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Classification of organic compounds 

Related compounds that have the same functional group (groups of 

atoms found within molecules that are involved in the chemical 

reactions characteristic of those molecules). 
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• differ from each other by a CH2 unit can be represented by a general 

formula 

– examples: CnH2n+2  (alkanes) or CnH2n  (alkenes) or… 
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Naming Organic Compounds 

The name of any organic compound is comprised of three portions: 

PREFIX + ROOT + SUFFIX 

The root name of the compound is determined from the number of C 
atoms in the longest continuous chain. The suffix indicates the type of 

organic compound, and is placed after the root. The suffix for an alkane is –
ane. The prefix identifies any groups attached to the main chain. 

Numerical Roots for Carbon Chains and Branches 

Roots Number of C Atoms 

meth- 1 

eth- 2 

prop- 3 

but- 4 

pent- 5 

hex- 6 

hept- 7 

oct- 8 

non- 9 
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dec- 10 

 

Rules for Naming an Organic Compound 
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Alkyl Halides 
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Alcohols, Phenols and Ethers 

o Alcohols and phenols have a common functional group, the hydroxyl group, -OH.

o Alcohols are compounds whose molecules have a hydroxyl group attached to a
saturated carbon atom.

o Phenols are compounds that have a hydroxyl group attached directly to a benzene ring .

o Ethers are compounds whose molecules have an oxygen atom bonded to two carbon atom.

R-O-R    R-O-Ar Ar-O-Ar
Ether

Ar-O-H
Phenol

R-O-H
Alcohol

H-O-H
Water

o Alcohols, phenols and ethers may be viewed as organic derivatives of water.
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Classification of Alcohols and Ethers

o Alcohols are classified as primary (1°), secondary (2°), or tertiary (3°), depending on whether
one, two, or three organic groups are connected to the hydroxyl-bearing carbon atom.

 Methyl alcohol, which is not strictly covered by this classification, is usually grouped with the primary alcohols.

o Ethers are classified as

 Symmetrical ethers;

When the organic groups attached to the oxygen are identical.

 Unsymmetrical ethers (mixed ethers);

When the organic groups attached to the oxygen are different.

4

Nomenclature of Alcohols

o In the IUPAC system, alcohols are named according to the following rules.

1. Select the longest continuous carbon chain that contains the -OH group.
Drop the –e ending of the parent alkane and replace it by the suffix -ol: Alkanol

2. When isomers are possible, the chain is numbered so as to give the functional
group (-OH) the lowest possible number.

o The common names for the simplest alcohols consist of alkyl group attached to the
hydroxyl function followed by the word alcohol: Alkyl alcohol .
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Nomenclature of Alcohols

3. When alkyl side chains or other groups are present; they are named alphabetically and their
positions are indicated by a number.

The position of the functional group (-OH) is always given the lowest possible number at the end of the name.

For cyclic alcohols, numbering always starts from the carbon bearing the -OH group.

6

Nomenclature of Alcohols

4. With Unsaturated Alcohols; If a molecule contains both an -OH group and a C=C or C-C triple
bond, the -OH group takes preference before the double or triple bonds in getting the lower
number.
The name should include (if possible) both the hydroxyl and the unsaturated groups, even if this does not make
the longest chain the parent hydrocarbon.
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o Alcohols with More Than One Hydroxyl Group
 Compounds with two adjacent alcohol groups are called glycols.

The most important example is ethylene glycol.

 Compounds with more than two hydroxyl groups are also known, and several, such
as glycerol and sorbitol, are important commercial chemicals.

 Ethylene glycol is used as the “permanent” antifreeze in automobile radiators and as a raw
material in the manufacture of Dacron.

 Ethylene glycol is completely miscible with water.

 Glycerol is a syrupy, colorless, water-soluble, high-boiling liquid with a distinctly sweet taste. Its
soothing qualities make it useful in shaving and toilet soaps and in cough drops and syrups.

Nomenclature of Alcohols

8

o Phenols are usually named as derivatives of the parent compounds.

o The hydroxyl group is named as a substituent when it occurs in the same molecule with
carboxylic acid, aldehyde, or ketone functionalities, which have priority in naming.

Nomenclature of Phenols
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Placed Image



1/27/2019

5

9

Nomenclature of Ethers

o IUPAC system

Ethers are usually named by giving the name of each alkyl or aryl group, in alphabetical order, followed
by the word ether.

o Common Names

 For ethers with more complex structures, it may be necessary to name the -OR group as an alkoxy group.

 In the IUPAC system, the smaller alkoxy group is named as a substituent.

10

Physical Properties of Alcohols and Ethers

• Ethers are colorless compounds with characteristic, relatively pleasant odors.

o Physical State

• Ethers have lower boiling points (bp,s) than alcohols with an equal number of carbon atoms.

o Boiling Points

• Ether has nearly the same b.p. as the corresponding hydrocarbon in which a -CH2- group replaces the
ether’s oxygen.

