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Alcohols, Diols, and ThiolsAlcohols, Diols, and Thiols



15.115.1

Sources of AlcoholsSources of Alcohols



MethanolMethanol is an industrial chemicalis an industrial chemical

end uses:  solvent, antifreeze, fuelend uses:  solvent, antifreeze, fuel

principal use:  preparation of formaldehydeprincipal use:  preparation of formaldehyde

MethanolMethanol



MethanolMethanol is an industrial chemicalis an industrial chemical

end uses:  solvent, antifreeze, fuelend uses:  solvent, antifreeze, fuel

principal use:  preparation of formaldehydeprincipal use:  preparation of formaldehyde

prepared by hydrogenation of carbon prepared by hydrogenation of carbon 
monoxidemonoxide

CO  +  2HCO  +  2H22 ∅∅ CHCH33OHOH

MethanolMethanol



EthanolEthanol is an industrial chemicalis an industrial chemical

Most ethanol comes from fermentationMost ethanol comes from fermentation

Synthetic ethanol is produced by hydrationSynthetic ethanol is produced by hydration
of ethyleneof ethylene

Synthetic ethanol is denatured (madeSynthetic ethanol is denatured (made
unfit for drinking) by adding methanol, benzene,unfit for drinking) by adding methanol, benzene,
pyridine, castor oil, gasoline, etc.pyridine, castor oil, gasoline, etc.

EthanolEthanol



Isopropyl alcohol is Isopropyl alcohol is prepared by hydration of prepared by hydration of 
propene.propene.

All alcohols with four carbons or fewer are All alcohols with four carbons or fewer are 
readily available.readily available.

Most alcohols with five or six carbons are Most alcohols with five or six carbons are 
readily available.readily available.

Other alcoholsOther alcohols



Hydration of alkenesHydration of alkenes

HydroborationHydroboration--oxidation of alkenesoxidation of alkenes

Hydrolysis of alkyl halidesHydrolysis of alkyl halides

Syntheses using Syntheses using 
Grignard reagentsGrignard reagents
organolithium reagentsorganolithium reagents

Sources of alcoholsSources of alcohols

Reactions discussed in earlier chapters (Table 15.1)Reactions discussed in earlier chapters (Table 15.1)



Reduction of aldehydes and ketonesReduction of aldehydes and ketones

Reduction of carboxylic acidsReduction of carboxylic acids

Reduction of estersReduction of esters

Reaction of Grignard reagents with epoxidesReaction of Grignard reagents with epoxides

Diols by hydroxylation of alkenesDiols by hydroxylation of alkenes

Sources of alcoholsSources of alcohols

New methods in Chapter 15New methods in Chapter 15



15.215.2
Preparation of AlcoholsPreparation of Alcohols

byby
Reduction of Aldehydes and KetonesReduction of Aldehydes and Ketones
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Reduction of Aldehydes Gives Primary AlcoholsReduction of Aldehydes Gives Primary Alcohols



Pt, ethanolPt, ethanol

(92%)(92%)

Example:  Catalytic HydrogenationExample:  Catalytic Hydrogenation

 

CHCH33OO CHCH22OHOH

OO 

CHCH33OO CHCH ++ HH22
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Reduction of Ketones Gives Secondary AlcoholsReduction of Ketones Gives Secondary Alcohols



(93(93--95%)95%)

Example:  Catalytic HydrogenationExample:  Catalytic Hydrogenation
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Retrosynthetic AnalysisRetrosynthetic Analysis



SodiumSodium
borohydrideborohydride

LithiumLithium
aluminum hydridealuminum hydride

LiLi
++

NaNa
++ ––

BB

HH

HH

HHHH
––

AlAl

HH

HH

HHHH

Metal Hydride Reducing AgentsMetal Hydride Reducing Agents

act as hydride donorsact as hydride donors



NaBHNaBH44

(82%)(82%)

Examples:  Sodium BorohydrideExamples:  Sodium Borohydride

CHCH22OHOH

OO

CHCH

OO22NN 

methanolmethanol

OO22NN 

 OO  HH OHOH

(84%)(84%)

NaBHNaBH44

ethanolethanol

AldehydeAldehyde

KetoneKetone



Lithium aluminum hydrideLithium aluminum hydride

more reactive than sodium borohydridemore reactive than sodium borohydride

cannot use water, ethanol, methanol etc.cannot use water, ethanol, methanol etc.
as solventsas solvents

diethyl ether is most commonly used solventdiethyl ether is most commonly used solvent



Examples:  Lithium Aluminum HydrideExamples:  Lithium Aluminum Hydride

(84%)(84%)

AldehydeAldehyde

KetoneKetone

OO

CHCH33(CH(CH22))55CHCH CHCH33(CH(CH22))55CHCH22OHOH

1.  LiAlH1.  LiAlH44

diethyl etherdiethyl ether

2.  H2.  H22OO

OO

(C(C66HH55))22CHCCHCHCCH33

1.  LiAlH1.  LiAlH44

diethyl etherdiethyl ether

2.  H2.  H22OO

(86%)(86%)

