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Phenols 

       Phenols are compounds that have a hydroxyl group bond 

directly benzene or benzenoid ring. The parent compound of this 

group , C6H5OH,called simply phenol , is an important industrial 

chemical and pharmaceutical chemistry. 

     Phenols are compounds of the general formula Ar-OH ,when 

Ar=phenyl ,substituted phenyl. Phenols differ alcohols in having 

the hydroxyl group attached directly to an aromatic ring(phenyl or 

substituted phenyl).but the hydroxyl group in alcohol compounds 

are attached directly to an aliphatic group  

Nomenclature  

       An old name for benzene was phene , and its hydroxyl 

derivative came to be called phenol ,the systematic  name for 

phenol is  benzenol =(C6H5OH).this, like many other entrenched 

common names , is an acceptable IUPAC name.  

( International Union of Pure and Applied Chemistry). Likewise 

,o-,m- ,and p-cresol are acceptable names for the various ring-

substituted hydroxyl derivatives of  toluene . more highly 

substituted compounds are named as derivatives of phenols . 

numbering of the ring begins at the hydroxyl- substituted carbon 

and proceeds in the direction that gives the lower number to the 

next substituted carbon. Substituent are cited in alphabetical order. 

http://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.iupac.org%2F&ei=rZukU8GfHKuBywOot4KQAg&usg=AFQjCNFvt0h2HQVrFhutcJ9TI4JF7ql7dg&sig2=45nliOW6OEUAJR7NTki6CQ&bvm=bv.69411363,d.bGQ&cad=rja
http://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.iupac.org%2F&ei=rZukU8GfHKuBywOot4KQAg&usg=AFQjCNFvt0h2HQVrFhutcJ9TI4JF7ql7dg&sig2=45nliOW6OEUAJR7NTki6CQ&bvm=bv.69411363,d.bGQ&cad=rja
http://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.iupac.org%2F&ei=rZukU8GfHKuBywOot4KQAg&usg=AFQjCNFvt0h2HQVrFhutcJ9TI4JF7ql7dg&sig2=45nliOW6OEUAJR7NTki6CQ&bvm=bv.69411363,d.bGQ&cad=rja
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OH OH

CH3

OH

CH3

OH

CH3

p -cresolm-cresol
o-cresolphenol

OH

CH3

Cl

5-chloro-2-methylphenol  

 the three dihydroxy derivatives of benzene may be named as 1,2- , 1,3 and 

1,4-benzenediol ,respectively ,but each is more known by the common name 

. 

OH

OH

OH

OH

OH

OH

hydroquinone
1,4-benzenediolresorcinol

1,3-benzenediol

pyrocatechol
1,2-benzenediol

 

Problem  

Write structural formulas for each of the following compounds: 

(a) Pyrogallol                          (c) 3-nitro-1-naphthol 

(b) O-benzylphenol                   (d) 4-chlororesorcinol 
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(e) salicylic acid                          (f) 1-naphthol 

   (g) B-naphthol                             (h) p-hydroxy benzoicacid 

Physical properties of phenols 

The physical properties of phenols are strongly influenced by the hydroxyl 

group. The simplest phenols are liquids or low- melting points solids, 

because of hydrogen bonding ,they have quite high boiling points. Some 

ortho-substituted phenols ,such as o-nitrophenol, have significantly lower 

boiling points than those of the meta and para isomers.this is because the 

intramolecular hydrogen bond that forms between the hydroxyl group and 

nitro group. 

N

O

H

O

O

intramolecular hydrogen bond
in o-nitrophenol

 

N

O O

intermolecular hydrogen bond
in p-nitrophenol

OH
N

OO

O
H

N

O O

O

H

intermolecular hydrogen bond
in p-nitrophenol

 

Phenols are soluble in water because of hydrogen bonding between 

hydroxyl group in phenols and water. 
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O H

O H

H

Hydrogen bonding
(Solubility)

 

Acidity of phenols  

The most characteristic property of phenols is their acidity. Phenols are 

more acidic than alcohols but less acidic than carboxylic acids. Phenols are 

converted into their  salts by aqueous hydroxide. 

