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15.1 OVERVIEW OF ALCOHOL REACTIONS

C C O

HH

Replacing the alcohol hydrogen with an alkyl group gives an ether. 
Replacing it with a carbonyl carbon atom yields an ester.

H

C C O

HH

H

The carbon-oyxgen bond breaks in a nucleophilic
substitution reaction, which is often acid-cartalyzed.

C C O

HH

H

The oxygen-hydrogen and carbon-hydrogen bonds break
in an oxidation reaction, an α-elimination,

αβ

C C O

HH

H

The carbon-oyxgen and carbon-hydrogen bonds break
in a dehydration reaction, often acid-catalyzed.

αβ



15.2  CONVERTING ALCOHOLS INTO ESTERS
Esters of Nitric, Sulfuric, and Phosphoric Acid

HO S

O

OH

O
sulfuric acid

HO N

O

O

nitric acid

HO P

O

OH

OH
phosphoric acid

Cl S

O

OH

O

chlorosulfuric acid sulfuryl chloride

Cl S

O

Cl

O

Water comes from here.

+R O H H O A R O A + H2O

(an ester)(an alcohol) (an oxyacid)

Part of the original alcohol.

Part of the original acid.



15.2  CONVERTING ALCOHOLS INTO ESTERS
Reactions of Tosylate Esters

C C

OTs

H

C C

OTs

H

Nu

SN2
C C

NuH

Nu

E2

+  OTs

+ H B +  OTsC C

CH3SHO

O

O
p-toluenesulfonic acid

CH3SCl

O

O
p-toluenesulfonyl chloride
        (tosyl chloride)

CH3SRO

O

O
alkyl p-toluenesulfonate
    (alkyl tosylate)



15.2  CONVERTING ALCOHOLS INTO ESTERS
Esters of Carboxylic Acids

R C O

O

H R C Cl

acyl group
O

R C Nu

O

+
nucleophilic addition

C

O

LR

Nu

C
LNu

R
O

tetrahedral intermediate

elimination
L

Water comes from here.

+R C OH H O R + H2O

(an alcohol)

Part of the original alcohol.

O

R C O

(an ester)

O

(a carboxylic acid)

R

CH3 C O

O

CH2CH3CH3 C Cl

O

+ O CH2CH3H + HCl

N

ethanoyl chloride
(acetyl chloride)

pyridine

+ HCl

N

pyridinium chloride
H

Cl

ethanol
ethyl ethanoate
(ethyl acetate)



15.2  CONVERTING ALCOHOLS INTO ESTERS
Phosphate and Pyrophosphate Esters

P

O

O

OO P

O

O

O AMP

Pyrophosohoryl group 
of ATP

γ β

(AMP is adenosine monophosphate.)

P

O

O

OO P OH

O

OH

    dihydrogen pyrophosphate

P

O

O

OO P OR

O

OH

monohydrogen pyrophosphate ester

P

O

O

OO P

O

O

O P OCH2

O

OH
O

OH

H

OH

H

N

NN

N

NH2

Adenosine-5'-phosphate (ATP3-)

γ β αPO3
2- is a  phosphoryl group



15.2  CONVERTING ALCOHOLS INTO ESTERS
Reactions Phosphate and Pyrophosphate Esters

Nu P
OO

O
O

nucleophilic attack on
tetrahedral phosphorus

ADP

Nu P

OO

O

O ADP
δ δ + O-ADPP

O

Nu
O

O

SN2 transition state

P

O

O

OO P O

O

OH

+
βγ

R OHAMP P

O

O

OO P O

O

OH

R

pyrophosphate esterATP2-

OPP
dimethylallyl pyrophosphate

OPP
isopentenyl pyrophosphate

OPP

OPP OPP

HH

OPP
geraniol pyrophosphate

H2O

PP

OH

geraniol



15.3  CONVERSION OF ALCOHOLS TO HALOALKANES
Reaction of  Alcohols with Thionyl Chloride

CH3(CH2)4CH2OH SOCl2+

SOCl2+

HCl(g)+CH3(CH2)4CH2Cl

CH2OH CH2Cl

+ SO2(g)

HCl(g)+ + SO2(g)