Because of their structures (no O-H bonds), ether molecules cannot form hydrogen bonds with one another.

• The simplest alcohol, methanol, is a liquid at room temperature.
In contrast, alkanes from methane to butane are gases.

• Phenol is a colorless, crystalline, and low-melting solid and other phenols also are solids, .

10
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Physical Properties of Alcohols and Ethers

o Boiling Points

• Series of normal alcohols; The boiling points increase with increasing molecular weights.

• A comparison of boiling points among isomeric alcohols; The boiling points decrease as the number of
alkyl branches from the carbinol group increases.

• Phenol and most other phenols have high boiling points.

12

Physical Properties of Alcohols and Ethers

o Solubility

• Low-molecular-weight ethers, such as dimethyl ether, are quite soluble in water.

Ether molecules can form hydrogen bonds to water. 

• The lower alcohols are completely miscible with water.

• As the number of carbons in the alcohol increases, the solubility in water decreases.

• Phenol and most other phenols are slightly soluble in water .
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Hydrogen Bonding in Alcohols and Ethers

o The boiling points (bp’s) of alcohols are much higher than those of ethers or hydrocarbons with similar
molecular weights.

Why? 

Two or more alcohol molecules thus become
loosely bonded to one another through
hydrogen bonds.

o Hydrogen bonds are weaker than ordinary covalent bonds.

o Consequently, alcohols have relatively high boiling points because they must supply enough heat to
break the hydrogen bonds before each molecule.

The O-H bond is polarized by the high electronegativity of the oxygen atom and places a partial
positive charge on the hydrogen atom and a partial negative charge on the oxygen atom.

Because alcohols form hydrogen bonds with one another.

14

Hydrogen Bonding in Alcohols and Ethers

o This accounts for the complete miscibility of the lower alcohols and ethers with water.

o The lower molecular-weight alcohols and ethers can form H-bond with water molecules.

o However, as the organic chain lengthens and
the alcohol becomes relatively more
hydrocarbon like, its water solubility
decreases.
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The Acidity of Alcohols and Phenols

o Like water, alcohols and phenols are weak acids.

The hydroxyl group can act as a proton donor, and dissociation occurs in a manner
similar to that for water

16

o Phenols are stronger acids than alcohols mainly because the corresponding
phenoxide ions are stabilized by resonance.

The negative charge of an alkoxide ion is concentrated on the oxygen atom, but the negative charge
on a phenoxide ion can be delocalized to the ortho and para ring positions through resonance.

Because phenoxide ions are stabilized in this way, the equilibrium for their formation is more favorable
than that for alkoxide ions

The Acidity of Alcohols and Phenols

10
Placed Image



1/27/2019

9

17

o All electron-withdrawing groups increase acidity by stabilizing the conjugate base.
Electron-donating groups decrease acidity because they destabilize the conjugate
base.

The Acidity of Alcohols and Phenols

18

o Alkoxides, the conjugate bases of alcohols, can be prepared by the reaction of an
alcohol with sodium or potassium metal.

o Treatment of alcohols with sodium hydroxide does not convert them to their alkoxides.

o Treatment of phenols with sodium hydroxide converts them to phenoxide ions.

This is because alkoxides are stronger bases than hydroxide ion, so the reaction goes in the reverse direction.

Since alcohols are weaker acids than water, it is not possible to form the salt of an alcohol in aqueous
alkaline solutions.

The Acidity of Alcohols and Phenols
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Preparation of Alcohols

1. Hydration of Alkenes

a. Addition of water to a double bond in the presence of an acid catalyst, H+.

b. The addition follows Markovnikov’s rule.

c. It is not possible to prepare primary alcohols except Ethanol.

2. Oxidation of Cycloalkenes
Alkenes react with alkaline potassium permanganate to form glycols.

20

o Nucleophilic Substitution of Alkyl Halide

o Reduction of Ketones, and Aldehydes
Aldehydes and ketones are easily reduced to primary and secondary alcohols,
respectively.

Preparation of Alcohols
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o Addition of Grignard’s Reagent to Aldehydes and Ketones

Preparation of Alcohols

22

o The Alkali Fusion of Sulfonates

1. Sulfonation of an aromatic ring.

2. Melting (fusion) of the aromatic sulfonic acid with sodium hydroxide to give a
phenoxide salt.

3. Acidification of the phenoxide with HCl to produce the phenol.

The alkali fusion of sulfonates involves the following steps;

Preparation of Phenols

10
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o It takes place in the presence of acid catalysts (H2SO4, H3PO4) (intermolecular reaction)

o Example;
The most important commercial ether is diethyl ether. It is prepared from ethanol and sulfuric acid.

o When ethyl alcohol is dehydrated by sulfuric acid at 180° C, the dominant product is ethylene.

1) Dehydration of Alcohols

Preparation of Ethers

24

• This method has two steps;
1) An alcohol is converted to its alkoxide by treatment with a reactive metal

(sodium or potassium).