O H

NaOH
ONa

+ H2O

 

Most phenols are weaker than carbonic acid see below: 

ONa OH

+ H2CO3 + NaHCO3

 

       Now to help us understand why phenols are more acidic than alcohols 

,let's compare the ionization equilibria for phenol and ethanol. In particular, 

consider the differences in charge delocalization in ethoxide ion and in 

phenoxide ion. The negative charge in ethoxide ion is localized on oxygen 

and is stabilized only by salvation forces. But the negative charge in 

phenoxide ion is stabilized both by salvation and by electron delocalization 

into the ring. 
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O

CH3CH2 O

H

+ H2O
CH3CH2

O
+ H3O

O

H

+ H2O + H3O

 

 

Resonance of phenols 

OH

Phenol

OH OH OH
OH

O

Phenoxide ion

O O O
OH

A B C

E F G  

Structures A,B,C for phenol carry both positive and negative charges ; 

structures E,F,G for phenoxide ions carry only negative charges, the 

structure of phenol should contain more energy and hence the less stable 

than the structure of phenoxide ion. We have already encountered the effect 

of separation of charges on stability , the net effect of resonance is there for 

to stabilize the phenoxide ion to greater extent than the phenol. 

 

Preparation of phenols 
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Industrial source : 

1-Dow process: 

This process was referred to the preparation of phenol from chlorobenzene . 

chlorobenzene is treated with dilute sodium hydroxide at 350 °C and 300 

bar to convert it to phenol. 

Cl

+ NaOH
360 0C

300 bar

OH

+ NaCl + H2O

 

Mechanism: 

Cl

H

NaOH

Cl

Carbanion ion

+ H2O

Benzyne

1- Elimination step

2- Addition step

+ OH

OH

+ H2O

OH

 

2- Nearly all phenol is made today ,however ,by a newer process that starts 

with cumene,isopropylbenzene. Cumene is converted by air oxidation into 

cumene hydroperoxide , which is converted by aqueous acid into phenol and 

acetone. 
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O2 H+,H2O

OH

OOH

+ CH3COCH3

 

In the laboratory 

1- Alkali fusion of sulfonates : 

One of the synthetic processes used is the fusion of sodium benzene 

sulfonate with alkali medium. 

SO3H

NaOH(dil)

SO3Na

+ H2O
2NaOH

300C0

ONa

+ Na2SO3 + H2O

OH

Benzene sulf onic acid Sodium benzene sulfonate
Sodium phenoxide

Mechanism 

SO3Na + OH

SO3Na

OH

OH + SO3Na

good leaving group

NaOH

ONa

H+

OH

Phenol  
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2- Hydrolysis of diazonium salt 

N N Cl

+ H2O
H+

OH

+ N2 +HCl

Phenol

Benzenediazonium salt 

- The hydrolysis of aryl halides containing strongly electron with 

drawing groups ortho and para to the halogen ; 2,4-di nitro phenol 

are produced in this way on a large scale: 
Cl

NO2

NO2

NaOH

ONa
+

NO2

NO2

H+

OH

NO2

NO2

H2SO4
HNO3

OH

NO2

NO2

O2N

Picric acid

  

Reactions of phenols: 

1- Reaction of phenols as acid  

-Separating Phenols from Alcohols and Carboxylic Acids. Phenols 

are soluble in aqueous sodium hydroxide because of their relatively 

high acidity - most alcohols are not. 
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2 -Phenols in the Williamson Ether Synthesis. Phenoxides (phenol anions) 

react with primary alkyl halides to form ethers by an SN2 mechanism. 

 

 

2- Nitration of phenols 

 
Synthesis of picric acid:- 
   

 

OH

HNO3

OH

NO2

NO2

O2N

 

Sulfonation 
• Sulfonation gives mainly the ortho (kinetic) product at low temperature and the para 

(thermodynamic) product at high temperature.(ortho or para phenol sulfonic acid). 
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- Haloganation 
Treatment of phenol with aqueous solution of bromine results in 

replacement of every hydrogen (ortho or para)to the –OH group ; 

and may even cause displacement of certain other groups. 

