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Module 1: Alcohols and Their Reactions

Unit 1: Classes, Structures and Naming Of Alcohols
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1.0 Introduction



Alcohols are compounds in which a hydrogen of &arz has been replaced by an -OH
group. They have —OH group (a hydroxyl) bonded satarated alkane like carbon atom R-
OH where R is any simple alkyl or substituted alidup.

For example:
CH;OH CHCH,0OH
methanol ethanol
CHs3-CH-CH,OH

CHs

2-methyl propan-1-ol

2.0 Objectives

At the end of this unit, you should be able to:

(a) Classify alcohols into monohydric, dihydricdgoolyhydric

(b) Classify monohydric alcohols into primar§)secondary(? and tertiary(3) alcohols
(c) Draw the structure of simple alcohols

(d) Give the names of alcohols using the IUPACeyst

3.0 Classes of Alcohols
Alcohols can contain one or more hydroxyl grougcatild be:
i. Monohydric — contain only one hydroxyl group.rlexample, ethanol.

CHs-CH,-CH,-OH
Ethanol

ii. Dihydric- contain two hydroxyl groups. For erple ethane-1,2-diol.

CH, - CH,
| |

OH OH
iii. Trihydric- contains three hydroxyl groups. Fexample, propane-1, 2, 3-triol.

Generally with more than one hydroxyl group, is&d to bepolyhydric.

Monohydric alcohols have the general formul#é, + OH. They can be classified into three

classes - primary @)L, secondary (2 and tertiary alcohol (3 according to the number of
alkyl groups attached to the hydroxyl-bonded cardimm.

(i) Primary alcohol (1)
It has one alkyl group attached to the hydroxyldexhcarbon atom.

H
|



R_—C_-OH
!
For example, CEOH CH3;CH,OH
Methanol Ethanol
CHs H

|
CH;—C— C—OH

|
CHs H

2,2-dimethylpropan-1-ol

Secondary alcohol {2
There are two alkyl groups attached to the hydrdeoyided carbon atom.
R’
| R—
C—OH
I
H

For example: ChCH3
I
CHs—C—OH
I
H
Butan-2-ol

CHs
I
CH;—C—OH
I
H
Propan-2-ol

Tertiary (3):
There are three alkyl groups, but no hydrogen atwettly attached to the hydroxyl-bonded
carbon atom.

Rl

| R—
C—OH
| Rn

For example:
CHs



|
CH; —C—OH
|
CHs
2—methyl propan—2—ol

CH,CH3
I
CH;CH,—C—OH
I
CHs
3—methylpentan—3—ol

ACTIVITY A/Self Assessment Exercise

() Draw the structure of the following alcoholsdaciassify each as1° 2° or 3° alcohol.
0) Butan—1—o1
(i)  2—methylpentan—2—ol
(i)  Pentan—2—ol

3.1 Naming Alcohols

a. Common names

Simple alcohols are often called by their commomes which consists of the name of the
alkyl group to which the —OH group is attachedda#d by the word ‘alcohol.

For example,
CH3;OH CH3;CH,OH CH;CHOH
Methyl alcohol Ethyl alcohol |

CHs
Isopropyl alcohol

b. IUPAC names

In the IUPAC system, alcohols are named as alkasadstheir names are derived from the
parent alkane by replacing the ‘e’ from the patgmirocarbon and adding the suffix ‘ol'.

For example:

CH3;CH,OH CH;CH,CH,OH
Ethanol Propanol

For a cyclic alcohol, the —ol ending is added ®pharent cycloalkane. For example,

OH
I

Cyclohexanol



c. Glycols



Dialcohols or diols are called glycols. Thaye named as derivatives of the parent
hydrocarbon with the —diol name ending added. @kl groups are added as prefixes.
For example:

OH

I
HOCH,CH,OH CH,CH.,CH,—CH— CH—CH,OH
1, 2—Ethanediol 1, 3—hexanediol

Activity B/Self Assessment Exercise
Give systematic names for the following compounds

() CH3CH,CH,CHCH,CHs

I
OH

(ii)

(i)  CH3CHCH,OH

CH; OH

I |
(iv) CHsCHCH, CHCH,CHs

3.2 Physical Properties oAlcohols
3.2.1 Physical Appearance

Most simple alcohols are liquid at room temperatubdeohols with more than twelve carbon
atoms are waxy solid at room temperature.

3.2.2 Melting and boiling point

Like the parent hydrocarbon, the boiling points agndéhe alcohols increase steadily with
increase in the number of carbon atoms. Tb#ing point of alcohols are very high
compared with that of the corresponding alkane Umseaf their ability to form hydrogen
bond between the hydrogen atom of the hydroxyugrand the oxygen atom of another
molecule

The influence of the_ OH group however becomes less significant as theocaskeleton
increases.

The order of boiling points of isomeric alcohols is
1° alcohol >2 alcohols >3 alcohols.
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3.2.3 Density
The density of alcohols increases with insi@g relative molecular mass, however,
branching can reduce this effect.

All simple alcohols are less dense than water, tbataromatic homologues are slightly
denser than water.

3.2.4 Solubility

Hydrogen bonding in alcohols influences their sditybin water. Alcohols with a relatively
short carbon skeleton are soluble in water. Fomgta methane, ethanol, propan-1-01 and
propan-2-01 are completely miscible with wateraih chains increases, the solubility of
alcohols drop drastically.

All alcohols are miscible with most organic soh&such as hexane, benzene and ethanol;
the smaller ones are useful organic solvents.

Activity C/Self Assessment Exercise
Arrange the following in increasing order of solitki
2-methyl propan-1-ol, ethanol, butan-1-ol

4.0 Conclusion

Alcohols can be monohydric, dihydric or trihydric.
Monohydric alcohol can be further classified intamary, secondary and tertiary alcohols
and the simple ones are miscible with water becatiskbonding.

The names of alcohols are derived from the pargihtotarbon by replacing the ‘e’ from the
name of the parent alkane with ‘-ol'.

5.0 Summary

In this unit we have learnt that:
I. Alcohols are compounds in which a hydrogen &&aé has been replaced by an -OH
group
ii. Alcohol can be monohydric, dihydric, trihnydrix polyhydric
iii. Monohydric alcohols can be classified int§) 2° and 3 alcohol
iv. In naming alcohols, the ‘e’ from the corresgomy alkane is replaced with ‘ol’.

6.0 Tutor Marked Assignment

1. Draw the structures of the following alcohatsladentify each of the alcohols as
primary secondary and tertiary.
(a) 3-Chloro-1-propanol (b) 2-methyl-4-heptanol ZeButanol
(d) 3- methyl-3-pentanol (e) Cyclohexanol

2. Give the IUPAC names for the following composind

N
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(2) CHCHCHCH,CH,CH,Br (b)  HC

| OH
CH,OH /

HaC
(b) CH,OH

I
CHsCH,CHCH,CH,CH,CH;

7.0 Further Reading and Other Resources
i. KS.TEWARI and N.K. VISHNOI (2006) - A Textboak Organic Chemistry
-Third Edition

il. Robert Thornton Morrison and Robert Neilson Bq2008) — Organic Chemistry
- Sixth Edition
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Unit 2: Preparation of Alcohols
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1.0: Introduction
Alcohol may be prepared using the following methods
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2.0: Objectives
At the end of this unit, you should be able to
(a) List the different methods of preparing alcehol
(b) Discuss using equations, the different methafggeparing alcohols
(c) State the conditions of preparation for théedé@nt methods
(d) Discuss the production of alcohol from ferméiota

3.1 Hydrolysis of halogenoalkanes

This reaction is suitable for the preparation afmary, secondary and tertiary alcohols.
All halogenoalkane when heated under reflux witheays potassium hydroxide solution
are hydrolysed to yield an alcohol

RX + KOH# ROH + X
reflux

Where X=1,Br,CIr  and R= alkyl group

The ease of reaction of the halogenoalkanes foltibnorder
Rl > RBr > RCI

3.2 Hydration of alkene

This reaction is simply the addition of watenolecule to the alkene to form the
corresponding alcohol. It involves the addition amincentrated tetraoxosulphate (VI) acid
first to the alkene to give alkyl hydrogen tetrasulphate (VI) which when treated with
water (hydrolysis), gives an alcohol.

For example, the formation of ethanol:

CH, =CH, + H,SO; —» CHz— CH,HOSG; + H,
conc . ethyl hydrogen tetraoxosulphate (vi)

CH;-CH,HOSG; + H,O __, CH,CH,OH + HSQO,
Ethanol

Industrially, hydration of ethane is carried outtie vapour phase using tetraoxophosphate
(V) acid supported on silicon (VI) oxide as a tggla The reaction is carried out at high
temperature and under pressure.

H;PO, 0n SIGQ
CH, = CHy(g) + HO(9) » CHCH,OH(g)
33°C, 60atm

3.3 Reduction of Aldehydes and ketones
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3.3.1 Addition of organometallic reagents to Aldelgles and ketones

Organometallic reagents (RLI or RMgX) react witbHetlydes and ketones to give alcohols.

Use of RLi
1 .RLj |
N0 » R—C —OH
/ 2. HO |

This reaction can be used to prepare primary, siErgrand tertiary alcohols.
For example:

H
| + HO
HCHO + RLi——— R—C — O [[[ ————» R—CH,OH
I
H
CHs CHs
CH3\ | I
/c:o + RL , R-C-0-LiT _+H,0 , R-C-OH
I I
CHs CHs CHs

Reaction with RMgX
In this reaction the intermediate alkylmagnesiunideas hydrolysed using dilute acid or
agueous ammonium chloride in the case of tertilmghals

H H H
\ (CHs):0 | HO,dil acid |
C = O + RMgX > H — C —OMgX » H-C-OH + MgXOH
/ I I

H R R

Methanal 1°alcohol

R’ H H
\ (CoHs)0 | H,0,dil acid |
C=0+RMgX >R~ C-OMgX » R~ C-OH + MgXOH
/ I I

H R R

Aldehyde 2° alcohol

R R" R

\ (CzI‘I5)2O | Hzo,aq NH4CI |
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C=0 + RMgX——> R'— C —-OMgX » R'— C-OH + MgXOH
/ | |

R" R R

Aldehyde 3° alcohol

Activity A/Self Assessment Exercise

Predict the product formed from the following reans:
i. (CH3)2C(CHg)HCH,CHO + RMgX ——
iil. CeHsCH,CHO + RMgX —_—

3.3.2 Use of Lithium tetrahydridoaluminate (lII), ( LIAIH 4)

Primary and secondary alcohols can be preparedttiermeduction of aldehydes and ketones
using Lithium tetrahydridoaluminate (lIl), LiAlHin dry ether.

For example:
O H H
R— c{ LiAIH, | HO I
H  dryether R—C —O ' R—C—OH
| |
H H
Aldehyde 1°alcohol
H H
R | . |
Y C=0 LiAIH,4 R—C —O~ _H.0 R—C—OH
R dry ether | |
R’ R’
Ketone 2° alcohol

Lithium tetrahydridoborate (lll), LiBll in dry ether, a milder reducing agent can also be
used as an alternative reagent.

3.4 Fermentation of carbohydrates
Industrially, ethanol can be prepared from the famtation of carbohydrates.

The biological catalysts, enzymes, found in yeaaltase break down the sugar molecules
into ethanol to give a yield which is in the regmi®5 per cent.

2(05H1005)n + nH,O diastase nGH>,011
Starch 6C°C maltose
CioH22011 + HO maltase 2CgH12056
Maltose 15°C glucose

CsH1206 zyrrlase 2CECH,OH + 2CQ

15°C ethanol
Glucose is rarely used in practice as the initidissrate has some other suitable and cheaper
raw materials such as potatoes, cereals and rcawailable. The percentage of ethanol can
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be increased by distillation of the reaction prddtm give a mixture containing 95.5 by mass
of ethanol and 4.43% water. The mixture is calkectified spirit with a constant boiling point
of 78.2°C. Anhydrous calcium chloride cannot beduseremove the residual water because
it reacts with alcohols to form compounds of thpety CaGl nGHsOH. On distilling over
quicklime, CaO, which reacts with only the watet hot with the alcohol, absolute alcohol

(99.5% alcohol) is obtained. The last traces ofwaan be removed from this by refluxing it
with metallic calcium and redistilling.

Absolute is ethanol is highly hygroscopic amdist be stored away from atmospheric
moisture if its purity is to be maintained.

4.0 Conclusion

Alcohol can be prepared in the laboratory usinggdig methods as discussed above, however
fermentation of carbohydrates can be used fomthesitrial preparation

5.0 Summary
In this unit we have learnt that:

(i) alcohols can be prepared from the hydrolysikalbgenoalkanes
(i) alcohols can be prepared from the hydratioal&éne
(i) alcohols can be prepared from the reductibaldehydes and ketones using
- RLi
- RMgX
- LIAIH 4
- LiBH4
(iv) alcohols can be prepared from the fermentadibcarbohydrates
(v) Rectified Spirit is a mixture of 95.57% ethan®l43% water
6.0 Tutor Marked Assignment
a. Outline the steps involve in the preparatioetbfinol from fermentation
b. Using equation and <tating the conditions of readion only, explain the

production of alcohol using Grignard reagent

7.0 Further Reading and Other Resources

a. K.S.TEWARI and N.K. VISHNOI (2006)- A Textbook @rganic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@@08) — Organic Chemistry
- Sixth Edition

c. W.C.Wong; C.T.Wong; S.0.0Onyiruka and L.E.Akpa(@®01)-University Organic
Chemistry-The Fundamentals

Unit 3;: Reactions of Alcohols
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Alcohols are neutral to litmus. They undergo dieersactions depending on the position of
cleavage of the bond, RO- H or R-OH forming an gi#le ion or forming a carbonium ion
respectively

2.0 Objectives
At the end of this unit, you should be able to:

€) Discuss the acidity of alcohol compared witht thf water

(b) Explain the amphoteric nature of alcohols

(c) Discuss the various reactions of alcoholgjrgjahe necessary conditions of
reaction.

3.0 Acidity of Alcohols
Alcohols have no effect on pH paper or sodium hydi®. A measurement of the pH value
of ethanol with a pH meter shows that ethanol ignrad

Alcohols are actually amphoteric in nature. As aitait ionizes to form an alkoxide ion
(RO) and hydrogen ion, Hin the presence of a base.

ROH ———~ RO +H

The acidic strength of alcohol follow the order:al€ohol > 2° alcohol > 3°alcohol.

In the presence of an acid, the alcohol may funca® a base; it can accept a proton as shown
below:

ROH + H é ROH'

The basic strength of alcohols follow the ordea@bhol > 2° alcohol > 1° alcohol

Water is a weak acid, however the acidic strengtalamhols are much weaker than that of
water. For example, considering the equilibriumtfo ionization of water and the ionization
of ethanol:

H,O + HO ﬁg HO™ + BKD" Ka=1.0x10°
Hydroxide
ion

CHsCH,OH + HO ﬁg CHCH,O~ + HO" Ko =1.0x10°

Ethoxide ion
This shows that water is a stronger acid than ethan

Aromatic alcohols, for examplesBsCH,OH, behave in a similar way as tertiary aliphatic
alcohol because of the electron donating propeoti¢gise benzene ring.

Activity A/Self Assessment Exercise
1. Arrange the following in increasing acidic sigén
Methanol, Water, 2-methylpropan-2-ol, ethanol

3.1 Reactions of Alcohols
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3.1.1 Combustion
Alcohols burn in air to give carbon (IV) oxide awdter. For example, when ethanol burns in
air with a pale blue flame to give carbon (1V) oxidnd water.

CHsOH + 3@ — 2CO, + 3H0.

3.1.2 Reactions based on position cleavage of bandalcohol

Apart from combustion, alcohols undergo many otkactions and the type of reaction
depends on the position of cleavage of the bondreTare two likely position of cleavage,
giving two categories of reactions

0] Cleavage of R-OH
For example: R-OH— R" + OH"
(i)  Cleavage of RO-H
For example: RO-H-» RO + H
Either of these reactions may yield the substitutio elimination product and usually a
mixture of the two depending mainly on the naturthe alkyl group to which the hydroxyl
group is attached.
The preferred position of cleavage for 1°, 2°, 8ha@lcohols shown below:
R-CH, O 1— H

1
A- Primary alcohol

R
~
CH

— O
R :

T

B- Secondary alcohol

@]
O
I

C- Tertiary alcohol ~ ------- represents the position of céepe
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In A, the lower +I (I means inductive effect) efféom one alky group favors the formation
the alkoxide ion, RCKD while in C the greater +| effect from three htkpups stabilizes

the intermediate carbonium ions&
3.1.2.1 Reactions involving R—OH cleavage.
The order of reactivity is as follows 3°alcohol abhol>1° alcohol.

a. Halogenations

The reaction is a nucleophilic substitution reattio
i. Chlorination (Lucas test for alcohol)
The reaction occurs when concentrated hydrochémid is put into absolute alcohol and
then refluxed in the presence of an anhydrouschiaride as catalyst.

ZnChcat
R—OH + HCI reflux " R-ClI +HO
conc.
For example,
CH3CH,OH + HCI _ZnC} cat . CHCH)CI + H0.
reflux -

The order of reactivity is as follows 3° > 2° 2alcohols.

An insoluble haloalkane will be formed and a cloudixture appears. The time it takes for
the cloudiness to appear and for separation wio distinct layers indicates the types of
alcohol.

For 3° alcohols, two distinct layers are formed iediately, 2° alcohols forms two distinct
layers in about 10minutes while fof &lcohols, a cloudy appearance is noticedr afte
refluxing for a few hours

The reaction is believed to take place via thé 8chanism since concentrated hydrochloric
acid is used.

| e |- |
_c—6H W > — C— Oh > _C'
| | |

—C—CI"
I
The stable the carbonium ion, the faster will thaction rate be and the quicker is the time
for appearance of cloudiness
The stability of the carbonium ion is in the ortetow:

R;C" > RC'H > RCH,
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b. Bromination and iodination
Different hydrogen halides will require differemagents, for example,

(i) Use of NaX

CH3CH,OH Nal, Conc HPO, CH3CHyl + HO
Reflux g

CH3CH,OH NaBr, Conc HSOy CH;CH.Br + H,O
Reflux g

The order of reactivity is as follows HI > HBr BCI

(i) Using phosphorus halides (RCOPCE, PBr; or Pk)

For example, use of phosphorus (V) chloride fooghktion.

This reaction can be carried out by adding solidgporus (V) chloride directly into the
alcohol in a dry test tube.

For example:

CH;CH,OH + PC} » CH3;CH.CI| + POC} + HCI

When phosphorus (lll) chloride is used instead lmdgphorus (V) chloride, the reaction is
less vigorous.

3CHsCH,OH + PC} 3CHCH.Cl + HPO;

v

(i) Using sulphur dichloride oxide (thionyl chiole, SOC))

Alcohol is refluxed with sulphur dichloride oxidehjonyl chloride) in the presence of a small
qguantity of pyridine, GHsN, which serves to absorb the hydrogen chloridasiagormed.

For example:
CH3;CH,OH + SOC} _pyridine . CHCH,CI + SGQ + HCI

iv. Using phosphorus trihalide
When alcohols react with phosphorus trihalide und8ux, the product is an haloalkane.

Phosphorus trihalide can be prepared easily byngdaid phosphorus and a halogen to the
reaction mixture under reflux.The products areamlgd by distillation at the end of the
reaction.

ROH red P/X RX + HPO;
reflux
alcohol haloalkane

X = Br or lodine
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For example:

CH3CH,CH,OH red P/Br CHCH.,CH.Br + H3PGs
reflux

propan-1-ol 1-bromopropane

c.Dehydration
Dehydration of alcohols can be carried out by usiabydrating agents such as concentrated
tetraoxosulphate (V1) acid or aluminum oxide toegitie corresponding alkenes.

When alcohol vapour is passed over an aluminiundeoxiatalyst heated to 350°C or by

heating to 170°C with excess concentrated tetrsdpbate (V1) acid, the corresponding
alkene is formed.

For example, the hydration of ethanol gives ethene.

CH3;CH,OH excess k5O, CH, =CH, + H,O
170°C

CHsCH,OH Al,Os CH, =CH, + H,O
350°C

Mechanism
CH; — CH, —OH + H— QSOH=—= CHCH,—OH", + HSO

e

CHg—CH,"

“Hso;

CH,=CH, + H,SO,

The reaction above can only take place with alcohiodt have at least one hydrogen on the
adjacent carbon. For example, methanol cannot godighydration.

When the reaction involves secondary or tertiagolabls having more than three carbon
atoms, the possibility of forming more than oalkene can result from the dehydrated
reaction. For example, the dehydration of butan-@hes but-1- ene and but -2- ene

CH3;CH,CHCH; _Conc. HSOu. CH;CH,CH=CH, + CH;CH = CHCH;
| But-1-ene But-2-ene
OH

The alkene produced in greater abundance is iretiday Saytzeff's rule.

Saytzeff's rule states that the alkene formed peetélly is the one containing the higher
number of alkyl groups. In the dehydratioh ltan-2-ol, the predominant product is
but-2-ene.
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Activity B/Self Assessment Excercise

(a) In the dehydration of the following alkali, &d@he product(s) formed and indicate the
major product when more than one product is possibl

OH

I
(i) CHsCHCHCH;

&
(i)  CH3CH,CH,CH,OH
(b) What alcohols would yield the following alkerms dehydration?
()  CHsCH,CHCH=CHCH (i) CHsCH=CH

|
OH

d. Formation of ethers

When an excess alcohol is heated with concentriatedoxosulphate (VI) acid at a lower
temperature of about 140°C ether is formestemd of alcohol. The alcohol undergoes
intermolecular dehydration forming ether. For exanp

Mechanism
2CH3CH,OH Conc. H,SO, CH3CH,OCH,CH3; + H>0O
140°C ethoxyethane
(ether)
Mechanism

CHsCH,OH + H=——= CHCH;OH;"

-H,0
CHsCHOH," =———= CHsCH;,'
-H

CH3CH2Jr + CHgCHzOH ﬁ Cl‘bCHzO+CH2CH3 @CHgCHzOCHzCH3

3.1.2.2 Reactions involving cleavage of RO-H
The rate of reaction follows the order below:
1° alcohol > 2 alcohol >3 alcohol

a. Reaction with reactive metals

Alcohols react with reactive metals like sodium gudassium to form metal alkoxides and
hydrogen gas.

For example:

2CH;CH,OH + 2Na » 2CHCH,ONa + H
Sodium ethaoxide
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The metal alkoxides are stronger bases than sobyaroxide; they are commonly used in
organic reactions requiring a strong base in aagueous solvent.

This reaction is similar to the reaction of watdthweactive metals, however alcohols reacts
more slowly with reactive metals than water

2H,O + 2Na » 2NaOH + b
Sodium hydroxide

b.Esterification
This is a reaction in which an alcohol teawith carboxylic acid in the presence of

concentrated tetraoxosulphate (VI) acid to forneestFor example,the reaction of ethanol
with ethanoic acid to form ethyl ethanoate and wate

CH;CH,OH + CHCOOH H+ CHCOOCHCH; + HO
@) Conc.HSO, @)
R—C/ + HOR= R- + O
\OH reflux OR’
Carboxylic acid alcohol Ester

Esterification reaction is a rather slow reactieerewith heating. The reaction is reversible
and the yield poor.

The forward reaction is called esterification whilee backward reaction is called acid —
catalysed hydrolysis of ester. When excess aci@omhol is added to the reaction mixture,
the equilibrium will shift to the right hand side.

The formation of an ester can also be achievecagting with
i. acyl chloride
il. acid anhydride.

O O

RC\//\ + ROH ——> R—{ + HCI
Cl OR
For example:
O O
CH3—C</ + CHCH,OH ——> CH;—C(
Cl OCH,CHs
O
O + R'OH reflux 5 R-C + R'CGH

/ \OR”
R-C Ester Carboxylic acid
\O y



26

For example:

O

O + CHCHOH _reflix CH;—C{D + CH3—<
H

4 Ethanol OCHCHs
\ Ethyl ethanoate Ethanoic acid
O

Ethanoic acid
anhydride

AN

CHs-C

/

CHs-C

c. Oxidation of alcohols

Alcohols can be oxidized by making use of commoidiaing agents such as acidified
potassium tetraoxomanganate (VIl) or acidified psiam heptaoxodichromate (VI) to give
the corresponding carbonyl compound or carboxyid.a

Primary alcohols are readily oxidized on heatinglttehydes but in the presence of excess of
the oxidizing agent the reaction proceeds furtbsfigld the carboxylic acid.

For example:
[O] [O]
CH;CH,OH —> CHCHO —> CHCOOH
From KMnQ,
or KoCrOy

Secondary alcohols are oxidized to the correspgnki@one. Ketones are quite resistant to
oxidation and do not undergo further reactions sslbey are subjected to severe conditions.
In that case they are oxidized to a carboxylic -aaidhixture of smaller carboxylic acids will
be formed because it involves breaking a carboarbon linkage.

CH3 CH3

AN

CHOH  [O] C=0 + HO

e ——
CH3/ CI—{

Tertiary alcohols are also resistant to oxidatibhey are not oxidized at all in neutral or
alkaline media.

In an acidic medium, tertiary alcohols undergo ydieation to the alkene which can be
readily oxidized to the diol and further oxidatigields the oxidation products of primary
alcohols.

R-CH-CHR’ [O] RCHO + R'CHO
| > |[o] [0]
OH OH

RCOOH R'COOH
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d. Triiodoform Formation (lodoform Reaction)
Some alcohols with the structure

H

|

-C-CH;

|

OH
react with an iodoform reagent(iodine in the presesf sodium hydroxide), a mild oxidizing
agents to give sodium carboxylate and triodomet{eso called iodoform).

The product, triodomethane appears as a yellowigitate in the reaction mixture.

H

| O

R-C-CH I,/NaOH R—C</ + CH
D — _

| O Na

OH

The reaction is a useful reaction for confirming giresence of the group

H

|

-C-CH;

I

OH
in an alcohol and also a useful means of synth&sizarboxylic acids which will have one
carbon less than the parent alcohol.

For example:
H
I 20
CH3CH,—- C-CH;  1,/NaOH CH;CHZ—C\ + CHk
| O "Na
OH
Butan-2-ol Sodium propanoate
l Conc.HCI
O
CH3CH2—C</ + NacCl
OH

Propanoic acid

Activity C/Self Assessment Exercise

a. Using equations explain how the following compasican be obtained from alcohols.
Name the starting alcohol.

(i) CHsCHO (i) CH;CHCHal (i) CH3CH,CH(CHCHs (iv) CgHsCOOGHSs
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b. Which of the following alcohols will be positive iodoform test?
I.  CH3CH;CH(OH)CH,CHjs ii. CH3CH(CH;)CH,CH(OH)CH;

iii. CH3CH(OH)(CH,).CHs

3.2 Distinction between Primary, secondary and terary alcohol

I.  Lucas Test: To the unknown alcohol, add Lucagyeat- a mixture of concentrated
hydrochloric acid and anhydrous zinc chloride imord:1- at room temperature. The tertiary
alcohols reacts with Lucas reagent producing imatedurbidity in the reaction mixture, the
secondary alcohols give turbidity within 5 to 10otes, and the primary alcohols do not give
turbidity at all at room temperature.

ii. Oxidation Test: The product formed from theidation of alcohols can be used as a
test for alcohols.

4.0Conclusion
The chemical properties of an alcohol are charaeetby the functional group —OH. The
reactions of alcohols depend on the position aivdge of the bond, R-OH or RO-H.

5.0Summary
In this unit we have learnt that:
I Alcohols are neutral to litmus; alcohols haveeftect on pH paper or sodium
hydroxide.
il. Alcohols are actually amphoteric in nature. As acid, it ionizes to form an
alkoxide ion (RO) and hydrogen ion, Hin the presence of a base.

ROH % RO + H

The acidic strength of alcohol follow the order:al€ohol > 2° alcohol >
3°alcohol.

iii. In the presence of an acid, the alcohol mayction as a base; it can accept a
proton as shown below:

ROH + H é ROH'

The basic strength of alcohols follow the ordeabhol > 2° alcohol > 1° alcohol

iv. Alcohols are much weaker acids than that alewa

v. Alcohols burn in air to give carbon (1V) oxided water.

Vi. They undergo diverse reactions depending a@n fbsition of cleavage of the
bond, RO- H or R-OH forming an alkoxide ion arrhing a carbonium ion
respectively

vii. The preferred position of cleavage for 1°, Ad 3° alcohols shown below:

R-CH, O+ H

1
I- Primary alcohol
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R
ScH

—O
R :

lI- Secondary alcohol

@]
@)
I

lll- Tertiary alcohol ~  ------- represents the position of cleavage

viii.  Reactions involving R—OH cleavage

The order of reactivity for reactions involving R-Hleavage is as follows 3°alcohol
>2°alcohol>1° alcohol.
Examples are:
a. Halogenations
l. Chlorination (Lucas test for alcohol)
ZnChcat
R—OH + HCI  reflux - R-Cl +HO
conc.
The order of reactivity is as follows 3° > 2° 2alcohols.
The stability of the carbonium ion is in the ortetow:

R3C+ > R2C+H > RCHz
Il. Bromination and iodination
(i) Use of NaX
R-OH NaX, Conc HPO, _ RX + HO
Reflux -
The order of reactivity is as follows HI > HBr BCI

(i) Using phosphorus halides (RCPCE, PBr; or Pk)
ROH + Pd » RCI + POC§ + HCI

ROH + P( » RCI + PO

(i) Using sulphur dichloride oxide (thionyl chiole, SOC))
ROH + SOG _pyridine, RCI + SQ + HCI
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(iv) Using phosphorus

ROH red P/X RX + HPO;
reflux

alcohol haloalkane

X = Br or lodine

b. Dehydration
For example, the hydration of ethanol gives ethene.

CHsCH,OH excess IZBO4\ CH, =CH, + H,O

17C°C
CH3CH20H A|203 CH2 :CH2 +
350°C H,O
c. Formation of ethers
2ROH Conc. HSO ROR + HO
140°C ether

ix. For reactions involving cleavage of RO-H, thete of reaction follow the order below:
1° alcohol > 2 alcohol >3 alcohol
Examples are:
a. Reaction with reactive metals
2ROH + 2Na » 2RONa + H
Sodium alkoxide

b. Esterification

O Conc.HSO,
R—C/ + HOR* R—(O + -8

\OH reflux OR’
Carboxylic acid alcohol Ester

The reaction is reversible and the yield poor.

The formation of an ester can also be achievecagting with
iii. acyl chloride
iv. acid anhydride.

@) O
RC</ + ROH ——> R- + HCI
Cl OR
@)
R—C</ /O
O + R'OH reflux S R-C + R'COGH

/ \OR”
R-C Ester Carboxylic acid
\O y
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c. Oxidation of alcohols using acidified potassitettaoxomanganate (VIl) or acidified
potassium heptaoxodichromate (V1).

Primary alcohols are readily oxidized on heatingltehydes and excess of the oxidizing
agent it yields the carboxylic acid.

[O] [O]
CH;CH,OH —> CH CHO —> CHCOOH
From KMnQ
or KoCrOy

Secondary alcohols are oxidized to the correspgrkitone.

CHs CHs

AN

CHOH O

[O] \C=O + H
- "/
CH3 CHS

Tertiary alcohols are also resistant to oxaatbut they undergo dehydration in acidic
medium to the alkene which can be oxidized to disd and then oxidized to yield the
oxidation products of primary alcohols.

R-CH-CHR' _ [0] _RCHO + R'CHO
| [O] [O]
OH OH

RCOOH R'COOH

d.Triiodoform Formation (lodoform Reaction)
Alcohols with the structure

H

I

-C-CHs

I

OH
react with an iodoform reagent sodium carboxylaie tsiiodomethane(also called iodoform).
The sodium carboxylate can be hydrolysed to givbasgylic acid.

H
| / 7 O
R-C-CH [,/NaOH R- + CH
| » TN 0 N
OH
l Conc.HCI

o)
R—C</ + NaCl
OH

Carboxylic acids
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X. Primary, secondary and tertiary alcohol canisgrgdjuished using
i. Lucas Test
ii. Oxidation Test

6.0Tutor Marked Assignment
a. Discuss the actions of the following on ethiano
i. Conc.HSO, i. Cl ji. HCI
V. PCk v. Na vi. CHCOOH

7.0 Further Reading and Other Resources
a. K.S.TEWARI and N.K. VISHNOI (2006) - A Textbkof Organic Chemistry. Third
Edition

b. Robert Thornton Morrison and Robert Neilsoryd@008) — Organic Chemistry-
Sixth Edition

c. W.C.Wong; C.T.Wong; S.0O.Onyiruka and L.E.Akigg2001)-University Organic
Chemistry-The Fundamentals
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1.0 Introduction

Ethers are a family of organic compounds with teaegal formula, ¢Hzn +O. They are
isomeric with the aliphatic monohydric alcaholith the general formula ,&2n+1OH.
Epoxides are formed when an oxygen atom is linikcedarbon atoms of a carbon chain
forming a three membered ring.

2.0 Objectives

At the end of this unit you should be able to:
i. Write the general formula of ethers and epoxides
ii. Draw the structures of ethers and epoxides
iii. Distinguish between symmetrical and unsymnuoetirethers
iv. Write the names of ethers using the [IUPAC nocfeture
v. State and draw the various isomers of ethers

3.0 Structures of Ethers
Ethers possess the structure: R — O — R. R and&/ be aliphatic or aromatic.
For example:

CH; -O-CH
Methoxymethane (Dimethyl ether)

CH; — O — CHCH;
Methoxy ethane (Ethyl methyl ether)

OCHs
o (@
Methoxyl benzene Phenoxy benzene
(Anisole) (Diphenyl ether)

3.1 Symmetrical and Unsymmetrical Ethers
Symmetrical ethers are compounds in which R andr&identical, they are also known as
simple ethers.

For example:
CH; —O-CH CH3CH,; — O — CHCH;3
Methoxy methane Ethoxy ethane

Unsymmetrical ethers are compounds in which R d@raf&different, they are also known as
mixed ethers.

For example:
CHs- O- CH,CH;s
Methoxyethane
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3.2 Cyclic Ethers
These are compound containing the oxygen atonrimgaThey are heterocyclic compounds.

/ (\ HZC/O\CHZ
]

HC—ChH, é
Epoxyethane H> H>
(Ethylene oxide) Tetrahydrofuran Tetrahydropyran
(Oxalane) (Oxane)

The three membered cyclic ethers are known as égsxinlike most ether, epoxides are
very reactive substances.

Activity A/ Self Assessment Exercise
I. Classify the following ethers as symmetrical asgmmetrical
CH3;CHCH,-O-CH,CH,CH3, CH3CH(CHs)CH,-O-CH,CHs, CHs-O-CH,CHjs
il. What are epoxides?

3.3 Naming Ethers and Epoxides
Ethers can be named using the common system dWB®C system

Common Systemin the common system, ethers are named by prgfittie names of alkyl
radicals attached to oxygen in alphabetical orédéore the name ether.

For example: CHO-CH; is known as dimethyl ether and €8-CGHs is simply ethyl
methyl ether (in alphabetical order).

IUPAC System:Using the IUPAC nomenclatures, ethers are namexdkasy derivatives of
alkanes. The prefix;OR’ is comp sed of ti@me of the simpler alky I goup in the
molecule with the ‘—ylI' ending replaced by thexyd The alkoxy prefix is then followed
by the name of the corresponding alkane of theralgl group in the molecule.

For example:
CHjs
I
CHz;O- , CHCH)O- , CHCH,CHO , CH;CO- , CHsCHO-
I I I
CHs CHs CHs
Methoxy Ethoxy Sec-butoxy Isopropoxy

Table 1:1 Structures, IUPAC and Common Names oéiSth

STRUCTURE IUPAC COMMON NAMES
CH30CH3 Methoxy methane Dimethyl ether
CH3CH,0OCH; Ethoxy ethane Diethyl ether
CH3CH,OCH3 Methoxy ethane Ethyl methyl ether
CH3CH,0OCH,CH,CHCI 1-Chloro-3-ethoxy propane 3-Chloropropyl ethyl ether
CH3CHCH,CH3 2-Methoxy butane 2-Buthyl methyl ether

I

OCH;
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Several cyclic ethers have specific IUPAC name.dx@mple

PG Es)

Oxetane Oxane
(Tetrahydropyran) (Tetrahydrofuran)

In each case the ring is numbered starting at xkigen.
Tetrahydropyran and tetrahydrofuran are actdptaynonyms for oxane and oxalane
repectively.

Some substances have more than one ethiemgén for example the diethers, 1,2-
dimethoxyethane and 1,4-dioxane and the triethglyrde.

CH3;0OCH,CH,OCH;s CH3;0OCH,CH,OCH,CH,OCHs
1,2-Dimethoxy ethane Diethylene glycol dimethyleath
(Diglyme)
1,4-Dioxane

Compounds that contain several ether functionsedegred to as polyethers.

Activity B/Self Assessment Exercise

1.Draw the structures and write the common nameiseofollowing ethers:
i. Methoxy benzene
ii. Phenoxy benzene

2. Give the IUPAC name for each of the followinhests
i. CH;OCH,CH,CH,CHjs
ii. CH30—-CsHs
iii. CH3CH,CHCH,CHs

I
OC;Hs

3.4 Isomerism
Ethers exhibit the following types of structuralmserism

3.4.1 Functional group isomerism
Ethers are isomeric with alcohols as both have slie general formula {B.,.20) but

different functional groups. For examplejethoxymethane (GCH;) and ethanol
(CH3CH,OH) have the same molecular formulaHgO.
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3.4.2 Metamerism

Ethers exhibit metamerism because of the differemdbée size of the alkyl groups attached
to the oxygen atom. For example, the formulgd{gO represents three isomeric ethers or
metamers.

CHs
CH3;OCH,CH,CHjs CoHsOCGHs CH;OCH
\CH3
Methoxy propane Ethoxy ethane 2-Methoxy propane

4.0 Conclusion
Ethers are compounds having the general formptts 0. Epoxides are the three
membered cyclic ethers. Ether can be named usimgnom system and the IUPAC system.

5.0 Summary
In this unit we have learnt that:
i. Ethers possess the structure: R -0 - R’
ii. Ethers are compounds having the general foanG2n+20
iii. Ethers are isomeric with the aliphatic monohgdalcohols with the general formula
CnH2n+loH
iv. Epoxides are the three membered cyclic ethers
v. Symmetrical or simple ethers have R and Ridpédentical
vi. Unsymmetrical or mixed ethers have R and R’identical

6.0 Tutor Marked Assignment
Write the formula and the names of the variousrsthaving the formula 4E1; 0.

7.0 Further Reading and Other Resources
a. K.S.TEWARI and N.K. VISHNOI (2006)- A Textbook @rganic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@@08) — Organic Chemistry- Sixth
Edition

c. Organic Chemistry,"4Edition —Paula Yurkanis Bruice
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1.0

Introduction
Ethers can be prepared using the various methedastied below.