15.3  CONVERSION OF ALCOHOLS TO HALOALKANES
Mechanism of the Reaction of  Alcohols with Thionyl Chloride

ClR O

H

+ S

O

ClCl
S

O

ClOR

H
protonated alkyl chlorosulfite

S

O

ClOR

HCl

+
S

O

ClOR

+ HCl

alkyl chlorosulfite

+

S

O

ClOCCl + SO2

H
CH3

CH3CH2

C

H
CH3

Cl
CH2CH3 + Cl

C

H
R

CH3

O O S O

O

Cl
Solvated ion pair

C

H
R

CH3

O O S O

O

Cl

Solvated ion pair

SNi
C

CH3 Cl

R H

Retention of configuration

+ SO2



15.3  CONVERSION OF ALCOHOLS TO HALOALKANES
Reaction of  Alcohols with Phosphorus Tribromide

R OH + H3PO3+ PBr3 R Br

CH2OH CH2Br

3

+ PBr33 + H3PO33

C

H
R

H3C

O
H

P

Br
C

H
R

H3C

O
P

Br

Br
protonated phosphite ester

Br

Br

H

Br

C

H
R

CH3

O
P

Br

Br

H

Br

C

H
Br

O
P

Br

Br

H

R +

CH3



15.4 OXIDATION OF ALCOHOLS

R C OH

H

H
aldehyde

[O]
R C H

O

R C OH

O
[O]

carboxylic acid

R C OH

H

R
secondary alcohol

ketone

[O]
R C R

O

R C OH

R

R
tertiary alcohol

[O] No Reaction



15.4 OXIDATION OF ALCOHOLS
Oxidizing Agents for Alcohols

cis-4-tert-butylcyclohexanol

C

OH

H

H3C

H3C
CH3

Na2Cr2O7

HOAc

4-tert-butylcyclohexanone

C
C

H3C

H3C
CH3

O

PCC

CH2Cl2OH
H

O

CrO3

acetone/ H2SO4OH C
OH

O

H

OH

CrO3

acetone/ H2SO4

O

pyridinium chlorochromate (PCC)

CrO3 + HCl + N N H [CrO3Cl]



15.4 OXIDATION OF ALCOHOLS
Mechanism of Oxidation by Chromium(VI)

R C OH

H

H
chromic acid

HO Cr OH

O

O

R C O

H

H

Cr OH

O

O

a chromic ester

R C O

H

H

Cr OH

O

O

chromic ester

O

H

H

R C

O

H

+ HCrO3
-

R C O

OH

H

Cr OH

O

O

chromic acid half-ester of gem diol

O

H

H

R C

O

OH

H3OHCrO3+ +

R C H

O

O

H

H

+ R C H

OH

OH
gem diol

Keq < 1



15.5 REACTIONS OF VICINAL DIOLS

+ KMnO4 + MnO2

H

H

OH

OH

+ OsO4

CH3

CH3

OH

OH
CH3
CH3

NMNO

MCPBA
CH2Cl2 / 25o C

O

H

H
H3O+ OH

OH

H

H



15.5 REACTIONS OF VICINAL DIOLS
The Pinacol Rearrangement

CH3 C

OH

C

OH

CH3

CH3CH3
2,3-dimethyl-2,3-butanediol
         (pinnacol)

+ H2O
H2SO4

CH3 C

CH3

C

O

CH3

CH3

CH3 C

OH

C

OH

CH3

CH3CH3

+ H2O

H

CH3 C

O

C

OH

CH3

CH3CH3

HH

CH3 C C

OH

CH3

CH3CH3

CH3 C C

CH3

CH3

OHCH3

CH3 C C CH3

OCH3

CH3

H

CH3 C C CH3

OCH3

CH3

H

CH3 C C CH3

OCH3

CH3



15.5 REACTIONS OF VICINAL DIOLS
Oxidative Cleavage of Vicinal Diols

C C

vicinal  diol

HO OH
HIO4

THF / H2O
C CO O+ + HIO3 + H2O

C

OH

C

OH

CH2CH3

CH3H
2-methyl-1-phenyl-1,2-butanediol

+
HIO4

C
O

C
O

CH2CH3

CH3H

OH

OH

HIO4

O

O

H

H

benzaldehyde 2-butanone

cis-1,2-cyclohexanediol 6-oxohexanal



15.6 SYNTHESIS OF ALCOHOLS
Reductive Synthetic Methods

R C OH

H

H
aldehyde

[H]

primary alcohol

ketone

[H]

secondary alcohol

C

O

R H

R C OH

H

R

C

O

R R



15.6 SYNTHESIS OF ALCOHOLS
Alkylation Synthetic Methods

R C C + XCH2R' R C C CH2 R' + X

R C R''