OH
OH

Br

Br

+ Br2 (aq)

o-Cresol

+2HBr

 

 

 

 If halogenation is carried out in a solvent of low polarity such as 

chloroform, CCL4, CS2 reaction can be limited to mono halogenations. 

OH
OH

+ Br2
CS2/ 0C

Br

(Chief product)

and

OH

Br

 

- Friedl – crafts alkylation: 
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OH

Cl

2-chloro-2-methylpropane (ter-butylchloride_

+

HF

OH

 

-Nitrosation:- 

OH

+ NaNO2

H+ / 7-8 0C

OH

N O

(p-nitroso phenol)

 

- Kolbe reaction 

- Carbon dioxide is the electrophile for an electrophilic aromatic 

- substitution with phenoxide anion 
- – The phenoxide anion reacts as an enolate 

- – The initial keto intermediate undergoes tautomerization to the 

phenol 
- – Kolbe reaction of sodium phenoxide results in salicyclic acid, a 

- synthetic precursor to acetylsalicylic acid (aspirin). 

 

 

 

 



Dr.Ismaeel Y.Majeed 

Rimer-tiemann reaction 

Treatement of a phenol with chloroform and aqueous hydroxide introduces 

an aldehyde group- CHO ,into the aromatic ,generally (ortho) to the –OH . 

This reaction is known as the rimer tiemann reaction . 

OH

+ CHCl3

aq. NaOH

OH

90
0
C

CHO

Salicyldehyde  

 Mechanism: 

OH + CHCl3
H2O + CCl3 Cl + CCl2

 

OH

+ NaOH

O

 

 

Azo compound formation 
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OH

+ Ar- N NCl
NaOH

OH

N

N

2-(phenyldiazenyl)phenol

+ N

N

HO

 

 

Identified of phenol 

Many but not all phenols form colored complexes (ranging from green 

through blue and violet to red) with ferric chloride. 

OH

+ FeCl3

O

3

Fe +3HCl
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Aldehydes and ketones 

All aldehydes have a carbonyl group , bonded on one side to a carbon and 

on the other side to a hydrogen. In ketones , the carbonyl group is situated 

between two carbon atoms. 

R

O

H R

O

R

aldehyde Ketone

R= aromatic or aliphatic  

Both aldehydes and ketones contain the carbonyl group, C O, and are often 

referred to collectively as carbonyl compounds. However, there is a hydrogen atom 

attached to the carbonyl group of aldehydes, and there are two organic groups attached 

to the carbonyl group of ketones. This difference in structure affects their properties 

in two ways: (a) aldehydes are quite easily oxidized, whereas ketones are oxidized 

only with difficulty; (b|) aldehydes are usually more reactive than ketones toward 

nucleophilic addition, the characteristic reaction to carbonyl compounds.  

 

Nomenclature 

The common names of aldehydes are derived from the names of the corresponding 

carboxylic acids by replacing -ic add by -aldehyde.  

The IUPAC names of aldehydes follow the usual pattern. The longest chain 

carrying the CHO group is considered the parent structure and is named by 

replacing the -e of the corresponding alkane by -al. The position of a substituent 

is indicated by a number, the carbonyl carbon always being considered as C-l. 

Here, as with the carboxylic acids, we notice that C-2 of the IUPAC name corresponds 

to alpha of the common name. 

Summary of Aldehyde Nomenclature rules: 

1. Aldehydes take their name from their parent alkane chains. The -e is removed 

from the end and is replaced with -al.   

2. The aldehyde funtional group is given the #1 numbering location and this 

number is not included in the name. 

3. For the common name of aldehydes start with the common parent chain name 

and add the suffix -aldehyde.  Substituent positions are shown with Greek 

letters. 
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4. When the -CHO functional group is attached to a ring the suffix -carbaldehydeis 

added, and the carbon attached to that group is C1. 

