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CHE 176: ORGANIC CHEMISTRY 1 
 

.Phenols [BENZENOLS/ HYDROXYBENZENES] 

.Ethers  

.Aldehydes  

.Ketones  
[NB:Mechanisms of Reactions and Uses 
of Compounds Discussed in all cases]. 



Recall:  
 

• Catenation in Carbon 
• Functional Groups [Structures and 

Names]; Homologous series 
• Alcohols 
• Aromatic Compounds [e.g. benzene];  
• Mono Substituted benzene compounds.  
• Differences between Phenyl and Benzyl 

groups.  



NB: Outline of Discussion in Each Case 

General Introduction 
Identification and naming 

[IUPAC/ Systematic names]     
Uses, Importance and 

Applications 
Properties and Reactions  
Preparation and Syntheses 



General Introduction: 

• Alcohols, phenols and ethers are seen as derivatives 
of water [H-O-H], where the H-atom(s) of water is/ 
are substituted by hydrocarbons (alkyl/ aryl).  

• When an alkyl group is substituted for a H in water, it 
gives an alcohol [R-OH]. 

• If an aryl substitution for a H atom in water, it yields 
phenol [Ph-OH].  

• When both H-atoms in water are substituted by alkyl 
or aryl substituents it results into ether [R-O-R/ Ph-
O-R/ Ph-O-Ph] i.e. In ethers both H atoms of water are 
replaced by hydrocarbon/ organic groups. 
 
 



General Introduction Contd: Examples 
OHCH3-O-H  CH3-O-CH3  



                                                                         Phenol:  
   

OH

 [Phenol is a Phenyl group with OH].  
•Hydroxyl group ‘OH’ attached directly to 
the aromatic benzene ring.   



Aromatic Alcohols and Phenols [above A=OH] 
When the hydroxyl group is attached directly to the 
benzene ring, compounds are said to be phenols.  
Aromatic alcohol have hydroxyl group separated 
from benzene ring by at least a methylene -CH2

- 
group. e.g.benzyl alcohol/ phenyl methanol  
   
 

OH
OH



IUPAC/ Systematic Names-  
 

• Phenols are BENZENOLS/ HYDROXYBENZENES 
• Aromatic compounds in which the hydroxyl group is 

attached directly to the carbon atom of the aromatic 
ring  

• Compounds are named as derivatives of benzenol in 
presence of other substituents which are of lower 
preference.  

• In the presence of higher preference functional groups 
like COOH and CHO, the OH is named as hydroxyl 
group.  

• H/W: Give the structure of 2-methylbenzenol (o-
cresol); 3-chlorobenzenol; 2-hydroxybenzene 
carboxylic acid(salicyclic acid). 

OH



ortho (o-); meta (m-); para (p-) 
positions on disubstituted phenols 

In disubstituted benzenes there is presence of a 2nd 
substituent on the benzene ring, which necessitates 

numbering of the carbon from C-1 on the carbon 
with the OH group. The numbering should give the 

lowest possible number to the 2nd substituent.  
There are three possible isomers of disubstituted 

benzenes: the 1,2-disubstitution is known as ‘ortho 
(o-)’; 1,3-substitution is called ‘meta (m-)’; 1,4-

substitution is ‘para (p-). 



In disubstituted benzenols with 2nd substituent on the 
benzene ring, when the second substituent is of lower 
preference, they are named as derivatives of benzenol/ 
phenol. It necessitates numbering of the carbon from C-1 on 
the carbon with the OH group. There are three possible 
isomers of the disubstituted benzenol/ phenol/ 
hydroxybenzene: the 1,2-disubstitution is known as ‘ortho 
(o-)’; 1,3-disubstitution is called ‘meta (m-)’; 1,4-
disubstitution is ‘para (p-).  
 NB: The numbering should give the lowest possible number 
to that 2nd substituent. [e.g. below is 3-bromophenol/ m-
bromophenol; 2-chlorophenol/ o-chlorophenol; 4- /p-
methylphenol]. OH

Br

OH
Cl

OH

CH3



Where the 2nd substituent is of higher 
preference, it is named as derivative of that 
higher preference substituent. Examples: o/2-
hydroxybenzoic acid [salicylic acid]; m/3-
hydroxybenzaldehyde (H/W: Draw the 
structure). 

COOH

OH

o-/2-hydroxybenzenecarboxylic acid (salicylic acid)

CHO

OH

m-/3-hydroxybenzaldehyde



OH

Br

OH
Cl

OH

CH3

OH
Cl

CH3

OH OH

•Presence of a 2nd substituent on the benzene ring necessitates 
numbering of the carbon from C1 on the carbon with the OH group. 
The numbering should give the lowest possible number to the 2nd 
substituent. 
•Identify the IUPAC/ systematic names of the following compounds:  
•   i               ii.                      iii.              iv.                   v.                   vi.  
                  

      

     

  

  



Answers: (i) 3-bromophenol/ m-
bromophenol; (ii) 2-chlorophenol/ 
o-chlorophenol; (iii) 4- /p-
methylphenol (iv) 2-/ o-chloro, 4-/ 
p-ethylphenol [NB: arranged in 
alphabetical order]; (v) 1/α-naphthol; 
(vi) 2/β-naphthol.  



Monohydric and Polyhydric Phenols 
 

• The number of hydroxyl group(s) OH  on the aromatic 
(benzene) ring determine whether it is  

• monohydric (e.g. phenol; methylhydroxybenzenes / 
hydroxytoluenes= (o,m,p-) cresols; o/2-hydroxybenzoic 
acid= salicylic acid) or  

• Polyhydric: [(Dihydric: e.g. catechol = o-
dihydroxybenzene; resorcinol= m-dihydroxybenzene; 
quinol= p-dihydroxybenzene; Orcinol=3,5-
dihydroxytoluene); (Trihydric: pyrogallol= 1,2,3-
trihydroxybenzene; o-hydroxyquinol=1,2,4-
trihydroxybenzene; phloroglucinol=1,3,5-
trihydroxybenzene)]  

H/W: Give the structures of each or the named mono-, di-, 
trihydric phenol compounds above.  

 



Examples of Monohydric phenols 
COOH

OH

o/2-hydroxybenzoic acid = salicylic acid

CH3

OH

m-methylhydroxybenzene / m-hydroxytoluene = m-cresol

OH

Br

CHO

OH

m-/3-hydroxybenzaldehyde

OH
Cl

CH3



Polyhydric Phenols 
• Dihydric Phenols-  
catechol = o-dihydroxybenzene/ o-hydroxyphenol/ o-  
hydroxybenzenol                                                                       
resorcinol= m-dihydroxybenzene/ m-hydroxyphenol/ m-
hydroxybenzenol                                                                              
quinol= p-dihydroxybenzene/ p-hydroxyphenol/ p-
hydroxybenzenol                                                                     
Orcinol=3,5-dihydroxytoluene  
• Trihydric Phenols- 
Pyrogallol= 1,2,3-trihydroxybenzene;                                                                
o-hydroxyquinol=1,2,4-trihydroxybenzene;           
phloroglucinol=1,3,5-trihydroxybenzene 

  



OH
OH

catechol = o-dihydroxybenzene

OH

OH
resorcinol= m-dihydroxybenzene

OH

OH
quinol = p-dihydroxybenzene

OH

OH

OH

pyrogallol = 1,2,3-trihydroxybenzene

OH

OH

OH
o-hydroxyquinol =1,2,4-trihydroxybenzene

OH

OH

OH

phloroglucinol = 1,3,5-trihydroxybenzene

CH3

OHOH

Orcinol=3,5-dihydroxytoluene



Nomenclature in Ethers:   
 o Ethers as a class of organic compounds are simple to name. 

Note the following four methods of naming ethers 
1. Common names of the two groups bonded to oxygen in 
ether are named in alphabetical order, followed by/ ending it 
with the word ‘ether’. These occur mostly when you have 
different organic radicals bonded to the oxygen in ether, i.e. 
they are unsymmetrical.   
Examples: CH3-O-C2H5 is ethyl methyl ether; C6H5 -O-C3H7 is 
phenyl propyl ether [NB: arranged in alphabetical order] 
H/W: Give names of following mixed and simple ethers:          
(i) C3H7-O-C2H5;    (ii) C2H5CH2-O-C4H9;     (iii) C6H5-O-C2H5;       (iv 
) CH3-O-C6H5; (v) C5H11-O-C3H7.    
Answers: (i) Ethyl propyl ether; (ii) butyl propyl ether; (iii) ethyl 
phenyl ether; (iv) methyl phenyl ether; (v) pentyl propyl ether.  
 



2. For symmetrical ethers: When the 
alkyl/aryl groups [organic radical] 
bonded to the oxygen of the ether are the 
same, it is a symmetrical ether, and they 
are usually simple. The hyphen ‘di-‘ is 
utilized. Examples: CH3-O-CH3 is 
dimethyl ether; C3H7-O-C3H7 is dipropyl 
ether.  
H/W: Give the structures of (i) diethyl 
ether   (ii) dipropyl ether   (iii) diphenyl 
ether (iv) dibenzyl ether 



  

3. Since ethers are alkoxy/ phenoxy 
derivatives of alkanes or aryl nucleus 
[O-R/ O-Ph], name one of the R/ Ph-
groups in the ether, ending in –oxy. 
e.g. CH3-O-CH3  is methoxy methane; 
C2H5-O-C4H9 is ethoxy butane.    
H/W: Give structures of following:  
(i) ethoxy ethane  (ii) ethoxy methane  
(iii) phenoxy ethane.  



4. Trivial/ Common names of some 
ethers are still accepted and used e.g. 
Anisole for methoxy benzene; Phenetole 
for ethoxy benzene. [Give its structures].  
Epoxides are 3-membered cyclic ethers, 
known as epoxyethane [ethylene oxide]; 
TetraHydroFuran [THF]   
 

OCH3

anisole

OC2H5

Phenetole

O O



The Carbonyls 

Aldehydes and Ketones  



Aldehydes and ketones are usually 
referred to as the carbonyl compounds. 
There are other classes of organic 
compounds with carbonyl in their 
functional group. Others includes 
esters/ alkanoates [RCOOR’], 
carboxylic acids [RCOOH], anhydrides 
[RCO-O-COR’], acyls [RCO-], and 
amides [-CONH-]. 



Aldehydes have a single H attached to the  
carbonyl carbon, and are usually terminal i.e. at  
one of the end positions, hence taking no 1  
when numbering; but ketones have two  
hydrocarbon groups bonded to the carbonyl  
carbon, and are never terminal.   

R H

O
R R'

O

Aldehyde  

Ketone  



ALDEHYDES:  
 

• general formula : RCHO/ ArCHO. The 
functional group is   

 
 
• Aldehydes originated from the name of 

the alcohol that was dehydrogenated to 
obtain the aldehyde =[alcohol 
dehydrogenated].  Saturated aliphatic 
aldehydes are referred to as ALKANALS.  
 

R H

O



R H

O

ALDEHYDES/ ALKANALS:  
 

Aldehydes originated from the name of the alcohol that 
was dehydrogenated to obtain the aldehyde =[alcohol 
dehydrogenated].   
Saturated aliphatic aldehydes are referred to as 
ALKANALS 

.General formula : RCHO/ ArCHO. The functional group is   



Additional Rules for Aldehyde 
Nomenclature: 

In addition to the general rules following should be 
considered when naming an aldehyde/ alkanal:  

• Name the longest carbon chain containing the carbonyl 
group by replacing the ‘e’ in alkane/ aliphatic 
counterpart’s name with ‘–al’ [-aldehyde is used for 
trivial names].  

• No number is inscribed to the carbonyl aldehyde group 
when naming, because it always appear at end of the 
chain.  

• When branching/ substituent is present, the CHO 
carbon takes no.1, and ascribe lowest possible number 
to the branching/ substituent. Hence  ‘1’ in carbon of 
CHO is not usually specified in the name of alkanals. 



Additional Rules for Aldehyde 
Nomenclature Contd: 

• When other functional groups are present, 
their positions are specified with 
numbering.  

• The Greek letters α, β, ψ, and δ are 
seldom used. The lettering starts from the 
carbon atom adjacent to the carbonyl 
carbon. It implies that C-2 is α-C, C-3 is 
β-C, etc.  
 