2) Displacement is carried out between the alkoxide and an alkyl halide.

• To obtain the best yields of mixed dialkyl ethers, we select a 1 rather
than a 2or 3alkyl halide and react it with a sodium alkoxide

• To prepare an alkyl aryl ether, we must be careful not to pick a combination in
which one of the reagents has a halogen directly attached to an aromatic ring.

2) Williamson Synthesis

Preparation of Ethers
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o Example 1; Preparation of t-butyl methyl ether, (CH3)3C-O-CH3.
 In theory, this could be done by either of two reactions.

1. You could react sodium methoxide, CH3O
-Na+, with t-butyl chloride, (CH3)3C-Cl.

2. You could react sodium t-butoxide, (CH3)3C-O-Na+, with methyl chloride, CH3Cl.
This route gives the desired ether by substitution.

This combination leads to dehydrohalogenation to an alkene, an elimination reaction.

Preparation of Ethers

26

Example 2; Assume you need to synthesize methyl phenyl ether
(anisole), CH3-O-C6H5, by the Williamson method.

 In theory, you could obtain anisole in either of two ways.

Preparation of Ethers
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Reactions of Alcohols, Phenols and Ethers

o Alcohols undergo two kinds of reactions:

o Phenols do not participate in reactions where the C-OH bond is broken.

 Those that involve the breaking of the oxygen-hydrogen bond (CO-H).

 Those that involve the rupture of the carbon-oxygen bond (C-OH).

o Ethers are quite stable compounds.

 The ether linkage does not react with bases, reducing agents, oxidizing agents, or active metals.

 Ethers react only under strongly acidic conditions.

28

Reactions of Alcohols

1) Reactions of Alcohols and Phenols as Acids: Salt Formation. 

A) Those that involve the breaking of the oxygen-hydrogen bond (CO-H).
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1) Nucleophilic Substitution Reaction; The Reaction of Alcohols with Hydrogen Halides: 
Alkyl Halides

A) Those that involve the rupture of the carbon-oxygen bond (C-OH).

2) Dehydration of Alcohols: Formation of Alkenes

Alcohols react with hydrogen halides (HCl, HBr and HI) to give alkyl halides.

Alcohols can be dehydrated by heating them with strong acid.

Reactions of Alcohols

30

Reactions of Alcohols

B) Oxidation Reactions
Alcohols with at least one hydrogen attached to the hydroxyl-bearing carbon can be oxidized
to carbonyl compounds.

o Primary alcohols give aldehydes, which may be further oxidized to carboxylic acids.

 Primary alcohols, oxidation can be stopped at aldehyde stage by special
reagents, such as “pyridinium chlorochromate (PCC)”.
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Reactions of Alcohols

B) Oxidation Reactions
 Primary alcohols yield aldehydes when treated with mild oxidizing agents such as

hot metallic copper or CrO3 in pyridine.

 Primary alcohols; when treated with stronger oxidizing agents, such as chromic acid,
H2Cr2O7, or neutral potassium permanganate, KMnO4, the intermediate aldehydes
formed initially are oxidized further to carboxylic acids.

32

Reactions of Alcohols

B) Oxidation Reactions
o Secondary alcohols, when treated with any of the oxidizing agents mentioned previously,

yield ketones.

o Tertiary alcohols, having no hydrogen atom on hydroxyl-bearing carbon, do not undergo oxidation.
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Reactions of Phenols

o Halogenation takes place without catalyst.

 The products depend on the solvent used.
 In aprotic solvents (solvents that do not release protons) (CCl4, CS2)-

bromination gives a mixture of o- and p-bromophenol.

 In protic solvents (solvents that can release protons) (H2O)-halogenation
gives a trisubstituted phenol is produced.

34

 When ethers are heated in concentrated acid solutions, the ether linkage is broken.

 The acids most often used in this reaction are HI, HBr, and HCl.

 If an excess of acid is present, the alcohol initially produced is converted into an alkyl
halide by the reaction.

Reactions of Ethers

oCleavage of Ethers by Hot Concentrated Acids
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ALDEHYDES AND KETONES 

 In ketones, the carbonyl group is linked to two carbon containing groups which may be 

same or different alkyl, aryl group. If two R and R’ groups are same, the ketone is called 

simple or symmetrical ketone and if R and R’ are different, then ketone is known as mixed 

or an unsymmetrical ketone. 

 
STRUCTURE 

 Carbonyl carbon of both aldehyde and ketones is sp2 – hybridised, One of the three sp2 

hybridised orbital get involved in σ- bond formation with half –filled p-orbital of oxygen 

atom whereas rest of the two are consumed in σ-bond formation with hydrogen and carbon 

depending on the structure of aldehyde or ketone. 

 Unhybridised p-orbital of carbonyl carbon form π-bond with another half-filled p-orbital of 

oxygen atom by sideways overlapping. 