 

CHO

benzaldehyde

CHO

NO2

CHO

2-methylbenzaldehyde
(o-tolualdehyde)4-nitrobenzaldehyde

CHO

2-hydroxybenzaldehyde
(salicyldehyde)

OH

CH2CHO

phenylacetaldehyde
(phenylethanal)

CHO

cyclohexanecarbaldehyde

 
The simplest aliphatic ketone has the common name of acetone. For most 

other aliphatic ketones we name the two groups that are attached to carbonyl 

carbon, and follow these names by the word ketone. A ketone in which the 

carbonyl group is attached to a benzene ring is named as a -phenone, as illustrated 

below. 

According to the IUPAC system, the longest chain carrying the carbonyl group 

is considered the parent structure, and is named by replacing the -e of the 

corresponding 

alkane with -one. The positions of various groups are indicated by 
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numbers, the carbonyl carbon being given the lowest possible number.  

 
 

Naming Aldehydes and Ketones in the Same Molecule 

 

Naming Dialdehydes and Diketones 

 

 
 

Physical properties 

The polar carbonyl group makes aldehydes and ketones polar compounds, 

and hence they have higher Boiling points has non polar compounds or comparable 

molecular weight .aldehydes and ketones have lower boiling points than comparable 

alcohols or carboxylic acids; for example:-  

example, compare -butyraldehyde (b.p, 76) and methyl ethyl ketone (b.p. 80) 

n-pentane (b.p. 36) and ethyl ether (b.p. 35) on the one hand, and with 
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n-butyl alcohol (b.p. 118) and propionic acid (b.p. 141) on the other. 

 

The lower aldehydes and ketones are appreciably soluble in water, presumably 

because of hydrogen bonding between solute and solvent molecules; borderline 

solubility is reached at abolil live taibum. Aldehydes and ketones are soluble in 

the usual organic solvents. 

Formaldehyde is a gas (b.p. 21), and is handled either as an aqueous solution 

(Formalin), or as one of its solid polymers: paraformaldehyde (CH2O)n , 

or trioxane (CH2O)3 . When dry formaldehyde is desired as for Example, for 

reaction with a Griniard reagent, it is obtained by heating paraformaldehyde or 

trioxane. 

OO

O

trioxane

CH2OCH2OCH2O

paraformaldehyde
 

Acetaldehyde (b.p. 20) is often generated from its higher-boiling trimer by 

heating the trimer with acid: 

O

H

3
H+

O O

O CH3

H

CH3H

H3C

H

b.p= 20 0C
b.p= 125 0C  

Preparation of aldehydes 

A few of the many laboratory methods of preparing aldehydes and ketones are 

outlined below; most of these are already familiar to us. Some of the methods 

involve oxidation or reduction in which an alcohol, hydrocarbon, or acid chloride 

is converted into an aldehyde or ketone of the same carbon number. Other 

methods involve the formation of new carbon-carbon bonds, and yield aldehydes 

or ketones of higher carbon number than the starting materials. 

1- Oxidation of primary alcohols 
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RCH2OH
K2Cr2O7/ H+

R-CHO

example

HO

n-butyl alcohol

K2Cr2O7/ H+

O

butanal  

Mechanism 

K2Cr2O7 + H2SO4 H2Cr2O7 + K2SO4

H2Cr2O7 + H2O 2H2CrO4
chromic acid

(more oxidized than K2Cr2O7)

RCH2OH + HO Cr OH

O

O

SN2
RCH2OH2

Cr OH

O

O

+ O

RC Cr OH

O

O

H

H

O + H2ORCHO+H2O+CrO3H

 

Oxidation of toluene 
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3- Reduction of acid chlorides 

 

 

- Rimer Tiemann reaction (see chapter 1 for  phenol) 

 

Preparation of ketones 

1- Oxidation of secondary alcohols 

   

Example 

 

Give the name of the menthol? 
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OH

isopropylalcohol

K2Cr2O7

H+

O

acetone  

Give the mechanism of the title reaction? 