H

OCH3

CH3

CH3

CH3 C2H5

CHO
Cl O H

 
 
is 2-methylpropanal / α-methylpropanal  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

3-chloro, 2-ethyl, 4-methyl, pent-3-enal 

The aldehyde of 
benzene is called 
‘benzaldehyde’, 
in almond.  





H/W: 

Present the structures of the 
following aldehydes 
(i)pentanal         (ii)3-chlorobutanal           
(iii)2-methyl-2,butenal        
(iv)phenylethanal                        
(v)4-methylpentanal                     
(vi) 4-chlorobenzaldehyde.  

 



KETONES: with two organic radicals 
[hydrocarbons] bonded to the C=O carbon  

 

R R'

O



Naming of Ketones: 

Generally naming of ketones in IUPAC system 
involves replacing the ‘-e’ of its corresponding 
alkane/ hydrocarbon by ‘-one’. When the ketone is 
unbranched their common names are still used. 
Example propanone [dimethyl ketone] is also called 
‘acetone’, which IUPAC still accepts. Alkyl groups 
bonded to carbonyl carbon are seldom named as 
substituent and are listed alphabetically, then 
followed by ‘ketone’. The following rules should be 
added to the general rules of naming organic 
compounds: i.e.  
 



Rules for Naming Ketones 
 
• You name the longest carbon chain containing the 

carbonyl group by replacing the ‘-e’ in the 
corresponding alkane/ hydrocarbon name with ‘-
one’.  

• Carbon should be numbered on the main chain 
starting from the end nearest to the carbonyl group.  

• You also write the number of the carbonyl carbon in 
front of the named ketone.  

• Other substituent on the carbon chain are also 
numbered and named accordingly.  
 



CH3 CH3

O

CH3

CH3

O

CH3 CH3

O

CH3
CH3

O

 
 
 

Practise with these:  
              

               

               

                   

                 

(ii)  

(iii)  

(iv) 

(i)  



H/W: Write out the IUPAC names of each of 
the 3 ketones below:  
       
 
  1.         2.                         3. 
          

CH3

CH3

O

CH3

CH3
O

CH3
Br

CH3 CH3

CH3
O Br

Cl BrCH3
CH3

CH3

H/W: Show the structure of                                                
(i) phenylethanone [acetophenone]                                                                   
(ii) diphenylmethanone      [benzophenone] 



Answers 

1. 3-methylbutanone [not 3-
methylbutan-2-one]  

2. 5-bromo-2,6-dimethyl [3-heptanone/ 
heptan-3-one]  

3. 2-chloro-5,6-dibromo-4,7-dimethyl-
[3-octanone/ octan-3-one] 





Outline: PHENOLS/ BENZENOLS/ 
HYDROXYBENZENES 

• Introduction on Phenols  
• IUPAC/ Systematic names of phenols and its 

disubstituted compounds 
• Properties of  
• Chemical characteristics and Tests for  
• Uses, Importance and Applications of  
• Preparation/ Syntheses of  
• Reactions of 

OH



Properties of Phenols:  
 

• When pure, phenols are toxic, colorless solids or 
liquids, with characteristic odour.  

• Pure phenol is hygroscopic colourless crystalline 
solid with M.pt= 420C.  

• Water as impurity in phenol tends to lower its m.pt. 
• Phenol with about 5% water is liquid called ‘carbolic 

acid’. 
• Phenol is slightly/ partially soluble in water, but 

highly miscible with water at temperatures above 
65.80C. The phenoxide ion is very soluble in water.  
 
 
 
 



Properties of Phenols Contd: 
• Phenol is more reactive than benzene. Its hydroxyl group 

activates its aromatic ring towards electrophilic substitutions 
at o- and p- positions. This is why its reactions require less 
drastic conditions, compared to benzene.  

• Phenol is acidic when compared to its aliphatic and non-
aromatic cyclic alcohols. This is because phenol partially 
dissolves in water to give the more stable phenoxide ion 
[pH of solution is 5-6], indicating it’s a weak acid. Phenol is 
more acidic than aliphatic and non-aromatic alcohols, but 
not as acidic as most organic acids [carboxylic acids]. 
Recall: pKa of phenol=9.96; CH3COOH= 4.76; benzoic 
acid=4.2; CH3CH2OH=15.9. Aqueous solution of phenol 
turns blue litmus red.  

• The phenoxide ion is soluble in water. 



The Phenoxide/ Phenolate ion: 
                                    

+

OH O-

+ H3O+
H2O

Phenoxide ion is the conjugate base of phenol.     
The weak acidity of phenols is indicated by this.     



Properties of Phenols Contd: 
• Spectroscopic properties of phenols: The uv and visible 

spectra of phenols show absorption maxima [Phenol=210 
nm, 270 nm] like benzene in uv region, but at higher 
wavelengths, which indicate considerable effect of 
substituents on the wavelength and intensity of absorption. 
IR absorption band of phenols occur as strong intensity in 
the region 3200-3600 cm-1 due to O-H stretching. Alcohols 
also absorb in this region, but of lower intensity. The C-O 
stretch band of phenol is near 1200 and 1300-1410 cm-1 

depending on other substituents in the ring. For alcohols 
the C-O stretch band is 1050-1200 cm-1. [lower].  

• Phenols cannot liberate CO2 from carbonates and 
hydrogen carbonates [like most acids]. Below is the 
Chemistry of phenols as a weak acid. 

 



The Phenoxide/ Phenolate ion: 
                                    

+

OH O-

+ H3O+
H2O

Phenoxide ion is the conjugate base of phenol.     
The weak acidity of phenols is indicated by this.     



NB: MECHANISM FOR DELOCALIZED CHARGE ON PHENOXIDE ION- 
The phenolate/ phenoxide ion is stabilized with π-electron cloud on benzene.  
Nature of the acidity is due to the phenoxide ion, where one of its lone pairs of 
electron on oxygen atom becomes involved with π electron cloud on benzene ring, 
hence the charge is delocalized and phenoxide ion become energetically favoured.  
This is not possible with aliphatic alcohols like ethanol. The weak acidity of 
phenols is indicated by this.  

Above show  the stabilization of phenol’s conjugate base [phenoxide 
ion] by electron withdrawal, and by an increase in delocalization 
energy.  [NB: electron rich centers at 2-, 4- & 6- ≡ ortho- and para- 
positions]. 

O-

CH2
-

O

-H2C

O O-

CH2
-

O



• This is a major chemistry of phenols, where the 
phenoxide anion (/ radical) is stabilized by adjascent 
aromatic ring, and stabilization of a positive charge 
on the ring by the hydroxyl group. 1st of this results 
in the facile removal of the hydroxyl hydrogen- 
either as a proton or radical, and the 2nd results in 
high reactivity- at ortho- and para- positions towards 
electrophiles.  

• Above structures show the stabilization of phenol’s 
conjugate base [phenoxide ion] by electron 
withdrawal, and by an increase in delocalization 
energy.  



 
Chemical Characteristics and Tests for Phenols 

 • Ferric chloride test: Phenols in aqueous or alcoholic solution, form 
coloured complexes with ferric chloride (FeCl3). They form characteristic 
water-soluble coloured complexes ranging from violet, red, blue or green 
depending on substituents and structure of the phenol. [Phenol, rescinol, 
salicylic acid, p-hydroxybenzoic acid gives violet colour; catechol and o-
cresol give green colour; m-cresol and p-cresol give blue and blue-violet 
colour; pyrogallol and quinol give red colour; phloroglucinol give dark 
violet colour]. 

• Bromine water test: Aqueous solutions of phenols on treatment with 
bromine water [Br2/ H2O] generally give a precipitate of polybromo 
derivative.  

• Solubility test: Since phenols are weak acids, they are soluble in NaOH(aq) 
but not in Na2CO3(aq)  / NaHCO3(aq). So if a compound is insoluble in 
water, but soluble in NaOH(aq) and not soluble in NaHCO3(aq), it may be a 
phenol.  

• Coupling test: Alkaline solution of phenols on treatment with diazonium 
salt solution form a highly coloured azo dye due to coupling.  



Chemical Characteristics and Tests for 
Phenols Contd. 

 
• Liebermann’s nitroso reaction: used in detecting phenolic 

group. Phenol react with NaNO2/conc.H2SO4, it gives a deep 
green or blue colour [phenol indophenol hydrogen sulphate]. It 
changes to red on dilution with water [phenol indophenol]. If the 
solution is made alkaline with NaOH, the original green or blue 
colouration is restored. This confirms presence of phenol.  

• Phthalein test: used in detecting phenolic group. On heating 
phenols with phthalic anhydride/ acid in 2:1 molar ratio in the 
presence of catalyst like conc. H2SO4 or anhydrous ZnCl2 and 
AlCl3, phthaleins or fluoresceins are formed. The phthaleins and 
fluoresceins have characteristic colours in alkaline solution. 
Generally polyhydric phenols form fluoresceins [yellow-green 
fluorescence in alkaline medium], whereas monohydric phenols 
form phthaleins [pink in alkaline medium e.g. phenolphthalein].  

 



USES, IMPORTANCE AND APPLICATIONS OF 
PHENOLS AND DERIVATIVES:  

 • Phenol is applied as antiseptics, and in the 
manufacturing of dyes and polymers. 
Unfortunately it has some undesirable effects, 
hence limits its use, but still used today as 
disinfectant. 

• There are many important derivatives of 
phenols. They are mostly present in the 
essential oils of plants, and are responsible for 
its pleasant smells, which are utilized as spices 
in food and other items. Examples include  
 



CH3
OH

CH3 CH3

OH
OCH3

CHO
OH

OCH3

CH2

OH
OCH3

CH3

•(a) Thymol in thyme and mint, which gives the minty taste 
used in mouth washes,  
•and dentists use it to disinfect cavity before adding the filling 
compound.  
 

                     
  

(b) Vanillin in 
vanilla beans;  

(c) Eugenol in cloves;  

        
 

(d) Isoeugenol in 
nutmeg.         
     



Preparation/ Synthesis of Benzenols 
(Phenols) 

S/N Fraction Tempt 
range 0C 

Spec. 
grav. 

% 
proportio
n 

Constituents 

1 Light oil/ crude 
naphtha 

Up to 170 0.92 7-8 Benzene, toluene, xylenes, 
etc 

2 Middle oil/ 
carbolic oil 

170-230 1.01 8-10 Phenol, naphthalene 

3 Heavy oil/ 
creosote  

230-270 1.04 8-10 Cresols, naphthalene, 
quinolones etc 

4 Green oil/ 
anthracene oil 

270-360 1.10 16-20 Anthracene, phenanthrene 

5 Pitch Residue - 50-60 90-95 % Carbon 

1. From fractional distillation of coal tar: When coal tar after removal of water 
(about 50 % of it) is subjected to distillation, following main fractions are collected 
including phenols.  
Remark on (2): On cooling crystals of naphthalene separate out, leaving crude 
carbolic acid. Final purification by re-distillation and sublimation. On treatment 
with NaOH phenols dissolve, boiled and aerated, then cooled and saturated with 
CO2. Crude product is fractionally distilled to obtain pure phenol(b.pt=182 0C); 
cresols/ hydroxytoluene (b.pt=190-205 0C), and xylenols(b.pt=210-225 0C).    



Preparation/ Synthesis of Benzenols 
(Phenols) contd. 

2. From sulphonic acids: Aryl (aromatic) sulphonic acids [ArSO3H/ C6H5SO3H] 
on treatment with fused NaOH yield sodium phenoxides, which on treatment 
with (a) dilute acids or (b) CO2 form phenols. (c) show synthesis of p-cresol 

C6H5SO3H + NaOH(s) →  C6H5SO3Na + H2O 
  

C6H5SO3Na + 2NaOH → 2C6H5—ONa (Na phenoxide) + Na2SO3 + H2O + SO2   
  

(a) C6H5ONa + HCl(aq)  → C6H5OH(phenol) +NaCl  
  

(b) C6H5—ONa + CO2  + H2O → 2C6H5—OH(phenol) + Na2CO3       
  NaOH(s)                     CO2/ (H2O/H+) 

(c) NaSO3-C6H5-CH3   →→ NaO-C6H5-CH3         →→→  CH3-C6H5-OH (p-
cresol) 

Na p-toluene sulphonate  
 



3. From diazonium salts: Phenol is formed when a diazonium salt 
solution is warmed or added slowly to hot dilute acid solution. By steam 
distillation the phenol is separated. Actually phenols are obtained by 
direct steam distillation of diazonium salt solutions.  
   
