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O
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R OCH3
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Reductions

R OH

O 1. LiAlH4

2. H3O+ R OH

R OH

O 1. BH3

2. H3O+ R OH

R Cl

O 1. LiAlH4

2. H3O+ R OH

R Cl

O 1. LiAlH(Ot-Bu)3

2. H3O+ R H

O

R Cl

O 1. LiAlH4

2. H2O R OH

NO2 H2

Pd/C

NH2

NO2 1. SnCl2, HCl

2. NaOH

NH2

O
H2NNH2

NaOH

R R

O

R R
NaBH4, EtOH

OH

R R

O

R R

OH1. LiAlH4

2. H3O+

R NH2

O 1. LiAlH4

2. H3O+ R NH2

O
Zn(Hg)

HCl, heat

REACTION SUMMARY

O

O

H2

Pd/C

H2

Pd/C
Harder to accomplish than alkenes/alkynes: 
requires high pressure and elevated 
temperatures.

O

OH

Zn, Fe, and Sn also work

works for all ketones
and aldehydes

only for aryl
ketones and
aldehydes
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H2, Ni

175 °C, 180 atm

R OH

O SOCl2, pyridine

R Cl

O

Chapter 20

Chapter 20



R R

OH

R R

O

R

OH

R OH

O

R

OH CrO3, pyridine,
HCl  (PCC)

R H

O

R

O

R OH

O
H

Oxidation Reactions

1.KMnO4, NaOH,
H2O, heat

2. H3O+
OH

O

1.KMnO4, NaOH,
H2O, heat

2. H3O+ OH

O
2 x

1. O3
2. Zn, AcOH

O O

H
+

Electrophilic Aromatic Substitution

Br2
FeBr3

NaI, NaOCl

SO3
H2SO4

Cl2
FeCl3

HNO3
H2SO4

R3C–Cl,
AlCl3

Br

I

SO3H

Cl

NO2

R

R Cl

O

AlCl3
R

O

1. O3
2. H2O

O

OH2  x

1.KMnO4, NaOH,
H2O, heat

2. H3O+
O

OH2  x

H3O+, heat

Done in lab

Nucleophilic Aromatic Substitution

O2N

Cl

O2N

OHNaOH, heat
Cl NaNH2, NH3 NH2

benzyne
O2N

Cl
OH

H2CrO4

H2CrO4

H2CrO4

1.KMnO4, NaOH (aqu)
2. H3O+

Also works for the 
above reactions

R

OH

R H

O1. (COCl)2, DMSO
2. Et3N

OR: CuCl2, I2

+ dialkylation 

Carbocations 
rearrangements 
possible



O

1. Ph2CuLi
O

Ph2. H3O+ 1,4-addition

O

1. PhMgBr

2. H3O+ 1,2-addition

HO Ph

O

1. PhLi

2. H3O+ 1,2-addition

HO Ph

R Cl

O
1. PhMgBr

2. H3O+ R Ph
HO Ph

R OCH3

O
1. PhMgBr

2. H3O+ R Ph
HO Ph

O

1. NaBH4

2. H3O+

1,2-addition

HO H

O

1. LiAlH4

2. H3O+

1,2-addition

HO H

MgBr O C O
O

O

MgBr H3O+
OH

O

O 1. PhMgBr

2. H2O

OH
Ph

R Cl

O

R CH3

O(CH3)2CuLi

Nucleophilic Additions

Hydroxyl Protecting Groups

OH

O Si
Me

Me
Cl

(Imidazole)

(TBDMS-Cl)

N

H
N

O

O
Si Me

Me
t-Bu

OTBDMS

O

OR

1. CH3MgBr

2. H2O O
HO

Si Me

Me
t-BuCH3

Bu4NF
(TBAF)

OH
HO CH3

PROTECTION
DEPROTECTION

RLi and R2CuLi will also open epoxides

O

CH3
HCl

O

CH3

H
∂+ Cl

OH

Cl
CH3

Epoxide Opening: Acid



OH S
O

Cl Cl
O

SH
Cl

O

Cl
Cl

OH O
PH

Br

Br

Br
Br

PBr3

OH

S
O

O

Cl

pyridine

(aka. TsCl) O
S

O

O

often written as O
Ts

pyridine

Alcohol—> Halide Reactions

OTosOTs
or or

H2O2, light

Br
Br2

light
Br

EWG
+

EWG

OCH3

OCH3

CH3

O

H
+

CH3
H

H O

H

H3CO

H3CO OCH3

OCH3

H3C

O

H
+

CH3
H

H O

H

H3CO

H3CO

HBr

H2O2, light Br
H

Radical Reactions

Diels-Alder

N Br

O

O

1. 2. NaX 
requires excess
and a 2nd step!! X

fast!

fast!

unsymmetrical diene and dienophile:
match electronics! and apply endo ruleBoth examples show endo rule applied



Extra Reactions

O
Na°, CH3OH, NH3

O

O Na°, CH3OH, NH3 O

N
H

R’
N
R’

R

OR

O

Cl , pyridine

N
H

R’
N
R’

R

O NaOH, H2O, heat