O

R'
            alkoxide ion, 
(salt is neutralized to give alcohol)

R'' MgBr +

(MgBr)

C

O

R R'



15.7 SYNTHESIS OF ALCOHOLS FROM HALOALKANES

+

OH

Br
C CH3

O

O

O
C

O

CH3

O
C

O

CH3

OH O
C

O

CH3
+

C

O

R O
CH3

Nu
favored mode of attack

C

O

R O
CH3 Nu

less favored mode of attack



15.8  INDIRECT HYDRATION METHODS
Oxymercuration-Demercuration

CH3(CH2)3CH CH2

1. (Hg(OAc)2 / H2O

2. NaBH4
CH3(CH2)3CH CH2

OH H

Hg Hg Hg

OAc OAc OAc

Hg

OAc

H
O

H

C C

Hg

OAc

O
H H

C C

Hg

OAc

HO

-H+

Hg

R H

H H Hg

R H

H H Hg

R H

H H

OAc OAc OAc

I II III
mercurinium ion of a terminal, monosubstituted alkene

Hg

R H

H H

OAc

H
O

H

C C

Hg

R H

H H

OAc

O
H H

C C

Hg

R
H

H

OAc

HO

H-H+



15.8  INDIRECT HYDRATION METHODS
Hydroboration-Oxidation

BH3-tetrahydrofuran complex

O B H

H

H

C C + B H

H

H
C C

H BH2

C C

H

B

3

+C C

H OH

C C

H

B

3
trialkylborane

H2O2 / HO_
3 H3BO3

trialkylborane

BH3 / THF
CH3

CH3

H
H

B

R

R

syn addition

H2O2 / HO_
CH3

H
H

OH

CH3(CH2)3CH CH2

1. B2H6

2. H2O2 / OH
CH3(CH2)3CH CH2

H OH



Figure 15.1 Transition State Structure for Hydroboration

(a) Orbital interaction in the transition
state of alkene hydroboration 

BH3

alkene

vacant 2p orbital

π bond of alkene

(b) Ball-and-stick-model of the 
transition state of alkene 
hydroboration 



15.9 REDUCTION OF CARBONYL COMPOUNDS

Ni / H2
(CH3)3 CH2 C H

O

3,3-dimethylbutanal

(CH3)3 CH2 C H

OH

H
3,3-dimethylbutanol

O

cycloheptanone

Ni / H2

H

cycloheptanol

OH



15.9 REDUCTION OF CARBONYL COMPOUNDS
Reduction by Metal Hydrides

C O
δ

δNu

C O
R

R
H C O

R

H
R

C OH

R

H
R

step 1. step 2.

H

ketone alkoxide ion secondary alcohol

H B H

H

H
borohydride anion

H Al H

H

H
aluminum hydride anion



15.9 REDUCTION OF CARBONYL COMPOUNDS
Solvents for Lithium Aluminum Hydride and Sodium Borohydride

H Al H

H

H

+ H O

H

H Al

H

H

+ H H H O+

AlH4  + 4 H2O [Al(OH4)]    + 4 H2

H B H

H

H
borohydride anion

H Al H

H

H
aluminum hydride anion

NaBH4  + 4 CH3CH2OH + 4 H2Na+ [B(OCH2CH3)4]
slow

LiAlH4  + 4 CH3CH2OH + 4 H2Li+ [B(OCH2CH3)4]
fast



15.9 REDUCTION OF CARBONYL COMPOUNDS
Regioselectivity of Hydride Reduction

(E)-3-phenyl-2-propenal

C
H

O
NaBH4

CH3CH2OH
C

H

OH
H

(E)-3-phenyl-2-propen-1ol

3-cyclohexenone

1. LiAlH4

2. H3O+

3-cyclohexenol

O OHH

C O
H

R
C OH

R

H
R

aldehyde primary alcohol

HH3B
H OCH2CH3

+ CH3CH2O BH3

C O
R

R
H AlH3

C

H

OR

R
AlH3

(alkoxyaluminate salt)

(Li+)

(alkoxyaluminate salt)

AlC OH

4

+ H2OLi C OHH4 + LiOH



15.9 REDUCTION OF CARBONYL COMPOUNDS
Reduction of Other Carbonyl Compounds

H3C
C C

OCH3

O
1. NaBH4 /ethanol

H3C
C C

OCH3

O

Only the ketone is reduced.