                                                                          H+/∆ 
C6H5NH2 + NaNO2 /HCl, 00C→→ C6H5N2Cl + H2O →→ C6H5-OH + 
HX + N2     
  
                                  ∆/H2SO4 
CH3-C6H5-N2HSO4 + H2O  →→→→  CH3-C6H5-OH (m-cresol) 
m-toluenediazonium sulphate 
  
This method is appropriate for the preparation of phenols that cannot be 
prepared by other methods, however the yields are poor.  



4. From aryl halides: [Dow and Raschig process for 
manufacturing of phenol]. Involve replacement of halogen of 
aromatic halides at high T.  
   
                     ∆, 200/pressure 
C6H5-Cl + NaOH  →→→→  C6H5-OH + NaCl  
  
There is easy/ ready replacement of halide at lower 
temperature when there is electron withdrawing group like 
NO2, COOH, on o- or p- positions 
                                  ∆ 
   NO2- C6H5-Cl + NaOH  → NO2- C6H5-OH + NaCl 
  p-nitrochlorobenzene           p-nitrophenol 



Reactions of Phenols:  
Generally phenols are more reactive than benzene and 
the OH group activates the ring towards electrophilic 
substitution reactions. Reactions may involve either 
1. Electrophilic substitution on the benzene ring in 
phenol: The electrophilic substitution is on the 2- and 
4-positions. [Halogenation; Nitration; Sulphonation; 
Acylation, Alkylation and others]so on;  or  
2. OH group in phenol i.e. side chain substitution 
[Salicylic acid and 4-aminobenzenol, to give Aspirin 
and Paracetamol]; or it can involve replacement of the 
acidic proton on OH [Ether formations; 
Esterifications; Halogen displacements].   



Reactions of Phenols: 
1. Electrophilic substitution on the benzene ring in phenol: 
The electrophilic substitution is on the 2- and 4-positions on the 
ring. Recall above.  
• (a) Halogenation of phenol  
• (b) Nitration of phenol 
• (c) Sulphonation of phenol 
• (d) Acylation of phenol [Fries rearrangement reaction] 
• (e) Alkylation of phenol  
2. Reactions involving OH group in phenol (a) Acetylation of the 
Hydroxyl group in phenol derivatives [Salicylic acid and 4-
aminobenzenol, to give Aspirin and Paracetamol]. 
(b) Other Reactions involving OH group in phenol:  
• i. Ether Formation [Williamson’s Synthesis] 
• Ii. Esterification: 
• Iii. Halogen displacement of the OH group:   

 



  

OH

Br2/ CS2

OH
Br

OH

Br

+

OH

Br2/ H2O,roomT.

OH
Br

Br

Br

•1(a)Halogenation of phenol:  
i. 
 

                                                                                          [Main product] 
                                                          2- and 4-Bromophenol 
Halogenation at room temperature; no catalyst; Solvent of low polarity- 

carbondisulphide [or tetrachloromethane] is used so as to obtain the monohalogenated 
product. Main product is 4-/p-bromophenol.  

ii. 
 

2,4,6-tribromophenol 
Reaction is in aqueous solution; Form immediately the white precipitate of 

2,4,6-tribromophenol,  which is also utilized as an antiseptic.  



OH

Cl2/ H2O,roomT.

OH
Cl

Cl
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OH

Cl2/40-1500C/No solvent

OH
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+

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

iii. Similar reaction to above, here we utilize chlorine water to give the  
     2,4,6-trichlorophenol. 
iv. At temperature range of 40-1500C, in the absence of any solvent,  
     chlorination of phenol yield only mixture of 2- and 4-chlorophenol,  
    with the 4-/p- being the major product.  
 



OH

HNO3(aq)/Room T(200C)

OH
NO2

OH

NO2

+

OH

NaNO3)/H2SO4(aq)

OH
NO2

OH

NO2

+

1b. Nitration of phenol: Nitration of phenol occur by the following methods  
i. In dilute HNO3, phenol gives mixture of the two isomers, with 2-/o-nitrophenol  
    as the major product. Steam distillation can be used to separate the two isomers: 
 

 
 

ii. The 4-/ p-nitrophenol is the dominant product, when mixture of sodium nitrate 
and dilute H2SO4 is the nitrating agent.  
 

 
 
 
 
 
 



iii. 2,4,6-trinitrophenol (picric acid) is major product 
obtained when concd. HNO3 is the nitrating agent:  
 

OH

Concd HNO3)/200C

OH
NO2

NO2

O2N

2,4,6-trinitrophenol (picric acid) 



1c. Sulphonation of phenol: 
i. With conc.H2SO4 at room T., 2-hydroxybenzenesulphonic 
acid is formed.        

 

 

ii. If above is carried out at 1000C, it yields majorly the 4-
hydroxybenzenesulphnonic acid.  
 

                                                                                                                                                                                                                                                                                                        

OH

Concd H2SO4)/room T (200C)

OH
SO3H

OH

Concd H2SO4)/1000C)

OH

SO3H



1d. Acylation of phenol: Phenols react with activated 
derivatives of carboxylic acid like acid anhydrides and acid 
halides to give esters. [NB: phenols do not react with 
carboxylic acids because the reactions are endothermic]. 
Then in the presence of lewis acid catalyst like AlCl3, the 
halide esters undergo rearrangement to give o- and p-
acetylated phenols, which is phenolic ketone. This is 
known as the Fries acyl rearrangement reaction [i.e. On 
heating esters of phenols with AlCl3, the acyl group migrates 
from the phenolic oxygen to o- or p- position of the ring (a 
1,2 or 1,4 rearrangement), hence producing a ketone. This 
Fries rearrangement reaction is often utilized instead of 
direct acylation for the synthesis of phenolic ketones]. (This 
reaction utilize much AlCl3 which is a disadvantage):  
 

  

 



OH

(CH3CO)2O/NaOH(aq)

OCOCH3

AlCl3 cat.CS2,350C

OH
COCH3

OH

COCH3

+

2- and 4-hydroxyphenyl ethanone from Fries acyl rearrangement reaction  



1e. Alkylation of phenol: Alcohol is gently warmed with phenol, and 
H2SO4 act as catalyst, to give the 2- and 4-alkylphenol.  
The carbonium ion of the parent alcohol is first formed (recall SN2 
reaction), hence reaction take place better with secondary and tertiary 
alcohols.  
[Recall Friedel-Craft alkylation give low yield of the alkyl phenols].  
 

                                                                                                2- and 4-alkylphenol.  
Others:  
Formation of the aldehyde derivative [Reimer-Tiemann reaction] 
Formation of the carboxylic acid derivative  
Phenols and the manufacturing of plastics [Bakelite Formation]. 

OH

 ROH/H2SO4cat.

OH
R

OH

R

+



 
2(a) Acetylation of the Hydroxy / Amino 
group in phenol derivatives [Salicylic acid 
and 4-aminobenzenol, to give Aspirin and 
Paracetamol, Analgesic (pain-reliever) and 
Antipyretic (Fever-reducing)]. 
 i. Acetylation of o-/2-hydroxybenzenecarboxylic acid 

(salicylic acid) produce the acetylsalicylic acid which 
is known as ASPIRIN. [Recall: carboxylic acids 
usually react with alcohols to give esters].  

ii. Acetylation of another derivative of phenol: p-/4-
aminobenzenol produce the popular PARACETAMOL 
(para-acetamidophenol) also known as PANADOL. 
 

 



COOH
OH

o/2-hydroxybenzoic acid = salicylic acid

COOH
OCOCH3CH3COOCOCH3

H3O
+,∆

Acetyl salicylic acid [ASPIRIN]

OH

NH2

4- / p-Aminophenol 

CH3COOCOCH3

CH3COOH

OH

NHCOCH3

4-/p-Acetamidophenol
PARACETAMOL/ Tyleno



2(b) Other Reactions involving OH group in phenol:  
Reactions here are similar to that of alcohols except 
for phenol’s more acidic property. Unlike alkoxide ion 
in alcohols, the phenoxide ion is stabilized by 
resonance.   
 
i. Ether Formation [Williamson’s Synthesis]:  
ii. Esterification: 
iii. Displacement of the OH group by Halogen:   



2(b)i. Ether Formation [Williamson’s Synthesis]: Phenols 
react with haloalkanes in alkaline solutions, to produce the 
ether by nucleophilic substitution of the phenoxide ion on the 
haloalkane thus-  
 

O-

+ CH3 Cl NaOH(aq)

OCH2CH3

                                                                                      Ethoxybenzene 
 
For methoxyaromatics, dimethylsulphate [(CH3)2SO4]  is preffered.   
 
H/W: Give the equation of reaction for preparing methoxybenzene?  



2(b)ii. Esterification: Esterification occurs in alkaline solution with the 
nucleophilic phenoxide ion reacting with the electrophilic acyl [RCO+] 
from ethanonylchloride [CH3COCl] or from benzoylchloride 
[C6H5COCl] for aromatics; [Recall: carboxylic acids usually react with 
alcohols to give esters].  
 

OH

NaOH(aq)

roomT.

O-

CH3CO+ Cl-

OOCCH3

+ Cl-

                                                                         
Phenylethanoate   



2(b)iii. Displacement of OH by halogen: Only 
phosphorus pentahalides [e.g. PCl5] do react very 
slowly with phenol to give very low yield of the 
phenylhalide. Phenols will not even react at all with 
hydrogen halide [HX].  
 

OH

+ PCl5

Cl

+ POCl5 + HCl



OH

Br2/ CS2 ?

Cl2/H2O,room T.
?

NaNO3/H2SO4(aq)

?

Concd.H2SO4(aq)/1000C

?

C2H5OH/H2SO4?

PCl5
?

•Predict the most stable and abundant compound formed  
as product from following reactions:     



H/W: Give the mechanism of 
reaction in each of above? 

NB:Indicate movement of electron 
with arrows. 



Ethers: Uses & Properties, 
Syntheses / Preparations, 

Reactions 



Uses, Importance and Applications of Ethers 
Most ethers are utilized widely as organic solvents, 
and as important media in organic syntheses, reactions 
and Industrial processes. Most common ether is C2H5-
O-C2H5 [diethylether/ ethoxyethane= a symmetrical 
ether] is utilized as solvent. It was before used as an 
anesthetic. It is commonly called ether because of its 
high Laboratory and Industrial importance. Most 
ethers are volatile and possess sweet/ acceptable odour 
[especially the aromatic ethers]. Hence they are 
applied in cosmetics and perfumes. They have very 
low flash points; hence they catch fire very easily in 
the laboratory, causing fire explosions.  
 



Among the cyclic ethers, TetraHydroFuran 
[THF] and epoxyethane are highly important. 
THF has reduced volatility, so it is easier and 
safer to handle; THF can donate electron pairs 
than most ethers and so it is slightly basic, 
capable of forming stable complexes with 
substances like Grignard reagents (GR). THF 
could have been most suitable medium for GRs, 
if not for economic reasons, which is recently 
produced in commercial amount. O

O



Epoxides are the 3-membered cyclic ethers, 
simplest being epoxyethane [ethylene oxide]. 
It is a colorless low boiling liquid [b.pt=110C], 
easily produced on oxidizing ethene at 3000C 
using Ag catalyst.  

OCH2 CH2
[O],Ag Cat.,3000C



Alcoholysis of epoxyethane gives many 
monoalkyl ethers, with the trade name 
‘Cellosolve’. They are important solvents 
for varnishes and lacquers.  

O + HO CH3 H2SO4 Cat.
OH O CH3



Epoxyethane do dimerize in acid catalyst 
to ‘Dioxan’- a very useful organic 
solvent, which is even miscible with 
water.  

O2 H+Cat. OO



Properties of Ethers: 
Ethers are polar, but this polarity only strongly affects 
physical properties of smaller members. The heavier 
or higher molecular weight members are sufficiently 
hydrocarbon-like hence they behave as their all-
carbon equivalents of relatively same mol.wt. For 
example the boiling points of diethyl ether (34.5 0C) 
and pentane (36.1 0C) are close, and they are only 
modestly/ partially soluble in water.  
Generally ethers are highly flammable, especially the 
lower aliphatics which are gases and volatile liquids. 
They also have characteristic smell and odour, hence 
they are utilized in perfumes and cosmetics.  
H/W: Give the mol.wt of diethyl ether and pentane (74,72). 