K2Cr2O7

H+

OH O

cyclohexanonecyclohexanol  

2- Friedel- crafts acylation 

 

  

 Mechanism 

RCOCl + AlCl3 RC O + AlCl4

acylium ion

H
+ RC O H

COR

H
+

COR

AlCl4 COR + AlCl3 +HCl
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3- 

  

 

Example 
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4- Oxidation of alkene by ozone 

 

2-methyl-2-pentene + O3 ? (ozonide) ? + ?  

5- Griniard reagent addition to cyanide compounds: 
 

RMgX + R-C N R-C NMgX

R

Ketamine salt

H2O/H+

R-COR + NH3 +Mg(OH)x

 

 

 

The typical reaction of aldehyde and ketones is nucleophilic addition:- 

1- Without catalyst 
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 Mechanism of reaction between aldehyde and potassium dichromate 
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2-reduction to alcohol 

 

 

 Mechanism of the reduction of acetophenone 

 

3-reduction amination 
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4- reduction to hydrocarbons 

 

 

 

5-addition of griniard reagents 
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Give the mechanism of the title reaction 

6-addition of cyanide to formation of cyanohydrins 

HCN + OH CN + H2O
 

 

 

Give the mechanism 

7-addition of bisulfate 
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8-addition of derivatives of ammonia 
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Mechanism 

 

aldehydes and ketones the product contain a carbon – nitrogen 

double bond resulting from elimination of a molecule of water from 

the initial addition products. 

9-addition of alcohols to formation acetal and ketal 
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Example 

  

Mechanism 

 

Cannizaro reaction 

The Cannizaro reaction represents the disproportionation of an aldehyde into a 

carboxylic acid and an alcohol. Alternatively, the reaction can be classified as a redox 

reaction because one molecule of aldehyde oxidizes another to the acid and is itself 

reduced to the primary alcohol. More useful is the crossed-Cannizaro reaction in which 

formaldehyde is reacted with another aldehyde. The formaldehyde reduces the 

aldehyde to alcohol and is itself oxidized to formic acid. 

http://www.chemgapedia.de/vsengine/glossary/en/disproportionation.glos.html
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Fig.1 

Disproportionation of benzaldehyde 

 

Fig.2 

 

 

 Mechanism 
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10-halogenation of ketones  

 

 

11- addition of carbanions:- 

a- Aldol condensation 

reaction is called the aldol condensation:- 

Note :-In this reaction aldehyde or ketone should be contains α-H 

atom. 
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Mechanism 

 

 

-give the mechanism reaction of  2 moles of acetone in alkaline medium? 

12-dehydration of aldol products 

 

 

Write the mechanism of dehydration from aldol compound? 

Q/  prepare the n-butyl alcohol from acetaldehyde as starting material? 
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Examples 

 

 

 

 

 

- Wittig reaction 

In 1954 george wittig reported a method of synthesizing alkenes from 

carbonyl compounds. 
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Mechanism 

 

  

 

reformatisky reaction.zinc is used in place 

 

 

selection of ester and carbonyl compound. 
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-Haloform reaction  

This reaction involves oxidation , halogenations,and cleavage 

CH3CHO
CH3COCH3 + NaOH

X2 CHX3 + HCOONa
CHX3 + CH3COONa

NaOH + I2
NaOI

sodium hypoiodite  

mechanism 
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Carboxylic acid 

carboxylic acid, any of a class of organic compounds in which a carbon (C) atom is 

bonded to an oxygen (O) atom by a double bond and to a hydroxyl group (−OH) by a 

single bond. A fourth bond links the carbon atom to a hydrogen (H) atom. The 

carboxyl (COOH) group is so-named because of the carbonyl group (C=O) and 

hydroxyl group. 