2.0 Objectives

At the end of this unit you should be able to:
1. Discuss the various methods of preparing etihdise laboratory and industrially
2. Explain the various reactions of ethers

3.0 General Methods Of Preparation

Ethers can be prepared from the following methods

a. Dehydration of alcohols

Simple or symmetrical ethers are obtained rwk&cess alcohol is heated with
concentrated tetraoxosulphate (VI) acid oratetophosphoric(V) acid. In the

process, two molecules of alcohol lose a water acuddeamongst themselves to form
ethers.

ROH + HOR FﬁSC%l ROR + HO
ea

The method is employed industrially in the preparabf lower ethers. Dehydration
of primary alcohols may also be effected by pagsicohol vapour over heated
catalysts like alumina at high pressure and tenipeza

ROH + HOR AlO- ,ROR + HO
250°C/Pressure

When secondary and tertiary alcohols are used uhdse conditions, alkene is the
main product.

b. Williamson Synthesis

This method is the most important method for latmsapreparation of ethers. It
involves heating an alkyl halide with sodium orgesium alkoxides.

RONa + RX heat, ROR’' + Nax
Sodium alkyl ether
alkoxide halide

For example,

C,HsONa + QH5C|_J_QQL> GHsOCGHs + NacCl
Sodium ethyl Ethoxyethane
ethoxide chloride

The reaction involves nucleophilic substitutioratifoxide ion for halide ion.

RO + R- XX —» RO-R + X
Nu substrate leaving group
It is most suitable for preparing mixed or unsyminieal ethers.



c. Heating Alkyl halides with dry silver oxide
Ethers may be prepared by heating alkyl halidek dny silver oxide (AgO).

2RX + AgO _heat , ROR + 2AgX

For example:

2CHsl + AgZO hQQL' GHsOCGHs  + 2Ag2|

Mixed ethers can be prepared by taking differekyldialides in equimolar ratio.
2RX + AgO + RX_heat A ROR + 2AgX

CHal + A920 + GHsl heat .CH30C2H5 + 2Ag2|

d. Reaction of lower halogenated ethers with Grigna reagents
Higher homologues of ethers can be prepared bydtien of Grignard reagent on
lower halogenated ethers.

ROCHX + R'MgX — ROCHR' + MgX;
Halogenatec Grignard ether
Ether reagent

For example,

CH3OCH,Cl + GHsMgBr — CH;OCH,C;Hs + MgBrCl
Chloromethoxy ethyl magnesium methoxy propane
Methane bromide

e. Oxymecuration-demecuration
Alkene reacts with mercuric trifluoroacetate the presence of alcohol to give
alkoxymecurial compound which on reduction givdseet

|| ||
>c=c/\ + ROH + Hg(OOCCFs)—» -C-C- NaBH, , -C-C-

| |
An alkene mercuric RO HgOOCgF RO H
trifluoroacetate

For example,

H CHs H CHs
H\ Hs [ ||
C=C + GHsOH + Hg(OOCCE); —H -C-C-H_reductign H -C-C-H
H \H | NaBH ||
mercuric GHsO HgOOCCE CyHsO H
trifluoroacetate ethoxypropane

f. Action of diazomethane on alcohols
Methyl ethers may be prepared by the action ofafi@hane on alcohols in the
presence of catalyst like boron trifluoride or flaboric acid.
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ROH + CHN BF: , ROCH + N;
Diazomethane

For example,

CHsOH + CHN, _BEs , CHsOCHs + N>
Methoxy ethane

Activity A/Self Assessment Exercise
Predict the ether formed from the following reacsp

i. 2CH;OH H,SOy
heat

ii. 2CH;CHI + AgO_heat

iil. Co,HsONa + GH;CI _he.a.t_,

V. CH,=CH, + GHsOH (i) Hg(OOCCE)z‘
@ NaBH,

3.1 General Physical Properties

i. Lower members are gases while higher membersairurless, pleasant smelling,
low boiling point, volatile liquids

ii. They are lighter than water

iii. They are sparingly soluble in water brdgadily soluble in organic solvents like
benzene and chloroform. Their solubility increageshe presence of alcohol
probably, due to hydrogen bonding.

iv. Ethers are also very important solvents inlét®ratory

v. Their boiling points, melting points and sgecigravity increases with increase in
molecular weight

vi. The boiling points of ethers are much lowearththose of isomeric alcohols. The
higher boiling points of alcohols are due to theimolecular hydrogen bonding
which is not possible in ethers

vii. Lower ethers acts as anesthetic and their wvapee highly inflammable

viii.  Ethers are polar molecules and have defidifole moments. The value of dipole
moment of ethoxy ethane is 1.12D. The C-O-C valemwle in methoxy methane
is 11F while that of ethoxy ethane is 118

3.2 Chemical Properties Of Ethers

Ethers are comparatively unreactive compounds. efher linkage is quite stable towards
bases, oxidizing agents and reducing agents- thaytreact with alkalis, with dilute acids,
phosphoric halides etc in the cold. This is becdbeg lack the active hydrogen attached to
oxygen as present in alcohol. However, they shaeti@ns due to the presence of:

i. Alkyl radicals: They undergo substitution reacis as in the case of alkanes.
ii. Ethereal oxygen: This coordinate with electdw®ficient molecules or Lewis acids.
iii. Carbon-oxygen bond: It shows some cleavageti@as similar to carbon-carbon
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cleavage. However, the carbon-oxygen linkage isasatable as the carbon-carbon
linkage.

3.2.1 Reactions of the alkyl groups: Substitution Baction
i. Halogenation- Ethers undergo substitution atahegl radical when reacted with chlorine or
bromine in the absence of sunlight. They form hafogubstituted ethers.

ROCH,CH; + Ck dark , ROCHCICH + HCI
Usually the hydrogen of thecarbon is substituted most readily.

For example:
CHsOGHs + C|2 dark, QHsOCHC|CH3 C|2 CH30HC|—O—CHC|CHg
-HCl a-monochloroethoxy -HCI a,a-dichloroethoxy ethene
ethane

In sunlight, all the hydrogen is substituted taniguerhalo ethers. For example,

C,HsOC,Hs + 10C)h |Ight R C,Cl50CCls + 10HCI
Perchloroethoxy
Ethane

il. Combustion: Ethers are volatile and highly amfimable. They burn in air to form
carbon(lV) oxide and water.

CHsOCHs + 400—» 4CO, + 5H0O

3.2.2 Reactions of ethereal oxygen
The oxygen atom in ether has two unshared lones pdielectrons hence ether behaves like
Lewis bases and coordinates with Lewis acids ostsuizes deficient in electrons.

For example:
I. Formation of peroxides
Peroxides are formed when ethers are takeough a prolonged action of
atmospheric oxygen or ozonized oxygen due to coxation of one lone pair of
electrons of the ethereal oxygen with another oxygem.

R-O-R + :O——» R-0O-FR

l
:0:
For example:

CHsOCHs + O —» (C2H5)20—>O
These peroxides are unstable compounds and decemjodently on heating.
il. Formation of oxonium salts

Ethers react with strong mineral acids to form axonsalts which are stable at low
temperature in high concentration. The oxoniunssahen formed dissolved in solution.
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ROR" + HX—» R -0 -RX

I
H

Dialkyl oxonium halide
R

I _
ROR + HSO, — » R— OHSQO,

I
H

Dialkyl oxonium hydrogen tetraoxosulphate(V1)
These salts however decompose to yield back etfieaed on dilution with water.
CHsOCHs + HCI] —» (C2H5)20Cﬁ H.O > (CzI‘Is)zO + HCI
I

H
Diethyl oxonium chloride

They also form coordination complexes with Lewigladike BF;, AICl3, RMgX etc

R
R’

Boron trifluoride etherate

ROR* + BR — O—BFs

g

2RO + RMgX ——»
RzO/ X
Ether complex of Grignard reagent

This explains why they are used as solvent for i@arid reagents.

Activity A/Self Assessment Exercise
Why are ethers useful as solvents in reactionshimg@ the Grignard reagent

3.2.3 Reactions involving cleavage of carbon-oxygéond

I. Hydrolysis: When ethers are boiled withteraor treated with steam, they are
hydrolysed to form alcohols. The rate of hydradysicreases in the presence of

dilute acid.

ii. Action of tetraoxosulphate (VI) acid: When eth react with hot tetraxoxsulphate

(V1) acid, cleavage of the carbon-oxygen bond ogcur
ROR’ + HSOs(conc.) heaj, ROH + R'HSO

For example:
CHsOGHs + H,SOy (conc.) heat R eHsOH + GHsHSO,
Ethanol ethyl

hydrogentetraoxosulphate(VI)



44

iii. Action of hydroboric or hydriodic acid: Ethenmgact with hydroboric or hydriodic
acids in the cold to form an alcohol and alkyl daliwhen unsymmentrical ether
is used, the halogen attaches itself to the smafléhe two alkyl groups of the
ether.

ROR + 2HI _Hot, 2RI + O GHsOCHs
+ 2HI heat 2eHs| + H,O CHOGCHs
+ 2HI_heaj CH + CHsl + HO
The order of reactivity of the acids is HI > HBr HCI

iv. Action of Phosphorus pentachloride (§CIEthers react with hot phosphorus
pentachloride, the reaction involve cleavage obcaroxygen bond to yield alkyl
chlorides.

ROR' + PCfi— RClI + RCI + POC}
CHsOGHs + PCE—»2CGHsClI + POCY

v. Action of acid derivatives: Ethers reacts wéttid chlorides and acid anhydrides in
the presence of catalyst like aluminium chloridezorc chloride to form esters
and alkyl halides.

ROR + R'COCI_AICL RClI + R'COOR
Ester
For example:

CoHs0GHs + CH;COCI _AICIa > CoHsCl + CHCOOGHS5
Acyl chloride Ethyl ethanoate

CHsOGHs + (CHCO)O ZnCh , CH3COOGHSs
Ethanoic acid
Anhydride

Activity B/Self AssessmenExercise
State the product(s) formed from the following teats of propaoxy propane:
i. CgH,OCH; + H,SOy EE—

ii. C3H,OCGH; + HI ———»

ii. C3H,O0CGH; + PC}, ——

3.2.4 Miscellaneous reactions

Apart from the reactions discussed above, retladso undergo the following

reactions:

i. Oxidation: Ethers are oxidized to form aldehydesacids when treated with
strong oxidising agents. For example:
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C,Hs0CHs  KoCro0O4/Acid, 2CHCHO___ O , 2CHCOOH
-H>,O Ethanal

ii. Dehydration: Ethers undergo dehydration torfaalkenes when ether vapour
is passed over heated alumina.

CHsOCGHs Alz%)g, 2CH,=CH, + H)0O
36
iii. Reaction with alkyl metallics: Ethers do nobrmally react with bases but
strong bases like alkali metal alkyls, e.g {8ld, convert them into alkene
and alkoxides.

NaCH; + H-CHCH,~OGHs —>CH,; + CH=CH, + GHsONa'
Methyl ethane ethene sodium
Sodium ethoxide

iv. Reaction with carbon monoxide: Under suitabdenditions ethers react with
carbon monoxide to form esters

CHsOCGHs + CO BE[liQQ CHsCOOGH;s
500 atm.

4.0 Conclusion

Ethers undergo reactions that involve the alkylugrahe ethereal oxygen and the reactions
that involve the C-O cleavage. Ethers also undesgxtions like oxidation, dehydration,
reaction with alkyl methyl and reaction with carldi oxide.

5.0 Summary

In this unit we have learnt that ethers undergdalewing reactions:
a.Reactions of the alkyl groupsFor example

i. Halogenation: ROCKCH3 + Ch dark | ROCHCICH + HCI

ii. Combustion: GHsO0GHs + 400——» 4C0O, + 5H,0

b. Reaction of ethereal oxygen: For example
iii. Formation of peroxides
R-O-R + :O——>» R-0-FR
l
:0:
iv. Formation of oxonium salts

ROR’ + HX—> R -O-RX
I
H
Dialkyl oxonium halide

c. Reactions involving cleavage of carbon-oxygen bonéor example
i. Hydrolysis
il. Action of tetraoxosulphate(vi) acid :
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ROR'" + HSQO(Conc.) _heat, ROH + R'HSO
iii. Action of hydroboric or hydriodic acid
ROR + 2HI Hot 2RI + KO
iv. Action of Phosphorus pentachloride(BClI
ROR' + PC{— RClI + RClI + PO}
v. Action of acid derivatives
ROR + R'COCI_AIC}, RClI + R'COOR
Ester
d. Miscellaneous reactions of ethers
i. Oxidation
CoHsOCHs _KoCrOh/Acid 2CHCHO__O | 2CHCOOH
-H,O Ethanal

ii. Dehydration
C2HsOC;Hs Alzd(gq 2CH,=CH, + H,O
36

iii. Reaction with alkyl metallics

NaCH; + H-CHCH,~OGHs— CH; + CH,=CH, + GHsONa'
Methyl ethane ethene sodium
Sodium ethoxide

iv. Reaction with carbon monoxide
CoHsOCHs + CO _BE/ASEPC, GHsCOOGHs
500 atm.

6.0 Tutor Marked Assignment

1. Discuss the reactions of ethoxyethane undeiollwaving headings:
- Hydrogenation

-oxidation

-oxonium formation

-reaction with Grignard reagents

-reaction with alkyl metal

7.0 Further Reading and Other Resources
K.S.TEWARI and N.K. VISHNOI (2006)- A Textbook ofr@anic Chemistry.
Third Edition
Robert Thornton Morrison and Robert Neilson Boy@@0- Organic Chemistry-
Sixth Edition
Organic Chemistry, @Edition —Paula Yurkanis Bruice
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1.0 Introduction

When an oxygen atom is linked to carbon atomsaarhon chain forming a three membered
ring, the compound are called epoxides. The nawimgpoxide has been discussed earlier
(unit 1) in this module.

2.0 Objectives

At the end of this unit you should be able to:
i. Discuss the preparation of epoxides using dsffieimethods
ii. Discuss the physical properties of epoxides
iii. Discuss the chemical properties of epoxides

3.0 Methods of Formation
Epoxides can be prepared from the following methods
I. Oxidation of alkenes with peroxy acids. Exampfgeroxy acids are perbenzoic acid
(CeHsCOOOH), monoperphthalic acid {ds(COOH)) and p-nitrobenzoic acid
( CeHa(NO,)COOH).
For example:
R'CH=CHR"” + CGHsCOOOH—— R’ —Q—I(;CH—R” + @HsCOOH

Peroxyfluoroacetic has been found to be a bettemtagr epoxidation.

CH2:CH2 _C&C.O_OQH_> Q&‘CHZ
of

ii. Ethylene oxide can be prepared by treatinglette chlorohydrins with potassium

hydroxide.

CH.CI CHz\

| + KOH > O + KCI + ®D
CH,OH cH

iii. Ethylene oxide can also be prepared by pasaingxture of ethene and air over silver
catalyst under pressure at a temperature of 2002400

CH=CH, + 0 _ Ag C{-b(—fc Hy

3.1 Chemical Properties

Epoxy ethane is a gas at ordinary temperature. @hehighly reactive and the ring opens at
various reactions.

3.1.1 Acid catalysed cleavage
i. Convertion to 1,2-diol: When treated with dilaeid solution, epoxides are converted to
1,2-diol.
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For example:

CHZ\ CH,OH
| /O t RO L l

CHsz Dil HCI CH,OH

ii. Epoxides react with alcohols in the presencesmfll amount of acid catalyst to form
monoethers.

CHa CH,OH
| O + GHOH__H , |
CHs CH,OGHs

iii. Epoxides react with concentrated halogen aaitiition to form halogenohydrins

CHz\ CH.Br
| O + HBr ——» |
CH; CHOH

iv. Epoxides react with hydrogen cyanide, HCN,do ethylene cyanohydrins.

CHa CH,OH
| O + HCN——— |
CHY” CH,CN

3.1.2 Base catalyzed cleavage

I. Reaction with sodium ethoxide. Epoxides rea¢hwodium ethoxide to give
2-ethoxy ethanol (ethyl cellosive).

I-i\ CH,OC;Hs

O —— |
CHy” CH.OH
2-ethoxy ethanol

CszO_Na + C
|

il. Epoxides react with methanol under pressuretm 2-methoxy ethanol (methyl

cellosolve).
CHZ\ CH,OH
| /O + CHOH _heat | |
CH; high pressure CHOGCH

iii. Epoxides react with cellosolves to give caolst
HOCH,CH,OCH; + CGH,O—» HOCHCH,OCH,CH,OCH;
Carbitol

iv. Reaction with ammonia: Ammonia reacts with@des to give 2-amino ethanol. This
reaction usually produces a mixture of three anaicids.
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CH, O + NHg— HOCH,CH,NH> CoHAO > (HOC"bCHz)zNH
2-amino ethanol

CHiO.  (HOCHCH,):N

When treated with RNfHand RNH, epoxides gives 2(N-Alkyl) amino ethanol and
2- (N,N-Diakyl amino ethanol respectively.

CH,O + RNH —— HOCH,CH;NHR
2-(N-alkyl) amino ethanol

CH,O + RNH — HOCH,CH:NR;
2-(N,N-Dialkyl)amino ethanol

3.1.3 Reaction with Grignard reagent

Epoxides react with Grignard reagents with thevdge of the carbon-oxygen bond to give
primary alcohols with a greater number of carbommat The chain is increased by the
number of carbon-atoms present in the alkyl radi€ahe Grignard reagent. For example,

R-MgXxX + C{Iz—dCHz—b RCH,CH,OMgX __ H,O/H", RCH-CH,OH

3.1.4 Reaction with organolithium compounds
Epoxides when treated with lithium diethylamidre converted to allylic alcohols. For
example,

HH O H OHH
|| || ||
H—C\:— ~CH-H __(GHg)NLi, H-C-C=C-H___, H-C-C=C-H
| | |
O H H H H H

3.1.5 Reduction of epoxides
Epoxides can be reduced using lithium aluminiumrigigdto yield alcohol. Unsymmetrical
epoxides give highly substituted alcohols as maadpct. For example,

A

CH;-CH -CH _LiAIH 4, CH3CHOHCH; + CHCH,CH,OH
Main product

When tertiary phosphine is the reducing agent, ielesxare converted to the corresponding
alkenes.
O

CH;~CH-CH, + PhP ——— CHCH=CH, + PhPO
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Activity A/Self Assessment Exercise
Complete the scheme below, by stating the prodaotsed:

RNH,

v

HCN

v

Epoxy ethane H=OH/H+

v

PhP

\ 4

3.1.6 Oxidation of epoxides
Epoxides are oxidised tehydroxyl ketones by dimethyl sulphoxides.

CH;-CH-CH=CH + Me,SO_H__, CH;CHOHCOCH + MeS

3.1.7 Reaction with ethanoic acid
Epoxides react with ethanoic acid to form glycolnmethanoate

CH,-CH, + CH;COOH——— CHCOOCHCH,OH
O

3.1.8 Action of heat
Epoxides undergo rearrangement on heating to fomamal

CH>-CH, _heat, CHCHO

3.1.9 Reaction with glycol
When heated with ethane-1,2-diol (ethelene glyepxide forms diethelene glycol.

CH,-CH, + HOCHCH,OH ——» HOCHCH,OCH,CH,OH

3.2 Uses of Epoxides

- Epoxides are used as fumigant and insecticidegréon, tobacco and dried fruits

- They are used in preparation of the glycol etlisesd as industrial solvents

- Methyl cellosolve, ethyl cellosolve and butyllosblve are used as solvents for cellulose.
- Epoxides are used in the manufacture of non-isaréace active agents.

- Plyethylene glycols prepared from epoxides aesl&s industrial solvents.

4.0 Conclusion
Ethers can undergo acid and base catalysed cleavage
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5.0 Summary
In this unit we have learnt that:
A. Ethers can be prepared from the following mdtho
I. Oxidation of alkenes with peroxy acids.
ii. Ethylene oxide can be prepared by treating/letie chlorohydrins with potassium
hydroxide.
iii. Ethylene oxide can also be prepared by pasaingxture of ethene and air over silver
catalyst under pressure at a temperature of 2002400

B. They are highly reactive and the ring opengaaibus reactions.
C. They undergo the following reactions:
a. Acid catalysed cleavage, e.g the convertioh2-diol e.g
i. Reaction with alcohols

I. Epoxides reacts with concentrated halogen agcldtion

iii. Epoxides reacts with hydrogen cyanide

b. Base catalysed cleavage e.g

i. Reaction with sodium ethoxide. Epoxides

ii. Reaction of epeoxides with methanol

iii. Epoxides reacts with cellosolves to give ctols
iv. Reaction with ammonia

c . Reaction with Grignard reagent

c. Reaction with organolithium compounds
e. Reduction of epoxides

f. Oxidation of epoxides

g. Reaction with ethanoic acid

h. Action of heat

I. Reaction with glycol

D. Epoxides are used as fumigant and insecticithess; are used in preparation of the
glycol ethers, ethyl cellosolve, ethyl cellosoNmytyl cellosolve and polyethylene
glycols. Epoxides are used in the manufacture afinaic surface active agents.

6.0 Tutor Marked Assignment

1. What are epoxides?

2. Give two methods of preparing epoxides

3. Discuss using equations, their reactions with:
i. Grignard reagent

ii. Dimethyl sulphoxide

iii. Triphenyl phosphine

7.0 Further Reading and other Resources
a. K.S.TEWARI and N.K. VISHNOI (2006)- A Textbook @rganic Chemistry
-Third Edition
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b. Robert Thornton Morrison and Robert Neilson B@@08) — Organic Chemistry
- Sixth Edition

c. Organic Chemistry,"4Edition —Paula Yurkanis Bruice
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1.0 Introduction

Carboxylic acids refers to the class of organic pound with the carboxyl functional
// O

\ OH
which contains both a carbonyl and a hydroxyl fiorl group.

group— C

2.0 Objectives

By the end of this unit, you should be able to:

(a) Define carboxylic acids

(b) Give examples of carboxylic acids

(c) Name and draw the structures of simple caylioacid
(d) Name and draw structures of carboxylic acdwatives
(e) Explain the properties of carboxylic acids

3.0 General Formula of Carboxylic Acids

The functional group is attached to an alkyl graugan aromatic ring. The general formula
for carboxylic acid is @Hzn+1 COOH (n>1 or simply R COOH where the R refers taadyl
—or aryl group.

For example,

O 0]
H-C ( CH-C/

OH N\ OH
Methanoic acid Ethanoic acid

/0 7 ©
C\ HsC C\
OH OH

Benzoic acid 4-methylbenzoic acid

3.1 Derivatives of Carboxylic Acids

Carboxylic acid derivatives are the group of commisiin which the —OH group in the acid
has been replaced by other groups. Esters have&ngroup, acyl chloride have the —OH
replaced with —Cl bonded to the carbonyl carbommasmnides have an —-NH-NHR or NR
group bonded to the carbonyl carbon atom while anlaydrides have the -@R group.

0 0 0
I | |

R-C-OH R-C-Cl R-C-0OR

Carboxylic acid Acyl chloride Ester
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(@) @) @)

[ | [
R-C—-NH R—-C - NHR R—C-NR
Amides

(@)
R-c”/
-0
R-C
o

Acid anhydride

3.2 Naming Carboxylic Acids and Their Derivatives -
IUPAC Nomenclature

3.2.1 Carboxylic Acids
Carboxylic acids are named from the correspondikene, by replacing the ending ‘-e’ with
the suffix ‘-oic acid'.

For example
O H
l | 0
H—C — OH H—C—<
Metharoic acid | OH
H
Etharoic acid
H H O H H
|1 | 0
H-C—C—C—OH H-c-c-€
| | OH
H H H Ch
Propamic acid 2-methyl propaaoic acid
Cl ClI
| ] @) @)
H-c-c-c cZ
| ] OH OH
H H Benaic acid

2, 3—Dichloropropamic acid

The numbering of the carbon starts with the cadtom in the carboxylic acid functional
group.



57

The common names of carboxylic acid are generalivdd from the Latin or Greek name of
their source of origin. The positions of substdutin the hydrocarbon chain are denoted by
the Greek letters, 8, y and so on, rather than numbers.

For example:

Y B«
CHs — |CH — CH COOH

CHjs
B - methylvaleric acid

Table 1.1: IUPAC names, Common names and Sources®bme Carboxylic acids

Formula IUPAC Name Common Name Source

HCOOH Methanoic acid | Formic acid

CH3;COOH Ethanoic acid Acetic acid Vinegar

CH3CH,COOH Propanoic acid | Propanionic acid| Plant and Animal Products

CHs5(CH,),COOH | Butanoic acid | n-Butyric acid | Rancid butter
Hexadecanoic

CH3(CH2)14COOH acid Palmitic acid
Octadecanoic
CHz3(CH,)16COOH | acid Stearic acid

3.2.2 Acyl chlorides
Acyl chlorides are named by replacing the endiegf-om the corresponding alkanes name
with ‘-oyl chloride’.

For example,
° »© P
CHs - C CHs — CH; — C CH;—CHZ—C\
Cl Cl | Cl
Etharoyl chloride  Propamy chloride Cl

3-Chloropropaayl chloride

4 —Chlorobenayl chloride

3.2.3 Esters

Esters are derivatives of carboxylic acids withgkeeral formula
O
I

R-C-OR Rand R may be the same or different alkyl groups.

Esters are named as ‘alkyl alkanoate’. The ‘alis/derived from the original alcohol while
the ‘alkanoate’ is derived from the carboxylic acid
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For example:
O O O
| [ [
H—-C - OCHCHs CH; C- OCH (CHs)2 CHC - OCH
Ethyl methanoate Methyl ethanoate Methyl 2-methyl propanoate
] ]
Ethyl benzoate Phenyl ethanoate

3.2.4 Acid anhydrides
They are derivatives of carboxylic acids with tlemegral formula.

O

O

;lU_ Py
|
@)
AUAN

O R and Rmay be the same or different alkyl groups.

Acid anhydrides are named as carboxylic anhydridle the suffix ‘-oic anhydride’.

For example:
/O 7
CHs—CZ CHs -cZ
@)
CHs -cZ CHaCHCH - CZ
@) @)
Etharoic anhydride Ethanoic butaoic anhydride
@
CHs CH, -
O

Va
()=
O

Propanoic benzoic anhydride

3.2.5 Amides
Amides have the general formula

O

I
R-C-NH
Amides are named from the corresponding alkanesgigcing the ‘e’ from the alkane with
the suffix ‘- amide’.
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For example:
O O
CH; —C — NH CH;CH; —C = NH
Ethanamide Propanamide
O
Benzamide

When an amide has substituents on its nitrogen,dateprefix “N” is used.

For example,

CHz— C - NHCH3 CH3CH,CH; - C —N(CH3)2 C- N CHs

N — Methyl ethanamide N, N-Dimethyl butanamide
N-Methyl benzamide

Activity A/Self Assessment Exercise

0] Give the IUPAC names of the following compounds

i Os__OCH CHs (iv) @— c</
¢
~°
()<<,
p 0
74
i, CHsCHy—C W) @»c{
\cl
0
Y4
iil. CH3 CHZ CHZ -C (VI)
AN @ COOH
0
CHo—CHp— 7
AN
0

(1) Draw the Structural formulae of the followirtpmpounds:
I. Ethanoyl propanoyl anhydride
il. 3 — Ethyl butanoyl chloride
iii. N, N — Diethylbutanamide



60

V. Ethyl 2-methypentanoate
V. 3-hydroxy 1-2-methylbutanoic acid
Vi. Benzene- 1,4 —dioic acid

3.3 Structure of Carboxylic Acids

In the structure of carboxylic acids, at the cashdinkage, there is a mesomeric withdrawal
of electrons away from the carbon atom towardsntioee electronegative atom creating a
relative positive charge on the carbon atom. Taficiency of electrons about the carbon
atom intensifies the inductive pull of electronsagwrom the hydrogen atom in the oxygen-
hydrogen bond enhancing the stability of the caytaig anion, RCOQ and promoting the
release of a proton.

O—e—H

The carboxylate anion is a resonance hybrid,atledectrons being delocalize about the two
carbon-oxygen bonds, making both bonds equivakeshawn below.

o) o .0
o < > _oF — -~
(<o- (<o 0

3.4 Physical Properties

All simple aliphatic carboxylic acids are digs at room temperature. They have a
characteristic pungent smell and sour taste. Arimnaaids are crystalline solids.

The boiling points of carboxylic acids increaseshwielative molecular mass and they are
higher than those of the corresponding alkanesldweér than that of alcohols. Aromatic
acids have higher melting points than their alighabunterparts of comparative molecular
mass.

The first four aliphatic acids are completely mideiwith water due to the ability of the

functional group to form hydrogen bonds with thater molecule. However, the higher

homologue becomes progressively less soluble iemm@cause of their greater hydrocarbon.
Benzoic acid is only slightly soluble in cold watbut dissolves reading in hot water. All

carboxylic acids can be dissolved in suitable oigaalvents.

Generally, density of carboxylic acid decrease withreasing relative molecular mass.

Volatile aldehydes and ketones are flammable. ®irkptones are less toxic than simple
aldehydes.
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Activity B/Self Assessment Exercise

Discuss the following physical properties of candaxacids:
i. Boiling points
iil. Solubility in water.

4.0 Conclusion

Carboxylic acids refer to the class of organic coomm with the carboxyl functional group
which contains both a carbonyl and a hydroxyl fior@l group.They are named by replacing
the ending ‘e’ from the corresponding alkane wité suffix ‘oic acid’.

Acyl chloride, ester, amides and acid anhydridedarévatives of carboxylic acids

5.0 Summary
In this unit we have learnt that:
i. Carboxylic acids have both a carbonyl and a bygrfunctional group.

ii. Carboxylic acids are named from the correspogdilkane, by replacing the ending ‘-e’
with the suffix *-oic acid’.

iii. The numbering of the carbon starts with theboa atom in the carboxylic acid functional
group.

iv. The following are derivatives of carboxylic dci

O O
| I
R-C-Cl R-C-0OR
Acyl chloride Ester
O O O
| | |
R-C-NH; R-C-NHR R-C-NR;
Amides
O
R-c”
Lo P
R-C
~o

Acid anhydride

v. Acyl chlorides are named by replacing the endieg from the corresponding alkanes
name with *-oyl chloride’.

vi. Esters are named as ‘alkyl alkanoate’.
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vii. Acid anhydrides are named as carboxylic anltgdwith the suffix ‘-oic anhydride’.

viii. Amides are named from the corresponding allsahy replacing the ‘e’ from the alkane
with the suffix ‘- amide’.

ix. When an amide has substituents on its nitregem, the prefix “N” is used.
x. All simple aliphatic carboxylic acids are ligsiét room temperature.

xi. The boiling points of carboxylic acids increaseith relative molecule mass
Xii.Solubility in water decreases as molecular massease

xiii. Density of carboxylic acid decrease with inasing relative molecule mass.

6.0 Tutor Marked Assignment
i. Explain why only carboxylic acids with five oewer carbons are soluble in water.

ii. Identify the following carboxylic acid derivates

o) o) o)
| [ [
CHs — C — NH CHsCH, — C - Cl CHs — C — OCHCHs
o)
CHs -
>/o
CHs- C
o

7.0 Further Readings and other Resources
K.S.TEWARI and N.K. VISHNOI (2006) - A Textbook &@frganic Chemistry. Third Edition

Robert Thornton Morrison and Robert Neilson Boyd0@) — Organic Chemistry- Sixth
Edition

Y.C.Wong; C.T.Wong; S.0.Onyiruka and L.E.AkpanB0dQ1)-University Organic
Chemistry: The Fundamentals
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1.0 Introduction
Carboxylic acids can be prepared using diverse oaksth

2.0 Objectives
At the end of this unit, you should be able to:
i. Prepare carboxylic acids from aldehydes andriietaising oxidation reaction
ii. Explain preparation of carboxylic acids frorpdnolysis of nitriles
iii. Explain preparation of carboxylic acids fromethydrolysis

3.0 Oxidation of Primary Alcohols and Aldehydes oiketones
Oxidation of primary alcohols and aldehydes or ketogives carboxylic acids.

KzCr207/ H* O K,C I’207/ H* O
RCHOH — o R—C</ > R—c{
reflux H OH
Primary alcohol Aldehydes

The alcohol is heated under reflux with excesgglizing potassium dichromate (VI) or
manganese (VII). The acid is separated from theticgamixture.

For example,

K,C r207/H+ KszzO7/H+
CH3; CH OH » CHCHO » CHCOOH
reflux reflux

Benzoic acid can be prepared from the oxidatioallof benzenes using acidified potassium
tetraoxomanganate (vii) as the oxidizing agent.

@)
() i (=)

Heat OH
Example @ CH KMnO4/H"* @COOH
Heat

This reaction will only be possible when R is méthyother alkyl group but not’3alkyl
groups.

Activity A/Self Assessment Exercise
1. Predict the acid formed from the following catitbn reactions

a. CH(CHp)30H + KLCr,0; ——»
b. CHCH(CH;)CH,OH + K.Cr,0; ——»
c. CHCHO + KCr0Oy _—
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3.1 From Grignard’s Reagent and CQ
This method is especially used for the preparatiofatty acids.

L T
* s
R-MgX + O=C=O0— R-C=Q_H , R-C=0
| HO |
“OMgX* OH
A carboxylate salt
For example:
(CH3)sCMgBr CQ , (CH3)3C=0 _H/H.Q, (CHs)3C=0
| |
OMgBr OH
Tert-Butyl Trimethyl ethanoic acid
Magnesium

3.2 Hydrolysis of Nitriles
The hydrolysis of nitriles, R — C = N, in acidic @kaline medium give carboxylic acids.

+H>,0 +H,O H
R-C=N=—— RCONH == RCOONH;' ——» RCOOH + NH
- H.0 “HO H

The reaction involves the formation of anidgenas the intermediate which is further
hydrolyzed into a carboxylate. The carboxylate teacith a dilute mineral acid to form
carboxylic acid.

3.3 Hydrolysis of Esters (Saponification)
The hydrolysis of esters may be accomplished byingounder reflux with concentrated
agueous sodium hydroxide.

o) o)
R—-C-OR + NaOH™ refluX R-C-ONa ROH
Ester dil acid
RCOOH

Activity B/Self Assessment Exercise
1. State the conditions necessary for the follgwenctions to take place:
. CH;CH,CH,OH — » CH,CH,COOH
ii. (CH3)3CH,CONH, ——» (CH3)3CH,COOH
iii. (CH3),CHMgX ~ —— » (CH5),COOH

3.4 Cannizzaro Reaction
This reaction is only undergone by aromatic aldelsyand those aliphatic ones containing no
a —hydrogen atoms.

For example,
2CeHsCHO + NaOH —» G HsCOON4d + CgHsCH,OH
40 -60%
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If a suitable aldehyde is treated with a conceéettaaqueous solution of alkali at room
temperature, it undergoes simultaneous oxidati@hraduction to yield the appropriate salt
of the carboxylic acid and an alcohol.

4.0 Conclusion

Carboxylic acids can be prepared from the oxidatibprimary alcohol and aldehydes or
ketones, reaction of Grignard reagent with cartinoikide, hydrolysis of nitriles, hydrolysis
of esters and Cannizzaro reaction.

5.0 Summary

In this unit we have learnt that:

i. Oxidation of primary alcohols and aldehydegketones gives carboxylic acids.

il. Grignard reagents react with @@ give carboxylic acids.

ii. The hydrolysis of nitriles, R — €N, in acidic or alkaline medium give carboxylic @i

iii. The alkali hydrolysis of esters gives carbagycid

iv. Cannizzaro reaction- undergone by aromaticlaldes and those aliphatic ones
containing nax —hydrogen atoms gives carboxylic acids.

6.0 Tutor Marked Assignment
i. Draw the structure and name the carboxylic &icthed when the following organic
compounds undergo oxidation reaction

()Ethanol (ii) Butanol (iii) benzaldehyde

ii. Explain the preparation of carboxylic acidinadhe Cannizzaro reaction

7.0 Further Reading and other Resources
a. K.S.TEWARI and N.K. VISHNOI (2006) - A Textboak Organic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@@08) — Organic Chemistry
- Sixth Edition

C. Y.C.Wong; C.T.Wong; S.0.Onyiruka and L.E.Akpa(@)01)-University Organic
Chemistry: The Fundamentals
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1.0 Introduction
Carboxylic acids consists of a carboxyl group — GOgroup (-C=0 and —OH) and an
alkyl group. Thus its chemical properties are duthése two groups.

2.0 Objectives

At the end of this unit you should be able to:
i. Explain the acidic properties of carboxylidcsc
il. Discuss the reactions of carboxylic acid haseid
iii. E xplain the following reactions of carboxylacids
- Esterification
- Halogenations
iv. Explain how esters are converted into:
- Acyl chloride
- Amide
- Acid anhydrides
v. Explain the reduction of carboxylic acids

3.0 Acidic Properties of Carboxylic Acids

The acidic properties of carboxylic acids are du¢heir possessing ionizable hydrogen ions
(H"), which results in the formation of carboxylates.

RCOOH + HO =—— RCOO + H;O' Ka=5

Carboxylic acids are only partially ionized in aque solution owing to the predominantly
covalent nature of the molecule, they are onlyyweeak in comparison with the mineral
acids. They are however fao 10" times stronger in acidic strength than alcohols.

The comparative strengths of carboxylic acate attributable to the stability of the
carboxylic anion which is a resonance hybrid of t@aonical forms, A and B below.

40 o 0
R—C\ —> R—< R-CAx.
o o o

A B C

The resonance energy assist the ionization probessg the released of the proton.

The two canonical forms may be conveniently represe by the single structure C. The
structure, C illustrates the equivalence of bothb@a-oxygen bonds and also the equal
distribution of the negative charge between thegeryatoms. This effect of charge dispersal
results in the stabilization of the carboxylata,iavhich enhances the dissociation of the
acids.

The effect of charge of dispersal is more significea benzoic acid and this enhances the
stabilization of the carboxylate ion.
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(KC/O“O\C/O"O\C/O‘ ‘O\C/O' -o\c/cr
I

H@H «—> «—> +

4+

Apart from resonance effect, the acidity of a casftio acid is affected by the substituent on
its hydrocarbon chain. The effect of the substits on the acidity of carboxylic acids
depends on whether the substituents are electroatidg or electron withdrawing. When an
electron-donating substituent (+l effect) isaakied a carboxylic group, it intensifies the
negative charge on the carboxylate ion hence déstiadp the anion making it difficult for
the carboxylic acid to form the carboxyl ate androgen ions.

On the contrary, when an electron withdrawsugpstituent (-1 effect), is attached to a
carboxylic group, it reduces the negative chargenfthe carboxylate ion (hence stabilizing
the anion. The higher the number of substituenk wit effect, the higher the acidity of the
carboxylic acid. The acidic strength decreasebeanarder.

Cle
Cle CCOOH > HCOOH > gH:COOH > CH +COOH > CH CH,— COOH
cl&

The distance between the substituent and the c@drbgxoup also has a significant effect on
the acidity of carboxylic acid.