Properties of Ethers Contd: 
Their oxygen atom has unshared pair of electrons, but is 
not associated because of unavailability of suitable 
hydrogen to form H-bonds in their liquid state. Hence 
their b.pts is very similar/ comparable to their 
counterpart/ equivalent alkanes of relatively same mol.wt, 
but lower to the corresponding alcohols of same mass.  
Ethers are generally less soluble in water than alcohols. 
Solubility in water decreases with increase in mol.mass of 
ethers. For instance simple ethers such as 
methoxymethane and methoxyethane, are less dense than 
water, and are sparingly soluble in water since they form 
H-bonds with water molecules. Therefore as hydrocarbon 
content of molecule increases, solubility of ethers decline 
very rapidly in water. The aromatic ethers are quite denser 
than water.  



Preparation / Synthesis of Ethers:  
By following methods  
(a)Dehydration of alcohols [for preparation of 

symmetrical ethers] and  
(b)Williamson’s Ether Synthesis [for 

unsymmetrical and symmetrical ethers with 
alkyl and aryl ethers].  

(c) Symmetrical ethers formed from warming 
haloalkanes and dry silverIoxide.  

(d) Ethers as Protecting groups for Alcohols 
 
 
 

 



(a) Preparation of Ethers by 
Dehydration of alcohols 

• Ethers are formed from two molecules of alcohol 
by splitting out (removing) a molecule of water. 
Reaction is catalyzed by H2SO4, which takes up 
water and remove it from the system.  

• CH3CH2-OH + H-OCH2CH3                 CH3CH2-O-CH2CH3              
2 molecules of ethanol                                 Diethyl ether 

• This is a condensation reaction [reaction where 
water is split out from two substances].  
 

CH3CH2-O-H +H-O-CH2CH3
-H2O CH3CH2-O-CH2CH3



(a) Dehydration of alcohols:  
Symmetrical ethers with lower alkyl groups are prepared on large 
/ industrial scale for use as solvents by this method, most common 
and important is diethyl ether. The ether is synthesized by 
reacting alcohols with H2SO4, with removal of H2O from two 
molecules of alcohol, like a form of dehydration reaction.    
Recall: under reactions of alcohols, it undergoes dehydration 
involving elimination to give an alkene [e.g. ethene is obtained by 
heating ethanol with conc. H2SO4 to 180 0C]. Dehydration of two 
molecules of alcohol to ether rather than to alkene is controlled by 
choice of reaction conditions [e.g. diethyl ether is synthesized by 
heating ethanol and conc. H2SO4 to 140 0C, with continuous 
addition of ethanol (the alcohol in excess)]. A molecule of water is 
removed from two molecules of alcohol to give the ether. This 
method is more appropriate for syntheses of symmetrical ethers.  

CH3CH2-O-H +H-O-CH2CH3
-H2O CH3CH2-O-CH2CH3



On Mechanism for Ether Synthesis by Dehydration of 
alcohols: 
Ether formation by dehydration is an example of 
nucleophilic substitution with the alcohol playing two 
roles: protonated alcohol act as substrate, while the second 
molecule of alcohol acts as the nucleophile. Reaction could 
be either SN1 or SN2 depending upon whether the 
protonated alcohol loses H2O before or simultaneously 
with the attack by the second alcohol molecule. It will 
therefore be possible that 20 and 30 alcohols follow SN1 
mechanism in their ether synthesis. Likewise n-butanol 
will give di-n-butyl ether without rearranging, and 
presumably without intermediate carbocations, which is 
normal for 10 alcohols, which are the least capable of 
forming C+, but most prone to back-side attack following 
the SN2 mechanism.  



Summary On Mechanism for Ether 
Synthesis by Dehydration of alcohols 
• Secondary (20) and tertiary (30) 

alcohols follow SN1 mechanism in 
their ether synthesis.  

• 10 alcohols, which are the least 
capable of forming C+, but most prone 
to back-side attack, follow the SN2 
mechanism.  

 



(b) Williamson’s Ether Synthesis:  
Recall: Shown under reaction of phenols.  
This method is flexible and suitable for preparing 
symmetrical and unsymmetrical ethers. Solution of the 
alkoxide ion is first made, by dissolving Na in appropriate 
alcohol. An alkyl halide or substituted alkyl halide reacts 
with Na alkoxide/ phenoxide. Displacement of halogen 
from haloalkane by an alkoxide or phenoxide ion occurs. 
The alkoxide act as a nucleophile, and react with the 
haloalkane to give the corresponding ether and the leaving 
group X- / NaX thus: Generally  

RX+ R'O-Na+ reflux ROR'+ NaX



For example:  

CH3 OH+ Na CH3 O-Na+reflux

Ethoxide ion 

CH3 O-Na++ CH3 I reflux CH3
O CH3+ NaI



NB: To synthesize an unsymmetrical dialkyl ether, 
then comes our choice on how to combine reagents, 
because one of the choices is usually better!!!  For 
example in the following synthesis of tert-butyl 
ethyl ether which choice of combination of reagents 
is best/ feasible? 

C2H5Br +

CH3

CH3

CH3

Na+ O-

CH3

Br

CH3

CH3
+ Na+ O-C2H5

feasible

Not feasible

CH3

CH3

CH3

H5C2-O



So which is your 
choice and WHY? 
In above example, use of tertiary 
halide is rejected since it would be 
expected to yield mostly or even 
all as elimination products, which 
is not our target/ focus! 



Therefore the second choice (not 
feasible) [use of tert-butyl 
bromide with ethoxide ion], will 
result to give elimination 
product, and not the ether: 
CH3CH2O- + (CH3)3CBr    
CH2=C(CH3)CH3 + C2H5OH + 
Br-

   



NB: The Williamson ether synthesis is a nucleophilic 
substitution reaction. It requires a high concentration of a 
good nucleophile, which indicates that it is an SN2 reaction. If 
you want to synthesize an ether such as butyl propyl ether, 
you have a choice of starting materials, you can use either a 
propyl halide and butoxide ion or a butyl halide and 
propoxide ion.  
But if you want to synthesize tert-butyl ethyl ether, the 
starting materials must be an ethyl halide and tert-butoxide 
ion. If your choice is other way round [use of tert-butyl halide 
with ethoxide ion], then you will not obtain the ether. This is 
because the reaction of a tert-alkyl halide under SN2/E2 
conditions forms only the elimination product 



. In summary, a Williamson ether 
synthesis should be designed in 
such a way that the less hindered 
alkyl group is provided by the 
alkyl halide and the more 
hindered (bulkier) alkyl group 
comes from the alkoxide ion, as 
shown above. 



Remember that the alkoxides are not only 
nucleophiles, but also strong bases; as bases they 
tend to react with alkyl halides by elimination to 
produce the alkenes. Hence whenever we are 
going to carry out nucleophilic substitutions, we 
must be reminded and be aware of the danger of 
the competing elimination reaction. Keep in mind 
always that the tendency of alkyl halides to 
undergo elimination follows this trend: 30>20>10. 
In above example, the use of tertiary halide is 
rejected since it would be expected to yield mostly 
or even all as elimination products. 



(c) Ethers [symmetrical] are also 
formed from warming haloalkanes 
and dry silverIoxide.  

2RX+ Ag2O warm ROR+2AgX



 
(d) Ethers as Protecting groups for 

Alcohols 
 • Hydroxyl groups in alcohols are prevented from 

further undesirable and complicated reactions by 
protection reactions with ethers. 

• It involve converting the hydroxyl group into ether 
forms on reaction with the appropriate ether. E.g. 
dihydropyran react with ROH, converting the OH into 
tetrahydropyranyl [THP] ether an acetal. It is stable to 
base.  

• The alcohol can be regenerated through acid-catalyzed 
hydrolysis.  

• H/W: Give chemical equation to show an example of 
this.    



Recall: Addition of alcohols to C=Os to 
form Ethers:  

• It leads to acetal formation and the reaction is 
mainly for aldehydes. RCHO easily add to alcohols 
once the reagents are dry. HCl acts as catalyst.   

• Generally:  
  

 
 
 



Contd Recall:Addition of ethanol to 
ethanal 

• It is the most common, it gives the ether 1,1-
diethoxy ethane usually referred to as the 
acetal.   
 



H/W: Predict the product (ether) of the 
following reactions [NB: Present 
structures and IUPAC names of products 
and reactants]:  
1. Butanol + Iodopropane ?  
2. Propan-2-ol  +  Iodoethane   ?  
3. 2,2-dimethylpropanol  +  Iodomethane  
 ?  
4. 2-iodo,2-methylpropane  +  Ag2O    ? 
5. Dehydration of 2,3-dimethylbutanol 
using conc. H2SO4 at 1400C.  
  



Predict the product (ether) of the following 
reaction:  
1. Butanol + Iodopropane ? (Butyl propyl 

ether) HOW? [See below] 
2. Propan-2-ol  +  Iodoethane   ? ((CH3)2CH-

O-C2H5) HOW? 
3. 2,2-dimethylpropanol  +  Iodomethane   ? 

((CH3)3C-CH2-O-CH3) HOW? 
 

1. Butanol + Iodopropane ? (Butyl propyl ether) 
C4H9OH + Na reflux  C4H9O-Na+ (sodium 
butoxide) 
C4H9O-Na+  +   I-C3H7  C4H9O-C3H7  +  NaI 



Answers 
1. Butyl propyl ether  
2. (CH3)2CH-O-C2H5  
3. (CH3)3C-CH2-O-CH3  
4. (CH3)3C-O-C(CH3)3 
5. (CH3)2CH-CH(CH3)-CH2-O-CH2-CH(CH3)-

CH(CH3)2 



Chemistry and Reactions of Ethers:   
• Ethers are generally less reactive than alcohols, since they do not 

have replaceable H/proton. Ethers do not undergo substitution 
with ionic compounds, nor react with metals and strong bases. 
Hence ethers are similar to alkanes in their reduced chemical 
activity.   

• C-O bond length in ethers is similar to that of alcohols  
• Opening of the angle increases gradually as we move from         

H-O-H (104.50) to R-O-H (~1090) to R-O-R (~1120).   
• As angle approaches 1120, ether O is approximately sp3 

hybridized. Hence ethers are generally less reactive.  
• Chemistry of ethers depends only on O-R part of the molecule.  
• The oxygen has two pairs of non-bonding electrons (recall that 

ethers lack OH group), making ethers weak Bronsted and Lewis 
bases. The oxygen do undergo protonation in acid medium, 
where it donates its lone pair of electrons. So ethers act as base.  



Chemistry and Reactions of Ethers:   

R

:O+

R

H

R

:O:

R
+ HA + A-

Ether O is protonated by the HA strong acid 
A nucleophile [A- or X-] can now attack the protonated ether, 
and cause cleavage.  

R

:O+

R

H

R

:O:

R
+ HX + X- RX + ROH

weak base & good leaving group



Following reactions occur in ethers:  
 
 
 
(a) Cleavage reactions by strong acids    
(b) Autoxidations  to form peroxides   
(c) Complex formation through Grignard reagents 
 

 
 

NB: For aromatic ethers, the alkoxy group activates the ring to 
have substitutions at 2- and 4-positions.  



(a) Cleavage reactions with HX (strong 
acids):  

• This is the major reaction ethers undergo, even 
though ethers are comparatively unreactive and 
stable towards bases, oxidizing and reducing 
agents. Under vigorous condition [conc. acid and 
high temperature], the oxygen-carbon single bond 
undergoes fission. On refluxing ether with 
concentrated HI, the organic radicals cleave to 
form the haloalkanes [iodoalkane]. First an 
alcohol is formed which reacts with more HI, to 
give the iodoalkane. Trend on reactivity: 
HI>HBr>HCl. e.g. 
 
CH3 O CH3

HI/reflux CH3
I+ CH3 OH



Under mild condition, the alcohol could be isolated. 
But with more conc. HI, it gives the iodoalkane  

CH3 OH
HI/reflux

CH3
I



On Mechanism of Nucleophilic substitution 
reactions involved in cleavage reactions of ethers: 

• OR group of ethers and OH group of alcohol have 
nearly the same basicity, because the conjugate acids 
of both groups have similar pKa values. [pKa of CH3OH 
is 15.5, and pKa of H2O is 15.7]. Both groups are strong 
bases, so both are very poor leaving groups.  

• Also ethers like alcohols, need to be activated before 
they can undergo nucleophilic substitution. Ethers are 
activated [just like alcohols] by protonation. Hence 
ethers undergo nucleophilic substitution reactions 
with HI or HBr, though the reaction of ethers with 
hydrogen halides is slow [as with alcohols]. Hence the 
reaction mixture must be heated to cause the reaction 
to occur at a reasonable rate.  

