehydes.

* Oxidizes secondary alcohols to ketones.

Chapter 11 9



Pyridinium Chlorochromate

(PCC)

OH
| Cr()}-pyridim“HCl (PCC) "
(= R—(l‘—H CH,CI, R—C—H
H
primary alcohol aldehyde

Example
PCC
CH4(CH,)s—CH,OH W

1-heptanol
Copyright © 2010 Pearson Prentice Hall, Inc

Chapter 11

0
I

CH,(CH,);—C—H
heptanal (78%)

10

i
)\/\)\/CHZOH e MC\
CH»>Clo H

Citronellol (from rose oil)

/N -
PCC = N—H CrO5Cl

© 2007 Thomson Higher Education

Citronellal (82%)



Oxidation of 17 Alcohols to
Carboxylic Acids

=1

CH.OH i CH
a kL

H, 5

cwcicheyyl mradhane oy e ooy e moil

+ Chromic acid reagent ocxidizes primary
alcohols to carboxylic acds.
* The axidizing agent is too strong to siop at
the aldehyde,
Oxidation of Secondary Alcohols

» Effective with inexpensive reagents such as Na,Cr,0- in acetic acid

 PCC is used for sensitive alcohols at lower temperatures

CHz 9
PCC CH3 ’
CH,Cl,, 25 °C !
H
)
Testosterone 4-Androstene-3,17-dione (82%)

(male sex hormone)

© 2007 Thomson Higher Education



Oxidation of 2° Alcohols

« 2° alcohol becomes

a ketone. o tl,:l{ i :i'...K.
® OX'dlZ'ng agent |S & secondary aloohol el
Na,Cr,0./H,SO.. —
° ACtive reagent OH N;Iulf-:l I,’-'
probably is H,CrO,.

* Color change is
orange to greenish-
blue.

Chapter 11 ]

3° Alcohols Cannot Be Oxidized

» Carbon does not have hydrogen, so oxidation is
difficult and involves the breakage of a C—C bond.

* Chromic acid test is for primary and secondary Diol
alcohols because tertiary alcohols do not react.

Summary of Alcohol Oxidations

To Oxidize Product Reagent

27 alcohol ketone chromic acid (or PCC)
17 alcohol aldehyde PCC
1? alcohol carboxylic acid chromic acid

Copyright © 2010 Pearson Prentice Hall, Inc.
Chapter 11 11

oxidation

Alcohols possessing two hydroxy groups located on adjacent carbons —

that is, 1,2—diols— suffer oxidative breakage at a carbon—carbon bond

with some oxidants such as sodium periodate (NalO,) or lead



https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Diol
https://en.wikipedia.org/wiki/Sodium_periodate
https://en.wikipedia.org/wiki/Sodium_periodate
https://en.wikipedia.org/wiki/Lead_tetraacetate

tetraacetate (Pb(OAc),), resulting in generation of two carbonyl groups.

The reaction is also known as glycol cleavage.

OHOH 15y  R_.O Og.R

R-C—C-R T+ 6
LR AR
1,2-diol

[O]= NalO,4 or Pb(OAc),

R= alkyl, aryl or hydrogen

Other Oxidation Reagents

CuO, 300°C (industrial dehydrogenation)
Collins reagent: Cr,O, in pyridine

Jones reagent: chromic acid in acetone
KMnO, (strong oxidizer)

Nitric acid (strong oxidizer)

Swern oxidation: dimethylsulfoxide, with
oxalyl chloride and hindered base,
oxidizes 2° alcohols to ketones and 1°
alcohols to alderydes.

apter 11 12
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E

* Catalyze
* Oxidizin
dinuclec
* Ethanol
acid, wh
* Methanc

formic a
methanc

* Ethylene

s toxic. Enzymatic Oxidation

* Treatme

OH 18}
CH,—~C—H “Ss  CH,~C—H t, + H

USRS »
H onkdized forn

ALDH
CH ( H HO » CH,~( OH + H

ALDH Adehvde debhvdnopeman

- v -
uh\d&.\ub Pr-Y) Copyright © 2010 Paarsan Prantice Hall, Ik

1Y) Alcohol dehydrogenase catalyzes an oxidation: the removal of two
hydrogen atoms from an alcohol molecule. The oxidizing agent is called

b JIRY) nicotinamide adenine dinucleotide (NAD*).
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