                  
ISOMERISM IN ALDEHYDES AND KETONES 

(a) Chain isomerism: Aldehydes ( with 4 or more carbon atoms) and ketone ( with 5 or more 

carbon atoms) show chain isomerism. Example  

i) C4H8O 

CH3-CH2-CH2-CHO  ( butanal) 

 In aldehydes, the carbonyl group is linked to either two hydrogen atom or one hydrogen 

atom and one carbon containing group such as alkyl, aryl or aralkyl group Examples 

 

* 
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ii) C5H10O 

 
(b) Position isomerism: aliphatic aldehydes do not show position isomerism, because –CHO 

group is always present at the end of carbon chain. 

Aromatic aldehyde show position isomerism. Example 

 

(c) Metamerism: Higher ketones show metamerism due to presence of different alkyl 

groups attached to the same functional group 

C5H10O 

 

 
(d) Functional isomerism : Aldehydes and ketones show functional isomerism in them. In 

addition, they are also related to alcohols, ethers and other cyclic compounds. Example 

C3H6O 
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(e) Tautomerism : Aldehydes and ketones also show tautomerism 

(I) C2H4O 

 
(II) C3H6O 

 

GENERAL METHODS OF PREPARATION OF ALDEHYDES AND KETONES 

1. From alcohol 

(i) Oxidation of alcohol 

 

 
 Since the oxidizing agent used in the above reactions is a strong oxidizing agent, it oxidizes 

aldehydes and ketone further to carboxylic acids 

 To prevent further oxidation, a mild oxidizing agent such as pyridinium chlorochromate 

(pcc), CrO3.C5H5N∙HCl or CrO3NH+CrO3Cl- are used Collin’s reagent [ (C5H5N)2 ∙CrO3] can also 

used. 

 
(ii) Catalytic dehydrogenation of alcohols 
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2. From alkenes 

(i) Reductive ozonolysis of alkenes. 

 
(ii) Wacker process. 

 

 
 

(iii) OXO process [Carbonylation / Hydroformylation] 

 
3. From alkynes 

 
 

 

 
 

 

4. From Grignard reagent 

(1) By addition to ester 
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(iii) By addition to nitriles 

 
 

 

 
 

5. From carboxylic acids 

(i) Catalytic decomposition of carboxylic acid. 
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(ii) From calcium salt of carboxylic acids 

 
 

6. From derivatives of carboxylic acids 

(i) Reduction of acid chlorides ( Rosenmund’s reaction) 

 
 Above reaction is known as Rosenmund’s reduction and is applicable for  preparation of 

aldehydes 

 BaSO4, sulphur act as poison for Pd catalyst and prevents reduction of RCHO into RCH2OH 

(ii) Reduction of acid chloride with dialkyl cadmium. 

 
Reduction of acid chloride into ester can also be carried out by lithium tri--butoxy 

aluminium hydride, LiAlH[OC(CH3)3] 

 
(iii) Reduction of esters 
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7. From gem-dihalides by hydrolysis 

 

 
8. From nitriles by reduction 

(i) Stephen’s reduction. 

 
(ii) Reduction with LiAlH4 

 

 
9. Preparation of aromatic carbonyl compounds. 

(i)  

 
This is known as Etard reaction 
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(ii) By side chain chlorination followed by hydrolysis  

 
(iii) Gatterman – Koch reaction 

 
(iv) Friedel Craft Acylation 

 

 
(v) Reimer – Tiemann reaction 
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PHYSICAL PROPERTIES OF ALDEHYDES AND KETONE 

1. Physical state 

 Lower members of aldehydes and ketones (upto C10) are colourless volatile liquids except 

formaldehyde which is gas at ordinary temperature 

 Higher members of aldehyde and ketones are solids with fruity odour 

 Lower aldehydes have unplesent odour but ketones posses pleasant smell 

2. Boiling point 

 Boiling point of aldehyde and ketones is slightly lower than corresponding alcohol due to 

lack of hydrogen bonding. However their boiling point is slightly higher  than that of 

corresponding non-polar hydrocarbon or weakly polar ether. This may attributed to reason 

that aldehydes and ketones are polar compounds and thus possess intermolecular dipole-

dipole interaction 

 
 Among isomeric aldehydes and ketones, boiling point of ketones is slightly higher than that 

of aldehydes due to the presence of two electron donating alkyl groups making them more 

polar. 

3. Solubility 

 Lower members of aldehydes and ketones ( upto C4) are soluble in water due to H-bonding 

between polar carbonyl group and water. 

 However, solubility decreases with increase in molecular weight 

 Aromatic aldehydes and ketones are much less soluble than corresponding aliphatic 

aldehydes and ketones due to large benzene ring. However all carbonyl compounds are 

fairly soluble in organic solvents. 