 



NB: The oxygen on ether is basic, like 
O of an alcohol. Initial reaction 
between ether and an acid is the 
formation of the protonated ether. 
Cleavage then involves nucleophilic 
attack by halide ion on this 
protonated ether, with displacement 
of the weakly basic alcohol molecule. 



R

:O:

R'
+ HI

R

:O+

R'

H
∆

R I + R' OH

• The OR1 [of the protonated ether] is a poor 
leaving group; while the HOR1 is a good leaving 
group.  

• first step in this mechanism, in which an acid is 
one of the reagents, is protonation of the most 
basic atom, and in this case is oxygen.  

• Protonation converts the very basic –OR1 leaving 
group into the less basic R1OH.  



Mechanism of Nucleophilic substitution reactions 
involved in cleavage reactions of ethers contd’ 

• In strong HX [HI, HBr] ether cleave to 
corresponding alcohol and halide.  

• In excess HX, the alcohol formed in the reaction 
is converted to the halide.  

• This reaction involve ether oxygen to first be 
protonated turning the potential leaving group 
from alkoxide –OR into the much more easily 
displaced alcohol HOR.  



Mechanism of Nucleophilic substitution reactions involved in 
cleavage reactions of ethers contd’ 

• The displacement is accomplished by the halide ion 
formed when the ether is protonated 

• This reaction is analogous to reactions of alcohols with 
haloacids. The halide ion should be a nucleophile 
strong enough to do the displacement, and reaction is 
subject to limitations of any SN2 reaction. NB: 2nd 
equation If SN1 below 

 
CH3:O:CH2CH2CH3 + H+ CH3 +O:CH2CH2CH3

H

I-

SN2
CH3I + CH3CH2CH2OH

protonation nucleophile I- attacks less sterically hindered CH3

(H3C)3C :O:CH3 + H+ (H3C)3C +O:CH3

H SN1
+C(CH3)3

I-

I-C(CH3)3

+ CH3OHprotonation carbocation formed
nucleophile attacks



What happens next depends on the structure 
of the ether. If departure of R1OH creates a 
relatively stable carbocation R+ [like tertiary 
C+], an SN1 reaction occurs, the leaving 
group departs, while the halide ion 
(nucleophile) combines with the carbocation. 
Hence here ether cleavage is an SN1 reaction. 
Tertiary alkyl group tends to undergo SN1 
displacement reactions. 
 
(H3C)3C :O:CH3 + H+ (H3C)3C +O:CH3

H SN1
+C(CH3)3

I-

I-C(CH3)3

+ CH3OHprotonation carbocation formed
nucleophile attacks



• But if departure of the leaving group would create an 
unstable carbocation [like methyl, vinyl, aryl or 
primary carbocation], then the leaving group cannot 
depart.  

• Instead it has to be displaced by the halide ion. i.e. an 
SN2 reaction occurs. In this SN2 reaction, the halide ion 
preferentially attacks the less sterically hindered of the 
two alkyl groups. Hence the ether cleavage here is an 
SN2 reaction.  

• Primary alkyl group tends to undergo SN2 
displacement. 

CH3:O:CH2CH2CH3 + H+ CH3 +O:CH2CH2CH3

H

I-

SN2
CH3I + CH3CH2CH2OH

protonation nucleophile I- attacks less sterically hindered CH3



More on Mechanism of Nucleophilic substitution reactions 
involved in cleavage reactions of ethers contd’ 
• Cleavage with HI is more rapid than cleavage with HBr because 

I- is a better nucleophile than Br-. Harsher conditions must be 
used if at all HCl will be employed because Cl- is even a poorer 
nucleophile. Trend on reactivity under mild condition: 
HI>HBr>HCl 

• Recall: On refluxing ether with concentrated HI in excess, the 
organic radicals cleave to form the haloalkanes [iodoalkanes]. 
First an alcohol is formed which reacts with more HI, to give the 
iodoalkane.  

• Use of equivalent/ same amount of HX and ether (i.e. less 
amount of HX), makes possible the alcohol formed to be 
isolated. But with more conc. HI which further reacts with the 
alcohol, to give the iodoalkane.  



Cleavage in Alkyl aromatic ethers:   
 
Alkyl aromatic ethers cleave to produce phenol 
and corresponding haloalkane in equivalent 
amount of HI.   
e.g. C6H5OCH3 + HI   C6H5OH    +   CH3 I         
 
 
[H/W: Show the mechanism of above cleavage 
reactions]  



Another example: Cleavage Reaction with PCl5 
 
On heating ether with phosphorus 
pentachloride [PCl5], cleavage occurs 
to give the chloroalkanes 
(ethylchloride & methylchloride).  
Example is   
C2H5OCH3 + PCl5  C2H5Cl + 
CH3Cl + POCl3   



Summary on Mechanism of Nucleophilic 
substitution reactions involved in cleavage 

reactions of ethers   
• Generally, reaction of protonated ether with 

halide ion, like the corresponding reaction of 
protonated alcohol, can proceed either by SN1 
mechanism, or by SN2 mechanism depending on 
the conditions [e.g. concentration of HX and 
heat] and structure of the ether.  

• Recall: Primary alkyl group tends to undergo 
SN2 displacement, whereas a Tertiary alkyl 
group tends to undergo SN1 displacement 
reactions. 
 



 (b) Autoxidations: Ethers slowly absorb oxygen to 
form peroxides when exposed to sunlight. In contact 
with air, most aliphatic ethers get converted to their 
unstable peroxides. The peroxides are unstable, 
dangerously shock-sensitive and explode easily, even 
in small concentrations since they decompose with 
explosive violence.  

R O R' + O2
hv

R O CHR'

HOO



This unwanted oxidation can be prevented 
by storing ethers in dark, sealed bottles in 
presence of some alcohol. Peroxides can be 
removed from ethers in a number of ways: 
by washing with solutions of ferrous ion 
(Fe2+), which reduces the peroxides; or 
distilling from conc. H2SO4, which oxidizes 
the peroxides.    [NB: In preparing GR and 
its reactions, the ether utilized must be free 
from traces of water and alcohol].  



(c) Complex formation [through Grignard 
reagents]. Recall that diethyl ether [ethoxyethane] 
is a very suitable solvent for Grignard reagents. 
This ether O donate electrons to Mg2+.  

CH3 O CH3
2 + RMgX R-Mg-X

CH3CH2-O-CH2CH3

CH3CH2-O-CH2CH3

Other ethers of higher molecular weight are unstable as solvent, for they 
form complexes which are insoluble in excess solvent. Tetrahydrofuran 
[THF] have some advantageous properties as an alternative solvent, as it is 
better able to donate electron pairs than diethyl ether. Recall that THF is 
slightly more basic and capable of forming more stable complexes with 
Grignard Reagent (GR) [NB: pKa of THF= -3.6; pKa of diethyl ether= -
2.1]. [Recall: GR is R-Mg-X, with Mg-C bond largely covalent, and Mg-X 
totally ionic. These give the highly reactive reagent (in ether) wide practical 
applications for preparing most homologous series of compounds like HCs, 
ROHs, RCHOs, RCORs and RCOOHs]. 



END OF ETHERS 

THANK UUUUUU!!! 



CARBONYLS: 
CHEMISTRY OF 

ALDEHYDES AND 
KETONES 



Outline on Carbonyls 
Introduction to Chemistry of Aldehydes and 

Ketones as Carbonyls  
Nomenclature/ Naming in Aldehydes & 

Ketones [Done earlier]  
Importance/ Uses/ Applications of Aldehydes 

and Ketones   
Preparation/ Synthesis  
Chemistry and Reactions of the Carbonyls 

 



The carbonyl group: It is made of carbon and 
oxygen double bonds. The double bond has a 
dipole, unlike double bond in alkenes. i.e.  

C+

R R

O-

The carbonyl carbon is bonded to three other atoms using 
the three sp2 hybridisation separated approximately by 1200. 
The unaffected p-orbital of carbonyl carbon overlaps with p-
orbital of the oxygen atom to form a pie (π) bond. The pie 
(π) bond is distorted towards the more electronegative 
oxygen atom. The carbonyl carbon and oxygen with the two 
other atoms bonded to C=O all lie on same plane i.e. it is 
FLAT. 



Carbon and oxygen have different electronegativities.  
Hence (covalent) electrons are not shared equally in the  
C=O. The pi (π) electrons spend longer time with more  
electronegative oxygen than carbon. This results in a form  
of partial polarities. This affects the chemistry and 
reactions of carbonyl compounds.  
The carbon atom in C=O is slightly electron deficient.  
Hence electron-rich reagent (Z:) – Nucleophiles (bases)  
easily form bonds with the carbonyl carbon. So as  
nucleophile approach the carbonyl bond, it bonds to the  
electron deficient carbon. This is responsible for the  
general NUCLEOPHILIC ADDITION REACTIONS  
of the carbonyls. The flat shape of trigonal [C=O] group  
makes it possible to be attacked from below or above its  
plane of symmetry.  



Aldehydes and ketones are usually 
referred to as the carbonyl compounds. 
There are other classes of organic 
compounds with carbonyl in their 
functional group. Others includes 
esters/ alkanoates [RCOOR’], 
carboxylic acids [RCOOH], anhydrides 
[RCO-O-COR’], acyls [RCO-], and 
amides [-CONH-]. 



Polarity of the carbonyl group in aldehydes and 
ketones is responsible for the observed higher 
boiling points of these compounds compared to 
their non-polar molecular weight equivalents. 
NB: But they do not form intermolecular 
hydrogen bondings [as in alcohols and 
carboxylic acids], hence they have lower boiling 
points compared to alcohols and carboxylic 
acids of equivalent weight. 



Aldehydes have a single H attached to the  
carbonyl carbon, and are usually terminal i.e. at  
one of the end positions, hence taking no 1  
when numbering; but ketones have two  
hydrocarbon groups bonded to the carbonyl  
carbon, and are never terminal.   

R H

O
R R'

O

Aldehyde  

Ketone  



Aldehydes oxidize more easily 
and are more susceptible to 
nucleophilic addition reactions. 
Generally aldehydes are good 
reducing agents and are more 
reactive than ketones.  



Methanal  
• Industrially as a reactant in the synthesis of polymers in production 

of plastics, carpets, fabrics, insulators, and some other domestic 
materials.  

• 40% methanal is an active germicide, disinfectant, used in 
preservation of biological specimen, called ‘formalin’. 

Ethanal  
• production of ethanoic acid and its derivatives 
Benzaldehyde: Naturally occurring pleasant smelling benzaldehyde 
and derivatives in food flavour and fragrances in perfumes 
• benzaldehyde in almond;  
• vanillin [3-methoxy, 4-hydroxy-benzaldehyde] in vanilla beans  

 
• cinnamaldehyde [3-phenyl-2-propenal] in cinnamon.  

Importance, Uses and Applications of some Aldehydes 

O H

OH
OCH3

O

H



Importance, Uses and Applications of some Ketones 
Propanone [acetone]  
• as solvent; in rubber cement and paints, and as nail-polish removers  
• body produce propanone during fasting, in uncontrolled diabetes, and high-protein diets 

when large amounts of fats are metabolized for energy  
Butanedione  
• One of the unappealing odor of armpits and sweaty feet CH3

CH3

O

O

Carvone  
• flavour compound in oil of spearmint.  

CH3

O

CH3
CH2

Muscone  
• in musk perfumes 

CH3

O

Cyclohexanone  
• intermediate in manufacturing of other chemicals; used in one stage of nylon production.  

O

Menthone in flavouring 

CH3

CH3
CH3

O



Preparation/ 
Synthesis of the 
Carbonyls 
[Aldehydes and 
Ketones] 
  



 
 

Preparation of Alkanals/ Aldehydes and 
Alkanones/ Ketones from Oxidation of 

Alcohols:  
 • Recall: Trend of oxidation of 10, 20, 30 

alcohols respectively giving following:  
• Primary [10] alcohol [RCH2-OH]  Aldehyde 

[RCHO]    carboxylic acid [RCOOH].  
• Secondary [20] alcohol [RR1CH-OH]  

Ketone [RR1CO].  
• Tertiary [30] alcohol [RR1R11C-OH]  No 

reaction  
 





Notice that in the oxidation of both primary and 
secondary alcohols (see chart above), one H is 
removed from the carbon to which the OH is 
attached. But in tertiary alcohol the carbon 
bearing the OH group is not bonded to any H, 
hence the OH in tertiary alcohols cannot be 
oxidized to a carbonyl group.  