Activity A/Self Assessment Exercise
I. Arrange the following acids in an ascending omfeacidity:
CH3COOH, CHC}COOH, CHCILCOOH, CC4COOH

3.1 Reactions due to Carboxyl Group
As an acid, carboxylic acids undergo ionizatiomw iptoton and the acid anion.

RCOOH_—— RCOO + H

3.1.1 Salt Formation

As an acid, carboxylic acids, irrespective of wieetthey are water soluble or not, liberate
hydrogen in the presence of metals and carfiw) oxide when added to either
sodiumtrioxocarbonate (iv) or hydrogentrioxocarbde(a) forming the metal carboxylate in
all the reactions. For example,

RCOOH + 2Na——» 2RCOMa" + H,
Sodium Carboxylate

2RCOOH + Mg——» (RCOO):Mg*" + H,
Magnesium Carboxylate

RCOOH + NaOH—— R COWMIla + HO
2RCOOH + NgCO; ——» 2RCOO Na + CO, + H,0
RCOOH + NaHC® —— RCOO Na" + CO, + H,0O
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The carboxylic acid can be generated by treatiegs#it with dilute mineral acid.
RCOONa + HC|——» RCOOH + NaCl

3.2 Reactions involving hydroxyl group
The following reactions involve the hydroxyl group.

3.2.1 Esterification
Esters are formed when carboxylic acid reacts atlalcohol in the presence of concentrated
tetraoxosulphate (vi) acid as a catalyst.

0
o ConchHSO, l
2R—</ +FOH === R-C-OR + HO
0

This reaction is slow and reversible and the yadldster is often low.
Esters are also formed when carboxylic acids ned@btsulphur dichloride oxide followed by
an alcohol.

SOC} ROH ‘
RCOOH — RCOCI—* RCOOR + HCI

The yield of ester with sulphur dichloride is good.

3.2.2 Formation of Acyl Chlorides

Acyl chlorides can be made by reacting carboxybids with reagents like phosphorus
trichloride, PG , phosphorus pentachloride, PCor sulphur dichloride oxide(thionyl
chloride), SOGl. For example,

RCOOH + PGl ———» RCOCI + HPOG;

RCOOH + PG — RCOCI + POd + HCI

RCOOH + SOGl——3 RCOCI + HClI +S@

These reactions are examples of substitution @acti

Sulphur dichloride oxide is particularly convenietall the reagents because all the products
are gaseous except acyl chloride. Also, sulphcinldiide oxide has a low boiling point of
79C making it easy for the separation of the acybdtie from excess sulphur dichloride
oxide.

The acyl chloride can be hydrolyzed easilytihe presence of water to regenerate the
carboxylic acids.
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3.2.3 Conversion into Acid Anhydrides
Acid anhydrides can be prepared from carboxylidd day reacting with the dehydrating

agent, phosphorus pentaoxide©Op In the process a molecule of water is eliminateae T
reaction is an example of condensation reaction.

P20s @)
2 RCOOH > R-Qf

heat o +
R - c</ i
O
Acid anhydride
For example:
20
CHs — <
P,Os O + KO
2CHCOOH — heat CH—Q{
O

Acid anhydrides can also be made via the readietween an acyl chloride and metal
carboxylate.

R COOH Sod| RCOCI
2RCOOH + 2Na—> 2RCOMa + H,

RCOONa + RCOCI__heaj (RCOP + NaCl

Activity A/Self Assessment Exercise

a. Using relevant examples, explain the chenpeaperties of carboxylic acids as an
acid

b. Use chemical equations to explain theparation of the following organic
compounds from ethanoic acid
i. CH3COCI
. ii. CH3COOGH:s
il. iii. (CH3CO)%0

3.3 Reactions of Carboxyl group

3.3.1 Reduction by Lithium Tetrahydrido Aluminates
Carboxylic acids are not easily reduced and areuneto most of the common reducing
agents. However, Lithium tetrahydrido alumisatéiAlH,, is a strong reducing agent
capable of reducing carboxylic acids to the comesing alcohols.

RCOOH 1. LiAIH/dry ether RCHOH
2. H,O g
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3.4 Reaction Due to Akyl group

3.4.1 Halogenation

When chlorine gas is bubbled through boiling eth@aacid in the presence of either iodine or
red phosphorus in the sunlight, chloroethanoid ag formed. Chloroethanoic acid is a
colourless and corrosive crystalline solid (m.d’d@.

l, + 3Chb———» 2ICl;

105-118C
CH3;COOH + IC} ———— 3 CH,CICOOH + ICI + HCI
Chloroethanoic acid

ICl + Cb____, ICl3

The dichloro and trichloroethanoic acid are obtdibg successive substitution of the alkyl
hydrogen atoms.
Cla. 12 Cla 12
CH,CICOOH ———» CHCLCOOH ——» CCKLCOOH
elevated temp  dichloroethanoic elevated temp  trichloromethanoic
acid acid

3.4.2 Oxidation of Methanoic Acid
Oxidation of methanoic acid using acidified potasstetraoxomanganate (vii),KMnGt
elevated temperature gives carbon(lV)oxide ,@8d water.
@)
H- C/ +[0] KMnQ/H"
N OH heat = CG@'HO
This is because it has the — CHO group hence iaveshas a reducing agent similar to

aldehydes, unlike other carboxylic acid. This makethanoic acid positive to Tollen’s and
Fehling’s tests and it decolonizes acidified patasgetraoxomanganate(VIl).

3.5. Reaction involving Salts of acids

3.5.1 Conversion into Amide

Amide can be made by reacting carboxylic acids w&ittimonia followed by dehydration of
the ammonium salts formed at an elevated temperatur

@)
RCOOH + NH ———» R—C — O NH,"
@)

R COO™ NH4" heat, R -C-NH+H0
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Also when sulphur dichloride oxide reacts withbmylic acids followed by ammonia,
amide is formed.

SOCh
RCOOH ——— > RCOCI

2RCOC) + 2NH; ——— RCONH, + NH4CI

3.5.2 Decarboxylation:When anhydrous sodium salt of a fatty acid is heeatieh soda lime,
(CaO/NaOH), alkane is produced

RCOONa + NaOH——> RH + N&O;
For example CeCOONa + NaOH————> CHi + NaOH

3.5.3 Formation of aldehydes and ketone&Vhen calcium salt of a fatty acid is heated
strongly, it gives ketones. However, when it isateel with calcium dicarboxylic acid, it
forms an aldehyde.

For example:
(CH3COO)xCa + (HCOO)Ca— 2CHCHO + 2CaCQ@
Calcium ethanoate calcium ethanal

dicarboxylic acid
When calcium dicarboxylic acid is heated aloné&nims methanal

(HCOORCa —> HCHO + CaC®

Activity B/Self Assessment Exercise
State the product(s) formed from the following teats:

I. C3H7,COOH 1. LiAlHy/dry ether
2. H,0 g

O

. +
ii. CHCH,COOH + NH—— CH;CH,—-C-ONHs" heat |

iii. CH3CH(CHs)CH,CH,COONa + NaOH———

4.0 Conclusion
Carboxylic acids are very reactive. Their reaci®due to the presence of the carboxyl group
and the alkyl group. Their acidity is due to thegance of ionizable hydrogen ion.

5.0 Summary
In this unit, we have learnt that:
I. Carboxylic are acidic, and this property is sihaw its reaction with
-metals and
-sodium hydrogen trioxocarbonates
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il. Carboxylic acids can be converted into:
- Acyl chlorides
- Acid anhydrides
- Amide
iii. Carboxylic acids undergo esterification reactito form esters
iv. Carboxylic acids can be reduced by lthi tetrahydridoaluminate in dry ether
alcohol.
v. Methanoic acid can be oxidized by acidified K®j to give CQ and water

6.0 Tutor Marked Assignment

Using equations, explain the formation of the fallog compounds from carboxylic acids.
State the conditions of reaction where necessary.

(i) Acyl chlorides

(ii) Esters

(iii) Amide

(iv) Alcohols

7.0 Further Reading and Other Resources

a. K.S.TEWARI and N.K. VISHNOI (2006) - A Textboak Organic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@@08) — Organic Chemistry
- Sixth Edition

C. Y.C.Wong; C.T.Wong; S.0O.Onyiruka and L.E.Akpa(@)01)-University Organic
Chemistry: The Fundamentals
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1.0 Introduction

The carboxylic group of the acids has a carbongugrand a hydroxyl group. The hydroxyl
group can be replaced by —ClI, -COCR, -N#f -OR’ groups giving the compounds known as
acyl chloride (acid chloride), acid anhydrides,ides and esters respectively. They can be
represented by the general formula

O
R— c"— Z
Where Z represents Cl, OCOR’, Ndr OR’
R and R’ may be alkyl or aryl.

/O

TheR—C\

2.0 Objectives
At the end of this unit, you should be able to:
i. ldentify the structures of the various derivagwof carboxylic acids
ii. Compare the properties and reactions of the@ua derivatives of carboxylic acids
iii. Explain the reaction of acyl chloride, acidrrides, amides and esters

group, common to all the derivativesaided theacyl group

3.0 General Comparative Properties

Chlorides, anhydrides and esters have normal lgoflmints and are similar in value to those
of aldehydes and ketones of comparative relativiecodar mass. Amides have a higher than
expected boiling points and at normal temperajutesy exist as solid because of a fairly
high degree of intermolecular hydrogen bondinge &bility of amides to form hydrogen
bonds with water molecules allows them to be muohensoluble than other derivatives.
Simple chlorides and anhydrides undergo spontanegirslysis in water.

3.1 Reactivity

The derivatives of carboxylic acids undergaclaophilic substitution reactions. This is
characterized by nucleophilic substitutions of tredogen, carboxylate, alkoxy or amino
groups and the reaction is similar to the cond@amsaeactions of aldehydes and ketones. All
the substituent groups possess lone pairs of eleciwhich are conjugated with the carbonyl
group. As the electronegativity of the group ises, the degree of conjugation decreases
and the electron availability about the carbonygen is reduced.

0 0
| |
R-C-Z + Nf — R-C-Nu + Z

The order of electronegativity of the substituerdugp is as follows
-Cl > OOCR’ > OR’ > -NH
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The overall polarity of the carbonyl group enhanced by the more electronegative
substituent due to the simultaneous withdrawaklettron away from the carbon atom,
making it more susceptible to nucleophilic dtache decreasing order of reactivity of
carboxylic acid itself and its derivatives are @akofw:

Activity A/Self Assessment Exercise
Arrange the following in increasing order of reaiti:
CH3;COOH, CHCOOGHs, CH;COCI, CHCONH;,, (CH;CO)0

3.2 Acyl Chlorides(Acid Chlorides)

3.2.1 General Methods of Formation

a. From acids

Acyl chlorides can be made by heating carboxylidawith phosphorus trichloride, PCir
phosphorus pentachloride, B@F sulphur dichloride oxide(thionyl chloride), SQCI

RCOOH + PGl ——» RCOC| + HPO;
RCOOH + PG —— > RCOCI + POQd + HCI
RCOOH + SOGl———— RCOCI + HCl +S@

b. From the salt of the acids Acyl chloride can be prepared by distilling tladts of the acid
with phosphorus trichloride, P£br phosphorus trioxychloride, PQQ3dr sulphuryl chloride,
SOCl,.

CH;COONa + PG———>» CH3;COCI + NaPG;
Ethanoyl
chloride
2CH;COONa + PGl — > 2CH;COCI + NaCl + NaP®

(CHCOO)Ca + SECl, — 2CH;,COCI + CaSQ

3.2.2.Physical Properties
i. The lower members are colourless, volatile kfguvith irritating smell.
il. Their boiling point are much lower than thaskeacids from which they are obtained.
This is due to the absence of intermolecular hyeindgpnding.
iii. . They fume in moist air producing vapourstytdrogen chloride
iv. They are generally insoluble. However theyraygse slowly to go into solution.

3.2.3 Reactions of Acyl chlorides

The reactions of acyl chlorides are fundamentailtyilar to those of carboxylic acids. The
halogen readily undergoes nucleophilic sub#itu by — OH — OR’, NKH etc. The
mechanism is similar to those of the condensagastions of aldehydes and ketones.
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Benzoyl chloride is much less reactive than anghaliic acyl chloride due to the reduction in
the positive nature of the carbonyl carbon causedelocalization of electrons between it
and the benzene ring (resonance effect), leadingdaction in the strength of the electron
deficient nucleophilic site .

O\C/CIO‘\E/CI O‘\C/CI O‘\C/CI o-\e/d
I I I I

SEg PE gy g P g}

a. Reactions with water (Hydrolysis)

Acyl chlorides hydrolyse in water to form the pdrearboxylic acids and hydrogen chloride.
RCOCI+ RO  ——_ RCOOH + HCI

For example,

CHsCOCl+HO ____, CHCOOH + HCI

b. Ester Formation

Acyl chlorides react with alcohols and phenolsdmf the corresponding ester and hydrogen
chloride.

RCOCI+ ROH — 5 RCOOR’ + HCI

Esterification with phenol requires an alkaline moeal

O
OH O —é/
| | > cCcH
aq NaOH
@ + CH;COCI ~Toom temp. ™ @ + HCI
Phenol Ethanoyl Ester
chloride

c. Amide Formation

Acyl chlorides react with ammonia to givee tltorresponding amides and ammonium
chloride.

O O

R-C-Cl+2NH—— R—-C— NH + NH,CI



79

For example,
O O
[ |
CH; -C-Cl + 2NH3 ——— CH3; —C-NH, + NH,CI

Also, acyl chlorides react with primary and secagydamines (RNH and RNH) to give the
corresponding N — substituted amides and hydroptmide.

O O
R-C-CI+RNH — 3 R—-C—-NHR' +HCI

O O
R-C-CI+RNH — 5 R-C-NHR’'+RCI

The mechanism for the condensation reaction of @dgrides is described below:

o ON
< N0 « . a0 o

0
RO-H + R¢! —sRcG—>rc! s rc”’
\ \ + 7
- cl | O'R
O'R

N OR’

The reaction is similar with 4D, NH; and R> NH.
d. Aldehyde Formation (Rosenmund Reduction)

Acyl chlorides are reduced to aldehydes when heatdgdpalladium poisoned with barium
tetraoxosulphate (VI). The barium tetraoxosulph@atp poison the catalytic activity of the
palladium restricting the reduction to aldehyddyoifithout the poisonous effect of the
barium tetraoxosulphate (VI) the aldehyde mightdmiced to alcohol as well

RCOCI H, heat
Poisoned Pd/BaS@at

, RCHO + HCl

e. Ketone Formation (Friedel — Crafts acylation)

Acyl Chlorides reacts with aromatic hydrocarborha presence of an anhydrous aluminium
chloride- Lewis acid, to give a good yield of thheraatic alkanone.

For example the reaction with benzene, the reactiotture is refluxed on a water bath at
50°C

o)
R- c/< + AICk =——— RC'O + [AICI]
cl
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o R

{ |
@ RC'O b R [AICI4]‘© + AICl; + HCI
> —_—

f. Anhydride formation

Acyl chlorides react with the sodium salts of caydiw acids at an elevated temperature to
give acid anhydrides
For example,

CHsCOONa + CHCOCI _distil, (CHCOXO + NaCl
Activity B/Self Assessment Exercise

Give the structure and the name of the principatpct formed when propanoyl chloride
reacts with:
i. Hzo il C2H5OH iii. C6H6(A|C|3) iv. CH3NH2 V. NHs3

3.3 Acid Anhydrides
Acid anhydride may be regarded as being derivenh fagid(s) with the elimination of one
molecule of water from two molecules of acids.

RCOI CHi RCQ
o -H,0 R je
RCOd Hi RCO

3.3.1 General Methods of Formation
a. By heating acyl chloride with anhydrous sodiwat sf the acid or the acid

CHsCOCI| + NaOCOCH ——» CHsCOOCOCH + NaCl
CHsCOOH + CHCOC| —Pmdne | cH;,COOCOCH + HCI

b. By treating excess of anhydrous sodium salhefacid with phosphorus oxy-chloride or
thionyl chloride

3CH;COONa + POGI—— 3CH;COCl + NaPOy

CH;COCl + NaOCOCH ——» CH;COOCOCH + NaCl

2CH;COONa + SOGFH—"" CH3;COOCOCH + SO, + NaCl

c. By the dehydration of anhydrous acids in thes@mee of suitable dehydrating agent like
P20s

2CH,COOH _heat, P05, CH3;COOCOCH + HO
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d. Anhydrides of higher acids are obtained by Ingattheir sodium salt of acids with ethanoic
anhydride.

2RCOONa + (CECORO — > RCOOCOR + 2C{COONa

3.3.2 Physical Properties

i. They are colourless liquids or solids with argharitating purgent smell.

il. They are insoluble in water

iii. Their boiling points are higher than thosetloé acid from which they are derived because
of their large size and greater Van der Wall'sratgion.

3.3.3 Chemical Properties
Acid anhydrides readily undergo nucleophilic subsitn reaction like other carboxylic acid
derivatives. The carbonyl carbon is the leavingugro

a. Hydrolysis

Acid anhydrides hydrolyses in water to give thegpaucarboxylic acids
(RCO),0 + HO » 2RCOOH

For example,

(CHsCO)LO + HO » 2CH,COOH

ethanoic ethanoic acid

anhydride

b. Ester formation
Acid anhydrides react with alcohols and phenolgit@ esters and carboxylic acids. The
reaction is irreversible

(RCO» O + R'OH » RCOOR’ + RCOOH
Ester Carboxylic acid
For example:
(CH:CO)XO + CHOH ~Teflix > CH-COOCH + CH;COOH
Ethanoic acid methanol methyl ethanoate  ethaada
anhydride
O
OH O O —/é
| CHB—G/\ | ocCH
+ O NaOH + CH;COOH
@ CHB_C/\O g @ ethanoic acid
Phenol Phenyl
Ethanoate

c. Amide formation

Amides are formed when acid anhydride reacts wittmania, NH and primary amine,
R'NH,.

(RCOR O + NH; » RCONH, + RCOOH
ammonia amide
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(RCOLO + RNH,—— » RCONHR + R'COOH
amine N — substituted
amide
For example,

(CH;CO, O + NHg——» CH3;CONH, + CH;COOH
ethanamide ethanoic acid

(CH3CO)2 O + CH;CH;NH; — > CH;CONHCH.CH; + CHCOOH
Ethanoic acid Ethylamine N-ethyl ethanamide ethanoic ac

d. Ketone formation: Friedel — Craft acylation

Acid anhydrides react with benzene in the presefhe@hydrous aluminium chloride catalyst
to produce aromatic ketone and carboxylic acids.

(RCOO + GHs AICI; Catalygg GHsCOR + RCOOH
For example,

(CHCOXO + GHes AICI; Catalyst | GHsCOCH; + CHCOOH

Activity C/Self Assessment Exercise
Give the products formed when ethanoic acid ankdgdreacts with:
i. H>,O ii. NH;3 iii. C,HsOH iv. CBHG(A|C|3)

3.4 Esters
Esters have the general formula RCOOR’

Rl
OR’

3.4.1 General Methods of Preparation
a. By direct esterification: Ester are formey refluxing the acid with alcohols in the
presence of small amount of concentrated tetradploate(vi) acid.

H+
For example: CB(COOH + HOGHs ————— CH3COOGHs + H,0

b. By the action of alcohols on acyl chloride ohyudlrides
For example:
CH;COCI + HOGHs — CH3;COOGHs + HCI

(CHsCO)L0 + HOGHs — CH;COOGHs + CHCOOH
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c. By the action of alkyl halides on silver saltdaity acids
For example:
CH3COOAg + GHsl —— > CH3;COOGHs + Agl

d. From diazomethane

For example: CBCOOH + CHN, ———  CH3COOGHs + N
diazomethane
(ethereal solution)

e. From Carboxylic acid and alkene; An ester ignfed when an acid is treated with an
alkene in the presence of boron trifluoride aslgsta

RCOOH + CH=CH, _BF: , RCOOGHs

f. From ethers and carbon (II) oxide Ethers reaith warbon (Il) oxide at 125-18G under
500 atmospheric pressure,in presence of borondritle and little water to form ester.

R-O-R + CQ heat, RCOOR
BF;

3.4.2 Physical Properties
I. They are colourless liquids with characteristizeet odours.

ii. The boiling points of esters are normaicreasing as the relative molecular masses
increase. Methyl and ethyl ester however hawech lower boiling points than their
associated parent acid despite having higher mialeawasses.The boiling points of normal-
chain esters are higher than those of branchea @@ners.

iii. Methyl methanoate is very soluble in watert lbioere is a progressive and rapid decrease
in solubility of the higher compounds as relativelecular mass increase. Esters of aromatic
carboxylic acids are insoluble

Activity D /Self Assessment Exercise

Arrange the following in increasing order sblubility: CHCOOGHs, CH;COOCH;,
CsHsCOOCH;

3.4.3 Reactions

Esters undergo nucleophilic substitution reactimnghich the alky group — OR’ is replaced
by weak nucleophiles under acid or base catalyzeaditions necessary to enhance the
electron deficiency of the carbonyl carbon atom.

a. Hydrolysis

Esters hydrolyzed under an acid or base catalyardition to form carboxylic acids and
alcohols or produce the carboxylates and alcolesigactively. The acid — catalyzed process
is the exact opposite of esterification.
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Acid catalysed

H+
RCOOR’ + HO RCOOH + R'OH

reflux Carboxylic alcohol

Acid
For example,
H+
HCOOCHCH,CH; + H, O——> HCOOH + CHCH,CH,OH
~ .
Propyl methanoate Methanoic Propan-1-ol
acid

Alkali- catalyzed

RCOOR' + OH ———= RCOO + ROH
Carboxylate alcohol
For example:

CH;COOCHCH; + NaOH————> CHCOONa + CHCH,OH
: Sodium Ethanol
ethanoate

Hydrolysis under alkaline conditions is referredat saponification because it is the type of
reaction used in soap making process. “Soapy giates” are alkali metal derivatives of
carboxylic acids and they contain between 10 anddtBon atoms. Fats and oils (triesters)
are hydrolyzed to produce sodium carboxylate (soap)

For example,

CHs3(CH2)16 — COOCH CH20H

CHs(CHz2)16 - clooc:H + 3NaOH——> 3CH{CH2)16-COONa + lCHOH

CHs(CHy)1e —C|OOCHz Sodium carboxylates (|2H20H
Fat (soap) glycerol

b. Amide formation

Esters reacts with ammonia dissolved in an alcolmidium or alternatively concentrated
agueous ammonia containing dissolved ammonium tsaisve amide and alcohol.

R COOR + NH _RO" in alcohol » RCONH+R'OH
or NH'2in conc. Ag. solution amide

c. Formation of ketones and tertiary alcohols

Esters react with Grignard reagent using etheob&st, the product is a ketone which can
react further with Grignard reagent to form testiatcohol via hydrolysis of the intermediate
alkylmagnesium halide using aqueous ammonium aldori
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o)
R- c:/< + R'MgX (CHspO P\C:o + MgXOR'
1] e H/
OR R
R!l
I
C=0 + R’MgX_(CHs)20 . R-C- OMgX
R "
R!l
R"
I
ag. NHCI |, R-C-OH + MgXOH
I
R”

d. Ester Exchange (Transesterification)

This is the process whereby one alcohol replacethanin an ester. The reaction may be
catalyzed by an acid or by the basic alkoxide; RO

H" or RO
RCOOR’ + R'OH RCOOR” + R'OH

e. Reduction

The reduction of esters can be carried loytreacting it with the reagent lithium
tetrahydridoaluminate (LiAlk) and then with water to produce a mixture of twamhols.

RCOOR + A4[H] LiAlHy (CoHs)O ,  RCHOH + R'OH
H20

f. Replacement of the carboxylate group
When dry hydrogen bromide, concentrated ageiebydrogen iodide or concentrated
tetraoxosulphate (V1) acid.

Activity E/Self Assessment Exercise

i. List five physical properties of esters

ii. State the products formed from the reactiotmeen ethyl ethanoate and the
following compounds:
- LiAIH 4, H,O
- CHsCH:MgClI, H,O
- NaOH
- NHs

3.5 Amides
Amides are monoacyl derivates of ammonia. They beyglassified as primary, secondary,
or tertiary amide based on the number of alkyl geoattached to the nitrogen atom.
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O

R-c{

3.5.1 General Methods of Preparation
a. By heating ammonium salts of carboxylic acids.

RCOONH, heat , RCONH + HO

R—C/<O R_(<o
NHR

NH> OR

b. By ammonolysis of acyl chloride, anhydrides stee with concentrated ammonia.
RCOCI + NH———» RCONH, + HCI
(RCOYO + NH ——> RCONH, + CH;COOH
RCOOR® + NH ——» RCONH, + R'OH

c. By partial hydrolysis of alkyl cyanides with dodoncentrated hydrochloric acid,
polyphosphoric acid or alkaline hydrogen peroxide.

RC=N + HO ——— RCONHK

3.5.2 Physical Properties
I. Primary amides, RCONH are crystalline solids due to mainly fairktrong
intermolecular hydrogen bonding. However metimide is a liquid at room
temperature (melting poinfg).

ii. The melting points of the amides are high tloe size of the molecules because they
can form hydrogen bonds. The hydrogen atoms irNtHe group are sufficiently
positive to form a hydrogen bond with a lone pairtbe oxygen atom of another
molecule.

< Hydrogen Bond

Each molecule has two slightly positive hydrogemna hence there is the potential for lots
of hydrogen bonds to be formed. These hydrogen$oeéd a reasonable amount of energy
to break, and so the melting points of the amidegaite high.
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iii. The small chain amides are soluble in wabecause they have the ability to form
hydrogen bond with the water molecules.

3.5.3 Reactions of amides

Amides are slightly basic in character, becaustheflone pair of electrons on the nitrogen
atom. Owing to resonance between the two canbfocens of amide, the lone pair of
electrons are not readily available for donatiomasmines making amides much less basic.

a. Hydrolysis of amides

Hydrolysis of amide is either acid catalyzed alkaline catalyzed. The acid hydrolysis
involves the use of acids such as dilute hydroahlacid which acts as a catalyst for the
reaction between the amide and water.

RCONH, H,O, H' > RCOOH + NH"
Heat

For example,
CH;CONH, + H,O + HClI— > CHCOOH + NH'CK
The alkaline hydrolysis involves reaction with hgglide ions.

OH

RCONH » RCOO + NHs
heat

For example,
CH;CONH, + NaOH ——» CHCOONa + NH

The acid catalysed hydrolysis gives carboxylic acahd ammonium salt, while the base
catalyzed hydrolysis gives carboxylate and ammgag&

b. Hofmann Degradation

The Hofmann degradation is a reaction between adeaand a mixture of bromine and
sodium hydroxide solution in the presence of h€he overall effect of the reaction is a loss
of the carboxyl group of the amide to get a primamyine the original amide.

RCONH, + Br, + 4ANaOH———> RNH + 2NaBr + NaCO; + 2H,0

For example,

CH;CONH, + Br + 4ANaOH— CHNH; + Na&CO; + 2NaBr + 2HO

The Hoffmann degradation is used as a way of rengoe@rbon atom out of a chain.

c. Dehydration

Amides are dehydrated by heating a solid mixturéghefamide and phosphorus (v) oxides,

P,Os. Water is removed from the amide group to leanérde group; CN. The liquid nitrile
is collected by simple distillation.
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RCONH P>Os RCN + HO
heat

For example,

CH3;CONH, P>Os CHsCN + HO
heat

d. Reduction
Amides can be reduced by the reagent lithium tgthattoaluminate (LiAIH) to give a
primary amine.

O
l LiAIH 4
R-C-NH, —* RCH;NH,
Amide Amine
For example,
O

CHz-C-NH, _LiAIH4  CHs;CH:NH;

Activity F/Self Assessment Exercise
Give the products formed when propanamide readtt thi¢ following:
i. NaOH ii. LIAIH 4 iii. P,Os iv. Bro/NaOH

3.6 Uses of carboxylic acids and their derivatives

Benzoic acid and its sodium salt are used @d foeservative

Nylon 6.6 and polymers made from derivativesarboxylic acids

Preparation of soap

Liquid esters are widely used as solvents ligruapose adhesives, thinners for paints
and nail varnish remover

5. As flavor enhancers in food processing industry

PopdPE

4.0 Conclusion

The derivatives of carboxylic acids undergo nuckelipsubstitution reactions that is
characterized by substitutions of the halogen,@aylate, alkoxy or amino groups and the
reaction is similar to the condensation reactidrsldehydes and ketones

5.0 Summary

In this unit we have learnt that:
i. Derivatives of carboxylic acids are formed whée hydroxyl group of the acid is
replaced by —Cl, -COCR, -NH2 or -OR’ groups to gbeampounds known as acyl
chloride (acid chloride), acid anhydrides, amideg asters respectively.

il. Carboxylic acid derivatives can be represergdhe general formula
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i
R—c—2Z
Where Z represents Cl, OCOR’, Ndr OR’

R and R’ may be alkyl or aryl.
il.

O
The R - C</ group, common to all the derivativesalded theacyl group

iv. Chlorides, anhydrides and esters have normdihg points and are similar in value
to those of aldehydes and ketones.

v. Amides have a higher than expected boiling [goamtd at normal temperatures,

vi. Amides are much more soluble than other dékiga because of the ability to form
hydrogen bonds with water molecules

vii. The derivatives of carboxylic acids undergaiewphilic substitution reactions.

o) o)
| |
R-C-Z + N ———— R-C-Nu + Z

The order of electronegativity of the substituerdugp is as follows
-Cl > OOCR’ > OR’ > —NH

viii.  The decreasing order of reactivity of carbbgyacid itself and its derivatives are
as follow:
o)
O - ( O O O
—C/ > 0] > - { > —( > —{
Nl e OH OR' NH
No

ix. Acyl chlorides are prepare from the followingactions:

a. + PG RCOCI + POd + HCI
RCOOH— + PJH RCOCI + HPG;
+ SOC) RCOCI + HCI +S@

b. From the salt of the acids.
+ PC} > CH3;COCI + NaPG;

CHsCOONa —

+ PCk > CH;COCI + NaCl + NaP©

+ SOCl, . CH;COCl + CaS®
X. The following are the reactions of Acyl chides
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- Reactions with water (Hydrolysis)
RCOCI+H O —_— RCOOH + HCI

- Ester Formation
RCOCI+ROH — , RCOOR’ + HCI

Esterification with phenol requires an alkaline moeal

O
OH O —é/
| | ScCCh
aq NaOH
@ + CHCOCI| ~Toomtemp. > @ + HCI
Phenol Ethanoyl Ester
Chloride

Amide Formation
O O

R-C-Cl+2NH———» R—-C — NH + NH4CI

Also, with primary and secondary amines (RN&hd RNH) it gives the corresponding N —
substituted amides and hydrogen chloride.

O O
R-C-CI+RNH ——3 R—-C—-NHR' + HCI

O O
R-C-CI+RNH ——— 5 R-C-NHR'+RCI

- Aldehyde Formation (Rosenmund Reduction)

RCOCI H, heat > RCHO + HCI
Poisoned Pd/BaS©at

- Ketone Formation (Friedel — Crafts acylation)

o)
R- c/< + AlCk =———= RC'O + [ACI]"
cl

QR

4 IC/
@ RC'O b R [AICL] + AICl; + HCI
— > —_—

- Anhydride formation
CHsCOONa + CHCOCI _distil, (CHCO)XO + NacCl
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xi. Acid anhydrides can be prepared the followingthods
- By heating acyl chloride with anhydrous sodiurtt sathe acid or the acid

CHsCOCI + NaOCOCH ——» CHsCOOCOCH + NaCl
CHsCOOH + CHCOC| —Pnidine | CH;COOCOCH + HCI

- By treating excess of anhydrous sodium salt efatid with phosphorus oxy-chloride
or thionyl chloride

3CH;COONa + POGI—— 3CH;COCl + NaPOy
CH;COCI| + NaOCOCH ——» CH;COOCOCH + NaCl
2CH:,COONa + SOGH—* CH3;COOCOCH + SO + NaCl

- By the dehydration of anhydrous acids in the @nes of suitable dehydrating agent
like P,Os

2CH;COOH _heat, fOs, CH;COOCOCH + HO

- Anhydrides of higher acids are obtained by heathreir sodium salt of acids with
ethanoic anhydride.
2RCOONa + (CECORO —— > RCOOCOR + 2CHCOONa

xii. The following are the reactions of acid Anhighlrs
- Hydrolysis
(RCO),0 + HO

\ 4

2RCOOCOH

- Ester formation
(RCO» O + R'OH

RCOOR’ + RCOOH
Ester Carboxylic acid

\ 4

- Amide formation

(RCOL O + NH RCONH, + RCOOH

\ 4

ammonia amide
(RCOYO + RNH, —— » RCONHR + R'COOH
amine N — substituted

- Ketone formation: Friedel — Craft acylation

(RCOYO + GHs AICI: Catalygg GHsCOR + RCOOH
xiii.  Esters can be prepared using the followinghnds

- By direct esterification
CH3COOH + HOGHs —————— CH3COOGHs + H,0

- By the action of alcohols on acyl chloride or yahhdes
CH;COCl + HOGHs — > CH3;COOGHs + HCI

(CH3CO)L0 + HOGHs ————» CHsCOOGHs + CHCOOH



92

- By the action of alkyl halides on silver saltsfaity acids
CH;COOAg + GHsl ——  CH3;COOGHs + Agl

- From diazomethane
CH3COOH + CHN, —— » CH3COOGHs + N,
diazomethane

- From Carboxylic acid and alkene
RCOOH + CH=CH, _BE |, RCOOGHs

- From ethers and carbonmonoxide
R-O-R + CO heat, RCOOR

BFs
xiv.  The following are the reactions of esters
- Hydrolysis
Acid catalysed
H+
RCOOR’ + HO RCOOH + R'OH
reflux Carboxylic alcohol

Acid
Alkali- catalyzed

RCOOR' + OH ———= RCOO + ROH
Carboxylate alcohol
Hydrolysis under alkaline conditions is referrecatosaponification.

- Amide formation
R COOR + NH _RO"in alcohol _, RCONH+R'OH
or NH'2in conc. Ag. solution amide

- Formation of ketones and tertiary alcohols

o)
R- c:/< + R’MgX (CHs)0 FQ\C:o + MgXOR’

OR’ >R
R”
|
C=0 +R’MgX (CGHs):0 ~ R-C- OMgX
R >
R”

R”
|
ag. NHCl | R-C-OH + MgXOH

|
Rn
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- Ester Exchange(Transesterification)

H® or RO
RCOOR' + R"OH RCOOR” + R'OH

- Reduction

RCOOR + 4[H] _LiAlHy (CoHs)O , RCHOH + R'OH
H20
- Replacement of the carboxylate group
When dry hydrogen bromide, concentrated ageiebydrogen iodide or concentrated
tetraoxosulphate (V1) acid.

xv. Amides can be prepared from the following meltho

- By heating ammonium salts of carboxylic acids.

RCOONH, heat , RCONH + HO

- By ammonolysis of acyl chloride, anhydrides aeesvith concentrated ammonia.
RCOCI + NB———» RCONH, + HCI

(RCOYO + NHy —> RCONH, + CH;COOH

RCOOR’ + NH —— » RCONH, + R'OH

- By partial hydrolysis of alkyl cyanides with coltbncentrated hydrochloric acid,
polyphosphoric acid or alkaline hydrogen peroxide.

RC=N + HO——> RCONR

xvi. Amides undergo the following reactions
- Hydrolysis of amides

RCONH H,O. H' > RCOOH + NH'
Heat
OH"

RCONH » RCOO + NHs;
heat

- Hofmann Degradation
RCONH, + Br, + 4ANaOH———> RNH + 2NaBr + NaCO; + 2H,0
- Dehydration

RCONH, P>,Os RCN + HO
heat
- Reduction
O
l LiAIH 4
R-C-NH, —* RCH,NH>»
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xvii Carboxylic acids and its derivatives are us@iufood industries, polymer industries,
soap preparation, solvent for paints, thinners\aamdsh removers.

6.0 Tutor Marked Assignment

a. How do you account for the following?

i. ethanoyl chloride has lower boiling point thahanoic acid

ii. Ethanoyl chloride is more reactive than etharexid anhydride

b. Starting with ethanoic acid, how would you prepa
i. Ethanoyl chloride

ii. Ethanamide

iii. Ethanoic acid anhydride

iv. Trichloroethanoic acid.

c. Distinguish between ethanoyl chloride, ethananaidd ethanoic acid anhydride in their
reactions with the following:

i. HoO ii. NHz iii. LIAIH 4

7.0 Further Reading and Resources

a. K.S.TEWARI and N.K. VISHNOI (2006) - A Textbkof Organic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilsory@008) — Organic Chemistry
- Sixth Edition

c. Y.C.Wong; C.T.Wong; S.0O.Onyiruka and L.E.Akpa2001)-University Organic
Chemistry: The Fundamentals
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1.0 Introduction
Aldehydes and ketones are simple organic compouatisd carbonyl compounds. They
contain a carbonyl group:

N

- C=0

3.0 Objectives

At the end of this unit you should be able:
I. to draw the structure of a simple aldehyde agitke
ii. Give the names of aldehydes and ketones flmstructures
iii. State the physical properties of aldehydes legtdnes
iv. Compare the physical properties of the carboaynpounds

4.0 Structures of Aldehyde and Ketones

In aldehydes, the carbonyl group has a hydrogem atttached to it together with either a
second hydrogen atom or a hydrocarbon grouglwimight be an alkyl group or one
containing a benzene ring.

For example:

O O O
H-C 7 CH-C 7 CH-CH,-CH-C 7

AN H \H | AN H
H

Methanol Ethanal 2-Methylbutanal

_C\

H

benzaldehyde

All the structures above have exactly the sameterttie molecule; all that differs is the
complexity of the other group attached.

In ketones the carbonyl group has two hydrocarbmums attached. These could either be
alkyl group or one containing alkyl group and onenaatic ring or two aromatic rings.

For example:
o) o) o)
CHs— c</ ch-c” CH~ CH,~C </
CHs \CH,~CHs CH,—CHs

Propanone (Acetone) Butanone Pentan-3-one
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i

O

CH3- 7 : p

Phenyl ethanone Diphenyl ketone
(benzophenone)

3.1 IUPAC Nomenclature of Aldehydes and Ketones

3.1.1 Aldehydes

The names of Aldehydes are derived from the rodtdoarbon by adding the suffix ‘-al’ to
replace *-e’ from the corresponding alkane. Fomexi,

H 0
N c=0 cH3-c”
H \H
Methanal Ethanal

Where there are other substituents on the carbain,cthey are named using prefix (es) with
the numbering of carbon from the carbonyl carbon.