RELATIVE REACTIVITY OF ALDEHYDES AND KETONES 

Aldehydes are more reactive than ketones on account of the following facts: 

(a) Aliphatic aldehydes and ketones 

(i) Inductive effect: 

The reactivity of the carbonyl group towards the addition reaction depends upon the 

magnitude of the positive charge on the carbonyl carbon atom. Hence, any 

substituent that increases the positive charge on the carbonyl carbon must increase 

its reactivity towards addition reactions. The introduction of negative group ( -I 

effect) increases the reactivity, while introduction of alkyl group (+I effect) decreases 

the reactivity, therefore, greater the number of alkyl groups attached to the carbonyl 
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group and hence, lower is its reactivity towards nucleophilic addition reactions. Thus, 

the following decreasing order of reactivity is observed 

 
 

(ii) Steric effect 

 In formaldehyde there is no alkyl group while in all other aldehyde there is one alkyl group 

so here the nucleophile attack is relatively more easy but in ketones there are two alkyl 

groups attached to carbonyl group and these causes hinderance, to the attacking group. 

This factor is called steric hinderance (crowding). In other words the hindrance increases, 

the reactivity decreases accordingly. Thus order of reactivity is  

 
(b) Aromatic aldehydes and ketones 

 In general, aromatic aldehydes and ketones are less reactive than the corresponding 

aliphatic aldehydes and ketones. It is due electron releasing resonance effect of bezene ring 
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 Due to electron withdrawing resonance effect (-R effect) of benzene ring, the magnitude of 

positive charge on carbonyl group decreases and consequently it becomes less susceptible 

to nucleophilic attack. 

 
The order of reactivity of aromatic aldehydes and ketones is  

 

 

CHEMICAL PROPERTIES OF ALDEHYDES AND KETONES 

Nucleophilic addition reaction 

 
In this reaction carbon atom of carbonyl group changes from sp2 to sp3 hybridised 

(i) Addition of hydrogen cyanide (HCN) 

 
 

 

Mechanism 

Step I : The hydrogen cyanide interacts with the base to form nucleophile 
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Step II : The nucleophile attacks the carbonyl carbon to form an anion 

 
StepIII: The proton from the solvent (usually water) combines with the anion to form 

cyanohydrin. 

 
Cyanohydrins are formed by all aldehydes but in ketones, only acetone, butanone, 3-

pethenone and pinacolone form cyanohydrins. 

 

(ii) Addition of sodium bisulphate (NaHSO4) 

 
 All  ketones do not undergo this reaction only methyl ketone form addition product with 

sodium bisulphate 

 On reacting the crystalline solid bisulphate derivative with dilute HCl or alkali, these adducts 

decompose to regenerate the original aldehyde or ketones. Hence, this reaction is used in 

the separation and purification of aldehydes and ketones from non-carbonyl compounds. 

 
(iii) Addition of Grignard reagent 
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Formaldehyde form a primary alcohol 

 
 

 

 Higher aldehydes give secondary alcohol 

 
 

 Ketone give tertiary alcohols 

 
(iv) Addition of alcohols 

 

Dry HCl protonates the oxygen atom of the carbonyl compounds and therefore, increases the 

electrophilicity of the carbonyl carbon and hence facilitating the nucleophilic attack by the alcohol 
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molecule. Dry HCl gas also absorbs the water produced in these reactions and thereby shifting 

equilibrium in forward direction. 

Ketals can be prepared by treating the ketone with ethyl ortho formate 

 

(v) Addition of ammonia derivative 

 

Z = OH, NH2 , NHC6H5 , NHCOCH2  etc. 

The reaction of ammonia derivatives to aldehydes and ketones is called by acids 

Mechanism 

Step I: In acidic medium, the carbonyl oxygen gets protonated. 

 

Step II : In ammonia derivatives, the nitrogen atom has a lone pair of electrons, which attack the 

positively charged carbonyl carbon and results in positive charge on nitrogen atom 

 

Step III : The unstable intermediate loses a proton, H+ and water molecule to form stable product 

(imines) 
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(vi) Addition of alkynes 

 
This reaction is also known as ethinylation 

2.   Reduction reactions 

I. Catalytic reduction to alcohol 

 
II. Clemmensen reduction 

 
 

III. Wolf-Kishner reduction 
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IV. Reduction with HI + P (red) 

 

 
V. Reduction to pinacols 

 

3.   Oxidation reactions 

i. Oxidation with mild oxidizing agents 

 
Ketones are not oxidized by mild oxidizing agents 

(a) Aldehydes reduces Tollen’s reagent to metallic silver which appears as a silver mirror on 

wall of test tube. Thus the reaction is also known as silver mirror test. 