Above trend is termed oxidation because number 
of C-H bonds in the reactants decreases, and the 
number of C-O bonds increases. 



Reagents often used in oxidizing alcohols is H2CrO4 
(chromic acid), which is formed from CrO3 (chromium 
trioxide) or Na2Cr2O7 (sodium dichromate) dissolved in 
aqueous acid.   
Secondary alcohols are oxidized to ketones, while tertiary 
alcohols usually are not further oxidized.  

Examples:  
(i) CH3CH2CH(OH)CH3 +  (CrO3/H2SO4(aq))  → CH3CH2C=OCH3  
Butan-2-ol                                                                     Butanone  
 
 
(ii) Cyclohexanol   +  (Na2Cr2O7/H2SO4(aq))  → Cyclohexanone 



H/W:  Show the structure and 
name of the product formed from 
the reaction of the following 
alcohols with Na2Cr2O7/H2SO4(aq).  
(1) 3-hexanol  
(2) 2-methyl-2-pentanol  
(3) 2,4-hexanediol  
(4) 1,4-butanediol  



•Aldehydes are formed from the oxidation of primary alcohols.  
e.g. 

CH3
OH [O]

CH3
O

H
 Propanol  Propanal 

If the 10 alcohol is not refluxed with oxidizing agent, the 
aldehyde can be collected. But with refluxing, the aldehyde 
formed is itself oxidized to carboxylic acid. These show that 
aldehydes are good reducing agents i.e. they are easily 
oxidized to acids. NB: In the presence of more oxidizing 
reagent propanal formed above further oxidizes to 
propanoic acid.  



Oxidizing Agents In Preparation of 
Carbonyls 

A. H2CrO4 (chromic acid), formed from CrO3 (chromium trioxide) 
or Na2Cr2O7 dissolved in aqueous acid [CrO3/H2SO4(aq)/ 
Na2Cr2O7/H2SO4(aq)] 

B. Utilizing pyridinium chlorochromate (PCC) as the oxidizing 
agent in dichloromethane (CH2Cl2), which also stop oxidation of 
primary alcohol at the aldehyde 

C. Swern oxidation of alcohols utilizing dimethyl sulfoxide 
[(CH3)2SO], oxalyl chloride [(COCl)2], and triethyl amine 
[(C2H5)3N]. Better method since above chromium-based reagents 
are toxic. Also reaction is not carried out in an aqueous solution, 
and the oxidation of primary alcohol stops at the aldehyde  

D. Oxidative Cleavage of 1,2-diols with periodic acid (HIO4) 
E. Oxidative cleavage of alkenes (ozonolysis), under either 

[reducing agent like Zn or dimethyl sulfide (CH3)2S] or 
[oxidizing agent like hydrogen peroxide (H2O2)] 

F. Preparation of carbonyls from dihalides  
 
 
 



Below is complete oxidation of butanol: 

CH3CH2CH2CH2OH  
H2CrO4

CH3 O

H

butanol butanal

further 

oxidation CH3 O

OH

butanoic acid



Generally if the primary (10) alcohol is not refluxed with 
oxidizing agent, the aldehyde can be collected. But with 
refluxing, the aldehyde formed is itself further oxidized to 
carboxylic acid.  
These show that aldehydes are good reducing agents; they 
are easily oxidized to acids.  
The oxidation of primary alcohol [e.g. butanol] will stop 
at the aldehyde if pyridinium chlorochromate (PCC) is 
used as the oxidizing agent in solvents like 
dichloromethane (CH2Cl2).   

CH3CH2CH2CH2OH  CH3 O

H

primary alcohol aldehyde

PCC

CH2Cl2



C. Swern oxidation of alcohols 
• It uses dimethyl sulfoxide [(CH3)2SO], oxalyl 

chloride [(COCl)2], and triethyl amine [(C2H5)3N].  
• Swern oxidation is one of the better method 

developed. It is not chromium-based; it is less toxic.  
• Use of chromium-based reagents are toxic, hence 

this method of oxidation of alcohols have been 
developed.  

• Since the reaction is not carried out in an aqueous 
solution, the oxidation of a primary alcohol stops at 
the aldehyde, as in PCC oxidation shown above.  

• Secondary alcohols are also oxidized to ketones. 
 



CH3CH2CH2OH  
primary alcohol

              1. (CH3)2S=O, [(COCl)2], -60 °C

2. (C2H5)3N 
CH3

O

H

aldehyde

CH3CH2CH(OH)CH3  
secondary alcohol

              1. (CH3)2S=O, [(COCl)2], -60 °C

2. (C2H5)3N 

CH3

CH3

O

ketone



D. Oxidative Cleavage of 1,2-diols 
with periodic acid (HIO4) 



D. Oxidative Cleavage of 1,2-diols with periodic acid (HIO4): Recall: 1,2-diols are 
obtained from hydroxylation of alkenes; the alkene is oxidized to 1,2-diol either 
by KMnO4 in cold basic solution or by osmium tetroxide (OsO4) to form the 
vicinal diols/ glycols. 1,2-diols are now oxidized to ketones or aldehydes or both 
by periodic acid HIO4. Reaction occurs because iodine is in a highly positive 
oxidation state (+7), hence it readily accepts electrons. Periodic acid reacts with 
diol to form a cyclic intermediate. As the intermediate breaks/ cleaves, bond 
between the two carbons bonded to the oxygens breaks. If a carbon that was 
bonded to an OH group is also bonded to two R (alkyls) groups, then the product 
will be a ketone; If the carbon is bonded to a R and a H, then the product will be 
an aldehyde. Since this oxidation cuts the reactant [diol] into two pieces, it is 
called an oxidative cleavage. 

CH3

CH3

OH

OH

CH3

HIO4

CH3

CH3

O

CH3

O

I
OO

OH

+ H2O
CH3

C=O

CH3

+
H

C=O

CH3

2-methyl-1,2-butanediol

cyclic intermediate

ketone (propanone) aldehyde (ethanal)

+ HIO3

3-methyl-2,3-butanediol



CH3

CH3

OH

OH

CH3

HIO4

CH3

CH3

O

CH3

O

I
OO

OH

+ H2O
CH3

C=O

CH3

+
H

C=O

CH3

2-methyl-1,2-butanediol

cyclic intermediate

ketone (propanone) aldehyde (ethanal)

+ HIO3

3-methyl-2,3-butanediol



CH3

OH

OH

HIO4

H
CH3

O

O

+ HIO3

1-methyl-1,2-cyclohexanediol
aldehyde

ketone

                                  [Product is heptanal with 6-one]. 

Another Example on Cleavage 
with HIO4: 



E. Oxidative cleavage of alkenes 
(ozonolysis): 

• Alkenes can be directly oxidized to carbonyl 
compounds by ozone (O3) or by KMnO4. At low 
temperature on treating alkene with ozone, its 
double bond breaks and carbons that are doubly 
bonded to each other (.>C=C<) are now doubly 
bonded to oxygen instead. This oxidation 
reaction is referred to as ozonolysis. i.e   
 
 1. O3, -78 °C

2. work-up

>C=C< >C=O + O=C<



Ozone and alkene undergo a concerted cycloaddition 
reaction, where the O atoms add to the two sp2 
carbons in a single step. An electrophile add to one of 
the sp2 carbons, while a nucleophile adds to the other. 
Electrophile is the O at one end of ozone molecule, 
and nucleophile is the O at the other end. Product of 
ozone addition to alkene is called a molozonide i.e. 
one mole of ozone has added to the alkene. 
Molozonide is unstable because it has two O-O 
bonds which immediately rearranges to more stable 
ozonide. Ozonide are not isolated since they are 
explosive. In solutions they are easily cleaved to 
carbonyls.  



When ozonide is cleaved in presence of reducing agent like Zn or 
dimethyl sulfide [(CH3)2S] products will be ketones, aldehydes or 
both. Product will be ketone when the sp2 carbon of alkene is bonded 
to two carbon-containing substituents;  
Product will be an aldehyde if at least one of the substituents bonded 
to the sp2 carbon is a hydrogen. The reducing agent prevents 
aldehydes from being oxidized to carboxylic acids. Cleaving the 
ozonide in the presence of Zn or dimethyl sulfide is referred to as 
working-up the ozone under reducing conditions.  

R

O
R

OO

R

H

Zn, H2O

or (CH3)2S
R

C=O

R

+
H

C=O

R

ketone aldehyde ozonide
reducing condition



But if ozonide is cleaved in presence of an oxidizing agent 
like hydrogen peroxide (H2O2), the products will be 
ketones, carboxylic acids, or both. Carboxylic acids are 
formed instead of aldehydes because the aldehyde initially 
formed will immediately oxidize to carboxylic acid by the 
H2O2. Cleavage in the presence of H2O2 is called working 
up the ozonide under oxidizing conditions.  

R

O
R

OO

R

H
R

C=O

R

+
OH

C=O

R

ketone carboxylic acid ozonide
oxidizing condition

H2O2



C/W & H/W: Predict ozonolysis products of  
(i). 3-methylhex-3-ene under H2O2 at -78 0C;  
(ii). Hex-3-ene under (CH3)2S at -78 0C;  
(iii). 2-methylcyclohexene under Zn/ H2O,at -78 0C; 
(iv). 1-pentene under Zn/ H2O,at -78 0C;  
(v). 1-pentene under under H2O2, at -78 0C].  
NB: One carbon fragment obtained from the 
reaction of a terminal alkene with ozone will be 
oxidized to methanal (formaldehyde) if the 
ozonide is worked up under reducing conditions, 
and to methanoic acid, if it is worked up under 
oxidizing condition. [see yourself in Qs (iv & v)]  



ANSWERS 



(i) Ozonolysis of 3-methylhex-3-ene under H2O2 at -
78 0C: i.e. at oxidizing condition yield butanone 
and propanoic acid  

(ii) Ozonolysis of Hex-3-ene under (CH3)2S at -78 0C: 
i.e. under reducing condition yield only propanal  

(iii) Ozonolysis of 2-methylcyclohexene under Zn/ 
H2O,at -78 0C: i.e. under reducing condition yields 
heptanal, 6-one.  

(iv) 1-pentene under Zn/ H2O,at -78 0C: i.e. at 
reducing condition Yields methanal + butanal  
(v) 1-pentene under under H2O2, at -78 0C]: i.e. at 
oxidizing condition Yields methanoic acid  + butanoic 
acid 



F. Preparation of carbonyls from 
dihalides: 

• When there are two halogen atoms bonded to 
same carbon at end of chain, on hydrolysis it 
yields aldehydes e.g. as in 1,1-dichloroethane 
below.  

• Mild alkali like Ba(OH)2(aq) may be used for the 
hydrolysis.  
 

CH3CHCl2  CH3 OH

OH

H2O/ Ba(OH)2
-H2O

CH3CHO  
1,1-dichloroethane unstable ethanal (aldehyde)



 If the two halogens are on a carbon in 
the middle of the chain, then a ketone is 
formed e.g.  

CH3 OH

OHCH3

H2O/ Ba(OH)2
-H2O

unstableCH3

C

CH3
Cl

Cl
2,2-dichloropropane

CH3

C=O

CH3

propanone

H/W: Predict products of reaction of H2O/ 
Ba(OH)2 with each of the following:  
(i). 2,2-dichlorobutane  
(ii). 1,1-dichloropropane [PTO] 



 If the two halogens are on a carbon in 
the middle of the chain, then a ketone is 
formed e.g.  

CH3 OH

OHCH3

H2O/ Ba(OH)2
-H2O

unstableCH3

C

CH3
Cl

Cl
2,2-dichloropropane

CH3

C=O

CH3

propanone

H/W: Predict products of reaction of H2O/ 
Ba(OH)2 with each of the following:  
(i). 2,2-dichlorobutane [butanone] 
(ii). 1,1-dichloropropane [propanal] 



MORE ON 
PREPARATION 

OF CARBONYLS 
FROM ALKYNES 



Catalytic addition of H2O to ethyne 
give ethanal.  

CH CH +H2OH2SO4/HgSO4 CH3 CHO



Addition of water to propyne give vinyl alcohol [enol 
form], and finally the propanone [keto form]. Both are 
‘tautomers’ which occur at equilibrium.  