For example:
OH H
| O O
H-Cc -c-c/ Ch- C</
| | MH | H
o @
3-hydroxylpropanal Phenylethanal

3.1.2 Ketones

Ketones are named as derivatives of the correspgradkane with the suffix ‘-one’ replacing
the *-e’ from the corresponding alkane. For example

@) O
CH-c” CHCH- Cll/
|
CHs CHs
Propanone butanone
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O O
CHe- ¢7 CHCH,- 7
| |
CHs CH;
Pentan -3-one Pentan-2-one
O
I
N
@ CHs
Phenylethanone

The position of the carbonyl group on the carboairchor isomeric ketones is indicated with
numbers, for example Pentan-3-one

Activity A/ Self Assessment Exercise
a. Give names to the following carbonyl compounds:

i. CHs;CHCH,-C-CHs ii. CeHsCH,—C=0

I [ I
CH; O H

iii. CH3CH,—C- GsHs
O

b. Draw the structures of the following carbonyirgmound
i. 3-methyl butanal ii. Benzaldehyde iii. 3-meti®/butanone

3.2 Bonding and reactivity

The carbon- oxygen double bond is very highly poldris is because oxygen is far more
electronegative than carbon and so hastrang tendency to pull electrons in a
carbon-oxygen bond towards itself making irtipy negative and the carbon partially
positive.

o o
~
=0

3.3 Physical properties

Simple aliphatic aldehydes and ketones are allirtdss liquid at 28C with the exception of
methanal which is a gas (boiling point?€). Ethanal has a boiling point of &) which
means, it boils at close to room temperature. Thknlg points increase as the molecules get
bigger.

The size of the boiling point is governed by theersgth of the Van der Waal's force of
attraction which becomes stronger as the mole@defonger and have more electrons. This
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explains why the boiling point increases the number of carbon atoms in the chain
increases.

The functional group\ C=0 is polar due to a sigaifit difference in electronegativities of
the carbon oxygen atoms. Because of the lpglarity in their molecules, carbonyl
compounds have higher boiling points than alkawfesimilar molecular masses, but much
lower than those of alcohols of similar moleculaasses because carbonyl compounds unlike
alcohols do not have intermolecular hydrogen bagdin

Table 1.1 Boiling Point of Propane, Ethanal andaiti

Molecule Type Boiling Point(C)
CH3CH,CHjs alkane -42
CH3CHO aldehyde -21
CH3CH;OH alcohol 78

Notice that in table 1.1 above, the aldehyde (witio le-dipole attractions as well as Van der
Waals forces) has a boiling point higher than thalarly size alkane which only has forces
of attraction.

The density of simple aldehydes and ketones arerltlvan that of water and increases as the
relative molecular mass increases. Aromatic aldefyand ketones are slightly denser than
water.

Aldehydes and ketones with short hydrocarbon charesmiscible with water while those

with long hydrocarbon chains are insoluble. Lowegmbers of carbonyl compounds can
form hydrogen bonds with water molecule and sq th@ve reasonably high solubility in

water compared with hydrocarbons of similar molecumasses. Carbonyl compound with
carbon atoms of five and above and aromatic comg®wiich occurs in nature are insoluble
in water since the hydrophobic character of thglatkains and aromatic rings outweighs the
polar character of the carbonyl group.

~
SC=0--;——H —QH

hydrogen
bonding

Activity A/ Self Assessment Exercise
a. Arrange the following in increasing order of:

i. Solubility
iil. Boiling point
CH3CHCH2—C"—CI—b CeHsCH,-C=0
I I
CHs @ H

CH3CH,—-C- GHs

O
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4.0. Conclusion

Aldehydes and ketones are known as carbonyl congsuFhe names of Aldehydes are

derived from the root hydrocarbon by additg suffix “al” to replace “e” from the

corresponding alkane while ketones are named agatiees of the corresponding alkane
with the suffix “-one” replacing the “-e” from thmorresponding alkane.

5.0 Summary

In this unit we have learnt that:

i. Aldehydes and ketones are carbonyl compounds
ii. The contain the carbonyl grogp C=0

iii. The names of Aldehydes are derived from thet hydrocarbon by adding the suffix “al”
to replace “e” from the corresponding alkane

iv. Ketones are named as derivatives of the cpoeding alkane with the suffix “-one”
replacing the “-e” from the corresponding alkane.

v. Simple aliphatic aldehydes and ketones arecddiuzless liquid at 2T

vi. The boiling points increase as the moleculdsbgger.

vii. The carbonyl group is polar

viii. The density of simple aldehydes and ketormesl@awver than that of water

ix. Aldehydes and ketones with short hydrocarbaairchare miscible with water

X. Carbonyl compound with carbon atoms of fivd above and aromatic compounds are
insoluble in water.

6.0  Tutor Marked Assignment

a. Discuss the physical properties of aldehydeskatahes under the following headings:
i. Boiling point

ii. Solubility

iii. Density

b. Give the IUPAC names of the following carbonghgpounds
i. CH3CHO ii. CHsCH,CH,CHCICHO iii. CICH,CH,COCHs

7.0 Further Reading and other Resources
a. K.S.TEWARI and N.K. VISHNOI (2006)- A Textbook @rganic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@@0O8) — Organic Chemistry
-Sixth Edition
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1.0 Introduction

Aldehydes and ketones can be prepared as usingusamethods ranging from oxidation to
reduction of suitable compounds.

2.0 objectives

At the end of this unit, you should be able to:

i. Prepare aldehydes and ketones from the dehgdrat alcohols

ii. Prepare aldehydes and ketones from oxidaticalcafhols

iii. Prepare aldehydes and ketones from the oxadatleavage of alkene
iv. Prepare aldehydes and ketones from decarbamylaf calcium salts
v. Prepare aldehydes and ketones from the reducfiacyl chloride

vi. Prepare aldehydes and ketones from Friedet @cafation reaction

3.0 Preparation of Aldehydes and ketones

Aldehydes and ketones can be prepared using timiganethods discussed below:

3.1 Oxidation of primary and secondary alcohols

Aldehydes and ketones are prepared by the oxidatioprimary and secondary alcohols

respectively using a mild oxidizing agesuch as acidified solution of potassium
heptadicromate (VI) or tetraoxomanganate (VII)

H O
| + ||
R-C-0OH KCrO;/H R-C-H + HO
| [O] reflux
H
H R
| AN
R-C-0OH KkCr,0O;/ H C=—0 + B
| “Ofreflux >/
H R
For example: O
|
CH3;CH,OH KoCr,O7/ HY CH3-C
eflux S H

3CHCH,OH + CpO7 + 8H —— 3CH;CHO + 2CF" + 7H,0

H
| o)
2 7 .
3CHs - C - O-H + CsO + 8BH——» 3CHC + 2CF" + 7H0
|
CH3 CHS
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When potassium heptaoxodichromate (VI) acidifiethvdilute tetraoxosulphate (VI) acid is

used, a change in the colour of the salutimm the orange solution containing the
dichromate (V1) ions is reduced to a green solutiontaining chromium (1) ions. The net

effects is that an oxygen from the oxidizing agesmhoves one hydrogen atom from the -
OH group of the alcohol and another one from thdaa to which it is attached to form

water.

However in the oxidation of primary alcohols torforaldehydes, there is a problem. The
aldehydes produced can be oxidized further to bosagtic acid by the acidified dichromate
(V1) solution used as the oxidizing agent. Thisveger can be prevented by using excess
alcohol and limited oxidizing agent. Also by remoyithe aldehydes as soon as it is formed,
it can be controlled.

3.2 Oxidative cleavage of alkanes (ozonolysis)

Ozone, when bubbled through a solution of an alkerie 1, 1- trichloromethane, followed
by the hydrolysis of the ozonide formed, in thegence of zinc and ethanoic acid gives
aldehydes and ketones. The starting alkene detesntine product, if aldehydes or ketones.

. R R C/ O\C/ -

N
C=C Q ,CHCk
R \R" T <20c”  RZ N\ /\R"
0-0
An oxonide
Zndust, CHCOH R\ R
H.O g /C= O + O=2¢C
Rr \ Rrrr
ketone or aldehyde ketone or aldehyde
R-CH—=CH-R _Q,CCl R-C\H CH-R
O- c/
An ozonide
Zinc dust
H.O
RCHO + RCHO + HO,
Aldehydes
For example:
CHs CHs 1. O3/ CHsCCk = CHax  CHg
/C=C 2. Zn /| CHCOOH /C=O + &= C
H N\ CHs I N\ CHs

Ethanal propanone
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CH3CH2\ /CH3 1. 03 / CH3CC|3 g CchHz AN /CH3
/c= C 2.Zn/ CHCOOH =0+ 06=C
H \ CH,CHj H \ CH,CHs
Propanal Butan-2-one

Activity A/Self Assessment Exercise

i. Predict the structures of the original hydro@arldrom which the following products of
ozonolysis reaction arises:

' H_ s H
. C=0 O=C
H” \CHs
CHa_ _CHs
i Cc=0 Oo=cC
H” \H

3.3 Dehydration of alcohols
Lower members of aldehydes and ketones are prepatestrially by passing alcohol vapour
over hot copper catalyst.

H R O

| N 7
R-C-OH Cu C + K

| 300°C |

H H

H R’

| AN
R-C-0OH Cu C=0 + H

| 300°C

H R

A primary alcohol gives aldehyde while a seconddcphol gives ketone.

3.4 Decarboxylaton of calcium salts

Aldehydes are made by heating a mixture of calomethanoate and calcium carboxylate at
400°C. If calcium methanaote is not used, then a kelof@Emed.

(RCOO} Ca + (HOO)Ca dry distillatign ~ 2RCHO + 2CaGO —— »
400°C Aldehydes

FK

(RCOO)Ca dry distillatiorl R/ C=0 + CaCO

Ketone
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3.5 Reduction of acyl chloride using a ‘poisoned talyst’

This reaction is known @&osenmund Reactionlt is only suitable for aldehydes.

Acyl chlorides are reduced to aldehydes by treatmeth hydrogen in the presence of
Palladised barium tetraoxosulphate (VI), poisoigdbarium tetraoxosulphate (VI). The
catalyst is poisoned to prevent further reductathe alcohol.

RCOCI + B Pd/BaSQ: RCHO + HCI
heat

3.6 Friedel - Craft acylation

The condensation of benzene with an acyl chlofteQClI, or acid anhydride, (RC&D, in
the presence of anhydrous aluminum chloride-a Leagsl- gives a good yield of the

aromatic ketone. The reaction mixture is refluxacaovater bath at 5G

RCOCI + AICk ————= RC'O + [AICL]’
50°C
Or when the acid anhydride is used,

(RCOYO + AICl; =———— RC'O + [RCOO. AICY

H COR
RC'O > @ [AICI4]™ + AICI; + HCI

Activity B/Self Assessment Exercise
Complete the following reactions:

i. K2Cr,07
CH3;CH.CH.OH —M@™
H,SOy

i.  (CoHsCOO)Ca dry distil, 406C,

iii. CH3;CHCH; K,CrOy
| H2SO4
OH

4.0 Conclusion

Aldehydes and ketones can be prepared from theddatign of alcohols, oxidation reactions
of alcohols, oxidation cleavage of alkenes, dedayladion of calcium salts, reduction of acyl
chloride and from the, Friedel Craft acylation.
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5.0 Summary

In this unit we have learnt that aldehydes andnetaan be prepare from:
i. The dehydration of alcohols

il. oxidation reactions of alcohols

iii. oxidation cleavage of alkenes

iv. decarbonylation of calcium salts

v. reduction of acyl chloride and

vi. from the, Friedel Craft acylation.

6.0 Tutor Marked Assignment

a. Using equation, explain the preparation of ajdek and ketone from:
i. Dehydration of alcohols

il. Oxidation of alcohols

iii. Friedel Craft acylation

7.0 Further Reading and other Resources
a. K.S.TEWARI and N.K. VISHNOI (2006)- A Textbook @rganic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@08) — Organic Chemistry
-Sixth Edition
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1.0 Introduction

Aldehydes and ketones are reactive organimpoainds that characteristically undergo
nucleophilic addition or condensation reaw. This is due to the differenca i
electronegative between carbon and oxygemm.atbhe carbonyl carbon atom is the
nucleophilic site since it is electron deficientchase of the difference in electronegativity
between carbon and oxygen.

AN
C=0 ——> > C-OH

2.0 Objectives

At the end of this unit, you should be able to:

I. Discuss the various reactions of aldehydeskatdnes under the following endings
- Nucleophilic addition reaction
- Condensation reaction

ii. Distinguish between aldehydes and ketones using
- Fehling’s reaction
- Schiff reagent
-Silver mirror test

3.0 The Carbonyl Carbon has a nucleophilic site

The susceptibility of the carbonyl carbon to nupleiic attack is reduced by its attachment
to electron releasing alkyl or aryl groups, whieldluces the degree of positive charge on the
carbon. Also, the increase in steric hindranceutlbbe carbon by the bulky hydrocarbon
groups hinders the approach of the attacking nptié® and contributes to the reduction in
this reactivity. Hence, aldehydes are more readtiae ketones because they contain only
one hydrocarbon group. The carbonyl carbon in tidehgdes is more positive and less
sterically hindered than that in ketones, henceersasceptible to nucleophilic attack.

The order of reactivity of carbonyl compounds teleaphilic attack is as follows.

H R R
N
Jc0 > N0 > e
H H/ R/
Ar\ Ar Ar
Nec=o > N c=0

C=
H R/ A

Alkyl groups donate electrons by inductive effeetkile aryl (Ar) groups do so by the
resonance.
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O O

R (0N R O R (@) R R
\84/ N+ \ \ \
C C C C C

(! [ | |
+ +
- @ - O - @
+
Activity A/Self Assessment Exercise
Arrange the following in increasing order of reaiti towards anucleophilic attacks:

CH;CH,COGsHs, CH;CH,CHO, CHCOGHs, CsHsCOGH;s

3.1 Nucleophilic Addition
3.1.1 Addition of Grignard Reagents

A Grignard reagent has a formula RMgX, where X mlgen and R is an alkyl or aryl
group. For example, G&H,MgBr.

Aldehydes and ketones react with Grignard reagenferm alcohols. This reaction is very
useful for preparation all three classes of alét@h®he product formed depends on the
starting carbonyl compound as shown below:

Methanal —, ?f alcohol

Aldehydes ——» 2 alcohol

Ketones ——» 3alcohol

Mechanism:
RH
R\ |
C=0 + R"MgX gC2H5QZQ R-C- OMgX+
R |
Rl
H,O/dil acid
Rl!

|
R-C-OH + Mg(OH)X

I
Rl
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In the preparation of tertiary alcohols, aqueousnamum chloride is used for hydrolysis as
dilute acid brings about dehydration of the alcatiooyield the alkene which is an elimination
product.

For example:
CHs
CH3\ |
CHsCH,MgBr  + CH=0 ——» CH;CH,— C- OMgBr
CHy” I
CHs;
agq NH,Cl/ H,O
CHs
|
CHsCH,-C-OH + Mg(OH)Br
|
CHs
2-Methyl butan-2-ol
H CH,CH3
| H_ |
CH;CH,—- Mg—-Br  + C=0 —> H-C-OH
| H |
H H
Methanal Propanol f&alcohol)
@) OMg'Br
[ I
C-Ch C - CHCH;
+ CH:CH:MgBr (GHs)O |
CHs
HsO"
OH
I
C — CHCH;

CHs
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3.1.2 Addition of hydrogen cyanide, HCN
Aldehydes and ketones undergo addition with hydnag@nide to yield a class of
compounds called 2- hydroxyalkanonitriles (cyanams].

O OH
R\ | |
/ C=0 + CN KCN, dilH;SO,.. R-C-R’ H. R-C-R
R’ 10-20C | ~ |
Aldehyde CN CN
or
ketone 2-Hydroxyalkanonitrile
(cyanohydrin)
o
CHa_ I
/C=O + CN _KCN, dil H,SO, CH;-C - ChH

CHs 10-20C |
Aldehyde CN
ketone

H+

\
OH
I
CH;-C-CH
I
CN

2-hydroxy-2-methylpropane nitrile
On hydrolysis, 2- hydroxyalkanonitriles-2-hydroxyoaxylic acids are formed.

OH OH

I I
R-C-CN conc.HCl, reflux; R- C-COON

| several hrs,5TC |

R’ R’

2- ora-hydroxycarboxylic acid
For example:

OH OH

I I
CH3-C-CN conc.HCI, reflux, CHs— C - COOH

| several hrs,5C |

H H

The reduction of 2- hydroxyalkanonitriles form tt@responding amine.



OH OH
I |
CHs;-C-H LiAIH4 , CH:—C-H
I |
CN CH:NH,
2-hydroxypropylamine
Mechanism
o
R\6+ 0- |
C=0 + CN KCN dil H;SQq R-C-R
R’/ |
10- 20C CN
H+
OH
I
R-C-R
I
CN

3.1.3 Addition of sodium hydrogensulphite NaHS®@

Aldehydes and ketones react reversibly with exd@spercent hydrogensuphite in excess at
room temperature to yield the carbonyl hydrogétste which is isolated as colourless

crystals.

R\
room temp

C=0 + NaHS
R’/ 2
Aldehydes
or ketones

For example

CKy

C=0 + NaHS®@ roomtemp
0/

O Na" OH
| |
R-C- SGH ———= R-C-SQNa
| |
R’ R’

Aldehyde or Ketone
hydrogensulphite

ONa' OH
I I
Ch-C- SQH CHs-C- SQNa

I I
H H
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O Na'
I
CH;CH,-C=0 + NaHSQ roomtemp CHs;CH,-C- SQH
I I
CH,CHs SG:H
Pentan-3-one

OH
I
CH;CH,-C- SQNa

I
SO:Na

The addition of hydrogensulphite to carbonyl commas is commonly used to separate
carbonyl compounds from a mixture of organic conmutsu The carbonyl hydrogensulphite
is treated with an acid or an alkali to regenethéefree carbonyl compound. This reaction is
a very good method for the purification and sepenadf suitable carbonyl compounds from
non carbonyl compounds.

The hydrogenosulphate reacts with potassiumnidg or sodium cyanide to give a
2 - hydroxyalkanonitrile.

3.1.4 Addition of Alcohols
Aldehydes undergo addition with excess anhydroashall in the presence of a little dry
hydrogen chloride catalyst to form 1, 1- dialkoajtanes (Acetals).

OR’
R\8+ d- dry HCI |
C=0 + 2ROH —— R-C-OR + HO
H/ dry HCI |
H
1,1- dialkoxyl alkane
(Acetal)

The carbonyl compound (acetal) reacts with two jants of an alcohol.

In the absence of a catalyst, the aldehyde anchal@xist in equilibrium with a type of
compound known as 1-alkoxyalcohol (hemiacetal).

OH
R\ 3+ §- |
C=0 + ROH =—— R-C-OR’
H / |
H
1- alkoxyalcohol
(A hemiacetal)
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The Ketone equivalents of these derivatives arenvknas ketals and they are difficult to
prepare via this method.

3.1.5 Reduction using Lithium tetrahydridoaluminate (l11)
Aldehydes and ketones, when reduced using Lithietmatydridoaluminateli() in ethoxy
ethane at 0°C gives primary and secondary alcabsfsectively.

P\c=o LiAlH4 ~ RCHOH
H/ (CzH5)28
Aldehyde 1° alcohol

AN AN

C=0  LiAlH4 CHOH
—LiAH4 5
R/ (GHs,0. R”

Ketone 2° alcohol

Lithium tetrahydridoborateli(), LiBH4 -a milder reducing agent- in ethoxy ethane or tetra
hydrofuran is sometimes used as an alternativeergag

Also, Sodium tetrahydridoborate (1) KBH4 , dissolved in water or methanal, because it is
insoluble in ethoxy ethane behaves in a similarmeano Lithium tetra hydridoaluminate(lll)
although it is milder in its action.

O OH
R\ o+ o0 | |
C=0 !QHslzg R-C-H H 5 R-C-H
R / LiAIH 4 | dil acid |
R’ R’

3.1.6 Addition of Ammonia
Aliphatic aldehydes react with gaseous ammoniaassipg the latter through a dry solution
of ethoxy ethane to form a white precipitate of dtelehyde ammonia. Aldehydes ammonia is

not stable.
OH

R\ o+ o~ |
/C:O + Nh dry (GHs).Q R-C-NH
H I
N

Aldehyde ammonia

Methanal, aromatic aldehydes and ketones do nargodhis reaction. They however yield
complex condensation products.

For example:
3CHsCHO + 2NH ——> CgHsCH=N- CH-N=CHGHs + 3HO

|
CeHs
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Activity B/Self Assessment Exercise

Give the structure and the names of the poductddrwhen ethanal and propanone react
with the following:

i. CHsCH,MgCI

ii. KCI, dil H,SO,

iii. NaHSG;

V. CzH5OH,dry HCI

v. LIAIH 4

Vi. NHs3

3.2 Condensation Reaction (Addition — Elimination Ractions)

Aldehydes and ketones react with derivatives of amiensuch as hydroxlamine, NEH,
hydrazine, NHNH, or 2, 4 — dinitrophenylhydrazinesBsN,H3z (NO,), to give a compound
containing an imine group, >C=N- with the elimimatiof water molecules.

N H0+H, | _— N Ao
G0+ N- - C=N-+ HO
Imine group

The general reaction mechanism is as follows:

R
R\ O | R
C=0 + HN-G H R-C-N-G —> C=N-G + D
/ K
R | ’
Derivative OH H imine group
of ammonia

3.2.1 Reaction with hydroxylamine, NHOH

Hydroxylamine in the form of one of its more stablts, (hydroxylamine hydrochloride

HONH",CIN) reacts with ald enh yd es and k @ones to f@XIMES wh ch are crystallin e
solids. Free hydroxylamine is liberated byateng hydroxylamine hydrochloride with
sodium hydroxide or sodium ethanate.

HONHg" CF + NaOH———> NHOH + NaCl + HO

hydroxylamine hydroxylamine
chloride
R\C:O + I—lgNDOH warm Q C=NOH + KO
R/ hydroxylamine R/
Oxime
For example:
CHs CH3\
/C:O + BNOH warm C=NOH + HO
H H/
Ethanal

oxime
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@)
7"+ HNOH CH- C=NOH + HO
\CH, I

CHjs
Propanone oxime

CHs-C

3.2.2 Reaction with hydrazine,NHNH,

R &+ 6- O R

AN N
C=0 + HzNNH; -H,O C=NNH>
R’/ hydrazine R/
Aldehyde or

Ketone hydrazine
Aldehyde and ketones react with hydrazine in extegsve hydrazone.

For example,

CH;CHO + HNNH, — CH3C=NNH,
Ethanal
hydrazone

3.2.3 Reaction with Phenylhydrazine, gHsNHNH
Phenylhydrazine is a colourless and poisonliusd that condenses with the carbonyl
compound dissolved in aqueous alcohol on warmirgjue phenyl hydrazones.
[
R HNNH R

N
cC=0 + warm | /C:N|NH + KO
Rl

Phenylhydrazine @

Aldehyde or ketone
Phenyl hydrazone

The phenylhydrazone derivatives of simple aliphataehydes and ketones are oils or solids
with low melting points while aromatic carlydp compounds derivatives are crystalline
solids.

3.2.4 Reaction with 2,4- dinitrophenyl hydrazine(24-CgH3(NO2),NHNH )
- Brady’s Reagent
Brady’s reagent is used for the detection of caybfumctional group.

Aldehydes and ketones reacts with 2,4-dinitrophenyydrazine to give the
2,4-dinitrophenyl hydrazone derivatives.

R H2NNH R
>C=O + NQ >C=N H + HO
R’ — R O,
NO;
2,4-dinitrophenyl hydrazone NO

(Aldehyde or ketone)
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3.2.5 Reaction with Semicarbazide- N\eNHCONH
Aldehydes and ketones react with an ageous solatiGemicarbazide hydrochloride and
sodium ethanoate in the cold to give a colourlegstals-semicarbazone.

R

/C:O + H:2NNHCONH;  ——
R1

C=NNHCONH, + H)O
R’
Semicerbazone

3.2.6 Reaction with primary amines

Primary amines condense readily with aldehydeskatmhes to fornschiff bases.

R

/C=O + R'NHp, —m™ /C=NR” + HO
R’ R’

Activity C/Self Assessment Exercise

Write the formula for the solid derivative formedh@n an aldehyde or a ketone reacts with
each of the following ammonia derivatives:

i. HNOH, ii. HoN-NHCgHs5 iii. H.NNHCONH,

3.3 Other reactions of Aldehydes and Ketones

3.3.1 Chlorination

(a) With PC}

Aliphatic and simple aromatic carbonyl compoundsctaunder dry conditions with P{io
form dichlorohydrocarbon. In this reaction the gag atom of the carbonyl compound is
replaced with two chlorine atoms.

Cl

R\ |
C=0 + PCls——» R-C-CI + POCl3
R |
R’
The lower dichlorohydrocarbons are colourless tigui

(b) With Chlorine gas (Trichloroethanal formation)
When excess chlorine is bubbled through ethanalntathyl hydrogen atoms are replaced
with chlorine to yield a colourless, oily liquidjahloroethanal known as chloral.

CHs CChk

AN

/ /
H H
Trichloroethanal

(Chloral)

C=0 + 3¢ — C=0 + 3HCI

Chloral reacts exothermically with water to formstable crystalline hydrate.
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CIH ClH ClH
|| |
c-c-C=0 + OHp—/ CI-C-C-O ——» CI|-C-C-OH
| S~ | | |
Cl Cl OH, Cl OH

2,2,2-trichloroethanediol
(Chloral hydrate)

Also, when chlorine is bubbled through warm propeaosuccessive replacement of the
methyl hydrogen occurs, giving a mixtuid chloropropanones, e.g.gEOCH.CI,
CICH,COCH,CI, CLCHCOCHCI and so on.

3.3.2 Trihalomethane (lodoform) Reaction
Aldehydes or ketones with the structure

CH3\
C=0
/

react with iodoform reagent -iodine in aqueosodium hydroxide solution to give a
carboxylate and triodomethane-a yellow precipitate

CH&\: ‘/o <
=0 +31+30H—— CkL-C7 + 3HO + 3r —— “C=0 +OH
R/ R |

R

C=0 + CHj

I
R

Triiodomethane
(a yellow precipitate)

The reaction is also given by ethanol and seconal@phols with the structure

H

I
R-C-CH

I
OH

since they can undergo oxidation under a similadg@n to form the carbonyl compounds.

o)
R-7
I

CHs
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3.3.3 Aldol Condensation
Aldehydes and ketones containing at leastiehgdrogen atom- the carbon atom attached to
the carbonyl carbon must possess at least one gpgondergo aldol condensation reaction.

For example, ethanal, GHHO, Methanal, HCHO and benzene carbaldehyd#lsCHO
cannot undergo this reaction because they do natiton-hydrogen atom. The reaction is
base catalysed.

OH"

2CHCHO CHCHCH,CHO

I
OH
3-hydroxybutanal
(An aldol)

In the presence of a high concentration of hydmexahs, the reaction continues to give a
polymeric resin.

Mechanism

CH,CHO ———== CHCHO + HO
|
H OH-"
o OH

Hs _ | |

E Cc=0 +CH,CHO ——» CH3- C-CH,CHO ——» CH3-C-CH CHO + OH
H | |
H H

3.3.4 Cannizaro Reaction

This reaction is a direct contrast to the hidondensation. It only applies to carbonyl
compounds that do not contain hydrogen atoms. It is therefore limited to compasi in
which the carbonyl compound is attached to a tgrtskyl carbon atom. It is also base
catalysed. For example, if a suitable aldehydeeistéd with a concentrated aqueous solution
(40 - 60%) alkali at room temperature, it goes digio simultaneous oxidation and reduction
to yield the appropriate salt of the carboxylicceand an alcohol

2CGHsCHO + NaOH — » GEHsCOONa + G HsCH; OH

Mechanism
Mechanisn o
|
NC=0—> GHs~C-H _GHsCHO , GHs~C=0 + GHsCH,O"

I I
OH OH l

CeHs

CeHsCOO + GHsCH,OH
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3.3.5 Silver mirror Test
Tollen’s reagent- a solution of silver ions in aque ammonia is often used as a test for the
presence of aldehydes.

Aldehydes are mixed with freshly prepared Toller®agent in a clean test tube and placed in
a water bath at 60 C. A ‘silver mirror’ is devetmpinside the test tube. The aldehydes are
oxidized by Tollen’s reagent to give carboxylates

O
R-C=0 + 2Ag(NBE),OH ——» R-C-ONH + 2Ag + HO + 3NHK;
| Tollen’s reagent carboxylate Silver
H mirror

Aldehydes

3.3.6 Fehling’s Test

Fehling’s solution is a mixture of equal volume aapper(ll)tetraoxosulphate(VI)solution
(Fehling solution A) and sodium hydroxide apdtassium sodium tartarate solution
(Fehling’s solution B).

Fehling solution is a weak oxidizing agenhieh reacts with an aldehyde to give a
carboxylate.

R—C =0 + 2Ct + 50H hea, R-C=0 + GO + 3HO
| Fehling solution | Reddish
H O~ brown ppt
carboxylate

When an aldehyde is heated with Fehling’s solutibe,deep blue solution changes to green
and a reddish brown precipitate of copper (I) oxglebtained

3.3.7 Schiff test

Aldehydes restore the red colouration of Schifgexd, while ketones either causes no colour
change at all or only very slowly. Simple aliphagicdehydes, gives a positive result within
one minute, while more complex ones may tékety minute. A number of aromatic
aldehydes give negative result.

3.3.8 Disinguishing between Aldehydes and Ketones
The entire test above (3.3.5-3.3.7)can serve éisglisshing test for aldehydes and ketones

3.3.9 Uses of Aldehydes and Ketones
1. In making plastics: They are important raw mate for making plastic. For example
Urea—methanal. It is white in co lour and it iseatellent electrical insulator which is
resistant to chemical attack. It is widely usectliectrical industry for making plugs,
sockets and casing for electrical appliances. Phemoethanal is another polymer
useful in the plastic industry.

Propane is used as a raw material for making diple@mmonly called
Perspex. Perspex is highly transparent and itdelyiused as substitute for glass.
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2. Used as solvent
An example is propane, an important solvent in gtdes and in the laboratory

3. Used as a preservative.
In the laboratory 40% methanal aqueous solutiomidely used as a preservative for
biological specimens.

Activity D/Self Assessment Exaercise
I. Give the product of reaction for:
a. Benzaldehydes + Tollen,s reagent
b. Cyclohexanone + HNheat
c. Acetalaldehyde + dil. KMnO

II. Which of the following pair will be positiveotFehling test and Schiff test:
a. Propanone/ Ethanal
b. Glucose/ Fructose

[1l. Which of the following will be positive to icaforn test:
a. Propanone b.Ethanal c. butan-1-one d.butame2e. butanal

5.0 Conclusion
Aldehydes and ketones are very reactive organigoaoimds. They undergo nuclophilic
addition reactions and condensation reactions.

6.0 Summary

In this unit we have learnt that:

I. Aldehydes and ketones are reactive organic oamgs that characteristically undergo
nucleophilic addition or condensation reactions.

il. The carbonyl carbon atom is the nucleophilie since it is electron deficient because of
the difference in electronegativity between carbod oxygen.

H+ +
NCc=0 ——~ > CoOH

/ B /\ NuU™

iii. The susceptibility of the carbonyl carbdo nucleophilic attack is reduced by its
attachment to electron releasing alkyl or aryl g=u

iv. The order of reactivity of carbonyl compoundsiucleophilic attack is as follows.

H R
N
Jc=0 > N0 > "\ c=0
H H/ R/
Ar\ Ar Ar
Nec=o > O c=0

c=0 > C
" R/ A

v. The following are nucleophilic addition react®oof aldehydes and ketones
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a. Aldehydes and ketones react with Grignard reagerform alcohols.

b. Aldehydes and ketones undergo addition with dgen cyanide to yield 2-
hydroxyalkanonitriles (cyanohydrins).

- Hydrolysis, 2- hydroxyalkanonitriles-2-hydroxybaixylic acids are formed.

-The reduction of 2- hydroxyalkanonitriles form tt@responding amine.

c. Addition of sodium hydrogensulphite NaH$SO

d. Addition of Alcohols

e. Reduction using Lithium tetrahydridoaluminaté) (|

f. Addition of Ammonia

vi. Aldehydes and ketones react with derivativearamonia such as hydroxlamine, pOH,

hydrazine, NHNH; or 2, 4 — dinitrophenylhydrazinesBsN,H3 (NO-), to give a compound
containing an imine group, >C=N- with the elimimatiof water molecules.

N ~ATE N e
_C Q_I_—Iz_: N- —> _C=N- + HO
Imine group

vii. Aldehydes and ketones also undergo the foll@areactions;
a.Chlorination

b. Aldehydes or ketones with the structure
CH3\
C=0
/
react with iodoform reagent -iodine in aqueosodium hydroxide solution to give a
carboxylate and triodomethane-a yellow precipitate

- The reaction is also given by ethanol and seagnalaohols with the structure

H
|
R-C-CH

I
OH

c. Aldehydes and ketones containing at leas¢ a-hydrogen atom undergo aldol
condensation reaction.

d. Cannizaro Reaction is a direct contrast to tthel@ondensation. It only applies to
carbonyl compounds that do not contairhydrogen atoms.
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e. Silver mirror Test- Tollen’s reagent is a sauatdf silver ions in agueous ammonia is often
used as a test for the presence of aldehydes.

f. Fehling’s TestFehling’s solution (mixture of equal volume of
copper(lhtetraoxosulphate(VI)solution -Fehlingwidn A- and sodium hydroxide and
potassium sodium tartarate solution-Fehling’s soifuB) is a weak oxidizing agent which
reacts with an aldehyde to give a carboxylate.

g. Schiff testAldehydes restore the red colouration of Schiffea.

viii. Silver mirror Test, Fehling’s Test and Sdhigst can be used to disinguishing between
Aldehydes and Ketones.

ix. The following are the uses of Aldehydes anddfets

-In making plastics e.g Urea—methanal. It is whitealour and it is an excellent electrical
insulator which is resistant to chemical attackeitii —methanal is a polymer useful in
plastic industry.

-Propane is used as a raw material for making B&rsp

-Used as solvent

- Used as a preservative.

7.0Tutor Marked Assignment
a. Discuss reactions that can be used to disshdietween aldehydes and ketones
b. Using relevant examples, discuss the nucldio@ddition reactions of aldehydes and
ketones
c. Aldehydes and ketones form a number of comg®with ammonia derivatives.
Discuss.

7.0 Further Reading and other Resources

a. K.S.TEWARI and N.K. VISHNOI (2006) - A Textboa Organic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@08) — Organic Chemistry
- Sixth Edition

c. SCHAUM'S OUTLINES- Organic Chemistry(1999-Thikdlition
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1.0 Introduction

A carbon atom or radical bearing a negative chageown as a carbanion.

2.0 Objectives

At the end of this unit you should be able to:
i. Define the carbanion
ii. Explain the formation of the carbanion
iii. Give examples of reactions involving the camlzan
iv. Explain Aldol condensation
v. Explain Cross Aldol condensation
vi. Explain Wittig reaction
vii. Explain Claisen condensation and Cross clas®rdensation

3.0 Acidity Of a — Hydrogen

In carbonyl compounds, the hydrogen is the hydrogen attached to the carbom &earing
the carbonyl group.

In the study of aldehydes and ketones, the carbgroip largely determines the chemistry
by providing a site at which nucleophilicd&@n can take place. However one other
important role of the carbonyl group not as a fior@l group but as a substituent is its ability
to strengthen the acidity of the hydrogen atomscaed to the. — carbon and by doing this,
gives rise to a whole set of chemical reactions.

When thea-hydrogen is ionized it yields a carbanion (I) whis resonance hybrid of two
structures.

The carbanion is a resonance hybrid of two strestlirand I11.

I | |
C-C- = |-C-C-«——> -C=C
N ] |
O o)y
[l 1
These resonance structures are only possible thritnggparticipation by the carbonyl group.

Resonance of this kind is not possible for carbasimrmed by ionization g¥-hydrogensy-
hydrogen, etc. from saturated carbonyl compounds.

The carbonyl group affects the acidity whydrogens by helping to accommodate the
negative change of the anion that develops asuét rdsattacks.
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3.1 Reactions Involving Carbanions

The carbonyl group wherever it is, makes artyydrogen acidic and thus aids in formation
of carbanions. The carbanions are highly basicexcéedingly reactive particles. In their
reactions they behave as nucleophiles.

As nucleophiles, they attack carbon and in so d@ng carbon-carbon bonds.
The following are some reactions involving carbasio

3.1.1. Halogenation of ketone
This can take place using an acid or base to gpe¢ldke reaction.

-C-C- + X% H" or O -C-C-

| |
H O

X O X =Chb,Br, I,
o- Halo ketone

For example, base catalysed halogenations:

Ketones, for example reacts with bromine to foremhbopropanone in the presence of a base

catalyst (e.g hydroxyl ion, acetate ion, etc.)

H H

I I
CHsCOCH; + Br, H+or OH H-C-C-C-H + HBr

Br O

|
H
O O
+ Br H | + HBr
Br

2-Bromocyclohexanone



3.1.2. Nucleophilic addition to carbonyl compounds
a. Aldol condensation

Under the influence of dilute base or dilute a¢wlp molecules of an aldelyde or a ketone
may combine to form #-hydroxy aldehyde op-hydroxy ketone. This reaction is called the
Aldol condensation.

\ / || |1
T|: + -C-C=0_base or gcid -C-C-C=0
I |
O H OH
An aldol @, B-hydroxyl carbonyl compound)

The product formed results from the addition of am@ecule of aldehyde (or ketone) to a
second molecule in such a way that dhearbon of the first becomes attached to the catbon
carbon of the second.

For example:
H H H H HH
I | | |1 ]
CH;-C=0 + H-C-C=0_QH , CH3-C-C-C=0
I |
H OHH

If the aldehyde or ketone does not containcamydrogen, a simple Aldol condensation
cannot take place.

Mechanism

The hydroxide ion donates a lone pair to one oftithgdrogen to form a water molecule and
a carbanion, the later functioning as a nucleogbieards the unionized carbonyl molecule.

CH;CHO + OH —/—— CH,CHO + HO
Base
Catalyst
H H
I _ |
CH; —C=0 + CHCHO = CH-C - CHCHO
Nu~ |
o
H H

I I
CH; —C- CHCHO + HO<——= CH-C-CHCHO + OH

| I
o OH
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Aldol condensation is very useful in the prepamabd unsaturated alcohols from a)f -
unsaturated aldehydes or ketones

b. Cross Aldol condensation
This is an Aldol condensation between two differemtnpounds.
For example:
H H H H

I |
-C=0 + CHCHO _20°C,OH -C=C-C=0

2-phenyl-2-propenal

H
I
-C=0 + CHCOCH 1oo°c -~ c C—C CH
4-Phenyl-3-buten-2-one
H H H
I ||
-C=0 + CHCOGHs 20°C -C=C-C

1,3-Diphenyl propenone

ACTIVITY A/Self Assess Exercise
a. Which of the following will undergo Aldol coadsation? If Aldol condensation is
possible, then predict the product formed
i. Butanal ii. Cyclohexanone iii. Benzaldehyde

c. Witting reaction
This reaction involves the nucleophilic attack anbonyl carbon by an ylide to form a
betaine which after spontaneously undergoes elimim#o yield the product.