 
(b) Reduction of Fehling’s solution 

Fehling’s solution is an alkaline solution of CuSO4 mixed with Rochelle slat i.e. sodium 

potassium tartarate. Aldehydes reduces cupric ion (Cu2+)  of Fehling’s solution to cuprous 

ions (Cu+) to form red precipitate of cuprous oxide 

 
Fehling’s solution is reduced by aliphatic aldehydes only. Aromatic aldehydes and ketones 

so not give this reaction. 

ii. Oxidation with strong oxidizing agent 

 
iii. Haloform reaction 
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4. Condensation reactions 

(1) Aldol condensation 

 

 
Mechanism 
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Aldehyde or ketones which do not contain α-hydrogen atom like formaldehyde (HCHO), 

benzaldehyde (C6H5CHO) and benzophenone (C6H5COC6H5) do not undergo aldol 

condensation. 

 

 

(2) Cross aldol condensation 

 
 

#  A- A Condensation 

 
 

# B-B Condensation 
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# A-B Condensation 

 

# B-A Condensation 

 
 

(3) Claisen – Schmidt condensation  

 
5. Cannizzaro reaction 
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Mechanism 

Step I : The OH- ion attacks the carbonyl carbon to form hydroxyl alkoxide 

 
Step II : Anion (I) acts as hybride ion donor to the second molecule of aldehyde. In the 

final step of the reaction, the acid and the alkoxide ion transfer H+ to acquire stability. 

 

 
6. Reaction with chloroform 

 
Chloretone is used as hypnotic. 

 

7. Reaction with primary amine 
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8. Electrophilic substitution reaction of aromatic carbonyl compounds 

 

 

 

 
 

USES OF ALDEHYDES AND KETONES 

(a) Uses of formaldehyde 

i. The 40% solution of formaldehyde in water ( formaline) is used as disinfectant, 

germicide and antiseptic. It is used for the preservation of biological 

specimens 

ii. It is used for silvering of mirrors 

iii. It is used for making synthetic plastics, like Bakelite, urea- formaldehyde resin 

etc 

(b) Uses of acetaldehyde 

i. It is used in preparation of acetic acid, dyes, drugs, etc 

ii. As an antiseptic inhalant in nose troubles 

(c) Uses of benzaldehyde 

i. As flavouring agent in perfume industry 

ii. In manufacture of dyes. 

(d) Uses of acetone 

i. As a solvent for cellulose acetate, resin etc. 

ii. As a nailpolish remover 

iii. In the preparation of an artificial scent and synthetic rubber 



Chapter 16: Carboxylic Acids, Esters, and Other Acid 
Derivatives 
In Chapter 15, we discussed the carbonyl group and two families of 
compounds -aldehydes and ketones—that contain C=O group. In this 

chapter, we discuss four more families of compounds in which the carbonyl 
group is present: a) carboxylic acid, b) esters, c) amides, d) acid chlorides, 

and e) acid anhydrides and f) carboxylic acid salts. 
 

16.1 Structure of Carboxylic Acids and Their Derivatives 
A carboxylic acid is an organic compound whose functional group is the 

carboxyl group. What is a carboxyl group? A carboxyl group is a carbonyl 
group (C=O) with a hydroxyl group (—OH) bonded to the carboxyl carbon 

atom. A general structural representation fit a carboxyl group is 

 
Abbreviated linear designations for the carboxyl group are 

 
Although we see within a carboxyl group both a carbonyl group (C=O) and 

hydroxyl group (—OH). 

 
16.2 IUPAC Nomenclature for Carboxylic Acids 

The naming of carboxylic acids is fairly simple. You simply find the longest 

carbon chain which includes the carboxylic group. Use that as the stem for 
the name, cross off the -e on the ending of the alkane name and replace it 

with -oic acid.  

I think you can see how that works, if 
you look at this example (which is 

also shown in Example 1-a in your 
workbook). It gives you, in this case 

(with a three-carbon-atom chain), the 
name propanoic acid. 

 

propanoic acid 

(from propan + oic acid) 
 



  

As with aldehydes, it is not necessary to indicate where the acid 

functional group is because it has to be at the end of the molecule, on the 
#1 carbon. There is no way that this functional group can be anywhere else. 

Therefore, if there is any numbering to be done, it will be to show where 
additional alkyl groups or other groups are attached to the carbon chain. The 

numbering starts from the carboxylic group.  

 

16.3 Common Names for Carboxylic Acids 

Carboxylic acids are another example of a situation where the compounds 
were known and named long before anyone thought of the IUPAC method of 

naming compounds. Consequently, many carboxylic acids have their own 
common name which is distinct from the IUPAC name. The two most 

important of these (and the only two you will be held responsible for in this 
course) are shown below. They are formic acid and acetic acid. (These are 

also shown in Examples 1b and c in your workbook.) 

Here is the structural formula for 
formic acid. Its IUPAC name is 

methanoic acid, using the meth- 

stem because it has one carbon 
atom.  

 



formic acid  
methanoic acid 

 

Acetic acid has two carbon atoms. 

Therefore it can also be called 
ethanoic acid. 

  

acetic acid  
ethanoic acid 

 

 

Naming using Greek letters 

There are two ways to identify substituent carbons in carboxylic acid: 
numbers or Greek letters.  