CH3 CH CH3

H
OH

CH3 CH3

O

Tautomers

H2O

The keto and the enol forms are in equilibrium.   
CH3 CH3

O CH3

H
OH

keto form enol form

In tautomerism two isomers are in equilibrium, as in keto-enol  
forms.  



H/W: 

What is tautomerism?  
 



[Tautomerism is a type of isomerism 
where two isomeric forms of a 

compound can convert to each other 
to make an equilibrium mixture. It is 
caused by the migration of hydrogen 

atom and pi-electron density. The keto-
enol tautomerism in aldehyde and 

ketone is a good example].  
 



Chemistry and 
Reactions of the 
Carbonyls 
[Aldehydes and 
Ketones] 
 



O

HA

Z:

A
Z:

H O
ä-

 
....... A

Z:

H
O- + H2O A

Z:

H
OH

Nucleophilic addition reaction can be perceived thus: 
Recall the carbonyl group is polar 

 and it is flat. So it is susceptible to attack  
from below and above. The pie (π) electrons 
 spend more time with the oxygen  
[Cδ+---Oδ-]. Also the H on the α-C is acidic.  
Hence there is easy attack of a base [Z:] on  
the carbon of the C=O. This illustrates the  
addition reaction aldehyde and ketone  
undergo.  
 

C+

R R

O-



The main feature of the nucleophilic attack on 
the carbonyl group is the attacking group ‘Z’ 
bonding to the carbon atom. Then the pie [π] 
bond to the oxygen atom breaks. The oxygen 
atom then have the ability to make a sigma bond 
[δ] to another species, usually a H ion. Rather 
than displace another group which usually 
happen in nucleophilic attack, the attacking 
nucleophile adds to the C=O of the aldehyde or 
ketone. Therefore this type of reaction is called 
nucleophilic addition reaction.  



On Chemistry/ Nucleophilic Addition 
Reactions of Aldehydes and Ketones 

• 1. Reactions with Tollen’s Reagent  
• 2. Reactions with derivatives of ammonia [H2N-Y] 

[NB: 2,4-dinitrophenylhydrazine] [Condensation] 
• 3. Reactions with Cyanides → Cyanohydrins  
• 4. Reactions with Grignard Reagents [RMgX] 
• 5. Reactions with alcohol → Acetal formation  
• 6. Reduction reactions [LiAlH4 etc]         
• 7. Reactions with Fehling’s solution  
• 8. Iodoform tests for C=Os 
• 9. Clemmenson’s reduction        
• 10. Polymerisation reactions                                           

 



Recall the oxidation of aldehydes give  
carboxylic acids 
 

RCHO 
KMnO4/K2Cr2O4 RCOOH 



1. Tollen’s reagent diamminesilver(I) Ag(NH3)2, cause 
oxidation of aldehydes to give silver mirror, used for 
detecting aldehydes. [Tollen’s test]. When the 
aldehyde is mixed with Tollen’s reagent in the test 
tube, Ag(s) is formed. It can be seen as a mirror in the 
test tube. Hence the test is called ‘silver mirror’ test 
for aldehydes.  

CH3CHO + 2Ag(NH3)2
+ + 3OH-

 2Ag + CH3COO- + 4NH3
- 

Silver mirror



Addition of ammonia to AgNO3(aq) 
converts the silver ions to 

diamminesilver(I) ions [Ag(NH3)2]. The 
solution is also called ammoniacal silver 

nitrate [Tollen’s reagent].  
Aldehydes are good reducing agents, 

hence they are easily oxidized to acids as 
seen above.  NB: Ketones are hard to 

oxidize.  
 



2. Addition of derivatives of Ammonia [H2N-Y]: 
The lone pair on N of ammonia and derivatives easily 
add to C=O on aldehyde and ketone. Product formed 
is not very stable with ammonia, but other derivatives 
of ammonia form useful products with the C=O. The 
reaction is also known as condensation reaction, since 
water is released. Generally following occurs: 

O

A G

+ H2N_Y

A G
_NH_Y

OH

A

G
N_Y + H2O



Derivatives formed i.e. Nature of [H2N-Y]:-  

Condensation Product 
A

G
N_Y 

H2N-OH            Hydroxylamine           Oxime  
    

H2N- NH2           Hydrazine            Hydrazone 
H2N-NHC6H5 Phenylhydrazine   Phenylhydrazone  
H2N-NHCONH2  Semicarbazide   Semicarbazone 



Benzaldehyde form benzaldehyde  
phenylhydrazone with phenylhydrazine  
Thus:  H O

+ H2N_NHC6H5

H NNHC6H5 

+ H2O
H+

O

H
+ H2N_NHC6H5

H+

NNHC6H5

H + H2O

Benzaldehyde phenylhydrazine
Benzaldehyde phenylhydrazone

i.e. 



The products above are useful in 
identification of the aldehyde or ketone. 
Recall your 2,4-dinitrophenylhydrazine, 

which is orange in colour, reacts with 
aldehyde or ketone to give orange-yellow 

colour/ solid, which is its 2,4-
dinitrophenylhydrazone, possessing 

characteristic m.pt. The result can be used to 
characterize and identify the C=O.  

 



 
3. Addition of Cyanide [Cyanohydrin 

formation] 
 • Addition of cyanide to carbonyls gives the 

Cyanohydrin. The method is useful for making 
mixed acids and alcohols. The α-carbon to 
nitrile group is with alcoholic OH in the 
Cyanohydrin. The CN of the Cyanohydrin can 
be hydrolyzed to the corresponding carboxylic 
acid [Recall under preparation of acids]. NB: 
There is additional C in product compared to 
the starting carbonyl. 



O

A G

+ CN-
A G

CN
OH

H+

Cyanohydrin



Examples of cyanohydrin:  
(i) For ketone C=O 

O

CH3 CH3

+ NaCN

CH3 CH3

CN
OH

H2SO4 H2O/H2SO4
CH3 CH3

COOH
OH

-H2O
CH3

CH2 COOH

Propanone Propanone cyanohydrin 2-methylpropenoic acid



Examples of cyanohydrin:  
(ii) For aldehyde C=O 

CH3

O

H
CN-,H+

CH3CH(OH)CN H+
CH3CH(OH)COOH

ethanal 2hydroxypropane nitrile 2hydroxypropanoic acid 

The acid is also called lactic acid, which 
is produced when milk goes sour. The 
acid is industrially formed naturally by 
actions of the bacteria- Bacillus acidi 
lactic on sugars. Acid produced is utilized 
in dyeing and leather industries.  



Examples of cyanohydrin:  
(iii) For aromatic aldehyde 

O

H
H

OH
CN

Benzaldehyde

NaCN, NaHSO3 H2O,HCl
H

OH
COOHHydrolysis

nitrile acid



4. Reactions of Carbonyls with Grignard Reagents 
RMgX [GR] 
Addition of Grignard reagent to carbonyl compounds 
lead to formation of new C-C bonds. The reaction 
yields a number of products depending on the 
structure of the carbonyl and structure of the 
Grignard reagent. NB: GR are prepared under 
anhydrous conditions, adding alkyl halide to Mg(s) 
(magnesium shavings) in ether (e.g. diethyl ether). 
E.g. bromoethane → ethylmagnesium bromide 
 

CH3CH2Br
Mg

(C2H5)2O
CH3CH2MgBr



The GR reacts as if it were a carbanion, 
hence the nucleophile is a strong base.  

CH3CH2MgBr reacts like CH3
-CH2   Mg+Br

Consequently also, aldehydes and ketones undergo 
nucleophilic addition reactions with GR.   



GR will react with the carbonyl carbon to form an 
alkoxide ion which complex with magnesium ion. 
On addition of water or dilute acid, the complex 
breaks up to form the appropriate alcohol.    
GR will react with methanal to give a primary 
alcohol as the addition product. 

H H

O

methanal

+ CH3CH2CH2CH2-MgBr
butylmagnesium bromide

CH3CH2CH2CH2CH2O-Mg+Br H3O
+

CH3CH2CH2CH2CH2OH
alkoxide ion 1-pentanol (10 alcohol)



Other aldehydes will react with GR to 
produce secondary alcohols.  

O-Mg+Br

CH2CH2CH3H3CH2CH3CH2C H

O

propanal

+ CH3CH2CH2-MgBr
propylmagnesium bromide

H3O
+

OH

CH2CH2CH3H3CH2C
alkoxide ion 3-hexanol (20 alcohol)



GR will react with ketones to give 
tertiary alcohols as the addition 
products.  

O-Mg+Br

CH2CH2CH3H3CH2C

CH3

CH3
CH2CH2CH3

O

+ CH3CH2-MgBr
ethylmagnesium bromide

H3O
+

alkoxide ion 3-methyl-3-hexanol (30 alcohol)2-pentanone

OH

CH2CH2CH3H3CH2C

CH3



In a shorter form (not showing the 
complex/ alkoxide), numbers can be used 
to indicate the two steps, taking place in 
the order of use. i.e. GR first fully react 
with the carbonyl before the acid is added. 
E.g.  

H2CH3C CH2CH3

O

3-pentanone

1. CH3MgBr

2. H3O
+

OH

CH2CH3H3CH2C

CH3

3-methyl-3-pentanol



C/W: What product will be formed 
when  
(i) phenylmagnesium bromide  
(ii) pentylmagnesium bromide 

separately react with each of 
the following carbonyls?  

(a) Hexanal  
(b) 3-Heptanone  
(c) cyclohexanone 



C/W Answers: What product will be formed when  
(i) phenylmagnesium bromide (a)[C5H11CH(OH)-

Ph] a 20alcohol ; (b)[(C2H5)(C4H9)C(OH)-Ph] a 
30alcohol ; (c)[1-phenylcyclohexanol] a 
30alcohol  

(ii) pentylmagnesium bromide[C5H11MgBr] 
separately react with each of the following 
carbonyls? (a)[C5H11CH(OH)-C5H11] a 20alcohol; 
(b)[(C2H5)(C4H9)C(OH)-C5H11] a 30alcohol ;  

(a) Hexanal 
(b) 3-Heptanone  
(c) cyclohexanone 



5. Addition reactions with alcohols: It 
leads to acetal (diether) formation and 
the reaction is mainly for aldehydes. 
RCHO easily add to alcohols once the 
reagents are dry. HCl acts as catalyst.  
Generally:  

O

A G
+ 2ROH A

G

OR

OR + H2O 

diether[acetal] 



Most common is the addition of ethanol to  
ethanal, to give the ether 1,1-diethoxy  
ethane usually referred to as the acetal.   
 

CH3

O

Hethanal
+ 2C2H5OH dryHCl CH3CH(OC2H5)2 + H2O

1,1-diethoxyethane



6. Reduction Reactions of 
Aldehydes and Ketones 



6. Aldehyde and ketone can be reduced to 
primary and secondary alcohols 
respectively using H2/Ni or LiAlH4 [lithium 
tetrahydridoaluminate(III)] as catalyst.  

CH3

O

H
H+,LiAlH4

ethanal ethanol
CH3CH2OH



CHO CH2OH
LiAlH4,HCl

benzaldehyde phenylmethanol

O

CH3 CH3

Propanone

H2/Ni CH3CHOHCH3
propan-2-ol

Benzyl alcohol 



Further studies:  
Check Wolff-Kishner and 
Clemmensen reductions.  



CCH2CH3

O Ζn(Ηg), ΗCl,∆
Clemmensen reduction

H2NNH2, HO-, ∆

Wolff-Kishner reduction

CH2CH2CH3

CH2CH2CH3

• Above are two of other effective methods for reducing a 
ketone carbonyl to a methylene group.  

• Clemmensen reduction uses an acidic solution of zinc 
dissolved in mercury as the reducing reagent.  

• Wolff-Kishner reduction employs hydrazine [recall we used 
above- H2NNH2] under basic conditions.  

• [H/W: Try to show the mechanism in each case]. 



 
On Reducing ability of C=Os:  

 • Recall above (under Preparation of C=Os): If the 10 alcohol is 
not refluxed with oxidizing agent, the aldehyde can be 
collected.  

• With refluxing, the aldehyde formed is itself oxidized to 
carboxylic acid. These show that aldehydes are good reducing 
agents; they are easily oxidized to acids.  

• The silver mirror tests further indicate that aldehydes are 
good reducing agents; hence they are easily oxidized to acids.   