R’ R’ R’
N\ / | | ||
C + PP=C-R——» -C-C-R——> -C=C-R + PhgPC
| Anylide |
o) ~*PPh
A betaine



(CeHs)L=0 + PP =CH — (CsH5)2C~ CH — (CeHs)C = CH,
||
Benzophenone methylenetriphenyl O PPh
phosphorane

For example:
H H

||
CeHsCH = CHCHO + PP =CH—> CgHsCH =CH- C-CH

2-Phenyl-2-propenol methylenetriphenyl | ]
phosphorane 0" PPh

CeHsCH :CH—CH:CI'i
1-phenyl-1,3-butadiene

Activity B/Self Assessment Exercise
a. Give structures of the ylide and carbonyl coums needed to prepare
(i) CeHsCH=CHCH; (i) CH3CH,C-CH(CH),

CHGsHs
3.1.3. Nucleophilic Acyl substitution
a. Claisen condensation. Formation off-Keto esters.
An a-hydrogen in an ester, like anhydrogen in an aldehyde or ketone is weakly acdid

for the same reason, through resonance, the cdronyp helps accommodate the negative
charge of the carbanion.

Claisen condensation involves nucleophilic attagla ftarbanion on an election deficient
carbonyl carbon. It is for esters and it is thecexaunterpart of the Aldol condensation.

In aldol condensation, nucleophilic attack leadaddition, the typical reaction of aldehydes
and ketones while in Claisen condensation, niptidic attack leads to substitution, the
typical reaction of acyl compounds.

The preparation of ethyl acetoacetatep-keto acid illustrates the reaction known as the
Claisen condensation. When ethyl acetate is treattdsodium ethoxide and the resulting
mixture is acidified, there is obtained etlflylketobutyrate(ethyl 3-oxobutanoate), generally
known as ethyl acetoacetate or acetoacetic ester.

O

2CH;COOGHs + Na ~"OCHs _CoHsOff CH,C-CHCOOGHs Na+ + 2GHsOH
Ethyl acetate sodium ethoxide sodiumacetoacetir es
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o

O

CH3;C-CHCOOGH:s
ethyl acetoacetic ester

The acceptable mechanism for Claisen condensasish@wn in ethyl acetate is shown
below:

CHsCOOGHs + "'OGHs—=—="CH,COOGHs + GHsOH

O o)

|
CH3-C-OCGHs + CH,COOGHs5 ———= CH3C-CH,COOGH:s

I
OC;Hs

|

O

CH3C-CH,COOGHs + "OGHs

O O
CH;C-CH,COOGHs + "OGHs —==— CH3;C-CHCOOGHs Na+ + 2GHsOH

When complicated esters are involved, it yieldsghaducts resulting from ionization of an
a-hydrogen of the ester. It is always threarbon of one molecule that becomes attached to
the carbonyl carbon of another.

Activity C/Self Assessment Exercise
a. Write the structural formula of the productsiirthe reaction of NaOGHs the
following esters:

i. CH3;COOGHs

ii. CH3CH,COOGHs

b .Crossed Claisen condensation

A cross Claisen condensation is generally feasiblg when one of the reactants hasuno
hydrogen and thus is incapable of undergoing seitlensation

For example:

HCOOGHs + CHCOOGHs _=0CGHs, H-C-CHCOOGHs + CHsOH

[
Ethyl formate ethyl acetate O
Ethyl formylacetate
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COOGHs + CHCOOGHs _—OGHs, CHsOOC-C-CHCOOGHs + GHsOH
| ethyl acetate l

COOGHs O

Ethyl oxalate ethyl oxaloacetate

Activity D/Self Assessment Exercise
Predict the product formed in the following cros€ddisen condensation reactions.

() CoHsO-C-OGHs + CeHsCH,COOGHs -OGHs |
O

(i)  COOGHs + CHsCOOGHs _—QCHs
I

O

4.0 Conclusion

The carbonyl group wherever it is, makes artyydrogen acidic and helps in the formation
of carbanions. Carbanions are very useful reaatilenmediates as examplified in Aldol and
Wittig reactions and Claisen condensation.

5.0 Summary
In this unit we have learnt that:

i. A carbon atom or radical bearing a negative ghas known as a carbanion.

ii. Carbanion (I) is a resonance hybrid of twaistures.

I I
-C-C- + B—— ~C-C- + B:H
|l > 2

I
The carbanion is a resonance hybrid of two strestlirand IlI.

I | |
C-C- = —-C-C- «—» —-C=C
Ayt 7 |
O O
I 1

iii. The carbonyl group affects the acidity@hydrogens by helping to accommodate the
negative change of the anion that develops asudt rdsattacks.

iv. The following are some reactions involving lzamnions.

a.Halogenation of ketone



b. Nucleophilic addition to carbonyl compounds .E.g
-Aldol condensation

\ / || || |
C + -C-C=0__base or gcid -C-C-C=0

O H OH
An aldol @, B-hydroxyl carbonyl compound)

- Cross Aldol condensation

- Witting reaction
b. Nucleophilic Acyl substitution. E.g

- Claisen condensation.

- Crossed Claisen condensation

6.0 Tutor Marked Assignment
Using definite examples distinguish between Aldmaensation and Claisen
Condensation reactions

7.0 Further Reading and other Resources
a. Robert Thornton Morrison and Robert Neilson B®@D8) — Organic Chemistry- Sixth
Edition

b.K.S.TEWARI and N.K. VISHNOI (2006) - A Textbook @rganic Chemistry
-Third Edition

c. SCHAUM'’'S OUTLINES- Organic Chemistry(1999-Thikdlition
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1.0: Introduction
a,p — Unsaturated carbonyl compounds are aldehydekeindes which are conjugated with
a double bond.

2.0 Objectives
At the end of this unit, you should be able to:
i. Explain the structure and propertiesugff — Unsaturated Carbonyl Compounds
ii. Explain the methods of preparingl — Unsaturated Carbonyl Compounds
iii. Explain the reactions af,p — Unsaturated Carbonyl Compounds
iv. Explain and give examples of Nucleophilic B@dition toa,p — Unsaturated
Carbonyl Compounds
v. Explain and give examples of 1,4-additioruffp — Unsaturated Carbonyl Compounds

3.0 Structures and properties

Generally, a compound that contains both a carlaoben double bond and a carbon-oxygen
double bond has properties that are characteristib®th functional groups. At the carbon-
carbon double bond, an unsaturated esteunsaturated ketone undergoes electrophilic
addition of acid and halogen, hydrogenation, bygtation and cleavage at the carbonyl
group; it undergoes the nucleophilic substtutiypical of an ester or the nucleophilic
addition typical of ketone.

The carbonyl group oé,p — unsaturated aldehydes and ketones consistsnotlaophilic
oxygen and an electrophilic carbon. However, thisp &ave another electrophilic carbon-
the p-carbon.

O O
| [ | [
-C-C=C-C-H -GC=C-C-¢H
| B « | B «
a,p — unsaturated aldehyde o, — unsaturated ketone

3.1 Preparation

There are several ways to mak$ — unsaturated compounds: aldol condensdbon
unsaturated aldehydes and ketones; dehydrohalogerat o — halo acid and the Perkin
condensation for unsaturated acids.

3.2 Interaction of Functional group

The carbon — carbon double bond normally servesasiece of electrons for the electrophilic
reagent. However, the availability of its electrasmigletermined by the groups attached to it.
An electron- releasing substituents stabilizhe transition state leading to the initial
carbocation by dispersing the developing posititarge while an electron withdrawing
substituents destabilizes the transition statetgnsifying the positive charge.

C = 0O, -COOH, -COOR and —CN groups are powerfuttete withdrawing groups and
therefore would be expected to deactivate a cadaoben double bond toward electrophilic
addition. For this reason,3 — unsaturated ketones, acids ethers are nitriéegenerally less
reactive than simple alkenes towards reagentsligeine and the hydrogen halides.
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However, these powerful electron withdrawing substits at the same time activate the
carbon-carbon double bond towards electron-riddgeats, hence why,; — unsaturated
ketones , acid, ester and nitriles are suscepbleicleophilic attack.

||
-C=C-G +Y——>|-C-C-G—> C-C-G

|
Yo Y

3.3 Nucleophilic and Electrophilic Centres

The carbonyl group of,p — unsaturatedaldehydes ketones consist of aopltle oxygen
and an electrophilic carbon. Howeverp — unsaturated aldehydes and ketones also have
another electrophilic carbon — the — carbon. This is due to the influence tbée
electronegative oxygen which results in the resoaamown below.

¥ 7
HC-C=C-C+——> Hc-C-C=C
i ~ s \

H H

There are therefore two electrophilic centres. &itiere are two electrophilic points, there
are also two nucleophilic points. If the nucleophiéacts with the carbonyl carbon, this is a
normal nucleophilic addition to aldehydes katones and it is called 1,2-nucleophilic
addition. However, if the nucleophile add to fhe- carbon, then it is a 1,4 — nucleophilic
addition or a conjugate addition.

3.3.1Electrophilic addition
The presence of the carbonyl group lowers the irecof the carbon-carbon double bond
towards electrophilic addition as well as contrajlthe orientation of addition.

Generally the addition of an unsymmetrical reagerana,p-unsaturated carbonyl compound
takes in such a way that hydrogen becomes attachtdw a-carbon and the negative group
becomes attached to tRecarbon.

For example:

B o
CH; =CH-CHO + HX— CH-CH - CHO
| |
X H
3 — Halopropanal
For example:

CH,=CH-CHO + HCI_-1fC , CH-CH - CHO

|
Cl H
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CH,=CH-COOH + HO _H,SQ. 100G, CH~CH-COOH

|
OH H

Addition to a,B- unsaturated carbonyl compounds take place in auslay as to form the
most stable intermediate carbocation.

| | | | | |
~C=C=C-OH + :Z—> -C-C=C-OH=> -C-C-C=0
| | |
+ Z Z H
H* Most stable | Il Enol V Keto

Enol

Addition of proton to the compound may take plateither the carbonyl oxygen end giving
the cation | or at th@-carbon giving the cation Il. Of the two positionke addition at the
carbonyl oxygen gives the more stable cation Ql)cdtion I, the positive charge is carried by
the carbon atoms alone and not partly by the maeljhelectronegative oxygen atom. The
second step of the reaction involves the additioa negative ion or basic molecule either to
the carbonyl carbon or to tigecarbon of the hybrid ion | giving rise to two pdslities-
structures Ill and IV. The addition to tRecarbon is the one that yields a stable produbt (Il
which is the enol form of the saturatedboayl compound. This will then undergo
tautomerization to the keto form to give the obsdrproduct (V).

Activity A/Self Assessment Exercise
Predict the product formed in the following elegindic addition reactions ta,-unsaturated
carbonyl compound:

i. CH3-CH=CH-COOH +_HBr 2



OH
I
CH3—C:CH—Cﬁ—C|—§ + CH;OH__H,SQ,
O

3.3.2 Nucleophilic Addition
Thel,4-nucleophilic addition is going to be theustere since the 1,2-addition is the normal
addition to the carbonyl carbon as observed intgides and ketones.

The following reactions are examples of nucleoplalidition reactions.

a. Reaction with NaCN (addition of HCN)

a,p-unsaturated carbonyl compounds are convertgétdgano carbonyl compounds when
they react with agueous sodium cyanide. The readtigolves the addition of the elements
of HCN to the carbon-carbon double bond.

For example:

H H

CH;-C=C-COOGHs _NaCN, Ch-C-C-COOGHs

|
CNH

Ethyl B-cyanobutyrate

@-C c- c@ @ e ||Cﬂ

CNHO

b. Addition of NH3 and its derivatives
Ammonia and some derivatives of ammonia like amihgdroxylamine, phenyl hydrazine,
etc ,addd ta,B-unsaturated carbonyl compounds to yigldmino carbonyl compounds.

For example:

CHs H CH;H
|| ||
CHz-C=C-C-CH + CHNH, ———> CHy~C- C - C-CH

I 1
O

methylamine CeNH H O

H H H H
|| ||
CH;-C=C-COOH + NHOH —— CHy~C- C—COOH

|
HOHN H
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Mechanism:

] B
-C=C-C=0 + Z——mm» -C-C—C-
e
Z
)

+H

[ ] | | | |
-C-C=C-0-H -C-C-C=0
I | |

Z Z H
Enol Keto

The nucleophilic reagent add to the carbabaa double bond of the,p-unsaturated
compound to yield the hybrid anion | which thenegatca proton.

Activity B /Self Assessment Exercise
Predict the product formed from the following reaens

i. Trans HOOCCH= CHCOOH + NH—

i H H
||
-C=C-COOH + NpOH ———

c. Michael Addtion

This is a special nucleophilic addition t@p-unsaturated carbonyl compounds. It is of great
synthetic importance and it results in the formatd carbon-carbon double bond.

For example:

H
|
@C C- C@ + CH(COOGHS5), _pyridine @ C—C@
|
Ethyl malonate

Benzalacetophenlne H(COOGHEs);



H H H H
||
CH3;-C=C-C- OGHs + CH;—CH(COOGHs), _~CyH5 CH3—C—C—T|:— OGHs
|
O Ethyl methylmalonate H O
Ethyl crotonate (COOGH:s):

I
CH,

Ammonia and primary and secondary amines are paWeatalysts for the Michael addition.
They help to abstract a proton from the reagergeteerate a carbanion as well as to react
with the carbonyl group of the substrate to formraarmediate imine or iminium ion which

is very useful towards nucleophilic addition.

The mechanism for Michael addition as shown foromigl ester as shown below:
i. H-CH(COOGHs), + :Base— » H:Base + CH(COOGHs),"

|1 |1
i. -C=C-C=0 + CH(COOgHs); —» T_(;_Q_g

CH(COOGHs),

i, | | | [ | |
-C<C=C= + H:Base—— —-C-C-C=0 + :Base

CH(COOGHEs), CH(COOGHs),

Activity C/Self Assessment Exercise
Predict the product formed from the following reaws:

H H
@ézé—c—oqm + CHy(COOGHs), _~CHs
(II)
H Chs

||
H-C=C-C- OGHs + CN-CH2-COOGHs “CoHs |

O

d. The Diels-Alder reaction

This is the reaction betweeB-unsaturated carbonyl compounds with conjugatededielt
involves the addition of the first and fourth camb@mtoms of the conjugated diene system to
the doubly bonded carbons of the unsaturated cgrlmmmpound to form a six membered
ring.
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O
L0 L
/s SN
-C C -C C-
R — | |
-C -C C-
\. 7\ \C N\
| RN
Diene Dienophile Adduct(six-membered ring)

(diene-loving)
The reaction involves a concerted single-step nmsha

The Diels-Alder reaction is the most important epéerof cycloaddition. It is known as a[4 +
2] cycloaddition since it involves a system of fauglectrons (the diene) and a system of two
© electrons(the dienophile).

The Diels-Alder reaction is very useful becausgeiherates a ring and also because it takes
place readily for a wide variety of reactanf$e reaction is favoured by the electron
withdrawing substituents in the dienophile.

For example:
O O
oL |
2
/7 / \ SN \
HC C benzene,2C C C

O ~quantitative ||

| O
A N

CH, l
O O
1,3-Butadiene  Maleic anhydride Cis-1,2,3,6-tetrabptithalic anhydride
H
I
H, C=0
y Ve CHO
HC HC 106C
| + I quantitative
HC H
\\ C\ H

1,3-Butadiene Acrolein 1,2,3,6-tetrahydrobenzaldiehy
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Activity D /Self Assessment Exercise
Predict the reactants from which the following campds can be synthesized.

i. CeHs Tl) . O il.
I
C\ CH=CH,
O
/
C
|
CeHs O
e. Quinones

Quinones are special kinds@f-unsaturated ketones. They are cyclic diketonels wit
a structure that make them convertible into hydnogpes and phenols by reduction.

Because they are highly conjugated, quiniaes coloured. Many properties of
quinines result from the tendency to form the artertaydroquinone system.

@)
NH; OH
Cr0O/” | reduction(e.g S&) @
~Oxidation(e.g Fg)
OH
@)

p-Benzoquinone Hydroquinone
(yellow colour)
(Quinone)

4.0 Conclusion

a,p — Unsaturated carbonyl compounds are aldehydeg&etndes which are conjugated with
a double bond.

The carbonyl group of,p — unsaturated aldehydes and ketones consistsna€laophilic
oxygen and an electrophilic carbon and they alse lenother electrophilic carbon- tfe
carbon.

The carbon — carbon double bond normally servesasiece of electrons for the electrophilic
reagent. Powerful electron withdrawing groups like O, -COOH, -COOR and —CN groups
deactivates a carbon-carbon double bond towardrefddlic hence, they activate the carbon-
carbon double bond towards nucleophilic additidencea,p — unsaturated ketones , acid,
ester and nitriles are susceptible to nucleophtliack.

Michael Addition, Diels-Alder reaction are reactgtiat involves,p — Unsaturated carbonyl
compounds .Quinones are special kindg,pf Unsaturated ketones.
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5.0 Summary
In this unit, we have learnt the following:

Vi.

Vii.

vii.

iX.

Xi.

Xil.

Xiil.

IvVX.

a,p — Unsaturated carbonyl compounds are aldehydekeindes which are conjugated
with a double bond.

I. At the carbon-carbon double bond, an unsaéaraster or unsaturated ketone undergoes

electrophilic addition of acid and halogen, hydnaagéon, hydroxylation and cleavage at
the carbonyl group.

It undergoes the nucleophilic substitutionitygd of an ester or the nucleophilic addition
typical of ketone.

The carbonyl group af, — unsaturated aldehydes and ketones consistsuafi@ophilic
oxygen and an electrophilic carbon, they also fenather electrophilic carbon- the
carbon.

a,p — unsaturated compounds can be prepared from@densation, and the Perkin
condensation.

The carbon — carbon double bond normally ses/a source of electrons for the
electrophilic reagent.

An electron- releasing substituents stabiliftes transition state leading to the initial
carbocation while an electron withdrawing groups O, -COOH, -COOR and -CN
destabilizes the transition state.

Strong electron withdrawing groups like C 5 €€OOH, -COOR and —CN deactivate
a carbon-carbon double bond toward electrophilatitah but activate the carbon-carbon
double bond towards electron-rich reagent.

a,pp — unsaturated ketones , acid, ester and nitmieswasceptible to nucleophilic attack.

Normal nucleophilic addition to aldehydes etdnes is called 1,2-nucleophilic addition
while when it involves nucleophilic addition toetp — carbon, it is a 1,4 — nucleophilic
addition or a conjugate addition.

a,p-unsaturated carbonyl compounds are convert@ect@ano carbonyl compounds when
they react with agueous sodium cyanide.

Ammonia and some derivatives of ammonia likérges, hydroxylamine, phenyl
hydrazine, etc ,add @ p-unsaturated carbonyl compounds to yigldmino carbonyl
compounds.

Michael addition is a special nucleophilicdition to a,B-unsaturated carbonyl
compounds.

Ammonia and primary and secondary amines axegpful catalysts for the Michael
addition.
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XV.

XVi.

XVii.

The Diels-Alder reaction is the reaction betweg-unsaturated carbonyl compounds
with conjugated dienes. It involves the additiorited C-1 and C-4 carbon atoms of
the conjugated diene system to the doubly bonddibna of the unsaturated carbonyl
compound to form a six membered ring.

O
L1 L
s SN
-C C -C C-
R — | |
-C -C C-
\. 7\ \C N\
| RN
Diene Dienophile Adduct(six-membered ring)

(diene-loving)

The Diels-Alder reaction is known as a[4 +c3tloaddition since it involves a system
of four &t electrons (the diene) and a system of iwedectrons(the dienophile).

Quinones are special kinds @f-unsaturated ketones.

6.0 Tutor Marked Assignment

Give the structures of the organic products expefttan the reaction of benzalacetone,
CeHsCH=CHCOCH, with each of the following:

iii.
iv.

V.

Vi.

HCI

CH3OH

NaCN

NH3

Ethyl malonate,base
1,3-butadiene

7.0 Further Reading and Resources

Robert Thornton Morrison and Robert Neilson Boydo@ — Organic Chemistry-
Sixth Edition
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1.0 Introduction
Heterocyclic compounds are cyclic compounds coimgiat least one atom other than
carbon as a ring member. The most commonly encoathtieeterocyclic compounds
contains only nitrogen, oxygen and sulphur as beditom

2.00bjectives
At the end of this unit you should be able to:
i. Define heterocyclic compounds
il. List classes of heterocyclic compounds
iii. Give examples of five membered, six-nred and condensed heterocyclic
compound
iv. Name simple heterocyclic compounds

3.0 Occurrences of Heterocyclic Compounds

Heterocyclic compounds have been found to be higidytive. Heterocyclic intermediates
have been used more and more in synthesis as fangtgcoups. In the biological world,they
are everywhere, for example, chlorophyll which nsmkeaves green in plants and heme
which is responsible for making blood red in ansrale important heterocyclic compounds.
Some heterocyclic rings are however not considasetieterocyclic compounds due to the
relatively instability of their ring systems carlack of aromatic character. For example,
epoxides ang- or 6 lactones. The introduction of hetero atom in ting in place of carbon
does not alter the strain relationship significaniflhe most stable heterocyclic compounds
are those having five or six membered rings. Hel@lac compounds are thus defined as
those compounds having five or six membered rint) &t least one hetero atom as the ring
member, which are relatively stable and exhibit@atc character.

3.1 Classification
Heterocyclic compounds may be classified into thmeén categories:

3.1.1 Five membered heterocyclics

They are considered as being derived from benzgmeglacing a C=C by a hetero atom
with an unshared electron pair.

The five membered ring can be further divided into

a. Compounds having only one hetero atom.
For example, furan, thiophene and pyrrole cont@n&, and N respectively as hetero atoms.

J L)

Furan(Oxole) Thiophene(Thiole) Pyrrole(Azole)

b. Compounds having more than one hetero atom
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The two hetero atoms may be same, as in pyrazdiéngidazone or different, as in thiazole

Pyrazole Imidazole Oxazole
(1,2-Diazole) (1,3-Diazole) (1,3-Oxazole)
o \
% P
NH/ S N/
1,2,3-Triazole Thiazole Tetrazole

(1,3-Thiazole)
3.1.2 Six-memebered heterocyclics
These are formed when a carbon of benzene is egplag an isoelectric hetero atoms. They
may be divided into two types:

a. Compounds with one hetero atoms
For example, pyridine, pyran, thiopyranetc

b. Compounds with more than one hetero atom
For example, pyrimidine, pyrazine, pyridazine etc

SlieIoie

Pyridine  y-Pyran y-Thiopyran  Pyridazine Pyrimidine  Pyrazine
(Azine)  (4H-Oxane) (4H-Thiane) (1,2-Diazine) (1,%Bne) (1,4-Diazine)

Pyrilium ion

3.1.3 Condensed heterocyclics

They may consist of two or more fused rings whiciyrbe partly carbocyclic and partly
heterocyclic, e.g indole, quinoline, carbazole aynbe completely heterocyclic eig purine,
pteridine etc. They may be classified into two stssbased on their properties.
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a. Heteroparaffins
They ressemble paraffin. E.g tetrahydrofuran(THByrrolidine, piperidine etc

b. Hetero aromatics
They resemble aromatic compounds. E.g pyrroleptieoe, furan, pyridine, indole etc.

I O O

Tetrahydrofuran Pyrrolidine Piperidine Tetrahydragme
THF(Oxalane) (Azolidine) (Perhydroazine) (Oxane)

3.2 Naming Heterocyclic Compound

Heterocyclic compounds are generally known by tbemmon names. The IUPAC
system has accepted most of the common names. tdovibe IUPAC system of naming is
still utilized.

The IUPAC name of heterocyclic is obtained by carinig the following prefixes and
suffixes in Table 1.1

Order of

seniority Prefixes Suffixex
1 oxa for oxygen -ole  5-membered ring
2 thia for sulphur -ine  6-membered ring
3 aza for nitrogen -epine 7-membered ring
4 phospha for phosphorus

bora for

S boron

Table 1.1

(Source:A Textbook of Organic Chemistr§,Bdition-By K.S Tewari and N.K.Vishnoi)

The terminal ‘a’ of the prefixes is usually droppgkden combing prefixes and suffixes. See
the table below:

No of atoms Rings containing nitrogens Rings containing nitmoge
forming ring Unsaturated Saturated Unsaturated  Saturated

3 irine Iridine Irene irane
4 ete etidine Ete etane
5 ole olidine Ole olane
6 ine perhydro In ane
Azine

Table 1.2-Suffix used in naming heterocyclic rings
(Source:A Textbook of Organic Chemistr§,Bdition-By K.S Tewari and N.K.Vishnoi)



14¢

If more than one hetero atom is present, the pFsefare placed in order of seniority. i.e ‘oxa-’
first then ‘thia-’, etc.

The simple heterocyclics containing one atom am@bered in such a way that the hetero
atom gets the lowest possible numbers and the ewxingbis continued in anti-clockwise
direction.

The ring positions are designated by numeral oekslketters. When Greek letters are used,
the position next to the hetero atom is designased followed byp- and so On.

For example,

Ay 5 4
p’ P B’m P 13@35 . s
o S0 O ’
TS e N =
1 1 1

However, in some condensed heterocyclics, the nugiteen to the hetero atom depends on
the type of compound. For example, in isoquinoliNedoes not get the lowest possible
number.

5 4

6 3
~
7 N>
8 1

When two or more hetero atoms are present, the eungpis done in such a manner that the
hetero atom higher in seniority gets the lowest loeim For example ‘O’ takes precedence
over ‘S’, and ‘S’ over ‘N’ and the other heterora®get the next number. For example

Activity A/Self Assessment Exercise
Assign number to the heteroatoms and carbon ifolloeving structures

4.0 Conclusion
Heterocyclic compounds may be five membered, simbered and condensed
heterocyclics.
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5.0 Summary

In this unit we have learnt that:
i. Heterocyclic compoundare cyclic compounds whdghtain at least one atom other

than carbon as a ring member
il. Heterocyclic compound have at least one het¢om as a ring member
iii. Heterocyclic compounds are relatively stabhe @xhibit aromatic character
iv. Heterocuclic compounds may be divided inteéhmain categories

- Five membered

- Six membered

- Condensed heterocyclics
v. Heterocyclic compounds are known mainly byirthemmon names

6.0 Tutor Marked Assignment

- Classify the following into;
I What do you understand by the term ‘heterocyotimpounds’?

Name the three important five membered hetecbcgompounds and
draw their structures

7.0Further Reading And Other Resourses
a. K.S.TEWARI and N.K. VISHNOI (2006)- A Textbo@k Organic Chemistry. Third

Edition
b. Robert Thornton Morrison and Robert Neilsory@(2008) — Organic Chemistry-

Sixth Edition
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1.0 Introduction

The five membered heterocyclic compounds are vielyles and exhibit aromatic character.
The important members of this group are thiophegeple and furan.

J LI

Furan(Oxole) Thiophene(Thiole) Pyrrole(Azole)

2.0 Objectives

At the end of this unit you should be able to:

I. Give examples of five membered heterocyclics

il. Name simple heterocyclic compounds

iii. Prepare Thiophene, Furan and Pyrrole

iv. State the physical propertoes of Thiopheneakwand pyrrole

v. Discuss the various chemical properties of phane, Furan and pyrrole
vi Compare the chemical properties of Thiopheamsrf and pyrrole

3.0 Occurrence

Thiophene and pyrrole occur in coal tar in smalbants. During the fractional distillation
of coal tar, thiophene(b.pt € is collected along with the benzene(BEEC) hence
ordinary benzene always contains about 0.5%thmphene which must be treated if
thiophene free benzene is desired. Thiophene aspaissent in shale oil and pyrrole in bone
oil. Furan is present in the distillate of pine-wdoo

The pyrrole ring system occurs in a large numbenatbirally occurring substances. E.g
chlorophyll, haemin,cyanocobalamin(Vitamin B12)xi@s, alkaloids etc

3.1 Naming Five Membered Heterocyclics

The nomenclature has been discussed earlier (Unfthe ring atoms are numbered such that
the hetero atom is given the lowest number or wigng the Greek numbering,the carbon
atom next to the hetero atom is designated aghile the next to them ig-carbon atom.

The radicals thienyl-, furyl- and pyrryl- acerived from thiophene, furan and pyrrole
respectively by replacing one hydrogen atom. Pbsition of the hydrogen replaced is
indicated by the number of carbon atom, e.g 2-iihienr 3-thienyl- etc.

p4 3p

o'5 20
s— s— S

Thiophene 2-Thienyl- 3-Thienyl-
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O/— :NH/

2- Furyl 2-Pyrryl

The alkyl derivatives give rise to the correspogdiadicals. They are known as thienyl-,
furfuryl- and pyrrolyl radicals.

~CHy- { }CHZ { JCHz
o s N

Furfuryl- Thenyl- Pyrrolyl-
3.2 General Methods of Formation

The five membered heterocyclics or their derivativeay be synthesized by the reactions of
1,4-dicarbonyl compounds with an appropriate soofdeetero atom.

Thiophene can be synthesized on an industrial $gatlee high temperature reaction between
n-butane and sulphur.

CH3CH,CH,CHs + S 560°C > [ O I

From Coal tar: Thiopene (b.pt &) is collected along with benzene(b.pt.800C) Duitine
fractional distillation of coal tar. Pyrrole is alfound in small amount in coal tar.

Furan is most readily prepared by decarbonylatioarfural

oxide catalyst,steam,4%D

»
»

CHO
Furfural Furan
Most substituted pyrroles, furan and thiophenesbmprepared from open-chain compounds

by ring closure while some are prepared from taeeqt heterocycles by substitution. For
example,
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P,S;, heat =CH‘\C2JCH3

CHs CHs

I I
O=C-CH~-CH,-C=0 ROs, heat ,CH LO Hs

O

(NH4),C0O;,106°C | crgLO \CH3
H

3.3 General Characteristics
3.3.1 Physical Properties

i. They are colourless liquids
ii. The boiling point of furan, thiophene and pyg@re 32C, 84C and 128C respectively.
The relatively high boiling point of pyrrole is dte associated intermolecular H-bonding.

3.3.2 Aromatic Character

Like benzene they exhibit aromatic characters aedr@sonance stabilized. Their resonance
energies are however lower than that of benzene dadrease in the order
thiophene > pyrrole > furan.

However, unlike benzene, the dipolar structuaes important contributing structures to
stability.

e

(Z=0, S, or—NH)
Resonance stabilized heterocyclic compounds

Each of the ring atoms is in sp2 hybridization estahd the ring is planar. A total of stx
electrons consisting of two and one lone pair are available for delocalizatiod hence they
exhibit aromatic characters. Because of tlemmatic characters, they are resistant to
addition reactions like hydrogenation. Their imamttreactions are electrophilic substitution
reactions at carbon.
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3.3.3 Reactivity
Their electrophilic substitution reactions can bestrclosely compared to those of phenols.

tI-OH OH

:OH
,\/itj\ } ol E
}E\D P |_|E - E

Their reactivity towards electrophiles shows tHayt are more reactive than benzene. For
example, thiophene is 1000times more reacthen benzene. The increasing order of
reactivity is:

Benzene < Thiophene < Furan < Pyrrole.

Furan is less reactive than pyrrole because oxypmommodates a positive charge less
readily than nitrogen. Thiophene is less reacthantFuran because the +M effect of sulphur
is smaller than that of oxygen. Because of thetgra@activity of these rings systems, they
can undergo substitution reactions under mildeditmms

The electrophilic substitution occur either &t or - position. However, due to a greater

stabilization of the intermediate carbocation fedrduringa- substitution compared to the
intermediate carbocation formed in fhesubstitution, the former position is preferred.

(e — [k L,

+

a-Substitution (2- or 5- substitution)

E E
@ m(H T— H
| | + E+ ——m» | <P + |- | |
z p% > ~

+

B- Substitution
Z=0,SorNH

Various substituents affect the rate and positibelectrophilic attack. For example, electron
donating groups increase the reactivity to suclexent that the resultant compounds are
highly unstable. Example of electron donating gsage —NH, -NR;, -OH, -OR.



15¢

Electron withdrawing groups such as -NESQH, -COOR etc decrease the reactivity and
stabilizes the ring by increasing resonandéh vihe hetero atom. Even with electron
withdrawing group attached, the incoming substitwmers only 2 or 5 position.

O
T
] e
3o
kz ! Z
[ 1] O .{f
a — substituent - substituent

Resonance stabilized by electron withdrawing group

Heterocyclics not stabilized by electron withdragvBubstituent are thus highly reactive.

3.4 Individual Members-Thiophene, Furan, Pyrrole

We are now going to take a closer look at the re@astof the individual members of the five
membered heterocyclics

3.4.1 Thiophene

a. Physical Properties: It is a colourlessiitigwith a boiling point of 8%&. It is
insoluble in water but soluble in organic solvents.

b. Chemical Properties: Thiophene resembles bernmremest of its chemical reactions.
This may be because they have similar moleculasnssiilar shapes of molecules
and especially similar electronic structures.

i. Electrophilic substitutions

Thiophene undergoes most of the electrophslibstitution reactions shown by
benzene. These reactions are summarised below.
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Nitration R ‘ ‘
CH;COONGYAC,0 ™

NO;

N

HNO; T ON___|

‘ ‘ Nitration ‘ ‘

| NG

Chlorination . ‘ ‘

Cl2(No catalyst) i Cl

Bromination >
Br2 (No catalyst) Br__|

Br

lodination
11/HgO

Sulphonation
H,SOy/Room temp.

| SeA

Friedel-Crafts Reactj.gn ‘
CH3COCI/SnC}
(Pet. Ether) 5~

| COCH;

Chloromethylation ‘
HCHO/HCI

CH.CI

Mercuration ‘
(CH3COO)Hg/H,O g

| HgOOCCH

s~



il. Addition reactions. Thiophene is catalyticatgduced to tetrahydrothiophene . It can

be catalytically reduced with hydrogen using Ran&kel as catalyst to give n-
butane.

_Ho/RaneyNi , CHCH,CH,CHs

n-butane

s

Thiophene

Tetrahydridothiophene
iii. Reaction with organometallic compounds

It reacts with butyl-lithium to give 2-thiehyithium which shows all the usual
reactions of organolithium.

‘ ‘ + CyHoli ‘ —CO, , ‘

-CaHig ‘ Li ‘ COO L
S
Thiophene 2-Thienyl-lithium

HCI

- LiCl
‘ ‘ COOH

S
Thiophene-2-carboxylic acid
iv. Oxidation

Thiophene does not get oxidised to sulphoxide tph&ne because it does not form
sulphonium salt. However, it reacts with hydrogeroxide and this leads to the

opening of the ring and sulphur is oxidised tetraoxosulphate (vi) acid. It is
decomposed by potassium with the formation of Eias sulphide.

c. Test For Thiophene

Indophenin reaction: Thiophene when treated withtins and concentrated
tetraoxosulphate (vi) acid produces a blue colour
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Activity A/Self Assessment Exercise

I.  Write the structural formulae of thiophene ,joyerand furan. How would you test for
thiophene?

il. Using equations, outline five of the substibatreactions of thiophene

3.4.2 Furan

a. Physical Properties: It is a colourless liqwith a boiling point of 3iC. It is almost

insoluble in water but soluble in alcohol and etHe has characteristic chloroform
like smell.

b. Chemical Properties: Furan resembles thiophents chemical reactions but it is
more reactive. It behaves as diene as well asanadic compound.

|. Addition reaction

i. Hydrogenation: It can be catalytically reducedhydrogen in the presence of lead or

Raney nickel catalyst to form a stable saturatectlicyether known as
tetrahydrofuran(THF).

‘ ‘ + 2H, _Pd/PdO |
Or Raney Ni

THF
il. Reaction with oxygen or air

It is unstable in air and it reacts with oxygenféom 2,5-peroxide which readily
polymerises.

I R S—— A

Furan-2,5-peroxide

iii. Diel-Alder reaction

It undergoes Diel-Alder reaction because ihadwes as diene. For example with
maleic anhydride, it forms a 1,4-adduct which aatment with a mineral acid e.g
HBr undergoes dehydration to yield phthalic anhyelri

1
CH-C
+ | O\o — HBj,
CH-cO” | _H20
o

1,4-Adduct Phthalic anhydride

O
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iv. 2,4-additions

It react with acetic acid in the presence of sodagatate and bromine to form 2,5-
diacetoxy-2,5-dihydrofuran.

‘ ‘ CH3;COCH/CHCOONa_
Br "

CH;COO O OOCCH
2,5-Diacetoxy-2,5-dihydrofuran

M

OCCH
2-acetoxy furan

(1) Electrophilic Substitution reactions
Furan undergoes electrophilic substitution reastiomich more readily than does benzene
and thiophene. However, most of these reactiongar@f much practical importance
because of the following reasons:
(i) Itis highly sensitive to strong acids resogtiin polymerisation reaction.
(ii) It is highly reactive and form poly substita@t@roduct even at low temperature.
(i It undergoes 2,5-addition in preference to sithition reactions.

The following reactions are the important electibplsubstitution reactions of furan.
Nitration - ‘ ‘ 2-Nitrofuran

CH;COONG NO;
Acetylnitrile

Halogenation Violent reaction= Polymerisation or

Room temp. destruction of furan ring
Cl
Chlorination > ‘ ‘ + ‘ ‘ + ‘ ‘
Cl, , - 40C
Cl Cl CICl Cl

Mixture of products(halofuran)

Diazocouplin ‘ ‘ ‘ ‘
HgCL/CH3;COONa
N=N-Ar Ar
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lodination
11/HgO

Sulphonation ‘
SOspyridine | SGH

Furan-2-sulphonic acid

Friedel-Crafts Alkylatjon 2-alkylfuran
RCI/'SnC} R
Friedel-Crafts Acylation > @\
(CH3CO)%O/BF;s/Ether/GC COCH
2-Acetylfuran
Gattermann Koch reactiQn ‘ ‘
HCN/HCI - | ___CHO

Furfural

“\‘__

2-chloromercurifuran
- HgCl

Mercuration R ‘
HgCL/CH;COONa

o

le(Brz or |2)

‘ ‘ 2-Halofuran
X

(111) Polymerisation reaction
In the presence of strong acids, furan polymeriadsrm complex products.

‘ ‘ H* Furan , POLYMER
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(IV) Formation of Organometallic compounds
Furan reacts with butyl-lithium to give 2-furyllithm which undergoes the usual reactions of

organolithium compounds.

+ C4H9|_| —C4H10 I, COZ ‘ ‘
|| H
OOH

Furan 2-Furyl-lithium Furoic acid

(V) Formation of pyrrole and thiophene
Furan reacts with ammonia, Nt 450°C in the presence of aluminium to form

pyrrole. It also reacts with,B; to give thiophene.