OHOH

(C(C66HH55))22CHCHCHCHCHCH33



neither NaBHneither NaBH44 or LiAlHor LiAlH44
reduces isolatedreduces isolated
double bondsdouble bonds

 

HH OHOH

 

OO

1.  LiAlH1.  LiAlH44

diethyl etherdiethyl ether

2.  H2.  H22OO

(90%)(90%)

SelectivitySelectivity



15.315.3
Preparation of Alcohols By ReductionPreparation of Alcohols By Reduction

of Carboxylic Acids and Estersof Carboxylic Acids and Esters



lithium aluminum hydride is only lithium aluminum hydride is only 
effective reducing agenteffective reducing agent

Reduction of Carboxylic AcidsReduction of Carboxylic Acids
Gives Primary AlcoholsGives Primary Alcohols
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Example:  Reduction of a Carboxylic AcidExample:  Reduction of a Carboxylic Acid

1.  LiAlH1.  LiAlH44

diethyl etherdiethyl ether

2.  H2.  H22OO

 

COHCOH

OO
 

CHCH22OHOH

(78%)(78%)



Lithium aluminum hydride preferred forLithium aluminum hydride preferred for
laboratory reductionslaboratory reductions

Sodium borohydride reduction is too slowSodium borohydride reduction is too slow
to be usefulto be useful

Catalytic hydrogenolysis used in industryCatalytic hydrogenolysis used in industry
but conditions difficult or dangerous to duplicate but conditions difficult or dangerous to duplicate 
in the laboratory (special catalyst, highin the laboratory (special catalyst, high
temperature, high pressuretemperature, high pressure

Reduction of EstersReduction of Esters
Gives Primary AlcoholsGives Primary Alcohols



Example:  Reduction of a Carboxylic AcidExample:  Reduction of a Carboxylic Acid

1.  LiAlH1.  LiAlH44

diethyl etherdiethyl ether

2.  H2.  H22OO

(90%)(90%)

 OO

COCHCOCH22CHCH33

CHCH33CHCH22OHOH

 

CHCH22OHOH ++



15.415.4
Preparation of Alcohols From EpoxidesPreparation of Alcohols From Epoxides



Reaction of Grignard ReagentsReaction of Grignard Reagents
with Epoxideswith Epoxides

CHCH22 CHCH22 OMgXOMgX

HH33OO++

HH22CC CHCH22

OO

RR MgXMgX RR
 

RRCHCH22CHCH22OHOH



CHCH33(CH(CH22))44CHCH22MgBrMgBr HH22CC CHCH22

OO

++

1.  diethyl ether1.  diethyl ether
2.  H2.  H33OO++

CHCH33(CH(CH22))44CHCH22CHCH22CHCH22OOHH

(71%)(71%)

Example Example 



15.515.5
Preparation of DiolsPreparation of Diols



Diols are prepared by...Diols are prepared by...

reactions used to prepare alcoholsreactions used to prepare alcohols

hydroxylation of alkeneshydroxylation of alkenes



OO OO

HCHCCHCH22CHCHCHCH22CH CH 

CHCH33

HH22 (100 atm)(100 atm)

Ni, 125°CNi, 125°C

HOCHHOCH22CHCH22CHCHCHCH22CHCH22OHOH

CHCH33

33--MethylMethyl--1,51,5--pentanediolpentanediol

(81(81--83%)83%)

Example:  reduction of a dialdehydeExample:  reduction of a dialdehyde



vicinal diols have hydroxyl groups on adjacent vicinal diols have hydroxyl groups on adjacent 
carbonscarbons

ethylene glycol (HOCHethylene glycol (HOCH22CHCH22OH) is most familiar OH) is most familiar 
exampleexample

Hydroxylation of AlkenesHydroxylation of Alkenes
Gives Vicinal DiolsGives Vicinal Diols



syn addition of syn addition of ——OH groups to each carbonOH groups to each carbon
of double bondof double bond

Osmium Tetraoxide is Key ReagentOsmium Tetraoxide is Key Reagent

CC CC
HHOO OOHH

CC CC

OO OO

OsOs

OOOO

CCCC



(CH(CH33))33COOHCOOH
OsOOsO44 (cat)(cat)

terttert--Butyl alcoholButyl alcohol
HOHO––

Example Example 

(73%)(73%)

CHCH22CHCH33(CH(CH22))77CHCH

CHCH33(CH(CH22))77CHCHCHCH22OHOH

OHOH



(CH(CH33))33COOHCOOH
OsOOsO44 (cat)(cat)

terttert--Butyl alcoholButyl alcohol
HOHO––

Example Example 

(62%)(62%)
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