Using numbers, the carboxyl group carbon is given the number one.  

   6  5 4 3 2 1   
                                               C-C-C-C-C-COOH   
  

 

When Greek letters are used, Greek letters are used to designate the 

position of substituent relative to the carbon of the carboxyl group.  The 
carbon of the carboxyl group is NOT given a Greek letter.  

6) A special group of carboxylic acids are those that also have a keto group.  
They are called alpha-keto carboxylic acids 

16.4 Polyfunctional Carboxylic Acids 



Dicarboxylic acids are organic compounds that are substituted with two 

carboxylic acid functional groups.They are important metabolic products of 
fatty acids when they undergo oxidation. 

Common 

Name 

IUPAC Name Condensed 

Formula 

Structural Fromula 

Oxalic acid ethanedioic acid  HOOC-COOH 

 
Malonic acid propanedioic acid  HOOC-(CH2)-COOH 

 
Succinic acid butanedioic acid HOOC-(CH2)2-COOH 

 
Glutaric acid pentanedioic acid HOOC-(CH2)3-COOH 

 
Adipic acid hexanedioic acid HOOC-(CH2)4-COOH 

 
Pimelic acid heptanedioic acid HOOC-(CH2)5-COOH 

 
16.5 "Metabolic" Acids 
Metabolism is the set of chemical reactions that occur in a cell, which enable 

it to keep living, growing and dividing. There many acids involved in 

metabolic processes and a basic understanding of their structures and 
properties are necessary to understand the biochemistry. 

Metabolic acids are polyfunctional acids formed as intermediates of 
metabolic reactions in the human body. There are eight such acids that will 

appear repeatedly in the biochemical pathways. 
Metabolic acids are derived from: 

Propionic acid, (C3 mono acids):  
lactic,  glyceric, and  

pyruvic acids 
 

Succinic acid (C4 diacid): fumaric, oxaloacetic, and malic acids 
Glutaric acid (C5 diacid): -ketoglutaric and citric acids 

 
16.6 Physical Properties of Carboxylic Acids 

Carboxyl groups exhibit very strong hydrogen bonding.  A given carboxylic acid 
molecule form two hydrogen bonds to another carboxylic acid molecule, 

producing a “dimer”, a complex with a mass twice that of a single molecule.    

Compounds with carboxyl groups have higher boiling points than alcohols.  
This is because the carboxyl groups hydrogen bond more strongly than 
alcohols.  

http://en.wikipedia.org/wiki/File:Adipic_acid_structure.png


 

 

 

 

Carboxyl groups make molecules very soluble in water because the group 
can strongly hydrogen bond with water.  

 

Physical Properties of carboxylic acids derivatives  
     Depending upon the substituent replacing -OH of the caboxylic functional 

group the physical properties could change.  
However, they have lower boiling and melting points than parent acid.  

 
16.7 Preparation of Carboxylic Acids 

Carboxylic acids are easily by oxidation of primary alcohols and aldehydes.  
When the oxidation process begins with an alcohol it is difficult to stop at the 
aldehyde stage of oxidation.  

Oxidation of primary alcohol to carboxylic acid.  
Chemical equations  



                       CH3CH2CH2OH  --->   CH3CH2CHO  --->  CH3CH2COOH  

                              primary alcohol            aldehyde            acid  

                         Ar-CH2-OH   --->   ArCHO   --->   Ar-COOH  

 

 
Oxidation using  basic Ag(NH3)2

+  

A basic Ag(NH3)2
+ in aqueous ammonia reduces  to metallic silver 

(mirror) with aldehyde oxidized to carboxylic acid. 

 
The commercial manufacture of silver mirrors uses a similar process. 

  
Oxidation of alkyl side chain substituted on a benzene ring to an acid 

functional group.  

                Ar- CH2 -CH3   --->   Ar- COOH  

 
hydrolysis of esters.  
  acid-catalyzed hydrolysis is the exact reverse of Fisher esterification (same 

mechanism)  

 

 

Reactions of Carboxylic Acid  



Reaction with strong bases to form acid salts (described below in preparation 
of acid salts) 

Reaction with strong alcohols to form esters (described below in preparation 

of esters-esterification) 

Reaction with halogen compounds to form acid chlorides(described below in 
preparation of acid chloride preparations) 

Reaction with ammonia and amine compounds to form amides (described 

below in preparation of amides chapter 18) 

 

Reactions of -keto acids.  

-keto acids are readily decarboxylated.  

  

 
16.8 Acidity of Carboxylic Acids 

Carboxylic acids are weak acids.  