• Ketones are less easily oxidized, but it undergoes the 
‘iodoform reaction’. [See below].   

• Also aldehydes are capable of reducing Cu2+ to Cu+. Alkaline 
solution of copper(II) tartrate referred to as ‘Fehling’s 
solution’ is a clear royal blue solution. If warmed with 
aldehyde, there forms orange-yellow ppt of copper(I)oxide.  
 



The Iodoform Test: 
• Though ketones are difficult to oxidize, the iodoform 

test is one oxidation reaction of ketones that is useful. 
The test is actually for identifying methyl carbonyls 
[CH3C=O]. 

• It is given by methyl ketones like propanone and 
butanone. Likewise ethanal and ethanoyl moieties will 
behave positively with this test.  

• Solution of iodine in NaOH(aq) is warmed with 
propanone. The solution has iodate(I) ion ‘IO-’, which 
act as the oxidizing agent. Yellow precipitate of 
triiodomethane [iodoform] is seen.  

• CH3COCH3(aq)  + 3 IO-(aq)  CH3COO-(aq)  +  CHI3 (s)  + 
2OH-(aq)            

                                                                                 Yellow ppt        
 



Polymerisation 
Reactions 



• Methanal and ethanal do polymerise to form  
long chains and cyclic products thus:  
•Polymethanal also called ‘paraformaldehyde’  
is the polymer of methanal. It can be produced  
from the aqueous solution of methanal,  
appearing as a white powder.  
• It consist of long chains of repeated units of  
CH2O i.e.  
-CH2-O-CH2-O-CH2-O-CH2-O-CH2-O-CH2-O-  



O

O

O

HH

H
H

H
H

methanal trimer

At low temperatures methanal molecules in the  
presence of an acid, combine to form a trimer  
known as methanal trimer or 
‘metaformaldehyde’ 



•Three ethanal molecules with little conc. H2SO4 is  
converted to liquid trimer in a ring-like structure thus:  

O

O

O

CH3H

H
CH3

CH3
H

ethanal trimer[paraldehyde]
CH3

H

O
conc.H2SO43



•Metaldehyde which is actually ethanal  
tetramer, is a white solid made by  
passing HCl into cold ethanal. It is  
utilized as fuel, usually for steam  
powdered models, and as active  
ingredients of slug pellets. The name is  
shortened as ‘meta’.     



Cannizaro Reactions:      
 • When aldehyde reacts with conc. Alkali, 

it gives both reduction product (i.e. 
alcohol) and the oxidation product 
which is the salt of the carboxylic acid.  

• Aldehydes with no α-H such as 
methanal/ benzaldehyde  undergo self 
oxidation and reduction to yield a 
mixture of an alcohol and a salt of a 
carboxylic acid.  
 



2HCHO 50%NaOH CH3OH + HCOO-Na+

methanol Na methanoatemethanal

CHONO2
35%NaOH

CH2OHNO2 + COO-Na+NO2

p-nitrobenzaldehyde p-nitrobenzylalcohol Na p-nitrobenzoate
{reduction product} {oxidation product}

(i) 

(ii) 

NB: Above reaction is a very good method for 
preparing  phenylmethanols[benzylalcohol].                                              



Generally in Cannizzaro reaction, 
an aldehyde that has no α-

Hydrogens react with concd 
aqueous NaOH. In this reaction, 
half the aldehyde is converted to 
carboxylic acid and the other half 

is converted  to an alcohol.  



Further Reading:  

Check-up ‘Cross Cannizaro’ reaction.  
 



 
Aldol Condensation Reactions  

 

• It is an example of an addition to carbon-
oxygen double bond[C=O]. The reaction 
is between two carbonyl molecules in 
which one must have an α-H, to first form 
a carbanion. The carbanion then attacks 
the carbonyl [C=O] of the 2nd carbonyl 
compound.   
 



H

O

R

R'

base
[OH-] C-

H

O

R

R'

HR

R' O-1 2

C

H

O

R'''

R''
R'

C

HR'''

R''
R'

OH

R'

R

H

O3

+

C

HR'''

R''
R'

O-

R'

R

H

O

H2O

5

3
4

An aldehyde [1] with α-H reacts with base [OH-] and give a stable 
carbanion [2]. The carbanion now adds to the carbonyl carbon of a 
second carbonyl compound [3], to give ‘4’ and in the presence of  
water it finally produce the aldol [5].  



An aldehyde [1] with α-H reacts with 
base [OH-] and give a stable carbanion 

[2]. The carbanion now adds to the 
carbonyl of a second carbonyl 

compound [3], to give ‘4’ and in the 
presence of  water it finally produce 

the aldol [5]. {NB: ‘2’ can be in 
equilibrium as shown above}. 

 



EXERCISES: 
A. Show details of the aldol reaction between 

following, and predict the product in each 
case, with their IUPAC names.  

• Two molecules of propanone  
• Two molecules of ethanal  
• 1 molecule of ethanal + 1molecule of 2,2,4,4-

tetramethylpentan-3-one.  
B. Try to look into BECKMANN reaction/ 

rearrangement.  
 



More Exercises: 

• Check on Reactions of C=Os with 
Halogens   
 



Thank U! Thank U!! 
& Thank U!!! 


	CHE 176 ORGANIC CHEMISTRY 1
	CHE 176: ORGANIC CHEMISTRY 1�
	Recall: �
	NB: Outline of Discussion in Each Case
	General Introduction:
	General Introduction Contd: Examples
	Slide Number 7
	Aromatic Alcohols and Phenols [above A=OH]
	IUPAC/ Systematic Names- 
	ortho (o-); meta (m-); para (p-) positions on disubstituted phenols
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Monohydric and Polyhydric Phenols
	Examples of Monohydric phenols
	Polyhydric Phenols
	Slide Number 18
	Nomenclature in Ethers:  �
	Slide Number 20
	Slide Number 21
	Slide Number 22
	The Carbonyls
	Slide Number 24
	Slide Number 25
	ALDEHYDES: �
	Slide Number 27
	Additional Rules for Aldehyde Nomenclature:
	Additional Rules for Aldehyde Nomenclature Contd:
	Slide Number 30
	Slide Number 31
	H/W:
	KETONES: with two organic radicals [hydrocarbons] bonded to the C=O carbon �
	Naming of Ketones:
	Rules for Naming Ketones
	Slide Number 36
	Slide Number 37
	Answers
	Slide Number 39
	Outline: PHENOLS/ BENZENOLS/ HYDROXYBENZENES
	Properties of Phenols: �
	Properties of Phenols Contd:
	Slide Number 43
	Properties of Phenols Contd:
	Slide Number 45
	Slide Number 46
	Slide Number 47
	�Chemical Characteristics and Tests for Phenols�
	Chemical Characteristics and Tests for Phenols Contd.
	USES, IMPORTANCE AND APPLICATIONS OF PHENOLS AND DERIVATIVES: �
	Slide Number 51
	Preparation/ Synthesis of Benzenols (Phenols)
	Preparation/ Synthesis of Benzenols (Phenols) contd.
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Reactions of Phenols:
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	�2(a) Acetylation of the Hydroxy / Amino group in phenol derivatives [Salicylic acid and 4-aminobenzenol, to give Aspirin and Paracetamol, Analgesic (pain-reliever) and Antipyretic (Fever-reducing)].�
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	H/W: Give the mechanism of reaction in each of above? NB:Indicate movement of electron with arrows.
	Ethers: Uses & Properties, Syntheses / Preparations, Reactions
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	(a) Preparation of Ethers by Dehydration of alcohols
	Slide Number 84
	Slide Number 85
	Summary On Mechanism for Ether Synthesis by Dehydration of alcohols
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	�(d) Ethers as Protecting groups for Alcohols�
	Recall: Addition of alcohols to C=Os to form Ethers: 
	Contd Recall:Addition of ethanol to ethanal
	Slide Number 99
	Slide Number 100
	Answers
	Slide Number 102
	Slide Number 103
	Slide Number 104
	(a) Cleavage reactions with HX (strong acids): 
	Slide Number 106
	On Mechanism of Nucleophilic substitution reactions involved in cleavage reactions of ethers:
	Slide Number 108
	Slide Number 109
	Mechanism of Nucleophilic substitution reactions involved in cleavage reactions of ethers contd’
	Mechanism of Nucleophilic substitution reactions involved in cleavage reactions of ethers contd’
	Slide Number 112
	Slide Number 113
	Slide Number 114
	Slide Number 115
	Slide Number 116
	Summary on Mechanism of Nucleophilic substitution reactions involved in cleavage reactions of ethers  
	Slide Number 118
	Slide Number 119
	Slide Number 120
	END OF ETHERS
	CARBONYLS: CHEMISTRY OF ALDEHYDES AND KETONES
	Outline on Carbonyls
	Slide Number 124
	Slide Number 125
	Slide Number 126
	Slide Number 127
	Slide Number 128
	Slide Number 129
	Slide Number 130
	Slide Number 131
	Slide Number 132
	��Preparation of Alkanals/ Aldehydes and Alkanones/ Ketones from Oxidation of Alcohols: �
	Slide Number 134
	Slide Number 135
	Slide Number 136
	Slide Number 137
	Slide Number 138
	Oxidizing Agents In Preparation of Carbonyls
	Slide Number 140
	Slide Number 141
	C. Swern oxidation of alcohols
	Slide Number 143
	D. Oxidative Cleavage of 1,2-diols with periodic acid (HIO4)
	Slide Number 145
	Slide Number 146
	Slide Number 147
	E. Oxidative cleavage of alkenes (ozonolysis):
	Slide Number 149
	Slide Number 150
	Slide Number 151
	Slide Number 152
	Slide Number 153
	Slide Number 154
	F. Preparation of carbonyls from dihalides:
	Slide Number 156
	Slide Number 157
	Slide Number 158
	Slide Number 159
	Slide Number 160
	H/W:
	[Tautomerism is a type of isomerism where two isomeric forms of a compound can convert to each other to make an equilibrium mixture. It is caused by the migration of hydrogen atom and pi-electron density. The keto-enol tautomerism in aldehyde and ketone is a good example]. �
	Slide Number 163
	Slide Number 164
	Slide Number 165
	On Chemistry/ Nucleophilic Addition Reactions of Aldehydes and Ketones
	Slide Number 167
	Slide Number 168
	Addition of ammonia to AgNO3(aq) converts the silver ions to diamminesilver(I) ions [Ag(NH3)2]. The solution is also called ammoniacal silver nitrate [Tollen’s reagent]. �Aldehydes are good reducing agents, hence they are easily oxidized to acids as seen above.  NB: Ketones are hard to oxidize. �
	Slide Number 170
	Slide Number 171
	Slide Number 172
	The products above are useful in identification of the aldehyde or ketone. Recall your 2,4-dinitrophenylhydrazine, which is orange in colour, reacts with aldehyde or ketone to give orange-yellow colour/ solid, which is its 2,4-dinitrophenylhydrazone, possessing characteristic m.pt. The result can be used to characterize and identify the C=O. �
	�3. Addition of Cyanide [Cyanohydrin formation]�
	Slide Number 175
	Slide Number 176
	Slide Number 177
	Slide Number 178
	Slide Number 179
	Slide Number 180
	Slide Number 181
	Slide Number 182
	Slide Number 183
	Slide Number 184
	Slide Number 185
	Slide Number 186
	Slide Number 187
	Slide Number 188
	6. Reduction Reactions of Aldehydes and Ketones
	Slide Number 190
	Slide Number 191
	Slide Number 192
	Slide Number 193
	�On Reducing ability of C=Os: �
	The Iodoform Test:
	Polymerisation Reactions
	Slide Number 197
	Slide Number 198
	Slide Number 199
	Slide Number 200
	Cannizaro Reactions:     �
	Slide Number 202
	Generally in Cannizzaro reaction, an aldehyde that has no α-Hydrogens react with concd aqueous NaOH. In this reaction, half the aldehyde is converted to carboxylic acid and the other half is converted  to an alcohol. 
	Further Reading: 
	�Aldol Condensation Reactions �
	Slide Number 206
	An aldehyde [1] with α-H reacts with base [OH-] and give a stable carbanion [2]. The carbanion now adds to the carbonyl of a second carbonyl compound [3], to give ‘4’ and in the presence of  water it finally produce the aldol [5]. {NB: ‘2’ can be in equilibrium as shown above}.�
	EXERCISES:
	More Exercises:
	Thank U! Thank U!! & Thank U!!!

