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Alcohol — Preparation — Alkene Hydration
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Alcohol — Preparation — Alkene Hydration
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Alcohol — Preparation — Alkene Hydration
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Alcohol — Preparation — Carbonyl Reduction
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Alcohol — Preparation — Carbonyl Reduction

Aldehyde reduction

0 OH
EH3CH2CH2¢'|.‘|.H - ﬁggf* sthanol CHECHECHEI'::H
H
Butanal 1-Butanol (85%)
(a 1° alcohol)

Ketone reduction

0 H OH
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1. NaBH4, ethanol
2. H30* ’
Dicyclohexyl ketone Dicyclohexylmethanol (88%)

(a 2° alcohol)

LIAIH, iIs much more reactive than NaBH,
but also more dangerous



Question

Which one of the isomeric alcohols of formula C.H,,0 can be prepared by
LiAIH, reduction of a ketone?

A) 1-pentanol

B) 2-methyl-2-butanol

C) 3-methyl-2-butanol

D) 2,2-dimethyl-1-propanol




Alcohol — Preparation — Carbonyl Reduction
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Pt, Pd, Ni, or R
RCH + H, 2= RCH,OH
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CH;0 CH —2—~> CH,0 CH,OH

p-Methoxybenzaldehyde p-Methoxybenzyl alcohol (92%)




Alcohol preparation — Carboxylic acid and ester reduction
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Carboxylic acid reduction
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| 1. LiAlH4, ether
CH3(CH3)7CH=CH(CH3)7COH 2 H307 ' CH4(CH2)7CH=CH(CH7)7CH,0H

9-Octadecenoic acid 9-Octadecen-1-ol (87%)
(oleic acid)
Ester reduction
8]
1. LiAlHa, ether
CHqCHoCH=CHCOCH3 2. Hz0" ' CH3CHsCH=CHCH;0H + CH30H
Methyl 2-pentenoate 2-Penten-1-ol (91%)









Alcohol preparation — Carboxylic acid and ester reduction
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ALCOHOL REACTIONS




Reaction with Metals

Alcohols react with Li, Na, K, and other active metals to liberate hydrogen gas and form metal
alkoxides

2C|—|30H + 2Na >2CH30- Na+ + H2

Sodium methoxide
(MeO'Na")

Alcohols are also converted to metal alkoxides by reaction with bases stronger than the alkoxide
ion

> one such base is sodium hydride

CH3CH,OH + Na" H » CH3CH,O Na" + H,
Ethanol Sodium Sodium ethoxide
hydride



Reaction with HX

> 3° alcohols react very rapidly with HCI, HBr, and HI

%—OH tho —2C N o 4o

/
2-Methyl-2- 2-Chloro-2-
propanol methylpropane

> low-molecular-weight 1° and 2° alcohols are unreactive under these conditions
° 1°and 2° alcohols require concentrated HBr and HI to form alkyl bromides and iodides

H,O
1-Butanol 1-Bromobutane



Reaction with HX

Based on
> the relative ease of reaction of alcohols with HX (3° > 2° > 1°)

Chemists propose that reaction of 2° and 3° alcohols with HX
° occurs by an S, 1 mechanism, and

o involves a carbocation intermediate




Reaction with HX - S, 1

Step 1: proton transfer to the OH group gives an oxonium ion

rapid and

(|:H3/_\ A.I‘ reversible (|:H3 {H -

CH3-C-OH + H—c = CH3;-c—o: + Cl
CH; CH; H

Step 2: loss of H,O gives a carbocation intermediate

slow, rate H
YL CH
C|:I_Ir~°;/_ determining 3 /
CH3-C—0O. » CH3-C+ + :Op¢
[ +\ SNl I AN
CH; H CHg H

A 3° carbocation
intermediate



Reaction with HX - S, 1

Step 3: reaction of the carbocation intermediate (an electrophile) with halide ion (a nucleophile) gives the

product
CHs CH
| c- - .3
CH3-C|:+/—+\:§3_IZ fast > CH3-CI:—C1-

2-Chloro-2-methylpropane
(tert-Butyl chloride)



Reaction with HX - S22

1° alcohols react with HX by an Sy 2 mechanism
Step 1: rapid and reversible proton transfer

rapid and H
g . * reversible +/
RCH,-OH + H:'CI)_H - RCHZ-O\ + ‘0-H
H H H

Step 2: displacement of HOH by halide ion

slow, rate H
.- +/ determining iy /4
Br:” + RCHz‘\g:\ » RCH,-Br: + :O;
H SN2 H



Reaction with PBr,

An alternative method for the synthesis of 1° and 2° bromoalkanes is reaction of an alcohol with
phosphorus tribromide

° this method gives less rearrangement than with HBr

)\/OH + PBr3 O )\/Br +  H3POj

2-Methyl-1-propanol Phosphorus 1-Bromo-2-methylpropane Phosphorous
(Isobutyl alcohol) tribromide (Isobutyl bromide) acid




Reaction with PBr,

Step 1: formation of a protonated dibromophosphite converts H,O, a poor leaving group, to a good
leaving group .
a good leaving group
LN o
R-CH,-0-H * Br =P—Bri —> RCH,~(Q-PBr, * IBr:
Br H

Step 2: displacement by bromide ion gives the alkyl bromide

’ /\ ’ -+ SNZ (I [
'‘Br-~ + R'CHzT}P'PBrz —» RCH,-Br'+ HO-PBr,

H