O

2. H3O+

H OH

methyl p-methoxybenzoate

1. LiAlH4 /ether

2. H3O+
CH3O C OCH3

O

CH3O C OH

H

H
p-methoxybenzyl alcohol



15.9 REDUCTION OF CARBONYL COMPOUNDS
Stereoselectivity of Metal Hydride Reduction

H

OH

OH

H
         endo 86%
bicyclo[2.2.1]heptan-2-ol

              exo (14%)
bicyclo[2.2.1]heptan-2-ol

+

O

NaBH4

ethanol



15.10  ALCOHOL SYNTHESIS USING GRIGNARD REAGENTS

diethyl ether

1-bromobutane

+ MgCH3H2CH2CH2 Br CH3H2CH2CH2 MgBr

1-butylmagnesium bromide
        (a Grignard reagent)

C MgX
δ δ

Mg(s)
ether

D2OCH3CH2CHCH3

Br

CH3CH2CHCH3

MgBr

CH3CH2CHCH3

D

C MgXC X + Mg
ether D2O C D

Step 1 Step 2



15.10  ALCOHOL SYNTHESIS USING GRIGNARD REAGENTS
Synthesis of Alcohols Using Grignard Reagents

+
2. H3O+ether

H C

H

O

H C

O

H

R
magnesium alkoxide

R MgBr

MgBr

H C

OH

H

R
primary alcohol

+ H C

H

OMgBr
1. mix in ether

2. H3O+
C

OH

H

H
primary alcohol

+ CH3MgBr
2. H3O+

1. mix in ether

H

O
C

OH

H

CH3

aldehyde secondary alcohol

1. CH3MgBr

2. H3O+

CH3

O

C

OH

CH3

CH3
ketone tertiary alcohol



15.10  ALCOHOL SYNTHESIS USING GRIGNARD REAGENTS
Limitations of the Grignard Reaction

+ CH3MgBr

most reactive site

+CH4 MgBrC

O

CH3

OH C

O

CH3

O



15.10  ALCOHOL SYNTHESIS USING GRIGNARD REAGENTS
Alcohol Protecting Groups

2. H3O+H3C
C

OSi(CH3)3

O
1. CH3CH2CH2MgBr

HO
C

OH

CH3
CH2CH2CH3

original, protected hydroxyl group

+OH (CH3)3Si
pyridine

O Si(CH3)3Cl

chlorotrimethylsilane (a trimethylsilyl ether)



15.10  ALCOHOL SYNTHESIS USING GRIGNARD REAGENTS
Acetylenic Alcohols

C C HH + NaNH2
NH3 (liq.)

C C NaH + NH3

O

+ C C NaH HO C
C

H

cyclohexanone 1-ethynylcyclohexanol

C C HCH3CH2CH2 + CH3MgBr

cyclopentanone

C C MgBrCH3CH2CH2

O

+ CH4

+ C C MgBrCH3CH2CH2
1. ether

2. H3O+

HO C
C

CH2CH2CH3



15.11 THIOLS AND THIOETHERS

3-pentanethiol

H3C

SH

SHHS

1,3-propanedithiol

Physical Properties of Thiols

1-butanethiol (bp 98 oC)
H3C SH

1-butanol (bp 117 oC)
H3C OH



15.11 THIOLS AND THIOETHERS
Reactions of Thiols

CH3CH2SH + H2O CH3CH2S- + H3O+ pKa = 8

pKa = 17CH3CH2OH + H2O CH3CH2O- + H3O+

R S H
a thiolate

+ NaOH +R S Na + H2O

R S H R S
a disulfide

2 [O]
S R

cysteine

2 [O]C HH3N

CO2

CH2 S H
cystine

C HH3N

CO2

CH2 S S

C HH3N

CH2

CO2

R S OH

a sulfenic acid

R S OH

O

R S OH

O

a sulfinic acid
O

a sulfonic acid

HNO3 S OH

O

O
a sulfonic acid

SHRCH2 RCH2



15.11 THIOLS AND THIOETHERS
Synthesis of Thiols

a thioether

R' S

R Br + HS + BrR S H

R Br + + BrR S R'

thiourea

+ + BrC S

H2N

H2N

RCH2 Br C S

H2N

H2N

R

OH C O

H2N

H2N

+S H

isothiouronium ion

urea

R+C S

H2N

H2N

R