PSS ‘ ‘ NH3/4500C
heat Alzo3

Thiophene Furan Pyrrole

Activity B/Self Assessment Exercise
Give the products of the reaction of furan with
i.C4HgLi ii. NH 3 ii. CH3COCH/CHCOONa iv.H v. O,

3.4.3 Pyrrole

Structure
Its molecular formula is £1sN. It is the nitrogen analogue of furan and thiagpe It
resembles furan and thiophene and its synthemsis $uccinic acid points to the cyclic
structure of furan. The aromatic nature of pyredeshown in its resistance to additions
and ease of electrophilic substitutions is explaimeterms of either resonance or
molecular orbital concept

Resonace Concept: It is a resonace hybrid of thi@nMmg structures:

B

I
Resonance stabilized pyrrole anion OR
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Its resonance energy is 21kcal/mol. The double slmvn in its classical structure (I) are
not true double bonds, hence it is expected toebistance to addition reaction. Also the
non-availability of the lone pair of electrons @&tegen explains the lack of basic character.

Molecular orbital Concept: All the carbon amitrogen atoms in pyrrole are in?sp
hybridization state and fore bonds with three other atoms by overlap of trigapé hybrid
orbitals. Thus all the C and N lie in the samenglat an angle of 120 to each other. At
each of the carbon there is one unhybridipedrbital carrying one electron while the
unhybridized p-orbital of the nitrogen atom carties lone pair of electrons.

The p-orbitals are at right angles to the plane¢hefring atoms and they overlap with each
other to form a delocalised molecular orbital electron cloud above and bettve plane.
This cloud contains six electrons required for aatiaity and thus explains the stability of
pyrrole to addition reaction and its tendency tdango substitution reaction.

The non-availability of the lone pair of electrohtloe nitrogen because of its involvement in
the = electron cloud, explains the weak basic charaftpyrrole.

Properties of Pyrrole

a. Physical Properties: It is a colourless liquithva boiling point of 133C. It is
sparingly soluble in water but fairly soluble imanol and ether. It darkens when
exposed to air.

b.Chemical Properties: Pyrrole differs markedlglremical properties from thiophene
and furan. However it undergoes usual electrophiigstitution reactions. It has
amphoteric properties and behaves like very weak bae to withdrawal of
electron density from nitrogen by aromatic sextet as a weak acid due to greater
stabilization by pyrrole.

i. Hydrogenation: Pyrrole on reduction with zindaacetic acid forms pyrroline(2,5-
dihydropyrrole), which on heating with hydriodicidand red phosphorus yields
pyrrolide(tetrahydropyrrole).

JHaIN ‘ Zn/CH,COOH HI/P
“200C
N N

ii. Basic Character: It is a very weak secondageband dissolves slowly in dilute acids.
This is due to the withdrawal of the lone pair &ogrons from nitrogen towards
aromatic sextet making it available for protonatwith acids.

iii. Acidic Character: Pyrrole is weakly acidic mature unlike furan and thiophenes. It
thus reacts with metallic potassium or potassiudrdwide to form potassium salt
which can be hydrolysed back to pyrrole on treatmeéth water.

The acidic character of pyrrole is due to two reaso
- The relatively easy dissociation of proton atextio N
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- The greater stability of the pyrrole anion as paned to pyrrole

| ==
-H0O
N K*

Potassiopyrrole

I N N

Resonance stabilized pyrrole anion

iv. Electrophilic Substitution reactions
Pyrrole is highly reactive towards electrophilidstitution reactions. It shows

striking resemblance to phenol and aromatic amitbhesdergoes Kolbe, Reimer-
Tiemann, Gattermannformylation, Houben-Hoesch angling reactions.

Electrophilic substitution reactions of pyrrolesismmarised below:

C
‘ hIorlnatlo bromlnatlon
82C| BI'2CH30H

2 3 4,5- tetrachloropyrrole 2,3,4,5 tetrabromopyrrol
Friedel Kolbe Reimer Gattermann |Houben
Craft Reaction | Reaction Teimann formylation [Hoesch
Ac,0/SnC}, COy/heat Reaction HCN/HCI Reaction

Pressure CH@IKOH CHs;CN/HCI
HJ\COCH; COOH CHOY
2-acetylpyrrole pyrrole-2- 2- formylpyrrole 2-fogtpyrrole
Carboxylic acid “7‘
\N
COCH;

2-acetylpyrrole
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V.

Vi,

‘ Nitration sulphonation ‘ ‘
HNOs/Ac, SQ/Pyridine/”
N o°C CICH,CH,CI
NO, SGH
2-nitropyrrole ‘ pyrrole-2-sulphonic acid
Coupling mercuration lodination
Reaction (with difficulty) I,/KI/H 0
ArN, X~ (CH;COO)Hg
CH3;COOH/heat
v v
N N
N=N-Ar HgOOCG |
An azo dye 2-acetoxymecuripyrrole

Ring expansion
Pyrrole reacts with dichlorocarbene, formed byittteraction of chloroform and
sodium ethoxide to givp-chloropyridine through ring expansion.

<cl

‘ J +:CCL— 4 —cr 7~ -
E: . Cl “

B-chloropyridine

Ring opening
The Pyrrole ring open up to give succinaldehydeidie when refluxed with an
ethanolic solution of hydroxylamine.

:\\I CH2-CH=NOH
H + 2NHLOH — | + NH;
_ CH2-CH=NOH

succinaldehyde dioxime

vii. Oxidation

Pyrrole when oxidised by chromium trioxide in acetcid gives maleinimide
while oxidation in alkaline hypochloride yields Hioromaleinimide.
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C — Cl
NaClO [O] R
NaOH CrQ/CHsCOCOH
NH— N
O O N @)
Dichloromaleinimide Pyrrrole maleinimide
viii. Resemblance with aromatic amines

Pyrrole behave like phenyl amine (aniline) and @héy reacting with acid
halides like acetyl chloride and methyl iodide.

When it reacts with acetyl chloride at’8Q it forms N-acetylpyrrole which
rearranges on heating to 2-acetylpyrrole. It adsscts with methyl iodide to form
N-methylpyrrole which also rearranges to give 2mgktyrrole.

80C

‘ CH-COCI
60°C

| —st— | |

N COCH; \_NH_/ CHs

2-acetylpyrrole 2-methylpyrrole

Test for Pyrrole A pine-splint moistened with hydrochloric acid isried fiery-red by
pyrrole vapours.

Activity C/Self Assessment Exercise
a. I. Explain why pyrrole is not basic
ii. Explain why pyrrole is more susceptible to ditiiion reactions and not
addition reactions
iii. Explain using equations, halogenations in per
b.  Give the products of pyrrole with:
- CH3CN + HCI, Hydrolysis
- CHsMgl

4.0 Conclusion

Thiophene, Furan and Pyrrole are examples of fieeabered heterocycles and their
reactions is more of substitution reaction thantamd The increasing order of their
reactivity when compared to benzene is:

Benzene < Thiophene < Furan < Pyrrole, shgwhat they are more reactive than
benzene.
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5.0 Summary
In this unot we have learnt that:
I. The important members of this group are thiogheyrrole and furan

J L)

Furan(Oxole) Thiophene(Thiole) Pyrrole(Azole)

ii. Thiophene and pyrrole occur in coal tar. Thiepe is present in shale oil and pyrrole
in bone oil. Furan is in the distillate of pine-wb®he pyrrole ring system occurs

in naturally occurring substances like chprgl ,haemin, cyanocobalamin
(Vitamin B12) , auxins, and alkaloids

iii. The radicals thienyl-, furyl- and pyrryl- agerived from thiophene, furan and pyrrole
respectively by replacing one hydrogen atamd position replacement is
indicated by the number on carbon atom, e.g 2-ytvgar 3-thienyl- etc

iv. Thiophene can be synthesized on an industdale by the high temperature reaction
between n-butane and sulphur.

Thiopene and Pyrrole is also found in coal tar.

Decarbonylation of furfural gives furan

oxide catalyst,steam,48D

N
>

CHO
Furfural Furan

Substituted pyrroles, furan and thiophenes canrbpgped from open-chain compounds by
ring closure.

v. Generally they are colourless liquids.eThoiling point of furan, thiophene and
pyrrole are 32C, 84°C and 128C respectively

vi. They exhibit aromatic characters like benzané are resonance stabilized.

vii. Their electrophilic substitution reactions che most closely compared to those of
phenols and they are more reactive than benzene.

viii. ~ The electrophilic substitution occu r edth at a- or B- position with thea-
substitution preferred due to a greater stabilratf the intermediate carbocation
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the - substitution
ix. Electron withdrawing groups such as -INGSQH, -COOR etc decrease the
reactivity and stabilizes the ring by increasingomance with the hetero atom.

X. Thiopheneis a colourless liquid ,boiling point of &5, insoluble in water but soluble
in organic solvents.

xi. Thiophene undergoes the following reactions:

- Electrophilic substitutions

- Oxidation
Thiophene reacts with hydrogen peroxide leadingh® opening of the ring and
sulphur is oxidised to tetraoxosulphate (vi) atids decomposed by potassium with
the formation of potassium sulphide.

xii. Thiophene can be tested using Indophenin react
xiii. ~ Furan is a colourless liquid with boiling jmd of 31°C, almost insoluble in water,
soluble in alcohol and ether with a characterishiloroform like smell.
xiv.  Furan undergoes the following chemical reatdio
|. Addition reaction
- Hydrogenation
- 2,4-additions

(1) Electrophilic Substitution reactions
(1l1) Polymerisation reaction

(IV) Formation of Organometallic compounds
(V) Formation of pyrrole and thiophene

xv. Pyrrole is a resonance hydride of the followstiguctures:

O

I
Resonance stabilized pyrrole anion OR

xvi.  Pyrrole is a colourless liquid, boiling poiot 131°C, sparingly soluble in water,
fairly soluble in ethanol and ether and it darketh&n exposed to air.
xvii.  Pyrrole undergoes the following reactions:

- Hydrogenation
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- Pyrrole is a very weak secondary base and dissdlowly in dilute acids.
- Pyrrole is weakly acidic in nature unlike furamdahiophenes.
- Electrophilic substitution reactions of pyrroledriedel Craft Reaction , Kolbe
reaction, Reimer Teimann reaction, Gattermann ftation Hoesch
Houben .halogenation, Coupling, Nitration, sulpdkion and mercuration with
difficulty.
- Ring expansion

}‘C| % cl
‘ J +:CcCh—> cr
Cl
N~ N= \
K* K*
B-chloropyridine
- Ring opening
:\\I CH,—CH=NOH
H + 2NHLOH — | + NH
] CH,—-CH=NOH
succinaldehyde dioxime
- Oxidation
ChN——=—ClI
NaCIO [O] R
“NaOH CrQ/CH;COOH
7 NH— N
O
Dichloromaleinimide Pyrrrole maleinimide

- Pyrrole behave like phenyl amine (aniline) andmi by reacting with acid halides
like acetyl chloride and methyl iodide.

CH3COCI CHil R
“8soc 60°C -
N

N
| N L
COCHs Hs
lheat l heat

:NH_/ COCH; \_NH_/ CHs

xviii. A pine-splint moistened with hydrochloric idas turned fiery-red by pyrrole
vapours.

6.0 Tutor Marked Assignment
Discuss the following electrophilic substitutiontbfophene, furan and pyrrole:



- Halogenation
- Acylation

- Alkylation

- Nitration

7.0 Further Reading and other Resources
a. K.S.TEWARI and N.K. VISHNOI (2006) - A Textboak Organic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@08) — Organic Chemistry
- Sixth Edition

c. John McMurry and Mary E.Castellion (1999n8amentals of General,Organic, and
Biological Chemistry-% Edition

d. SCHAUM’S OUTLINES- Organic Chemistry (1999) -TdhiEdition
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1.0: Introduction
The most imprudent member of this class containimg heteroatom is pyridine. It may be
considered as derived from benzene by the replatensfi@a = CH — group by nitrogen atom
= N-

/

S

2.0 Objectives
At the end of this unit you should be able to:
i. Discuss the various methods of preparing pyadin
il. Name the isomers of pyridine using the IUPAGtem
iii. Discuss the basic characters of pyridine
iv. Discuss the electrophilic substitution reantiaucleophilic substitution reaction
and other reactions of pyridine
v. Explain the structure of pyridine compared tozene
vi. State the uses of pyridine
vii. List some derivatives of pyridine

3.0 Occurrences
Pyridine occurs in coal tar in about 0.1% form frauinich it is obtained commercially

3.1 Nomenclature and Isomerism
The IUPAC name for pyridine is azine, but it iselgrused. The ring atoms are denoted by
numeral or Greek letters as shown below:

sjewa g

Pyridine a-picoline B-picoline
(2-picoline) (3-picoline)
CHs CHs CHs
CH; HsC AN Ch
y-picoline 2,4-Lutidine 2,4,6-Collidine
(4-picoline)

On monosubstitution, pyridine forms three isomer.
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There is a need to pay special attention to theemofature of the derivatives because the
common names are generally used. For example mahglpygridine are known as
picolines, the dimethylpyridines as known as lutéli and trimethylpyridine as collidines.

Thea-,B-, andy-pyridine carboxylic acids are referred to as pido] nicoctinic and
isonicotinic acids respectively.

COOH
COOH |
COOH CH
Picolinic acid Nicotinic acid Isonicotinic acid
(Pyridine-2-carboxylic  (Pyridine-3-carboxylic (RYine-4-carboxylic
acid) acid) acid)

3.2 preparations

a. From coal tar

Pyridine can be isolated from the light oil fractiof coal tar. This fraction contains pyridine,
alkyl pyridine, aromatic hydrocarbon and phenoliéWthe oil is treated with dilute
tetraoxosulphate (vi) acids, pyridine and otheidasgbstance are dissolved.The aqueous
acid layer is neutralized with solium hydroxide wheased are liberated as a dark brown oil
liquid. The oily layer is seperated and pyridineliained by fractional distillation.

b. From ethyne and HCN
By passing through a red hot tube

2CHECH + HCN— GHsN
ethyne pyridine

c. By heating pentamethylenediamine hydrochlorit @xidizing the product piperidine with
concentrated tetraoxosulphate(vi) acigbg, at 300C

CH,CH;NH,HCI
CHz heat R <:>NH HSQ, , Pyridine
AN -NH,CVHCT 300C
CH,CH,NH,HCI piperidine

pentamethylenediamine hydrochloric

d. Hantzsch synthesis

It involves the condensaton of a 3 — dicarbonyl pound (2moles), an aldehyde (I mole) and
ammona (I mole) to give a dihydropyndine derivatiVikis derivative can be oxidised with
nitric acid to yield pyridine derivative.

CHsC=CHCOOGHs CHs COOGH:s CHs COOGHs

b — 7
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HNH, + OHCCH : o —CHs
OH ; |

| COOGHs CH;  COOGH:s
CHyC=CHCOOGH:s

CHs COOGHs

i. Ho,SO, )7 \

ii. heat/-CQ

Hs

\ 4

CHs COOGHs

e. When acetylene, formaldehyde hemimetylal and @maris passed over alumina — silica
catalyst at 50, it gives pyridine.

2HC=CH + 2CH(OH)OCH; + NH; _Al;04/Si0; CeHsN + HO + 3CHOH

f. From tetrahydrofurfuryl alcohol
Industrially, pyridine can be obtained from theatgic reduction of furfuryl alcohol with
ammonia at 50C.

L B——CH20H NHs ‘
500°C )7

Tetrahydrofurfuryl alcohol

Activity A/Self Assessment Exercise
a. Explain how pyridine can be prepared fromfailewing:
i. THF ii. Pentamethylenediamine iii. HCN and etfy iv. Coal tar.

3.3 Properties of Pyridine

a. Physical properties

i. pyridine is a coloniless liquate (b.pt 09

ii. it is miscible with water in all proportion

iii. it is hygroscopic in nature

iv. it has a upbeat small

v. it is a good solvent for many organ and inorgax@mpounds.

b. Chemical properties

i. Basic Character

Pyridine is a base (pl8.8) of comparable strength with aniline {gk4). It is a stronger base
than pyrrole (pk= 13.6) but much weak than aliphatic tertiary aasifpkb = 4).

The basic character of pyridine is due to the atdity of the lone pair of electrons on hetero
atom nitrogen. Thus it reacts with alkyl halidegiee quaternary salts.

CsHsN: + CHl ———— CsHsNCHal

Pyridine N — Methyl pyridinium iodide
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ii. Reduction
Catalytic hydrogenation of pyridine gives hexa—loydyridine known as piperidine.
Reduction can also be carried out using NaHsOH

= _
‘ Hz/NI
—or >
Na/ GHsOH
Pyridine Piperidine

Piperidine(pk [1 3) is a strong base unlike pyridine .

iii. Addition of halogen
Pyridine add halogen at room temperature in theratgsof catalyst to form a dihalide

+

CsHsN + Bp— CsHs5NBrBr

iv. Electrophilic substitution reactions

Pyridine behaves as a highly deactivated aromattens towards electrophilic substitution
reaction and vigorous reaction conditions mustropleyed for these reactions to occur.
This low reactively towards electrohilic substitutiby pyridine is due to two reasons:

- because of the great electronegativly of nitrogm ,it decreases electron atom
density of the ring (-I effect), hence deactivatihg ring.

- In acidic medium, it forms a pyridine caption @ positive charge at way atom and
this nitrogen decreases the election density mumVvereffectively — thus deactivating
the ring. The position -3 is however the leastafie and is comparatively the
position of highest electron density in pyridine.

Cl SGH
=
hIorlnatlon Sulphonatlon ‘
3-chloropyridine yridine pyridine-3-sulphonic acid
Bromination Friedel Craft| Mercuration Nitration
300°C/catalyst Reaction (Cdﬂ?OO)QHg HNOs/H,SO,
300’C
Br HgOOCCH

3-bromopyridine 3-acetoxymercurypyridine 3-nitrodyme



17¢

v. Nucleophilic Substitution Reactions

Due to decrease of electron density on ring cagdioms, pyridine is rendered susceptible to
nucleophilic attack. The nucleophilic substitutioccur readily at the 2 and 4 positions since
these positions are much more electron deficieart gfosition 3. The pyridinium ion is more
reactive than pyridine toward nucleophilic subsiitn owing to the presence of full positive
change.

The scheme below summarizes the nucleophilic gubisti reaction of pyridine.

R
X o
Reaction with I.NaOH
Grignard reagent ii.K3Fe(CN)

RMgCI or ArCH,MgCl

‘Reaction with RLI Reaction with R
h C4H9|_i C6H5LI
CsHo CeHs

3-chloropyridine yridine pyridine-3-sulphonic acid
NaNH,
110°C
v
NH
NaNH, KCN
heat

S, QL

3-nitropyridine
A
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vi. Oxidation
It is oxidized by hydrogen peroxide or per acidgsd\N-oxide, pyridine-1-oxide is a
resonance hybrid and undergoes nitration reactidn-gposition unlike pyridine

vii. Miscellaneous reactions
a. With SQPyridine form a stable complex with sulphur triceid his complex is used
in sulphonation of acid sensitive substances.

b. On treatment with sodium, two molecules ofigiyre add to form a di-sodio
derivative which when exposed to air yields 4,4didyl. Small amounts of
2,2’-dipyridyl is also obtained.

=
2

Pyridine

O,

4,4-Dipyridyl

Activity B/Self Assessment Exercise
a. Give the products of the reaction of pyridivith:
i. NaOH, KsFe(CN)
ii. Cl/AICI3
iii. H.SQJ/HgSQ,
iv. CHgl
v. CHMgCI

b. List five physical properties of pyridine

3.4 Uses of Pyridine
i. Used as solvent and mild base in many orgarictiens
il. Used as a denaturant for ethyl alcohol
iii. For control of plant pests
iv. Used in the preparation of medicinals likephapyridine, isoniazid etc.
v. As catalyst in the preparation of Grignardgesats and in Perkin and Knoevenagel
reactions
vi. As a solvent in the estimation of active hygea and epimerization
vii. Used in the identification of metals
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3.5 Structure of Pyridine
a. The molecular formula issBsN.
b. The nature of the nitrogen- Pyridine is a nama tertiary base as shown by the
following facts:
I. It is basic in nature and forms quaternary saith one mole of acid e.g.

CsHsN + HCI ——» GHsNHCI
Pyridine hydrochloride
il. Its neutralization equivalent shows it is a roanid
iii. It does not react with acetyl chloride or HhI&howing the absence of primary
or secondary nitrogen or amino group.
V. It reacts with one mole of methyl iodide torfoa quaternary ammonium salt
N-methylpyridinium iodide.

CsHsN + CHJl ———» CsHsNCHal

c. The carbon skeleton- It is evidence from tlwdecular formula that it is highly
unsaturated. Like benzene, it is also
I. Resistant to addition reactions
il. Resistant to common oxidizing agents
iii. Does not decolourise alkaline potassium tetcananganate(vii) solution

Like benzene it undergoes electrophilic substitutieactions despite its unsaturation.
So pyridine exhibits aromatic character. Its aroenaature is further supported by the

following:
I It's alkyl derivatives are readily oxidized tgraline carboxylic acids
(O]
H3CC§,H4N EE— HOOCQ,H4N
a-, B-, ory- Picolines a-, B- ory-Pyridinecarboxylic acids

il. The amino derivatives of pyridine can be diazed and coupled with phenols
or amines etc, like aminobenzene

iii. The halopyridine shows nucleophilic displacerhef halogen by -NH2, -OH,
-CN etc like the halogen of halonitrobenzenes.

The present day structure shows that pyridinerésanance structure of the following

structures:
O
+
+

I

-
»

N

>

AN

©<
| @

Resonance representation of pyridine

A
v
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- All the carbon, nitrogen and hydrogen atomsri¢hie same plane

- The four carbon-carbon bond lengths in pyridine equal- 1.38 and the carbon —
hydrogen bond length are equal-1A37

- It resists addition due to the absence of trugbt#bbonds

- Due to the presence of positive charges at ther 2+ position in the contributing
structure, it behaves as deactivated system inrefgdlic substitution, which occurs
at position-3.

- It's resonance energy is 23kcal/mol as camegp to -6 kcal/mol in ordinary
conjugated trienes.

From the molecular orbital concept, the nitroged aach of the carbon atoms in pyridine
are in the sp2 hybridisation state. They combimgetioer to form a ring utilizing two of their
sp2 hybrid trigonal orbitals for forming-bonds. The remaining sp2 orbital at the five carbo
atoms overlap with s-orbital of hydrogen to fosbonds while the third sp2 orbital of the
nitrogen contains the lone pair of electrons whiemains unshared. The unhybridised p
orbitals at each of the carbon and nitrogen atoarlaps with each other to formcloud of
electrons below and above the plane of the rirgilikbenzene.

Fig 1.1 Molecular Orbital Picture of Pyridine
(Source: A Textbook of Organic Chemistr$,Bdition-By K.S Tewari and N.K.Vishnoi)

However, due to greater electronegativity of nigogthen- electron cloud is displaced
slightly towards nitrogen and the electron denstipelow unity at all carbon atoms. Position
three is the least affected and it is the posiwith the highest electron density, making it the
favoured position for electrophilic substitution.

3.6 Derivatives of Pyridine
The following are the names and formulae of impartkerivatives of pyridine that are of
physiological and medicinal significance.

CONHNHCHMe CHO
HO CH,OH
HC /X

Iproniazid(Psychic stimulant) Pyridoxal(Vitamin B6



CONHNH,
COOH
= = o
‘ ‘ CH,CgsHs ‘
NCH,CH,NMe,
Isoniazid Pyribenzamine Nicotinic acid
(Antitubercular drug) ( Antihistaminic drug) (Vitans)

Activity C/Self Assessment Exercise
a. Explain why pyridine would rather undergo &tephilic substitution reactions than
addition reaction.
b. State some medicinal importance of pyridine

4.0 Conclusion

Pyridine is six-membered heterocyclic compound kizat basic characters similar to that of
aninile. It undergoes mainly electrophilic subgtdn because of its aromatic characters
which shows great resemblance to that of benzene.

5.0 Summary

In this unit we have learnt that:

i. The IUPAC name for pyridine is azine,

ii. Pyridine can be prepared from the following

- Coaltar

- Ethyne and HCN

- By heating pentamethylenediamine hydrochloric axidizing the product piperidine
with concentrated tetraoxosulphate(vi) ackSB, at 300C

- Hantzsch synthesis

- When acetylene, formaldehyde hemimetylal and amans passed over alumina — silica
catalyst at 501C.

- From tetrahydrofurfuryl alcohol

iii. Pyridine is a colourless liquid (b.pt 1%5), miscible with water in all

proportion,hygroscopic in nature and it is a goolgdent for many organic and inorganic

compounds.

iv. Pyridine show the following chemical properties

- Pyridine is a base (p#8.8) of comparable strength with aniline {gk4). It is a stronger
base than pyrrole (pk= 13.6) but much weak than aliphatic tertiary arsifgkb = 4).

- The basic character of pyridine is due to thelaldity of the lone pair of electrons on
hetero atom nitrogen.

- It reacts with alkyl halide to give quaternaritsa

CsHsN: + CHl ————  CsHsNCH3l

Pyridine N — Methyl pyridinium iodide

- Reductio- Catalytic hydrogenation of pyridine ggvhexa—hydro pyridine known as
piperidine. Reduction can also be carried out ubiag GHsOH
- Addition of halogen
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CsHsN + Bpr—  CsHsNBrBr-

- Electrophilic substitution reactions examplessuphonation, halogenations, Friedel
Craft reaction, nitration etc are possible withigiyre.

- Nucleophilic Substitution Reactions: Reactiongw@rignard reagent, NaOH, RLi and
NaNH,
- Pyridine form a stable complex with sulphur tiabe

- Two molecules of pyridine with sodium add to foandi-sodio derivative .

v. Some uses of pyridine are :as solvent and naitgklbn many organic reactions, as a
denaturant for ethyl alcohol, for control of plgrsts, in the preparstion of medicinals like
sulphapyridine, isoniazid etc.,catalyst in the aregpion of Grignard reagents and in Perkin
and Knoevenagel reactions, a solvent in the esomaf active hydrogen and epimerization
and used in the identification of metals

vi . The molecular formula is<EisN.
vii. Pyridine is a monoacid tertiary base, highhsaturated like benzene.
viii.  The structure shows that pyridine is a resa®ahybride of the following
structures:

00
|
N— O

iX. Iproniazid(Psychic stimulant) , Pyridoxal(®inin B6) Isoniazid ,
Pyribenzamine and Nicotinic acid are important\gdives of pyridine that are of
physiological and medicinal significance.

A
\ 4

A
v

6.0 Tutor|Marked Assignment
a. Describe the preparation and synthesis of jyeidi
b. Discuss the electrophilic and nucleophilic sitb8bn reactions of pyridine

7.0 Further Reading and other Resources
a. K.S.TEWARI and N.K. VISHNOI (2006) - A Textboak Organic Chemistry
-Third Edition



181

b.Robert Thornton Morrison and Robert Neilson B@@0O8) — Organic Chemistry
- Sixth Edition

c. John McMurry and Mary E.Castellion (1999 n8amentals of General,Organic, and
Biological Chemistry-% Edition

d. SCHAUM’S OUTLINES- Organic Chemistry(1999-T hikdtlition
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1.0 Introduction

As the name suggested, dicarboxylic acids cont@incarboxyl groups. They may be
saturated and they may be unsaturated. Saturataddkylic acids have the general formula
CnhH2r(COOH)., n may be equal or greater than O.

2.0 Objective
At the end of this unit you should be able to:
i. Draw the structure of dicarboxylic acids
ii. Name dicarboxylic acids
iii. Explain the chemical properties of dicarboxyéicid
iv. Draw the structure of malonic ester and acattia ester-derivatives of dicarboxylic
acid
v. Explain the chemistry of malonic ester and@aeetic ester
vi. Explain the importance of the methylene graughe chemistry of malonic ester and
acetoacetic ester
vii. Describe some synthetic application of malogster and acetoacetic ester

3.0 Naming Dicarboxylic acids
The saturated dicarboxylic acids are usually naaweadrding to the source from which they
are obtained. For example, the oxalic acid is olethifrom a plant of the oxalis group.

Using the IUPAC system the suffix dioic acid is addo the name of the parent alkane. For
example:

O\ /O
C-C
H”  MH
Ethanedioic acid(from ethane)
(Oxalic acid)

TABLE: 1.1 Common and IUPAC names of Importantu@atied Dicarboxylic acids
Formula Common Name IUPAC Name
(COOH), Oxalic acid Ethanedioic acid
CHy(COOHY), Malonic acid Propanedioic acid
(CH2)2(COOH), Succinic acid Butanedioic acid
(CH)3(COOH), Glutaric acid Pentanedioic acid
(CH2)4(COOH), Adipic acid Hexanedioic acid
(CH)5(COOH), Pinelic acid Heptanedioic acid
(CH)6(COOH), Suberic acid Octanedioic acid
(CH2)7(COOHY), Azelaic acid Nonanedioic acid
(CH2)s(COOH), Sebacic acid Decanedioic acid

In the common system, the position of substituenisdicated by Greek letters while in the
IUPAC system, it is indicated by numbers.

For example,



184

ap p «a
HOOCCHCHCH,CHCOOH
65| 4 "3 lz 1
CHs Cl

a-chloro-o’-methyladipic acid(common name)
2-chloro-5-methylhexan-1,6-dioic acid(lIUPAC name)

3.1 Isomerism
Dicarboxylic acids show position isomerism.

For example,
H,C-COOH / COOH
| HsC-C N
H,C-COOH COOH
Succinic acid Methylmalonic acid

3.2 General Methods of Preparation
i. By oxidation of dihydric alcohols, hydroxyl aldgdes, hydroxy acids, dialdehydes
and aldehydic acids with dilute HN@r potassium tetraoxomanganate (VII).

CH,OH CHOH CHOH CHO CHO

I I | I |
CH,OH CHO COOH COOH CHO

Dihydric hydroxyl hydroxyl aldehydic dialdehyde
Alcohol aldehyde acdd acdd

Q] lKﬂ //&ﬂ
O]
COOH [O]
I

COOH
Oxalic acid

il. Hydrolysis of dicyanides or cyano acids

CH.CN

I __HOM" |
CH,CN

Ethylenedicyanide

CH,CN

| H,O/H"
COOH

Cyanoacetic acid

CHCOOH

|
CH,COOH

succinic acid

CH,COOH

I
COOH

Malonic acid
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iii. By treating halogen substituted monocarboxgad ester with zinc or silver and
hydrolysing the ester thus obtained.

C;HsOOCCHCH,l + 2Ag + ICHCH,COOGHs -=2Agl, C,HsOOC(CH)sCOOGCH:s
B-iodopropionic ester diethyl adipate
2H,0
-2CHsOH

HOOC(CH,)4,COOH
Adipic acid

iv. By reduction of unsaturated dicarboxylic acid

H-C-COOH CHCOOH
l H, catalys] |
H-C-COOH CHCOOH
Maleic acid succinic acid

v. By hydrolysis of agueous solution of potassalkyl ester of dibasic acid

KOOCCH,COOGH:s CH,COOGHs
+ electrolysis | | + 2CO+ 2KOH + H
KOOCCHCOOGHs +2H,O CH,COOGHs
Potassium ethyl malonate Diethyl succinate
Hydrolysis

CH,COOH

I

CH,COOH

Succinic acid
vi. By oxidation of cyclic ketone

H.,C- CH,
H.C C=0 0] HOOC(CH),COOH
\ / HNO3 acipic acid
H.C- CH,

vii. From Grignard reagent of dihaloalkane.

CH.Br CH;MgBr CH,COOMqgBr CHCOOH
| Mg, | CO,, | hydrolysig |
CH.Br CH,>MgBr CH,COOMgBr CH>COOH

Succinic acid
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viii. By oxidation of unsaturated acids
CH3(CH,)7CH=CH(CH)7COOH _HNG:, CH3(CH);COOH + HOOC(CH);COOH

ix. By the action of dihaloalkanes on sodiomalcester

CHzBI’ N&CH(COOQH5)2 CHzCH(COOQHs)z
I + -5 |
CH.Br NaCH(COOQH5)2 -2NaBr CHzCHz(COOQHs)z
CH,CH(COOGH:s), CH,CH,COOH
Hydrolysis, | heet, |
CH,CH(COOGH?s), -2C0G, CH,CH,COOH
Adipic acid

ACTIVITY A/Self assessment exercise
Discuss the preparation of oxalic acid by oxidation

3.3 General Physical Characteristics
I. State: All dicarboxylic acids are colourlessstalline solids

iil. Solubility: Lower members are soluble in wat8plubility in water decreases as
molecular mass increases while in ether the satiylniicreases as molecular mass
increases

iii. Melting points: Melting points of acids withven number of carbon atoms are higher
than those with odd number of carbon atoms. Ehirecause the arrangement of
the carbon atoms is zigzag in odd number acids tvéliwo carboxyl groups on
the same side, while they are on opposite sidesen number acids.

iv. Acid strength of these acids decrease witheiase in molecular weight. Dicarboxylic
acids dissociate in two steps:

K1
HOOC-COOH ———> -00C-COOH + H

K2
“O0C-COOH ———"00C-CO0 + H

The first dissociation constant K1 is higher thia@ $econd dissociation constant
K2. It is also higher than that of the correspogdimnocarboxylic acid. The
higher value of K1 is due to the —I effect of oaeboxylic group on the other.
This effect becomes weaker due to intervening etieeCH, group between two

0 o
HoOC~<— & HOOC—CIZI—CHZ—C<
—Q=—H O -H

K1 =54 K1=6.4x10



carboxyl groups. The lower value of K2 is due taeeffect of carboxyl group (-
COQ). Further the electrostatic repulsion due to negatharges at the ends of
the dianionTOOC-COQ) destabilizes the dianion and reduce the K2 value.

3.4 General Chemical Properties
The chemical reactions of dicarboxylic acids arentgagoverned by the reactivity of
the carboxyl groups. Oxalic acid differs from thber members because it does not
contain the hydrocarbon chain and it consists of ¢tarboxyl groups only.

I. Reaction due to carboxyl group: Dicarboxylicdscshow the usual reactions
of carboxyl group. However, because they have tavbaxyl groups they
form two series of salts, esters, amides and @ttidrderivatives. For
example, succinic acid form the following derivaisv

CH,COONa CHCOOGHs CH,COCI CHCOONH,

I I I |

CH,COOH CHCOOH CHCOOH CHCOOH
Acid sodium acid ethyl acid succinyl acidssuccinamide
Succinate succinate chloride

CH,COONa CHCOOGHs CH,COCI CHCONH;

I I I I

CH,COONEe CH,COQC;Hs CH,COCI CH,CONH;
Sodium Ethyl Succinyl Succinamide
Succinate succinate chloride

Il. Action of Heat: The product formed on heatagpends on the relative
positions of the two carboxyl groups.

I.  When two carboxyl groups are attached to theeseambon, e.g oxalic
acid, malonic acids, CQOs given off:

COOH
| heet | HCOOH + CO;
COOH Formic acid
Oxalic acid
COOH
H2C< heat CHCOOH + CQ
COOH Acetic acid
Malonic acid

il. Higher acids in which the carboxyl groups aeparated by two or
three carbon atoms lose a molecule of water orirtgeat by
distilling with acetic anhydride to give the coppesding

anhydride.
CH,COOH CI—IZCO\
I __ heat I . O + D
CH,COOH CHCO

Succinic acid Succinic anhydride
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CH,COOH CHCO
HZC< heat I—jC< > O + HO
CH,COOH CHCO
Glutaric acid Glutaric anhydride

iii. When the carboxyl groups are separated by éounore carbon atoms
e.g Adipic and pimelic acids, cyclic ketones anarfed when
distilled with acetic anhydride.

CH,-CH,-COOH CHZ—CHz\
| hea | o + H,O + CO;
CH,-CH,-COOH CHz—CHz/
Adipic acid Cyclopentanone
CH,CH,COOH CHCH;
HZC< heat HC< >O + HO + CQ
CH,CH,COOH CH CH
Pimelic acid Cyclohexanone

Ketone is formed when the calcium salt of adipid prmelic acids are heated.

CHzCHzCO C"kCHZ
O\ Ca heat > CO + CaGoO
CHZCHZCOO/ CHCH
Calcium adipate Cyclopentanone

The products from the action of heat on dicarbaxgitids can be summed up by
Blanc’s rule that state that on distilling alonevadith acetic anhydride at 36@, a
dicarboxylic acid may yield an anhydride or alyketone according to the
relative positions of carboxyl groups. 1l:#4dal;5 dicarboxylic acids give
anhydride, while 1:6 and 1:7 dicarboxylic acidslgieyclic ketones and 1.8 or
higher dicarboxylic acids undergo intermolecutiehydration to form linear
polymers.

iv. Higher dicarboxylic acid(1:8 dicarboxylic asjdundergo
intermolecular dehydration to form linear polymers.

heat

@) O

[ [
HOOC(CH)sC-OH + HO-C(CH);COOH
Suberic acid Suberic acid

O o
Il

RO~ HOOC(CH)sC-O-C(CH)sCOOH

Dimer



18¢

Activity B/Self Assessment Exercise
List and name the likely esters, amides and aaqivatéves that one would expect adipic acid
to form.

3.5 Uses of Dicarboxylic acids

Oxalic acid, a common dicarboxylic acid is usedhie manufacture of inks, metal polishes,
and oxalates. It is also used for textile printing.

3.6 Reactive Methylene Group in reactions

When a methylene group is present betweeo s$tvongly electronegative (electron
attracting) group such as >C=0 or=N, the hydrogen atoms of methylene group (cadled
hydrogen, being present on carbon atom next totifumal groups on either side) become
reactive or acidic. Such compounds exist in ketenol equilibrium. If the compound is
symmetrical the hydrogen atom of the methylene gnmigrates to either of the keto groups
but if the compound is unsymmetrical only one fasnpresent exclusively or predominantly
and the migration of the hydrogen atom depends upennductive effect of the alkyl or
other groups present on either side of >@rbup.

O O OH O OH O
I | | [ | |
CH;C-CH-C-CH; «— CH3-C=CH-C-CH or H;C-C=CH-C-CH
Acetylacetone Enol form
(unsymmetrical compound) (two similar forms)
O O OH O
[ | | [
CH;-C-CH-C-OGHs «—» CH3—C=CH-C-0OGHs
Ethyl acetoacetate Enol form
(unsymmetrical) Only one form

When a compound containing active methylene gragets with a strong base the proton
removal may take place from both, keto and enaohfoand the resultant enolate (a carbanion
stabilized by an adjacent carbonyl group,often called an enolate ion) obtained by
resonance stabilization is same in both cases.
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Keto Form Enol Form
(@) @) OCoHs H-0 @)
[ I |
CH3;—C-CHCOGH;5 CH3;—C=CH-C-0OGHs5
I
I H OGH: I
OC2H5

S I) <O

VY
CHs:-C- CH -OGHs H< j’ Ch- C H C OGHs

I !
( 0 QII >Enolate| "o:) ||o

CHa— c  CH-C-OGH:s CH3—C—CT—C—OQH5
0 I 0 I? 0
I I
CHs~C-CH,=C-OGHs CHs—C-CH=C-OGH:s

Y, N

(SOURCE: A Textbook of Organic Chemistry. Third &ah. K.S.Tewari and NK, Vishnoi)

Some other functional groups like nitro, ester atéo make methylene group reactive. Other
such compounds which have an active methylene groripiethylmalonate, ethyl
cyanoacetate, ethyl nitroacetate etc.