 

 

Nomenclature  

 

 

O

OH

benzoic acid

O

OH

4-nitrobenzoic acid or
p-nitrobenzoic acid

O

OH

cyclohexanecarboxylic acid

O2N

O

OH

acrylic acid

O

OH

2-butenoic acid

O

OH

valeric acid  

http://www.britannica.com/EBchecked/topic/431954/organic-compound
http://www.britannica.com/EBchecked/topic/94732/carbon-C
http://www.britannica.com/EBchecked/topic/436806/oxygen-O
http://www.britannica.com/EBchecked/topic/278523/hydrogen-H
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COOH

COOH

phthalic acid

COOH

COOH

terephthalic acid

COOH

HOOC

isophthalic acid

 

Physical properties  
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Salts of carboxylic acid 

Although much weaker than the strong mineral acids (sulfuric, hydrochloric, 

nitric), the carboxylic acids are tremendously more acidic than the very weak 

organic acids (alcohols, acetylene) we have so far studied; they are much stronger 

acids than water. 

 

CH3CH2COOK

potassium propionate

CH3COOAl

aluminum(I) acetate
aluminium ethanoate  

Preparation of carboxylic acid 

1- Oxidation of primary alcohol 

 
Examples 

 

2- Oxidation of alkylbenzene 
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3- Carbonation of griniard reagents 

 
4- Hydrolysis of nitrilees 

 
Mechanism 
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Example 

 

 

RCH2OH

KMnO4

RCH2Br

RCOOH

RCH2Br

Mg

CN

RCH2MgBr

RCH2CN

CO2
H2O/H

H2O/H

RCH2COOH

RCH2COOh

Reactions of carboxylic acids 

 

1- Acidity salt formation 

 
 

2- Conversion into functional derivatives 

. 
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Conversion into esters 

  

Mechanism (conversion into acid chloride) 
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Mechanism 

 

 

 Conversion into amide 
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Reduction of carboxylic acid 

 

Example 

 

Mechanism 

 

Substitution in alkyl or aryl groups 
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Ring substitution in aromatic acids 

 

Acidity of carboxylic acid 
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Effect of substituents on acidity 

Electron withdrawing substituents 

 

Cl3CCOOH > Cl2CHCOOH > ClCH2COOH
HCOOH> CH3COOH >RCH2COOH> R2CHCOOH > R3COOH

 

Functional derivatives of carboxylic acids 

 

They all contain acyl group  (RCO-) 

Nomenclature 
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replaced by some other basic group(Z) 
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ACID CHLORIDES 

Acid chlorides are prepared from the corresponding acids by reaction with thionyl 

chloride ,PCl3,PCl5. 

Mechanism with PCl5 

 

1- Conversion into acids 

Hydrolysis  
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2- Conversion into amides 

 

Mechanism 

 

3- Conversion into esters 
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5-formation of ketones, friedl-crafts acylation 

 
Give the mechanism of the title reaction 

6-formation of ketone with organocadmium compounds 

 

Preparation of acid anhydrides 
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1-conversion into acid and acid derivatives 
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Problem
give the structural formulas for compounds A through C

1- benzene + Phthalic anhydride
AlCl3

2- A + SOCl2

A

B

3- B + NH3 C 

 

In the laboratory amides are prepared by the reaction of ammonia with acid chlorides or, when 

available, acid anhydrides In industry they are often made by heating the ammonium salts of 

carboxylic acids. 

RCOCl + NH3
RCONH2

(RCO)2O + 2NH3 RCONH2 + RCOOH

RCOOH + NH3 RCONH2 + H2ORCOONH3
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Reactions of amides 

Hydrolysis of amides 

 
Mechanism 

 
 

Hofmann degradation of amides 

  

Mechanism 

Give the mechanism in alkaline medium 
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R N C

OH2

O

P.T

R-N=C-OH

O-H

R
H
N C

O

O H

+RNH2
CO2

 

Preparation of esters 

Esters are usually prepared by the reaction of alcohols or phenols with acids 

or acid derivatives. 
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Write these mechanism 

-reactions of esters  

Conversion  into acids and acid derivatives 
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Conversion into amides  

 

Mechanism 

 

mechanism

 

mechanism 
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