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Reaction of Alcohols : Alcohols as Electrophile

« Alcohol is a poor electrophile because the hydroxyl group is a poor leaving group

« The hydroxyl group becomes a good leaving group when it is protonated
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Reaction of Alcohols : Alcohols as Electrophile
1) Dehydration of Alcohols

| | acidic catalyst, heat _ AN

/
—(C—C— < = C=C + H,0
/ AN i

« Dehydration = “removal of water”
« Dehydration is a reversible process (hydration of alkene)

« conc. H,SO, or conc. H;PO, are the most commonly used acid
(act both as acidic catalysts and as dehydrating agents)

\ /
—C—C— + HSO, = C=C_ + HO* + HSO;
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Dehydration of Alcohols — Mechanism

E1 mechanism

Carbocation Intermediate
= Rearrangement possible
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Dehydration of Alcohols — Example

Predict the products of the following reactions:

OH H®

//A\\//l\\ heat

H,0 H

heat heat




2) Preparation of Alkyl Halides from Alcohols
2.1 Reaction with Bromide

« 1° alcohols react via S 2

] T ]

- HBr .

CH,—0—H —— :Brf  CH,—~0—H —— Br—CH, + H,0
poor good

electrophile electrophile

« 2°and 3° alcohols react with Br™ via S 1
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2) Preparation of Alkyl Halides from Alcohols

2.2 Reaction with Chloride

» Chloride is a weaker nucleophile than bromide.
« Add ZnCl,, which bonds strongly with —OH, to promote the reaction.
* Lucas test: ZnCl, in concentrated HCI:

1° alcohols react slowly or not at all (Sn2)

2 ° alcohols react in 1-5 minutes (Sy1)

3 ° alcohols react in less than 1 minute (S, 1)

(fﬂ-* iz (|3H3 ZnCl, CH,
£ ‘|3 O—H =—= H—<|:—"O\‘ = H—C
\

CH, CH, H FZH3
alcohol-zinc chloride complex carbocation
CH; CH;

H_C+\ L’ H—C—l H(:::)—ZnCl2

CH, |

CH,



2) Preparation of Alkyl Halides from Alcohols
Limitations of HX Reactions
« Poor yields of alkyl halides from primary and secondary alcohols
« Elimination competes with substitution
« Carbocation intermediate may undergo a rearrangement

« Strongly acidic solution is required. Most strong nucleophiles are also basic
and will abstract a proton in acid. Once protonated, the reagent is no longer

nucleophilic.

H+__
d \
H +

~ R—0™— ‘C=C—H — R—0—H + H—C=C—H

f r
Cacsa X
no SHZ
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Reaction of Alcohols : Alcohols as leaving group
2) Preparation of Alkyl Halides from Alcohols

Phosphorus halides; a better way to make RX from ROH

3JR—OH + PCl; ——> 3R—Cl + P(OH);
R—OH + PCly —— R—Cl + POCl + HCI

« produce good yields of most primary and secondary alkyl halides, but none
works well with tertiary alcohols.
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Reaction of Alcohols : Alcohols as leaving group
2) Preparation of Alkyl Halides from Alcohols

Phosphorus halides — Examples

T
CHB—(lj—CHZOH + PBr, —
CH,

neopentylhalcohol

OH

W
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Reaction of Alcohols : Alcohols as leaving group 10

3) Tosylate ester

« The tosylate group is an excellent leaving group, and alkyl tosylates undergo
substitution and elimination much like alkyl halides.

OH O

B e N
TsCl Nuc:™ P
C—C pyridine (-lj | \/{s.;timtiﬂn) i (|: (lj t OTs

Nuc

« Tosylates are made from alcohols using tosyl chloride (TsCl) in pyridine
« Pyridine serves as an organic base to remove the HCI formed in the reaction,

Cl O Cl™ O
. < .
R—?: * O0=S8=0 R—O—S—O — R—O—S 0O +
v
=
CHS pyndme
p-toluenesulfonyl chloride ROTs, a tosyldte ester

TsCl, *‘tosyl chloride™



Reaction of Alcohols : Alcohols as leaving group

3) Tosylate ester

« The following reaction shows the S, 2 displacement of tosylate ion

. CH 3CEE .. S\2 _CH,CH; .
i N CTO—Ts — 1—C,, +  :OTs
1odide f C/H Kj \Cg tosylate ion
3 3 i
(S5)-2-butyl tosylate (R)-2-butyl 10dide /

» The tosylate ion is a particularly stable anion, with its negative charge delocalised
over three oxygen atoms.

-OTs = '=@—S@CH3 — §=SQCH3 — §=SQCH3
tosylate ion H ” I
0. 0. 105 _

resonance-stabilizedinion

» The tosylate leaving group is displaced by a wide variety of nucleophiles
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Reaction of Alcohols : Alcohols as leaving group

Example: Predict the product of the following reactions

\

NaH
HO

TsClI

v

_~_-OH
= pyridine

r

heat

PBr3
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Reaction of Alcohols : Alcohols as leaving group

R—OH —— K°69Hz /R"?’@/ R-QTs
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