(@) @) @) N OH O
I I I I Va
C,HsO0-C-CH,-C-0OCo,Hs CoHsO-C-CH,-C  HsC,O-C—-CH»>—N <
(@)

In such compound hydrogen of >gHroup can be easily replaced by sodium or potassium
These sodium derivatives serve as the point famaler of synthetic products.

3.7 MALONIC ESTER, DIETHYL MALONATE, H ,C(COOC;H5),
Malonic ester an important synthetic reagent withformula HC(COOGH:s)..

0
C,HsO0-C-CH-C-OGH5
Malonic Ester

3.7.1 Methods of Preparation

(i) Malonic ester is prepared by passing dry hydroghloride gas through a mixture
containing absolute alcohol and potassium cyanasge®n warming the mxiture the
cyanoacetate gets hydrolysed to malonic acid, wipgth esterified by alcohol. Potassium
cyanoacetate employed is prepared in situ fromrollmetic acid by cyanide synthesis.
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Cl, K>,COs
CHsCOOH ___, CL.CHCOOH ____, CI.CHCOOK
Acetic acid 3 Monochloroacetic acid Potassium monochloroacetate
KNC

—» CN.CH2COOK
Potassium cyanoacetate

_CN COOH
HCC_ + 2HO + 2HCI —» H + KCl + NHCI
COOK COOH
Malonic acid
__COOH _ COOGHs
H> + 2GHsOH —4m8M—» H, + 2HO
C\COOH C\coo<5H5

(i) It may also be prepared in good yield byugfhg cyanoacetic acid with ethylalcohol in
the presence of chlorosulphonic acid.

3.7.2 General Properties
Physical Properties
I. Malonic ester is a colourless liquid with a Haat smell
ii. Boiling point is 199C
iii. Itis sparingly soluble in water, but solublealcohol, benzene and chloroform

3.7.3 Chemical Properties

The structure of malonic ester shows the presehtseoocarbonyl groups, one each on either
side of methylene group, this exerts a —I effesiso Malonic ester is from an anion which is
stabilized by resonance since it can exist in taronk - enol and keto forms.The presence of
the methylene group, added to the formation ofmasoe stabilized anion make the hydrogen
of the group active (acidic). It exists in followgirketo-enol tautomeric forms, the enol form
being present in much smaller amount.

O O OH @]
[ [ | [
CoHs0-C-CH-C-0OGHs — CoH50-C=CH-C-0OGHs
Keto form Enolic form

Because of the presence of active methylene gibbphaves as an acid. When it reacts with
sodium ethoxide in absolute alcohol, if forms sontialonic ester, the anion being resonance
stabilized.

C/ COOGH:s

H> AN + C2H50_N61+



COOGH;s
Absolute alc.
e -0 o
| I
_, C-0CGHs C-OGHs5s C-OGHs
H > HC{ «—> H 7
ﬁ—OQHs ﬁ—OQHs NC-0GHs
|
@) O O -
_/
- |
OGHs
I
C=0
HC/ -)
Nes
I
OGC,H5

The anion acts as a nucleophile and canicpeate intypical nucleophilic substitution
reactions to give rise to substituted malonic sstiélis a valuable synthetic reagent. Some of
its synthetic applications are mentioned below:

a. Synthesis of monocarboxylic acids. Malonieesin hydrolysis forms malonic acid
which when heated to 150 -2, decarboxylates to form acetic acid.

COOGH;s Hydrolysis COOH heat
H2C< + GHOH Hzc/ 'CO, ©  CHsCOOH
COOGH:; "\ COOH

Higher fatty acids can be prepared by treatingsheio derivative of the ester with alkyl
halide followed by hydrolysis and decarboxylatiorFor example N-Butyric acid can be
obtained as shown below:

CHy(COOGHs), _NaOGHg NaCH(COOGHE:) CoHsBr C,HsCH(COOGHS),
-C;HsOH  Sodiomalonic ester -NaBr Ethyl malonic ester

KOH CHsCH(COOK), 2HCI GHsCH(COOH) heat GHsCH,COOH +
CO, ,
-2C2H50I_—1 -2KClI 150-2065 n-Butyric acid

Starting with methyl malonic ester we can preghngethyl malonic ester. Its hydrolysis
followed by decarboxylation yields dimetylacetigda@isobutyric acid).
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It is not also possible to introduce aryl grougs imalonic ester.

b. Synthesis of succinic acid and its homolog&egcinc acid and its homologues can
be prepared by the following methods:

i. Monosodio malonic ester with iodine:
Monosodio malonic ester when heated with ioding¥eed by hydrolysis and

decarboxylation give succinic acid:

2[CH(COOGHs),] Na" + I, -2Nal CH(COOGHs) 1.KOH. CH(COOH)
=

| 2.HClI |
CH(COOGHSs) CH(COOH}Y
heat CHCOOH
-2CO I
CH,COOH
Succinic acid

If the sodium derivatives of monoalkylmalonic estetaken, symmetrical dialkylsuccinic
acid can be obtained.

ii. Monosodiomalonic ester when treated with teeeof halogenated carboxylic acid
and the product hydrolysed, it forms first a trimaxylic acid, and then on heating

it gives a dicarboxylic acid.

NaCH(COOGH:s), -NaCl . CH(COOGH:s), 1.KOIj CH(COOH)
+ | 2HClI |
CICH,COOC,Hs CH,COQC,Hs CH>,COOH
heat CH,COOH

-2C0O, |
CH,COOH
Succinic acid

iii. Alkyl succinic acids can be prepared from smalkyl malonic ester and mono or
dialkyl chloroacetic esters.

CoHsC(COOGHs); __-NaCl , GHsC(COOGHs), _1.KOH GHsC(COOH)

Na* | 2.HCI |
cl o+ CH;CHCOOGHs CH;CHCOOH
I
CH;CHCOOGHS
heat GHsC(COOH)
2CO, | |
CH;CHCOOH

iv. Glutaric acid can be obtained from methylesgide and mono sodiomalonic ester.

1 Na'CH(COOGH:s), _ CH(COOGHE),
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H,.C  + _ -2Nal , HC._
N1 Na'‘CH(COOGHs), CH(COOGH:S),
i. KOH CH(COOH) CH,COOH
i HCI HZC/ heat | uc<
"\ CH(COOH) -CO, CH,COOH
Glutaric acid

v. Succinic or alkyl succinic acids can be prepdny the electrolysis of sodiummalonic
ester or sodialkylmalonic ester.

NaCH(COOGH:Ss); CH(COOGHs), CH,COOH
+ Elecrolysis , | hydrolysis, |
NaCH(COOGHs)2 CH(COOGH:s): heat CHCOOH

(c) Synthesis ofu,p - unsaturated acid. Malonic ester condenses withlde hyde or ketone
in the presence of organic bases such as pyridiperidine etc. (Knoevenagel reation). The
product on hydrolysis and heating is an unsaturatét
R-C=0 + HC(COOGHs), — > R-C=0(COOGHs), _hydrolysis RCH=C(COOH)
| -H,O | -2GHsOH
H H
heat
CO,

RCH=CHCOOH
a,p - unsaturated acid
Cinnamic acid is obtained when benezaldehyde idexased with malonic ester.

CeHsCHO + HC(COOGHSs), -H,0 . GsHsCH=C(COOGH:s),

Hydrolysig GHsCH=C(COOH) heatI GHsCH=C(COOH)
-CoHsOH -CO  Cinnamic acid

d.Synthesis of keto acids. When sodionalonic esteeated with an acid chloride, a keto
acid is formed by hydrosing and heating the product

CH;COCI + NaCH(COOgHs) _-NaCl, CHCO.CH(COOGHSs),

i.KOH CH3COCH(COOH) heat  CHCOCHCOOH
—_ > .
ii.HCI -CO; pB-Ketobutycic acid
(Acetoacetic acid)

e. Synthesis af-amino acids. An amino acid can be prepared byalf®ving procedure:
COOGHs COOGHs COOH
I | |
CH; +HNOQ; H-C-N=O _isomerizes C=N-OH
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I I > I

COOGH;s COOGH;s COOGH;s

Malonic acid
COOGH;s COOGHs COOH
I I I

Reductiop CHNH CH:COCI ,2CHNHCOCH hydrolysig CHNH hea; CHNH>»
I HCI I I -CQ |
COOGHs5 COOGHs COOH COOH

glycine

Also starting from sodiomalonic esteramino acids can also be obtained by starting from
sodiomalonic ester. For example, preparation afiage-aminopropionic acid).

CHs
(CoHsOOCYCHNa + ICH — CH;CH(COOGHSs), _ Bro B?C(COOQHs)z
r

i.hydrolysis
i
decarboxylation
NH;
I Gt
CH;CHCOOH o Nb CHCOOH

er

f. Synthesis of alicyclic compounds. This can beied out by the condensation of alkylene
dihalide with sodiomalonic ester. The haloalkylnmadoester formed, when treated with
sodium ethoxide undergoes an intramolecular allorlateaction to form a cycloalkane
carboxylic acid.

For example, preparation of cyclopropane.

CHzBI’ CHch(COOQHs)z
| + NaCH(COOGHs), -NaBr |
CH,Br CHBr
1,2-dibromoethane Bromoethylmalonic ester
Na
| Chy
CoHsONa, CHC(COOGH:), -NaBr, | /CH(COO@Hs)z
| Ch
CH,Br
Hydrolysis C heat C heat CH
H>O/H" | I-i\C(COOH)z -CO2 | hl\CH(COOCsz)z -CO2 | 2/\CH2
CH,” CH,” CH3
Cyclopropane carboxylic acid Cyclopropane

g. Synthesis of heterocylic compounds. In presefi¢®CL, malonic ester condenses with
urea to form malonylurea,commonly known as barfmtacid.
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CO-N

COOGHs  HNH\_
el co _Pog H2C< CO + 2GHOH
NCOOGHs HNH" co -NH~
Urea Barbituric acid

h. Synthesis of primary alcohol. When malonic estereated with hydrogen in presence of
heated cupric chromite, one of the carboethoxygisueduced to —C4#DH and the other to

— CHsgroup.
Hzc(COOQHs)z + 5H, QQQI’zQ‘ CHsCH,CH,OH + H,O + GHs0OH

Activity C/Self Assessment Exercise
What role does the methylene group play in thvidies of malonic ester as a synthetic
intermediate?

3.8 ACETOACETIC ESTER
Acetoacetic ester or ethylacetoacetate is the estgr of acetoacetic acid and may also
regarded as acety derivative of ethylacetateadtthe formula CECOCH,COQO,Hs.

L0
CH3;—C-CH,-C-0OGH:s

3.8.1 Preparation

From Claisen Condensation
It is prepared by the condensation of two molecaofesthylacetate in presence of
a base e.g. sodium ethoxide. The reaction is calle@laisen’s condensation.

CH3CO:r OGHs + HCH,COOGHs CoHsONa, CHCOCHCOOGHs + CHsOH
Ethyl acetoacetate is industrial prepared by pohsirgy ketene in acetone solution and then
treating the diketene with alcohol.

0]

2CH,=C=0 acetone CEHC-CH CZH5ONaI CHC-CH,COOGHs

||
ketene O-C=0 Ethylacetoacetate

3.8.2 General Properties
a. Physical
I. It is a colourless liquid (b.p. 78).
il. It has a pleasant smell
iii. It decomposes and is, therefore, distilledie@nreduced pressure.
V. It is sparingly soluble in water but readilylsole in alcohol and ether.
V. Though neutral to litmus, it is soluble in déusodium hydroxide; it is the enol
form which dissolved to give sodium salt.

b. Chemical. Acetoacetic ester behaves a ketemaeth as an alcohol which is due to the
fact that it exhibits keto-enol-tautomerism
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I
CH;~C-CH,-C-OGHs ———— CHz-C=CH-C-OGH:s
Keto form Enol form

The equilibrium mixture contains both forms, howeybut the percentage of enol form is
very small. At ordinary temperature it is about @es cent. The degree of enolisation
depends on the nature of solvent- for example @éti@eacid it is 5 to 7 per cent, while in
petroleum ether it is 46.4 per cent.

The reactions of ethylacetoacetate depend on ffezedit forms

a. Reactions Involving Ketonic Form
(i) Reduction. This can take place with sodium kgaa and alcohol or with hydrogen
in presence of nickel or litium tetrahydridoalunte@ll) in pyridine to givep-
hydroxybutyric ester.

CH;COCHCOOGHs + 2H——» CHCHOHCHCOOGH:Ss

However, with litium tetrahydridoaluminate(lll) ebsence of pyridine it is reduced to
1,3-butanediol.

CH;COCHCOOGHs + 6H_LiAIHy CH;CHOHCHCH,OH + GHsOH
(i) Reaction with hydrogen cyanide. It form cyagdhins like other ketones.

CH;COCHCOOGHs + HCN —— CHC(OH)CH, COOGHs

I
CN

(i) Reaction with sodium trioxosulohate(VI1),NaHaQ@ forms a crystalline addition
compound with saturated aqueous solution of sodrioxosulohate(VI),NaHS®©

CH;COCHCOOGHs + NaHSQ—» CH3;C(OH)CHCOOGH:Ss

I
SO:Na

iv. Reaction with hydroxylamine. It form an oximéth hydroxylamine which loses a
molecule of alcohol immediately to forms methylxaaolone.

CHs~C=O  + HNOH CH:~C=NOH
| -H,O |
CH,COOGHs ' CH,COOGHs

-CoH=OH, cHg—clz—— Ne_ .
CH,-CO~~

Methyl isoxazolone
(v) Action of phenylhydrazine. With phenylhydrazidirst forms phenylhydrazone,
which then loses a molecule of alcohol to formse&mil-phenyl-pyrazolone.
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CHs-C=0  + HNNHCHs CHa—C=NNHGCsHs
C|:H2COOC2H5 —Hs CllHZCOOCzHg,
-C,H-OH CH-C—
Cle—CO/ N

3-Methyl-1-phenylpyrazolone
v. Hydrolysis. When boiled with dilute aqueousatcoholic potassium hydroxide,
dilute H,SQy, acetoacetic ester is hydrolysed to form ketoonet(me).

CH;COCHCOOGH; —» CH;COCH; + CO, + GHsOH

With 85 per cent solution of phosphoric acid, tgejd of ketone may be even up to 95 per
cent.

However hydrolysis with concentrated alcoholic gstam hydroxide gives acids.
CH;COCHCOOGHs; ——» 2CH;COOK+GHsOH

With cold and dilute potassium hydroxide normalioygsis takes place resulting in the
formulating of potassium acetoacetate.

CH;COCHCOOGHs —* 2CH,COOK + GHsOH

It the solution containing potassium acetoacetateidified, extracted with ether and then
ether removed carefully under reduced pressurépacatic acid is obtained.

These various hydrolysis are useful in preparingasious acids, ketones etc. form mono and
dialkyl derivatives of acetoacetic ester.

b. Reaction Involving Enolic Form

(1) Reaction with sodium or sodium ethoxide. Widd&im or sodium ethoxide, it forms
sodio, derivatives.
OH O Na

I I
2CH;~C=CH-COOGHs + 2Na——— 2CH-C=CH-COOGHs + H,

OH O "Na

I I
CHg-C=CH-COOGHs + NaOGHs — CH;~C=CH-COOGHs + CHsOH

(i) Reaction with Iron(lll) chloride. Due to thegsence of the >C=C-OH group (as in
phenol), acetoacetic ester gives a violet colotin Wwon(lll) chloride.
(i) Acetylation. With acetyl chloride it forms aacetyl derivative.

OH O -COM
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CHg-C=CH-COOGHs + CICOOH, — > CH;-C=CH-COOGHs + HClI

(iv) Reaction with bromine, Due to the presenc€e€ linkage it forms addition product
with ethanolic bromine solution.

OH OHH
I ||
CH;-C=CH-COOGHs + Br, —» CH;-C - C-COOGH:;s
||
Br Br
a,pB-dibromoacetoacetic acid

(v) Reaction with Grignard reagent. It reacts v@thgnard reagent to form hydrocarbon.

OH OMgl

| I
CHs~C=CH-COOGHs + CHgMgl ———>CHs-C=CH- OOGHs + CH

(vi)  Reaction with phosphorus pentachloride, &formsp-chlorocrotonic ester.

OH Cl

I I
CHy-C=CH-COOGHs + PCp — CH;-C=CH-COOGHs + POC} + HCI

(vii)  Reaction with amine compounds. It reacts vathmonia as well as primary and
secondary amines to forframino crotonic esters.

CH;-C-OH CH;—C-NH,
+ HNH,——— l + H0
CH-COQC;Hs CH-COQC;Hs
B-amino crotonic ester
(B-aminoethyl crotonate)

CHs-C-OH CHs;-C-NH-CH;
I + HNHCH; — I + Hy0
CH-COOGHs CH-COOGHs

B-Methylamino-ethyl crotonate

CH;-C-OH CH3—-C-NH;,
I + HNH, —— I + Hy0
CH-COOGH:s CH-COOGH:s
B-dimethylaminoethyl crotonate
(viii) Reaction with diazomethane, with diazometbainform methyl ether of ethyl
crotonate.
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CH3;-C-OH CH3;-C-0OCH;
| + CHNg—— | + N2
CH-COOGHs CH-COOGHs

(ix)  Reaction with pyrogallol. When condensed watitogallol in the presence of a
dehydrating agent, it form coumarin derivative.

O
H CH OC": H
2115
H OH AN H a_,0
/CH _— {
H
H Ho-c” 4
I |
CHjs CH;
Coumarin 4-methyl-7,8-dihydroxy

Activity D/Self Assessment Exercise
What are the product formed when acetoacetic a@adtwith the following:
(i) HCN (ii) NH,OH (iii) CHsMglI

3.8.3 Synthetic Applcations

The presence of active methylene group flankeditbereside by electron withdrawing
carbonyl groups make acetoacetic ester behavasasdy forming carbanion, which is
resonance stabilized and can undergo typical npbiéo substitution reactions. This makes
it a very useful synthetic tool.

For example, let us consider some synthetic apgmlicaf the acetoacetic ester in the
synthesis of carboxylic acids

i. Synthesis of monocarboxylic acid

CH;COCH,COOGHs NaOGH _ [CH;COCHCOOGHs]Na"

-C,Hs0
CoHs
CoHsl |
-Nal = CH;COCHCOOGH;s5 acid hvdrolvsLs CBCOOH + GH5CH,COOH + GHs0H
n-Butyric acid
CH3 CH3
I I
CH3;COCHCOOGHs NaOGH . [CH3COCCOOGHs]Na"
-CoHsOH
CH3 CH3
CHjl | |

-Nal = CH3COCCOCQCC;Hs L.alc. KOH CH3COOH + CH3;—CH-COOH + C;HsOH
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I
CHs

isobutyric acid
ii. Synthesis Of Dicarboxylc Acids.E.g Succinic aad
CH,COOH
| + 2GHsOH + 2CHCOOH

CH,COOH
Succinic acid

Acid hydrolysis

i. Alc KOH ii.H*
CH;COCHCOOGHs  +I> CH3;COCHCOOGHs
| -2Nal |
CH3;COCHCOOGHSs Na
lCICHZCOOCzHg,
CH3;COCHCOOGHs
I
CH,COOGH
Acetylsuccinic acid
Acid hydrolysis
i. Alc KOH iiH*
CH,COOH
I
CH,COOH + CHCOOH + 2GHsOH
Succinic acid
3. Synthesis od,- unsaturated acids. E.g condensation of acetecaegter with an

aldehyde or ketone

C/cocH; _COCH
CHiCH=0 + HC_ heat ,  CHCH=C_
COOGHs  -H:0 COOGH;

Acid hydrolysjs CHCH=CHCOOH + CHCOOH + GHsOH
Crotonic acid

3. Synthesis of-Ketone acids. This product formed by condensatiossodioacetic
ester with propionul chloride (acy halide) whenjeated to acid hydrolysis form B-
Ketone acid.

COGHs

I
CH;COCHCOOGHs __CoHsONg ~ CHCOCHCOOGH:
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Acid hydrolysis
i. Alc KOH ii.H"

C,HsCOCH,COOH + CHCOOH + GHsOH
B-ketopentanoic acid

5. Synthesis of-Ketonic acids. For exampijeKetonic acids from sodio derivative of
ester andi-chlorocarboxylic acid ester. The product obtairgeslubjected to ketonic
hydrolysis.

CH3;COCHCOOGH;s CH;COCHCOOGHs
I —-NaCl |
Na + CICHCOOGH:;s CH,COOGH;s
Acetosuccinic acid ester

Ketonic hydrolysis

CH;COCH,CH,COOH + CQ + 2GHsOH
v-Ketonic acid
(y-Ketovaleric acid)

4.0 Conclusion

Saturated dicarboxylic acids have the gendoamula GH.(COOH), .The chemical
reactions of dicarboxylic acids are mainly goverbgdhe reactivity of the carboxyl groups.
Functional groups like nitro, ester have methylgneup reactive. Examples of compounds
which have an active methylene group are malorsite and acetoacetic ester.

5.0 Summary

In this unit we have learnt that:

I. Dicarboxylic acids contain two carboxyl groups.

ii. Dicarboxylic acids may be saturated and they tmaunsaturated.

iii. Saturated dicarboxylic acids have the gen@ahula GH.,(COOH),., n may be equal or
greater than 0.

iv. In naming dicarboxylic acids using the IUPAGsmM the suffix dioic acid is added to the
name of the parent alkane.

v. In the common system, the position of substisiegnindicated by Greek letters while in
the IUPAC system, it is indicated by numbers.

vi. Dicarboxylic acids show position isomerism.

vii. General Methods of Preparation are :
- By oxidation of dihydric alcohols.
- Hydrolysis of dicyanides or cyano acids
- By treating halogen substituted monocarboxyli@d aester with zinc or silver and
hydrolysing the ester thus obtained.
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- By reduction of unsaturated dicarboxylic acid

- By hydrolysis of aqueous solution of potassiukybéster of dibasic acid
- By oxidation of cyclic ketone

- From Grignard reagent of dihaloalkane.

- By oxidation of unsaturated acids

- By the action of dihaloalkanes on sodiomaloniees

viii. All dicarboxylic acids are colourless crydiaé solids, Lower members are soluble in
water. Solubility in water decreases as moleculassrincreases while in ether the solubility
increases as molecular mass increases.Meltingsoinacids with even number of carbon
atoms are higher than those with odd number ofocadioms. Acid strength of these acids
decrease with increase in molecular weight.

ix.Dicarboxylic acids dissociate in two steps:

K1
HOOC-COOH ——— ~OOC-COOH + H

K2
“O0C-COOH ———"00C-CO0 + H

The first dissociation constant K1 is higher tha@ $econd dissociation constant
K2.

X. The chemical reactions of dicarboxylic acids ar@nly governed by the reactivity of the
carboxyl groups.

- Dicarboxylic acids show the usual reactions afboxyl group and they form two
series of salts, esters, amides and othet derivatives because they have two
carboxyl groups.

- Action of Heat: The product formed on heating elegs on the relative positions of
the two carboxyl groups.

xi. When a methylene group is present betw&em strongly electronegative (electron
attracting) group such as >C=0 or=G the hydrogen atoms of methylene group (called
hydrogen, being present on carbon atom next totifumal groups on either side) become
reactive or acidic.

x.When a compound containing active methylene gmaagts with a strong base the proton
removal may take place from both, keto and enohfoand the resultant enolate (a carbanion
stabilized by an adjacent carbonyl group, is oftelted an enolate ion).

xi. Functional groups like nitro, ester etc. alsake methylene group reactive.

xii.Malonic ester an important synthetic reageithwihe formula.

O O

CHsO-C~CH~C-OGHs
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Malonic Ester

xiii. Methods of preparing Malonic ester are:

Cl, K>.COs
a.CHCOOH__, CIL.CHCOOH ___, CI.CHCOOK
Acetic acid 3 Monochloroacetic acid Potassium monochloroacetate
KNC

—» CN.CH2COOK
Potassium cyanoacetate

_CN _COOH
Hs + 2HO + 2HCI —» H + KCl + NHCI
C\COOK C\COOH
Malonic acid
__COOH _ COOGHs
Hs + 20HOH —» H + 2HO
C\COOH C\coo<5H5

b. By refluxing cyanoacetic acid with ethylalcolmkhe presence of chlorosulphonic acid.

xiv. Malonic ester exists in following keto-enoltameric forms, the enol form being present
in much smaller amount.

@) @) OH @)
[ [ | |
Co,HsO-C-CH—-C-OGHs — Co,HsO0-C=CH-C-OGHs5
Keto form Enolic form

Xv. Because of the presence of active methylenapy it behaves as an acid and it is a
valuable synthetic reagent.

xvi. Its synthetic applications are :
- Synthesis of monocarboxylic acids.
Synthesis of succinic acid and its homologues.
Synthesis ofu, - unsaturated acid.
Synthesis of keto acids.
- Synthesis ofi-amino acids.
- Synthesis of alicyclic compounds.
- Synthesis of heterocylic compounds.
- Synthesis of primary alcohol.

xvii.  Acetoacetic ester or ethylacetoacetate ity ester of acetoacetic acid with
the formula

O O
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CHy~C-CH~C-OGHs

xviii. Acetoacetic ester or ethylacetoacetate reppred from:

Claisen Condensation

CH;CO OGHs + HCH,COOGHs _C,HsONa, CHCOCHCOOGHs + CHsOH

Ethyl acetoacetate is industrial prepared by pe@lysing ketene in acetone solution
O

2CH,=C=0 acetone CHEHC-CH CZH5ONaI CHC-CH,COOGHs

ketene O -C=0 Ethylacetoacetate

XiX.

Chemical. Acetoacetic ester behaves a ketenveadl as an alcohol which is due
to the fact that it exhibits keto-enol-tautomerism

O O OH O

I
CH;-C-CH,-C-OGHs ———— CHz-C=CH-C-OGH:s
Keto form Enol form

xX.The reactions of ethylacetoacetate depend oditteeent forms

a.Reactions Involving Ketonic Form

Reduction- with sodium amalgam and alcohol dhwydrogen in presence of nickel
or litium tetrahydridoaluminate(lll) in pyridine.

CH;COCHCOOGHs + 2H———» CHCHOHCHCOOGHSs

Reaction with hydrogen cyanide to form cyanohysiri

Reaction with sodium trioxosulphate(VI),NaHSO

Reaction with hydroxylamine to form an oxime.

Action of phenylhydrazine forms phenylhydrazondich then loses a molecule of
alcohol to forms 3-methyl-phenyl-pyrazolone.

Hydrolysis with dilute HSQ,, form ketone (acetone), with concentrated alcaholi
potassium hydroxide gives acids.With cold and tdilpotassium hydroxide forms
potassium acetoacetate.

If the solution containing potassium acetoacetst&cidified, extracted with ether and
then ether removed carefully under reduced presaugetoacatic acid is obtained.

b. Reaction Involving Enolic Form

- Reaction with sodium or sodium ethoxide.

- Reaction with Iron(lll) chloride.

- Acetylation.

-Reaction with bromine.

- Reaction with Grignard reagent.

- Reaction with phosphorus pentachloride,sPCl
- Reaction with amine compounds.
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- Reaction with diazomethane.
- Reaction with pyrogallol.

xx. The presence of active methylene groupnkiéd on either side by electron
withdrawing carbonyl groups make acetoacetic ds¢daves as an acid, forming
carbanion., makes it a very useful synthetic tool.

xxi.  Synthetic application of the acetoacetic estethe synthesis of carboxylic acids
are:

- Synthesis of monocarboxylic acid
- Synthesis o#,p- unsaturated acids
- Synthesis of-Ketone acids.
- Synthesis of-Ketonic acids.

6.0 Tutor Marked Assignment

a. Discuss the synthetic application of:
i. Malonic ester

il. Acetoacetic ester

b. Discuss the action of heat on dicarboxylic acids

7.0 Further Reading and other Resources
K.S.TEWARI and N.K. VISHNOI (2006) - A Textbook &frganic Chemistry
-Third Edition

ii. Robert Thornton Morrison and Robert Neilson Bq2008) — Organic Chemistry
- Sixth Edition

John McMurry and Mary E.Castellion (1999) #&amentals of General,Organic, and
Biological Chemistry-% Edition

Unit 2: Amino acids, Peptides and Proteins
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1.0 Introduction
Proteins are macromolecules with very high relathaecular masses. The building units of
proteins are called amino acids. The majority aft@ns is from some twenty common



20¢

amino acids, linked up by peptide (amide) bonda specific sequence characteristic of the
particular protein

2.0 Objectives
At the end of this unit you should be able to:
i. Define amino acids-the building unit of proteins
ii. Definea-amino acids and give examples
iii. Differentiate between essential and non-esaéamino acids
iv. List the various classes @famino acids
v. State the physical propertiessshmino acids
vi. Explain the isoelectric point of amino acids
vii. Discuss the various reactions of amino acids
viii.  Distinguish between peptides, polypeptided anotein
ix. Classify proteins
X. Discuss the reactions of proteins
xi. State methods of testing protein
xii. State uses of protein

3.0 Amino Acids
Amino acids are the amino substituted acids comgitboth amino (-Nk) and carbonyl
(-COOH) group(s). They are the building units adtgins.

3.1 Naming Amino acids

The IUPAC names of amino acids are obtained bycaitdig the position of the amino group
by Arabic numeral on the alkyl radical chain of @ikanoic acid, making the carboxylic
carbon the number 1 carbon.

Simple amino acids having only one amino and carbgsoups may be classified as, -,
y- and 8- etc amino acids depending on the position of dh@no group with respect to
carboxyl group. For example:

a- Amino acids
H,NCH,COOH Aminoacetic acid(Glycine)

CH3CH(NH,)COOH a-Aminopropionic acid or 2-Aminopropanoic acid(Alag).
CeHsCH,CH(NH,)COOH a-Amino-B-phenyl propanoic acid(Phenyl alanine).

B- Amino acids

H,NCH,CH,COOH B-Aminopropionic acid or 3-Aminopropanoic acid
CH3CH(NH,)CH,COOH B-Aminobutyric acid or 3-Aminobutanoic acid

y- Amino acids
NH2CH,CH,CH,COOH y-Aminobutyric acid or 4-Aminobutanoic acid

3.1a-amino acids
The a-amino acids are the most important of all becdheg are the final products of the
hyd rolysis of peptides and proteins. Majoof the amino acids obtained in nature are



20¢

amino acids. They are known as essential aminc dmdause they are essential in the diet
and their absence in human body retards the gramdhmay even cause death.
Due to the complexity of their systematic namesyt&n names are in common use.

3.2 Classes ofi-amino acids

They may have one or more than one amino or catlimoyps and they are classified as

follows:

I. Neutral Amino acids: They have equal number mir@ acid and carboxyl groups.

For example:
H,NCH,COOH Aminoacetic acid (Glycine)
HOOCCHH(NH)CH,SSCHCH(NH,)COOH
bis-(2-Amino-2-carboxymethyl)disulphide( Cystine)

ii. Basic Amino Acids: They contain more ami groups than carboxyl groups.
For example:

H,NCH,CH,CH,CH,CH(NH,)COOH  a,e-Diaminocaproic acid(lysine)

HNCNHCH,CH,CH,CH(NH,)COOH a-Amino-5-guanidinovalericacid

l (Arginine).
NH
iii. Acidic Amino Acids: They have more carboxylap than amino group, e.g.,
HOOCCHCH(NH,)COOH Aminosuccinic acid(Aspartic acid)
HOOCCHCH,CH(NH,)COOH a-Aminoglutaric acid(Glutanic acid)

3.3 Configuration of Amino acids

All amino acids obtained by acid or enzymatic hygsis of proteins are optically active
except glycine, because each one of them havel ckin&re which is absent in glycine.
Naturally occurring amino acid has been shown tinostereochemical studies to have the
same configuration about thecarbon atom and they resembles L(-)-glyceraldehyde

3.5 Methods of synthesis ofi-amino acids
a. Amination ofa-halogenated acids. Am chloro or bromo substituted acid is treated
with concentrated ammonia to givescaamino acid.

CH3CHCICOOH + 2NH ————% CH;CH(NH,)COOH + NHCI

a-chloropropionic acid a-Aminopropionic acid

b. From Aldehydic and ketonic acids: When thel asitreated with hydroxylamine and
the resulting oxime reduced by aluminium amalgamivesa-amino acid.

NOH

CHsCOCOOH BNOH , CH COOH Red CHCH(NH,)COCOH
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Pyruvic acid Al-Hg a-amino propionic acid

c. Malonic Ester synthesis: This method can bedu® prepare leucine, isoleucine,
norleucine, phenyl alanine, methionine and prolif@. example in the preparation of
leucine:

(CH3).CHCH,Br + NaCH(COOGHs), _-NaBr , (CH),CHCH,CH(COOGHEs),
Isobutyl bromide sodiomalonic ester

() KOH (i) HGl  (CH3),CHCH,CH(COOH), _Brz,, (CHz),CHCH,CBr(COOH}

Heat, (CH).CHCHCH(Br)COOH Nk, (CH3)?CHCH(NH;)COOH
-CO, a-bromo-idocaproic acid Leucine

3.5 General Physical Characteristics
i.  Amino acids are crystalline solids with fairigh melting points and densities
ii. They are soluble in polar solvents like water
iii. They are insoluble in non-polar solvents ljgetroleum ether, alcohol and benzene
iv. They all occur in optically active forms exc¢egpycine
v. The dipole moments for amino acids are high.
vi. They behave as if they are neither basic c@i@

These facts point towards their dipolar ion or mviion structure. In solution this zwitter ion
is in equilibrium with a little of the covalent fior.

H3N'"CHRCOOH + HO

B

LHgO"‘
HsN"CHRCOO : H,NCHRCOOH
zwitter ion amino acid form
A

“OH

H.NCHRCOO + HO

C
When an acid is added to the solution of the ararid the zwitter ion (A) is converted to the
cation B because the stronger acid make a protailable to the carboxylate and a cation
results. However, when a strong base is addetth¢camino acid, the zwitter ion (A) is
converted to anion C, because the strong base K4 tavay a proton from the ammonium
ion forming an anion.

Thus in strongly acid medium the amino acids willjrate towards the cathode in an electric
field and in presence of a strong base they witirate towards the anode. This is exactly
what happens to the amino acids in an electrid fild hence it further proves the zwitter ion
structure of the amino acids.
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Activity A/Self Assessment Exercise
Amino acids behave as if they are neither basicaoalic. Explain

3.5.1 Isoelectric Point

It is possible that at a particular pH the concatiin of cation B may be exactly equal to the
concentration of anion C and hence at that pH thdltde no resultant migration of amino
acid in an electric field. Such a pH at which aniremmacid does not migrate in an electric
field is the ‘Isoelectric point’ (pl) of that aminacid. At this point the concentration of the
zwitter ion is maximum.

The isoelectric point is an individual charactecstof an amino acid and depends on the
basicity of the amino group and the acidity of ttaboxyl group, which varies with the

nature of alkyl group,-R. Thus pl is 6.0 for ghe, 5.5 for phenyl alanine and 3.2 for

glutamic acid.

The following equilibrium exists between A, B and C

H+ H+
H.NCHRCOO _—— HsN'CHRCOO ——— H,NCHRCOOH
OH" OoH
B A C

An amino acid usually shows its lowest solubilitya solution at the isoelectric point, since
at this point, there is the highest concentratibthe dipolar ion. This knowledge is of great
value in separation of an amino acid from a mixture

3.6 General Chemical Properties

3.6.1 Reactions Due to the Amino Group

The amino acid can behave as a base or an acidadiegeon the pH of the solution. They
show the reaction of both the amino and the cardbgnaup.

I. They form salt with strong acids.

H.NCHRCOOH + HC———» [HINCHRCOOH]Ct
Hydrochloride ofa-amino acid

il. They can be acetylated with ethanoyl chloridecetic anhydride

H,NCHRCOOH + CHCOCI — H;CCOHNCH(R)COOH
Acetyl derivative

Benzoylation can also take place by reacting withzoyl chloride

iii. When treated with dioxonitrate(lll) acid,HN(itrous acid), they form-hydroxy
acids.

H.NCHRCOOH + HN@ ——— > OHCHCOOH + N + HO

I
R
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a-hydroxyl acid
This reaction forms the basis for the determinabbérree —NH groups in amino
acids and proteins.

iv.  When treated with chloroform and alcoholic d@o of potassium hydroxide, they
give carbylamines reaction.

H,NCHCOOH + CHCI + 3KOH—» CNCCHCOOH + 3KCI + 3@

I I
R R

Isocyanide derivative
V. When excess of methanal is added the basicifumof amino is blocked

H.NCHCOOH + CHO —— & CH2=NCHCOOH + KD

I I
R R

Neutral amino acid Methylene amino acid

However the reaction is more complex in that thénnpaoduct is the dimethylol derivative
of the acid. Since the product formed has a tadoxyl group, it can be titrated using
standard alkali and phenolphthalein indicatoroitris the basis of formol titration method.

H,NCHRCOOH + 2HCHO —— (CHDH),CHRCOOH

Vi. When heated with hydrogen iodide, theirmmgroup is knocked off from the
molecule resulting in a carboxylic acid

H,NCHCOOH + 3HI—— RCHCOOH + NHI + I

I
R

vii.  When treated with nitrosyl chloride, nitrogengiven out with the formation of chloro
acid.

H,NCHCOOH + NOC———» CICHCOOH + N+ H)O

I I
R R

viii.  Trialkyl derivatives of amino acids are ohtad by heating amino acid with alkyl
halides in methanolic solution.

H3NCH(R)C06 + 3CH CHz0H | (Cl—b)3NCH2C06 + 3HI
3.6.2 Reactions Due To Carboxyl Group
i. H,NCH(RICOOH + NaOH———» BLNCH(R)COONa + HO
Sodium salt
ii. When treated with Pglit yields the hydrochloride of acid chloride.