 

 
Acid base reactions:  

http://en.wikipedia.org/wiki/File:SimpleAmideFormationByCondensation.png


 
 
16.9 Carboxylic Acid Salts 

Naming  carboxylic acid follows certain pattern for example the structural formula for the 
compound. Since this sodium salt of propanoic acid - so start from 
propanoic acid is a three carbon acid with no carbon-carbon 
double bonds and this negative ion without the H+ atom is called  
propanoate. There this salt is named: sodium propanoate 

When the carboxylic acids form salts, the hydrogen in the -COOH group is replaced by 
a metal. Sodium alkanoate  (propan-oate) is therefore: 

 

Preparation of acid salts  
Acid salts are prepared by the reaction of acid with a base such as sodium 

hydroxide.  

 

16.11 Preparation of Esters 

Naming Esters: 

1. Identify the alkyl group that is attached to the oxygen atom  
2. Number according to the end closest to the -CO- group regardless of where 

alkyl substituents are.  
3. Determine the alkane that links the carbon atoms together. If there is a 

separation of a continuous link of carbon atoms due to the oxygen atom, 
individually name the two alkanes before and after the oxygen atom. The 

longer structural alkane is the one that should contain the carbonyl atom.  



4. The format is as follows: (alkane further from carbonyl) (alkane closest to 

carbony)(parent chain)  
5. Change the parent chain -e ending and replace it with an -oate.  

Example:  
    CH3COOC7H14CH3 

    octyl ethanoate 
 

 

Common Esters 

 
 
 

Esterification form acid and alcohol  
        acid         +       alcohol   ---->     ester          +     H2O  

 
Esterification from acid chlorides and alcohol  

 
Note: the acid loses an -OH units and the alcohol loses a -H in this reaction. 



  

16.14 Isomerism for Carboxylic Acids and Esters 
16.16 Chemical Reactions of Esters 
Hydrolysis  
1) acid-catalyzed hydrolysis is the exact reverse of Fisher esterification 

(same mechanism)  

2) 
base-catalyzed hydrolysis is often called saponification (soap-making)  

saponification is irreversible because a carboxylate salt is formed. 
Saponification of triglycerides and action of soap in the emulsification of 

grease and oils.  
Soap has been around for hundreds of years.  In it's simplest form, soap is 

made by heating fat  in boiling water that also has  
sodium hydroxide (NaOH)or potsssium hydroxide (KOH) ions in it.  Each  fat 

molecue breaks down into three molecules of  
fatty acids.  The molecules of fatty acids then react with the sodium or 

potassium ions to form soap molecules and glycerin.  

                     triglyceride  

                                                                                                  glycerol  
If the triglyceride had three different fatty acids following products with 

three fatty acids are formed. 



 
Soaps are water-soluble sodium or potassium salts of long-chain (fatty) 

acids ( C8-C20 ). Fats are the esters of fatty acids and glycerol (1,2,3-
propanetriol ). Base-catalyzed hydrolysis is often called saponification (soap-

making)  saponification is irreversible because a carboxylate salt is formed.  
How does soap work?  
In the cleaning process, surface tension must be reduced so water can 
spread and  wet surfaces. Chemicals that are able to do this effectively are 

called surface active agents, or surfactants. They are said to make water 
"wetter."  Soap perform other important functions in cleaning,  such as 

loosening, emulsifying (dispersing in water) and  holding soil in suspension 

until it can be rinsed away. Soap can also provide alkalinity, which is useful 
in removing acidic soils. 

 
16.18 Polyesters 

Polyesters are formed by condensation polymers are any kind of polymers 
formed through a condensation reaction, releasing small molecules as by-

products such as water or methanol, as opposed to addition polymers which 
involve the reaction of unsaturated monomers. Types of condensation 

polymers also include polyamides, polyacetals. 
Condensation polymerization  

 



16.19 Acid Chlorides and Acid Anhydrides 
Preparation of acid anhydrides  
 

Acid chlorides are prepared by the rection of acid  with PCl3, PCl5 or SOCl2..  

Acid anhydrides are prepared by the rection of acid chlorides with its sodium 
salt.  

 

 

    Butanoyl chloride           sodium butanoate                             butanoic anhydride  

 

16.20 Esters and Anhydrides of Inorganic Acids 
Adenosine triphosphate (ATP) consists of the nitrogenous base adenine   

bonded to the sugar ribose, which is connected to a chain of 3  phosphate 
groups.  

 
ATP hydrolysis releases energy 
  

Phosphate groups are negatively charged, and repel in ATP.    Release of 

phosphate gives a large positive entropy change.  We synthesize an amount 
of ATP equal to our body weight every day.   

The first step in glycolysis is the formation of glucose-6 phosphate from 
glucose. The direct reaction of inorganic phosphate (Pi) with glucose is 

unfavorable.  However, the hydrolysis of ATP is extremely favorable. In a 
cell the enzyme hexokinase  catalyzes the coupled reaction of ATP with 

glucose favoring the formation of glucose-6-phosphate.  
 



Thioesters : Acetyl CoA  

Thioesters are more susceptible toward nucleophilic attack than are  esters 
and acids. Thioesters are intermediate in reactivity between acid chlorides 
and esters making them perfect functional groups for biological systems.  
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