H,NCH(R)COOH + PGJ——— H,NCH(R)COOCI + POGI + HCI
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H,NCH(R)COOCI + HC| ———» [I-ENCH(R)COCI]CT
iii. When heated with alcohol in the presence gfliydrogen chloride, amino acids form
ester hydrochlorides.
H,NCH(R)COOH + GHsOH + HCl ———» Cl [I—lgl\JICH(R)COOQHs] + H,0
The free acid is obtained when the ester is hydemlyby sodium trioxocarbonate(1V)

solution.

iv. The amino acid is decarboxylated when dryiliest or boiled with barium hydroxide.
H.NCH(R)COOH + Ba(OH) ——» RCH:NH; + HO + BaCQ

v. They are reduced by lithiumtetrahydridoaluntéqhl) to alcohol

H,NCH(R)COOH _LiAH, ,  H;NCH(R)CHOH

Amino alcohol

3.6.3 Reaction Due to Both -NKHand —COOH groups

i. They form chelate compounds with heavy metdks&or example when copper(ll)
oxide is heated with water solution of glycine healate complex in form of deep

blue needles is obtained

o) o)
I [
N\
RCH OH RCH O
I I | HN
Cu® NH, _ 40H, HN  Cu-NH
| -HO /
HO\ CH-R O
c/ \C ~CHR

|
0 0

ii. When amino acids are heated, they lost twoewales of water between two
molecules of acids to form diketopiperazines, cydiamides
CH2;NH, HOOC CH-NH-CO

I | _heat, | |+ 20
COOH HoNCH, CO-NH- CH;
Glycine 2,5-diketopiperazine
iii. When heate@-amino acid lose a molecule of ammonia to gilzunsaturated acid

CH,CHCOOH
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| __heat , CH=CHCOOH + NH
NH,H

iv. When heated- ands- amino acids lose a molecule of water by reachetween —
NH, and —COOH group of same molecule to give cyclicdesicalled lactums

CH,CH,CH,CO CH.CH,CH,
I I _heat I I
HNH HO NH— CO

v. Ninhydrin test — Amino acids react with ninlniyd(indane-1,2,3-trione hydrate) to
form a coloured product.

Activity B/Self Assessment Exercise
What are the products formed when amino acids meiletthe following reagents:
i. PCk
ii. NaOH
iii. LiAIH4
iv. CHsCl/alc.KOH
v. CHCOCI

3.7 Polypeptides

The a-amino acids obtained from the hydrolysis oftpimes contained an amino and a
carboxyl group. They are linked through an amid&dge. Chains of amino acid residues,
linked through amide linkage formed by the intei@actof -COOH group of one and -NH
group of the another, with elimination of watere &known as peptides and the linkage
(-CO.NH-) as peptide linkage.

H,NCH(R’)COOH + HNCH(R")COOH _-H0 , H,NCH(R)CONH CHR"COOH

Dipeptide
CHs COOH CHCsHs
I | |
H,NCHCOOH + HNCHCH,COOH + HNCHCOOH
Alanine Glutamic acid Phenyl alanine
CHs COOH CHCsHs
-HO | | |
E— H,NCHCONHCHCHCONHCHCOOH
Alanylglutamyphenylalanine
(tripeptide)

When two molecules of amino acids combine in thesywhe product is dipeptide. Three or
more molecules of same or different acids will gavigipeptide or polypeptide.

H,NCH(R)CO[HNCH(R")CO]JNH CHR"COOH
Polypeptide
If the molecular weight is below 10,000 it is retat to as polypeptide but beyond this it is
called a protein
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3.7.1 Sequence of Amino acids in a Peptide Chain

The -NH, group end of the peptide chain is called the N-tesmand -COOH group end is
called the C-terminal. In writing the sequencf amino acids in a peptide chain the
convention is to begin with N-terminal amino acgsidue on the left and write the peptide as
acylated derivative of C-terminal amino acid on tiigét.

O O O
v _ + [ _
H3NCH,CNHCH,COO HNCH,CNHCHCNHCHCOO

I |
CH; CH(CHgy):
Glycylglycine(Gly.Gly) Glycyalanylvaline (Gly.Aly.¥l)

The symbols of the amino acids are the first tHetgers of the name but the rule is not
adhered to in case of Isoleucine (lleu), Cystgi@gSH), Cystine (Cy.SSCy), Hydroxy-
proline (Hypro), Asparagine (Asp.NHAND Glutamine (GIuHN)

3.8 Proteins

Proteins are the most important chemical substati@sare essential for the growth and
maintenance of life. They form an essential parawimal diet. An animal cannot live for
long without protein diet though it can withoutdatnd carbohydrates.

3.8.1 Occurrences

Proteins occur in the protoplasm of all animal @feht cells. They constitute nearly three
fourth of the dry material of most living systenfdants build up their protein using carbon
(IV) oxide, water, nitrates and ammonium salts iesence of energy obtained from the sun,
animals and human beings take plant and animatiprat their food which are hydrolysed
to amino acids in the system by enzymes. Proteresgnthesised in the animal and human
system from these amino acids. They are necessamyrdwth of the animal body and also
for replacing proteins lost in the process of lyirSome important sources of proteins and
percentage of proteins in them by weight are ginelable 1.1 below.

Table 1.1 Percentage protein from different souoégsotein

Source Protein% Source Protein%
Soya beans 43.2| Groundnut 26.7
Pea 28.2| Cashewnut 21.2
Milk powder, skimmed 38 | Almonds 20.8
Milk powder, whole 25.2| Egg yolk 13.7
Fish 21.5| Oat meal 13.6
Mutton 18.5| Wheat 11.8

3.8.2 Composition of Proteins
Proteins are complex nitrogenous organic compogodsgaining carbon, hydrogen, oxygen,
sulphur and phosphorus besides nitrogen. Someipsatentain halogens and metals also.
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The composition of a protein varies according ® sburce but an approximation can be as:
Carbon 50-55 percent; hydrogen 6-7.5 per centpgstn 15-17 per cent; oxygen 21-24 per
cent; sulphur 0.2-2.2 per cent and phosphoroud @dr cent.

Proteins are built up from-amino acids units. A protein molecule may havednads or
thousands of amino acids. There arenZ8nino acids which by different but precise modes
of linking may form an exceedingly large number different protein molecules. Out of
these, ten amino acids are such that they areymhesized in the human system and are
therefore termed as essential. They have to belisdp the animal system from external
sources.

3.8.3 Classification of Proteins

Proteins have been classified based on severaipéees. According to their solubility and
physical properties they are classified into: (em@e proteins, (b) Conjugated proteins, and
(c) Derived proteins.

a. Simple proteins. These on hydrolysis give @mhmno acids. For examples:

- Albumis. Serum albumin, egg albumin and lactalium

- Globulins. Serum globulin, tssue globulin andetadple globulin (in seeds and nuts).
- Prolamines. Zein ( from maize), and gliadin (frauineat).

- Glutelins. Glutenin (from wheat) and oryzeniroffr rice).

- Scleroproteins. Keratin (from hair) and fiborfrofm silk).

- Histones. Occur in nucleic acids and haemoglobin.

- Protamines. Occur in nucleic acids.

b. Conjugated proteins. These proteins have apnotein part in their molecule. This
non-protein part is also referred to as prosthgtaup. It is possible to separate the
prosthetic group by careful hydrolysis. Some exa®@nd their prosthetic group are
given below:

i. Nucleoproteins. The prosthetic group is nucleeid and the proteins are found in
nucleus of the cell.

ii. Glycoproteins. The non-protein part is a cdnydrate or its derivative. It is found in

‘egg-white’.

iii. Chromoproteins. These have a colouredsiretic group; especially a pyrrole
derivative. The coloured prosthetic groups usuediptain a metal e.g., Fe, Cu, Mg etc.
Examples are chlorophyll and haemogogbin.

iv. Phosphoproteins. These have a phosphoric ggdiue in some form (other than
nucleic acids or lipoproteins). Examples are cagieam milk) and viteline (from

egg yolk).

v. Lipoproteins These have a lipid such as latjttephalin etc. as prospthetic group.

c. Derived proteins. These are the degradatiodymts, corresponding to various stages,
in the hydrolysis of simple or conjugated protdiysacid, alkali or enzymes.

Another classification of proteins into (i) Globuland (ii) fibrous proteins is based on their
functions and molecular shapes.



i. Globular proteins. They are nearly sphericakirape, soluble in water and in dilute
acids, bases etc. their important function is tl@@ntenance and regulation of life-
processes in the living organisms. All enzgmenany hormones, antibodies,
haemoglobin etc. are the examples of this clagsaitins.

il. Fibrous proteins. They have a thread like ctiute and are present in fibre like form.
They are soluble in water, dilute acids and basbsy form the main structural
material of animal tissues. For example, Kerathe (brotein present in skin, hair,
nails etc.), myosin (present in muscles), collagem,

3.8.4 Physical Characteristics of Proteins
Different proteins have different physical propestbut their general physical properties can
be summarized as given below:

i. Except chromoproteins, they are colourlessetass and odourless. Mostly they are
amorphous but some are crystalline when pure. Tleegot have a sharp melting
point.

ii. Most of them are insoluble in alcohol and wabet they dissolve in dilute acid and
alkalis. Some proteins like those present in sk laair are, however, insoluble.

iii. They have high molecular weight since the tpnas molecules are very complex
having thousands of atoms.

iv. They are colloidal in nature. They are hydridiplcolloids which cannot pass through
vegetable or animal membrane. Some of the proteims thick transluscent sols
with water which can set to gels on cooling.

v. Reversible precipitation. On addition ebdium chloride, ammonium sulphate,
magnesium sulphate and some alkaline earth-satie gooteins are precipitated.
The precipitate can be filtered and redissolvedater. This fact can be made use
of in separation of some proteins.

vi. Denaturation. When heated or acted upon byewsis like alcohols, heavy metal salts
(HgCh, CuSQ etc.), picric acid or alkaline earth-salts, prosedime coagulated.

Denaturation occurs most readily at the isoeleqiaet and is believed to take
place because of unfolding of the proteins madkecDuring denaturation the
secondary and tertiary structure unfolds but thengy structure remains intact.
There is loss of biological activity and changetlwe physical properties during
denaturation but the chemical reactivity increagdes to opening up of various
functional groups.

Denaturation is generally irreversible but there arany examples of reversible
nature when it is called renaturation. Gentle tremit of protein with urea or slow
cooling help the process of renaturation.

vil. Isoelectric point. Every protein has a chaeaistic isoelectric point at  which  its

ionization and solubility is minimum. This propeitymade use of in the isolation
and identification of proteins by electrophoretiethods.

Activity C/Self Assessment Exercise
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a. Distinguish between peptise, polypeptide andemns
b. What are the various classes of proteins?

3.8.5 Chemical Characteristics of Proteins
i. They are amphoteric nature
Since proteins have free —NHand -COOH groups they react with both, the
acidic and basic substances.

ii. Hydrolysis
Proteins are hydrolysed by dilute acids and alkaliby enzymes. The products of
hydrolysis are proteoses; peptones, polypeptidiesples peptides andi-amino
acids.

iii. Oxidation
Oxidation of proteins occurs during burning or decaéhe products, depending
upon the conditions of oxidation, are nitrogen,ireaa and carbon dioxide. An
animal body during decay suffers bacterial oxidagwoducing all these products
and the offensive smell is due to various aminganicles etc. produced.

3.8.6 Colour Reactions of Proteins

These reactions serve as test for proteins. Theedgast may not be positive for every protein
but majority of these should be positive for a piot

i. Biuret test
On adding a dilute solution of copper tetraoxosatpfil) to alkaline solution of
protein, a violet colour may be obtained. Thistts on account of the likely
formation of biuret (HN.CONH.CONH) as an intermediate.

il. Xantho-proteic test
When a protein solution is warmed with trioxon&d¥) acid, a yellow colour is
obtained. On making the reaction mixture klea with ammonia the colour
changes to orange.

iii. Libermann’s test
Proteins containing tryptophan on being boiled vegitmcentrated hydrochloric
acid followed by the addition of a few drops of mage solution give violet colour.

iv. Millon’s test
When Millon’s reagent (mercurous and mercuric btéren HNG) is added to a

protein solution, a white precipitate which tumesl on heating may be formed.
This is due to a phenolic -OH group in the protamiecule.

v. Nitroprusside test

This test is applicable to certain proteins conmtgin-SH group They produce
transient red colour on adding nitroprusside sofuti

vi. Lead sulphide test

Proteins containing —S-S- or -SH group when boiléth NaOH and lead acetate
produce black precipitate of lead sulphide.

vii. Molisch test
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Protein solution is mixed with alcoholic solutiof @naphthol and concentrated
H,SO, is poured down along the side of the telet Proteins, containing
carbohydrate residue give violet colour at the fiomcof two liquids in the test-
tube.

viii.  Ninhyrin test
This is a very delicate test and consists in reactf pyridine solution of a
protein with ninhydrin. A deep blue, violet-pink ced colour is indicative of a
protein. This test is due to free -plknd -COOH groups of protein and is also
shown by amino acids

3.8.7 Structure of Proteins
The problem of structure of protein has been tathktedifferent levels. At the first level of a.
a. Primary Structure
At the level of primary structure determinatione thumber, nature and sequence of amino
acids forming peptide chains of the protein arerined. This can be done by:
i. Isolating the proteins in pure state
ii. Determining the sub-units necessary if resinticate the presence of more than one
C or N end groups.
iii. Hydrolysing the proteins to get the amino aciwdhich are identified and extimated
guantitatively
iv. Determining the molecular weight by amimmid percentage composition and
physical methods
v. Determining the sequence of amino acids byyoay out C-terminal and N-terminal
analysis.

b. Secondary Structure

This step deals with the arrangement of the peptidens in space to form coils, sheet and
other structures which are held together by hydndgend, electrostatic forces and inter and
intramolecular forces. The hydrogen bonds are éaripetween the carboxylic oxygen and
hydrogen of —NH group. The force of electrastaittraction or repulsion also operates
between the charged polar groups. To thisths added influence of the inter and
intramolecular bonds like disulphide bond. Tdnelix was structure is the generally
acceptably structure. In this structure the hydnolgend occurs between different —CO and —
NH group of the same chain which holds helix. Sienemical study shows that a helix with
3.7 residues per turn is the most stable. Hydrdgmmding exist between the —CO group of
one residue and —NH group of the fourth residuth@ helix. The stability of the-helical
structure is also due to resonance between theardH-CO groups in the peptide chain.

0 0-
I | -
~C-N- ~C=N-

I |
H H
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Figure 1.1: Helical structure of protein

c. Tertiary Structure

The coiling or folding of long peptide chains ginge to a three dimensional structure which
is called the tertiary structure. It involves hygea, ionic inter and intra molecular bonds.
Hydrophobic bonds is given rise to by the alkigleschains of the amino acid which is
hydrophobic in character. The polar group with hagfinity for water (hydrophilic) tend to
take positions on the surface of the globular pnste

d. Quaternary structure
This arises from the association of various idehtir different sub-units. Each sub-unit has
its primary, secondary and tertiary structures.

3.8.8 Uses of Proteins
i. They are needed as food for animals
ii. Proteins like haemoglobin and various peptides essential for the system of human
being
iii. Various essential enzymes in the human sysiachin nature are proteins.
iv. Many anti-viral vaccines are protein in dematiform
v. Various amino acids have been obtained froobems
vi. Wool aand natural silk are proteins
vii. Various useful substances like glue, caseith gelatine are proteins

4.0 Conclusion

Amino acids are the building blocks of protein. Thamino acids are the most important of
all because they are the final products of the blydis of peptides and proteins. They are
known as essential amino acids because they aatedsn the diet.

5.0 Summary
In this unit we have learnt that:
i. Proteins are macromolecules with very high redatnolecular masses.
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ii. Amino acids are the amino substituteddsiccontaining both amino (-NHand
carbonyl (-COOH) group(s).

iii. The IUPAC names of amino acids are obtainedificating the position of the
amino group by Arabic numeral on the alkyl radichhkin of the alkanoic acid,
making the carboxylic carbon the number 1 carbon.

iv. Simple amino acids having only one amino aatboxyl groups may be classified as
a-, B-, y- ando- etc amino acids depending on the position ofaheno group
with respect to carboxyl group.

V. Thea-amino acids are the most important of all becaheg are the final products of
the hydrolysis of peptides and proteins. They arewn as essential amino acids
because they are essential in the diet.

vi. a-Amino acids are classified into:
- Neutral Amino acids
- Amino Acids:

- Acidic Amino Acids

vii.  All amino acids obtained by acid or enzymatic hygsis of proteins are optically
active except glycine.

viii.  a-Amino acids can be prepared from
- Amination ofa-halogenated acids.

- From Aldehydic and ketonic acids

- Malonic Ester synthesis

iXx Amino acids are crystalline solids withirfa high melting points and densities,
soluble in polar solvents like water, insolubtenon-polar solvents like petroleum
ether, alcohol and benzene.They all occur in olbyieative forms except glycine.

The dipole moments for amino acids are high.Thelyale as if they are neither
basic nor acidic

X. The pH at which an amino acid does not migraten electric field is the ‘Isoelectric
point’ (pl) of that amino acid. The isoelectric pbis an individual characteristic of an amino
acid and depends on the basicity of the amino gemgthe acidity of the carboxyl group,
which varies with the nature of alkyl group.

xi. The following equilibrium exists between A, BAC:

H* H*
H.NCHRCOO ———  HN'CHRCOO ——= H;NCHRCOOH
OH" OoH
B A C

xii. An amino acid usually shows its lowest solitgiln a solution at the isoelectric point.

xiii.Reactions of amino due to the amino group are:
- They form salt with strong acids.
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H.NCHRCOOH + HC———» [HNCHRCOOH]Ct
Hydrochloride ofu-amino acid

- They can be acetylated with ethanoyl chloridaaeatic anhydride

H,NCHRCOOH + CHCOCI — H;CCOHNCH(R)COOH
Acetyl derivative

- When treated with dioxonitrate(lll) acid,HN@itrous acid), they fornu-hydroxy
acids.

- When treated with chloroform and alcoholic sautiof potassium hydroxide, they
give carbylamines reaction.

- When excess of methanal is added the basic fwmofiamino is blocked

H,NCHCOOH + CHO ——» CH2=NCHCOOH + bkD

I I
R R

Neutral amino acid Methylene amino acid
- When heated with hydrogen iodide, it forms caspioxacid
H.NCHCOOH + 3HI heat, RCHOOH + NHI + I,
I
R

xiv.  When treated with nitrosyl chloride, nitrogengiven out with the formation
of chloro acid.

xv.  Trialkyl derivatives of amino acids are obtalney heating amino acid with alkyl
halides in methanolic solution.
xvi. The following are reactions due to carboxybgp
- H,NCH(R)COOH + NaOH—— BNCH(R)COONa + HO
Sodium salt
- Ho,NCH(R)COOH + PG ———» H;NCH(R)COOCI + POGI + HCI
H.NCH(R)COOCI + HClI —  [HNCH(R)COCI|CT
- When heated with alcohol in the presence of drydrégen chloride

HNCH(R)COOH + GHsOH + HCl —— CI [FeNCH(R)COOGH:] + H,0

- The amino acid is decarboxylated when dry destilbr boiled with barium hydroxide.
H.NCH(R)COOH + Ba(OH) ——» RCH:NH, + H,O + BaCQ
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- They are reduced by lithiumtetrahydridoaluminBite{o alcohol

xvii. The following are reactions due to both -N&hd —COOH groups

They form chelate compounds with heavy metatsalt
When amino acids are heated, they lost two molscofewvater between two
molecules of acids to form diketopiperazines, cydiamides

- When heate@-amino acid lose a molecule of ammonia to giyfeunsaturated acid

- When heateg- andd- amino acids lose a molecule of water by reachetween —
NH, and —COOH group of same molecule to give cycliccasicalled lactums

- Ninhydrin test — Amino acids react with ninhydfindane-1,2,3-trione hydrate) to
form a coloured product.

xviii. Chains of amino acid residues, linked thrbugmide linkage formed by the interaction
of -COOH group of one and -NHyroup of the another, with elimination of watere &nown
as peptides and the linkage (-CO.NH-) as peptidage.

xix. Two molecules of amino acids is called dipdetiThree or more molecules of same or
different acids will give a tripeptide or polypéjd. Those with molecular weight below
10,000 it is referred to as polypeptide but beytimslit is called a protein

xX. In writing the sequence of amino acids in a peptilain the convention is to begin with
N-terminal amino acid residue on the left and wtiie peptide as acylated derivative of C-
terminal amino acid on the right.

xxi. Proteins are complex nitrogenous organengounds containing carbon, hydrogen,
oxygen, sulphur and phosphorus besides nitrogen.

xxii. Proteins are built up from-amino acids units.

xxiii. Proteins classified according to their sdlitp and physical properties
(a) Simple proteins,

(b) Conjugated proteins

(c) Derived proteins.

xxiv.Proteins may also be classified into
(i) Globular
(i) (i) fibrous proteins is based on their furaris and molecular shapes.

xxv. General physical properties can be summarazegiven below:
- Except chromoproteins, they are colourless, lesteand odourless.
- Most of them are insoluble in alcohol and watet they dissolve in dilute acid and
alkalies.
- They have high molecular weight
- They are colloidal in nature.
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- On addition of sodium chloride, ammonium sulghahagnesium sulphate and some
alkaline earth-salts some proteins are precipitated

- When heated or acted upon by reagents like alspheavy metal salts (Hgg!
CuSQ etc.), picric acid or alkaline earth-salts, prosesme coagulated.

xxvi. Chemical Characteristics of Proteins are:
- They are amphoteric nature
- Proteins are hydrolysed by dilute acids and akal by enzymes.
- Oxidation of proteins occur during burning or dgc

xxvii. Colour reactions of proteins serve as testproteins, and they are:
- Biuret test
- Xantho-proteic test
- Libermann’s test
- Millon’s test
- Nitroprusside test
- Lead sulphide test
- Molisch test
- Ninhyrin test

xxviii. The structure of protein can be determirdthe following levels:
- Primary Structure
- Secondary Structure
- Tertiary Structure
- Quaternary structure

xxix. Proteins are needed as food for animals.Bretike haemoglobin and various peptides
are essential for the system of human being.Esdearizymes in the human system, anti-
viral vaccines, Wool and natural silk and usefdstances like glue, casein and gelatine are
proteins.

6.0 Tutor Marked Assignment

a. Discuss the effect of heat @/amino acid.

b. What are the various ways protein can be tdstéd
c.Discuss isoelectric point in amino acids.

7.0 Further Reading and other resources

a. K.S.TEWARI and N.K. VISHNOI (2006) - A Textboai Organic Chemistry
-Third Edition

b. Robert Thornton Morrison and Robert Neilson B@08) — Organic Chemistry
- Sixth Edition

c. John McMurry and Mary E.Castellion (1999 n8amentals of General,Organic, and
Biological Chemistry-% Edition
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1.0: Introduction

Fats and oils are esters of glycerol with highd¢tyfacids and are called glycerides. They are
obtained by the combination of propane-1,2,3-tvath fatty acid, which are long chain
carboxylic acids.

2.0 Objectives

At the end of this unit you should be able to:
i. Distinguish between fats and oil
il. Give examples of natural sources of fats aihd o
iii. Distinguish between saturated and unsaturétg acids
iv. Describe a method of preparing oil
v. Discuss the physical properties of fats amd oi
vi. Describe the results of drying, hydrogenatibpdrolysis and hydrogenolysis in fats

and oil
vil. Distinguish acid hydrolysis and alkali hydrsig fats and oils
viii.  Define physical and chemical methods of detieing the composition and purity

of fats and oil

ix. Define acid value, saponification, iodine waliR.M value, Acetyl value and Polenske
value

X. State uses of fats and oils

xi. Describe the structure of soap

xii. Describe the cleaning action of soap

xiii.  Distinguish between soapy and soapless detgs)

3.0 Occurrence and Composition of Fats

Fats are the main constituents of the storageelst in animals and plants and they are one of
the important food reserves of living organism. §helant and animal fats can be extracted.
Liquid fats are often referred to as oils.

Carboxylic acids found in natural fats and oils arainly unbranched. They can be divided
into two groups: saturated and unsaturated.

Saturated carboxylic acids have single bonds iir thgdrocarbon chains only and they are
found in animals, while unsaturated carboxylic aadntain at least one C=C double in their
chains and they are obtained in plants. Carboxgticls with more than one C=C double
bonds are known as polyunsaturated.

Saturated carboxylic acids are solids at room teatpee. This is because the regular nature
of their aliphatic chains allows the moleculesbi packed in a close, parallel alignment.
Unsaturated carboxylic acids are liquids at roomperature. It is because the double bonds
in the hydrocarbon chains interrupt the regulakpag

Thus the important difference between oils dat$ is that oils are liquids at ordinary
temperature while fats are solids.



Unsaturated Fatty
Saturated Fatty ACID(%) | Acid(%)
C12 Cl4 C16 C18 Cl18 | C18
Source Lauric | Myristic | Palmitic | Stearic | Oleic | Linoleic
Animal Fat
Lard Butter 1 25 15 50 6
Human Fat 2 10 25 10 25 5
1 3 25 8 46 10
Vegetable
Oil Corn
Olive
Peanut 1 8 4 46 42
Soybean 1 5 5 83 7
7 5 60 20
7 4 34 53

Figure 1.0 Approximate Composition of Common Fats iad Oil
(Source: Fundamentals of General,Organic, and Bicéd Chemistry,% Edition
By John McMurry and Mary E.Castellion)

Activity A/Self Assessment Exercise
a. Distinguish between fats and oll
b. What are the differences between saturatediasaturated fatty acids

3.1 Formation of Fats and Oils
When a molecule of glycerol, i.e propane-1,2,3ktrigacts with a molecule of stearic acid,
glyceryl monostearate is formed.

The product formed may then react with another mdéeof stearic acid to form glyceryl
distearate, which further reacts to give glycengitéarate.

The glyceryl tristearate formed is a solid. It i&aa If glycerol reacts with other fatty acids to
form a liquid product, then it is oil.

In fact, most natural fats and oils are mixed glies. They are esters formed from propane-
1,2,3-triol and a mixture of different long cha@rboxylic acids, such as linoleic, stearic and
oleic acids.

3.2 Structure of Fats and Oils
Fats and oils are obtained by the combination opane-1,2,3-triol with fatty acids, which
are long chain carboxylic acids.
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H-C-OH

H-C-OH

H-C-OH

Propane-1,2,3-triol

(glycerol)

3.3 General Properties

NN
H -C-0O-C-R<«—\fatty acid side chains
O
| I /
H-C-O-C-R

I
H

general structure
of a triglyceride

Meltin
Point
Typical
Name Source Structure (oC)
Saturated
Lauric Coconut oil CHz3(CH,)10COOH 44
Myristic Butter fat CHz3(CH,)1.COOH 58
Most fats and
Palmitic oil CHj3(CH,)14,COOH 63
Most fats and
stearic oil CHz3(CH,)16COOH 70
unsaturated
Oleic Olive oll CHj3(CH,);CH=CH(CH,);COOH 4
Linoleic Vegetable oils | CH3(CH2)4CH=CHCHCH=CH(CH,);,COOH(Cis) -5
Linolenic Soybeans and | CH;CH,CH=CHCHCH=CHCHCH=CH(CH,);COOH(Cis)| -11
canola oil
Arachidonic Lard CHz(CH2)4(CH=CHCH)4CH,CH,COOH -50

Figure 1.1 Structures Of Some Common Fatty AcidSource: Fundamentals of

General,Organic, and Biological Chemistfy,Edition By John McMurry and
Mary E.Castellion)

3.3.1 General Physical Properties

i. Oils and fats are colourless liquids arlids(may be yellow or brown due to
impur ities).

il. Vegetable oils have lower boiling points tremmal fats because they generally have
a higher proportion of unsaturated fatty acids. hi@re highly unsaturated the
acyl group in a triglyceride, the lower it's meljipoint.

iii. The are lighter than water.

iv. The are immiscible with water.
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v. They are freely soluble in organic solventshsas benzene, petroleum ether etc.

vi. They are non-volatile.

vii. The decomposes on strong heating giving itirigaodour of acrolein

viii. They readily form emulsions when agittevith water in the presence of
soap,gelatine or other emulsifiers.

Activity B/Self Assessment Exercise
Which of the following fatty acids has the highestlting points?
0]

a. CH(CH,)sCH=CHCHCH=CHCH(CH,)s C-OH
@)
b. CH;(CH2)5CH:CHCH2(CH2)6 C-OH

3.3.2 General Chemical Properties
a. Drying
Some oils containing glycerides of unsaturatedsawdh two or three double bonds
have the property of slowly absorbing oxygen frdma air and then polymerises to
form a hard transparent coating used in makingtpand oil cloth. This process is
known as drying and the oils as drying oil. Eydes of these oils are linoleic,
eleostearic and licanic acids.

Drying take place much more readily if the acidsitamns conjugated system of
double bonds e.g in eleostearic and licanic sacidlike in acids containing non-
conjugated double bonds.

b. Rancidification
Oils and fats, when exposed to air and moasfor a long time during storage
undergo slow decomposition and develop unpleasastl.sThe process is known as
rancidification.

c. Hydrolysis of Fats and Oils
Oils and fats can be hydrolysed to glycerol andféitiy acids by dilute acids, alkalis
or superheated steam. Hydrolysis may also be btalgiut by enzymes.

Hydrolysis carried out in an alkaline medium is maractical and the reaction is
irreversible. Such process is called saponificatibime reaction can be catalysed by
sodium hydroxide. Propane-1,2,3-triol and migtwf sodium salts of carboxylic

acids, called soap, are then produced.
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H

I

C

I |
H—(‘J—O—C—RZ + 3NaOH—> H-C-OH +2RC ~ONa'

C

I

H

-O0-C-R H-C-OH R-C-ONa'

|
H
Sodium carboxylate
(soap)

Fats and oils ingested into our bodies laydrolysed into carboxylic acids and
glycerol. These substances are then useduelsin our body, in building cell
membranes or are stored up as fatty tiss@esne fats also provide essential
carboxylic acids to our body.

H O H O
L | I
H-C- )-C-R; H-C-OH R,—C-OH

N I
[ [
H-C-O-C-R2 + 30 — H-C-OH + R-C-OH
‘ o) o)
H-C-O-C-R H-C-OH R;—C-OH
I I
H H
Glycerol carboxylic acids

d. Hydrogenation
Oil contains more of unsaturated glycerides thas &ad so are liquids ordinarily.
When hydrogen is passed them under pressure préisence of finely divided nickel
or Raney nickel, the unsaturated glycerides besosaturated and the oil becomes
solid or semi-solid. This process is known as hgdr@ation and the solid oil is known
as margarine.lt improves the colour,odour and tafstals.

CH,OCOGH33 CH,OCOG/H3s
I I

CHOCOC;7H33 3H CHOCOC;7H35

| Ni/176-190C |

CH,OCOC;7H33 CH,OCOC;7H3s

e. Hydrogenolysis
This process of splitting a compound by means afrdxyen. When excess hydrogen
is passed through oil or fat under pressurethm presence of copper chromium
catalyst, it splits up into glycerol and highempalftic alcohols.
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CH,OCOG7H33 CH,OH

| |

CHOCOC;7H33 6H2 I CHOH + 3C;7H35CH>OH
| Cu/Cr/200 atm. |

CH>OCOC17H33 CH,OH

Activity C/Self Assessment Exercise
i. Draw the structure of the triglyceride whose @mments are glycerol and three oleic
acid acyl groups

ii. Take the triglyceride in (a) above throughdaeind alkali hydrolysis and predict the
products formed

3.4 Analysis of Fats and Oils

The value of a particular oil depends on it's cosipon and purity. Some of the usual
physical tests to determine the purity of fats aildare melting point, specific gravity,
refractive index and viscosity.

Some of the chemical tests are:

I. Acid value: It indicates the amounts of freayeadcids present in an oil or fat. It is the
number of milligrams of potassium hydroxidequieed to neutralise the free
organic acids present in 1gm of fat or oil. It @@'mined by dissolving a weighed
guantity of oil or fat in alcohol and titiag against standard alkali, using
phenolphthalein as indicator.

A high acid value indicates a stale olil or fat.

il. Saponification : This is the number of millagns of potassium hydroxide required to
completely saponify 1gm of fat or oil- or comglly neutralise the fatty acids
resulting from complete hydrolysis of 1gm fat ok oi

Saponification gives an idea about the moleculaghteof fats or oil. The smaller
the saponification value , the higher the molecwaight. It is also useful in
calculating the amount of alkali needed to coneedefinite amount of fat or iol
into soap and in detecting the alteration of aofabil by one of lower or higher
saponification value.

The difference between saponification value andl a@lue is known as ester
value of the fat or oil.

iii. lodine Value
One structural difference between fats and oiteesdegree of unsaturation. Solid
animal fats contain mainly saturated carboxylicaavhile vegetable oils contain
large amounts of unsaturated carboxylic acids. Wsaturated carboxylic acids
cannot be synthesized by our body, they are essé@nthe diet. Therefore, it is
useful to have a quantitative measure of the degfraasaturation in fats and oils.
A convenient reference for the purpose is the d@lue. Its determination is
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based on the reaction between iodine and the caréadoon double bond in fats
and oils. In practice, the more reactive iodine owmoride is used.

H H H H
| | | |

-C=C- + p —> —C-C-

Unsaturated fats and oil combine with iodine rgadithereas saturated fats and oils do not.
The more unsaturated the fats and the oil is, theenodine it will react with.

The iodine value of fats or and oil is defined lzes humber of grams of iodine that reacts with
100g of the fat or oil. The higher the iodine valtlee greater is the degree of unsaturation of
the fat or oil. It also gives an idea of the dryaiwracter of the fat or oil.

Generally, vegetable oils have higher values thamal fats. This shows that vegetable oils
are more unsaturated. It has been found that afiatsahave iodine values less than 70, while
vegetable oils are more than 70.

iv. Reichert-Meissi(R.M.)Value: It measure the atdé fatty acids present as glycerides
in oil or fats. It is defined as the number of afl 0.1N potassium hydroxide
solution required to neutralise the distillate gfd hydrolysed fat or oil.

v. Acetyl Value: It is defined as the number roilligrams of potassium hydroxide
required to neutralise acetic acid liberated by shponification of one gram of
completely acetylated oil or fat. the distillate5af of hydrolysed fat or oil.

It measures the alcoholic group present in oibbr f

vi. Polenske value: t is defined as the bemof ml of 0.1N potassium hydroxide
solution required to neutralise the steam volablat, water insoluble fatty acids
obtained from the distillate of 5g of hydrolysed da oil.

Activity D/Self Assessment Exercise

Write the equation for the complete hydrogenatibthe fatty acid, you drew in activity C(i)
above.

3.5 Uses of Fats and Oil
i. Used as food
il. Used in the manufacture of soap.alycerol,candiargarine, hair creams etc
iii. Long chain alcohols prepared from fatsdaoils are used in the preparation of
synthetic detergents
iv. Used in the manufacture of paints and vanishes
v. Used in the manufacture of oil cloth and lewoh

3.6 Soaps

Soaps are metallic salts of higher fatty acids saglstearic, palmitic and oleic acids. They
are manufactured by cold , semi-boiled or boiledcpsses. Ordinary soap today is a mixture
of sodium salts of long-chain fatty acids becatgefat from which it is made is a mixture.
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Soap may vary in composition and methods of pracgsd may be Castile soap, if made

from olive oil; alcohol may be added to make inBparent; air may be beaten into it to make
it float; perfumes,dyes,and germicides may be agdedpotassium salt instead of a sodium
salt, it is soft soap.

In solution, soap is dispersed in spherical clsstadled micelles, each of which may contain
hundreds of soap molecules. A soap molecule haslaa pnd, -COCNa’, and a non-polar
end, the long carbon chain of 12-18 carbons. Thar gmd is water soluble-hydrophilic while
the non-polar end is hydrophobic or lipophilic.

Molecules that have both polar and non-polar erdl @ame are big enough for each end to
display its own solubility behaviour are callesmphipathic. In solution, the polar ends
projects towards the polar solvent-water, while tton —polar end seeks for a non-polar
environment — the non-polar ends of other soap cotds.

3.6.1 Cleaning action of soap

The problem in cleaning is the fat and grease thate up and contain dirt. Water alone
cannot dissolve these hydrophobic substances beedusn oil substance is in contact with

water, it tends to coalesce so that there is amlat@r and an oil layer. However, the

presence of soap changes the situation. The n@m-potls of soap molecules dissolves in the
oil droplet, leaving the carboxylate ends jpecting into the surrounding water layer .
Repulsion between similar charges keeps the opldte from coalescing; a stable emulsion
of oil and water forms and can be removed fronstiéace being cleaned.

Hard water contains calcium and magnesium saltstwieacts with soap to form insoluble
calcium and magnesium carboxylates.

3.6.2.Synthetic Detergents

They are called soapless detergents or syndety. ditteemore resistant to hard water than
soaps. Like soaps the contain both hydrophilic-watduble and hydrophobic —oil soluble
part. They have replaced soap to large extent.

C12H25—OSQN3 CisH3g ———— COOCNa
Hydrophobic  Hydrophilic Hydrophobic Hydrophilic
Part part part part

Soapless detergent-synthetic detergent soap(Squilmitate)

(sodium lauryl sulphate)
Examples are:

C12H25 —O—OSQNa C_LGH33 —O—SQ—ONa
Sodium lauryl sulphate sodium cetyl sulphate

C]_2H25—@—OSQN8

Sodium p-dodecyl-benzenesulphonate
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Synthetic detergents may be anionic surface aatatgnic surface active or non-ionic
surface active agents.

Activity E/Self Assessment Exercise

i. Describe the structure of the soap.
il. Soap may vary in composition and in methodprofcessing. Explain

4.0 Conclusion

Fats and oils are esters of glycerol with high#yfacids and are called glycerides. Saturated
carboxylic acids contain single bond and thee solids at room temperature while

unsaturated carboxylic acids contain at leass¢ C=C and they are liquids at room
temperature. The important difference betweenanil$ fats is that oils are liquids at ordinary
temperature while fats are solids.

Soaps are metallic salts of higher fatty acgich as stearic, palmitic and oleic acids.
Synthetic detergents like soaps, contain both Ipfitic and hydrophobic end.

5.0 Summary
In this unit we have learnt that:

I. Fats and oils are esters of glycerol with higfedty acids and are called glycerides.
Fats are the main constituents of the storageefig m animals and plants and
they are one of the important food reserves ohgvorganism. These plants and
animal fats can be extracted. Liquid fats are ofedarred to as oils.

il. Carboxylic acids found in natural fats awods can be divided into two groups-
saturated and unsaturated.

ii. Saturated carboxylic acids have single bomdsheir hydrocarbons,they are found in
animals, while unsaturated carboxylic acidsitam at least one C=C, they
obtained in plants.

iv. Saturated carboxylic acids are solids rabm temperature while unsaturated
carboxylic acids are liquids at room temperature.

v. Oils are liquids at ordinary temperature wifdts are solids.

vi. When a molecule of glycerol, i.e propane-1;2i@l, reacts with a molecule of stearic
acid, glyceryl monostearate is formed.

vil. Oils and fats are colourless liquids or solidighter than water, immiscible with
water, freely soluble in organic solvents suchbaszene, petroleum ether, are
non-volatile, they decomposes on strong heatingthed readily form emulsions
when agitated with water in the presence of sodgtjge or other emulsifiers.

viii.  Fats and oil undergo the following reactions
il. Drying
iii. Rancidification
V. Hydrolysis of Fats and Oils
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V. Hydrogenation
Vi. Hydrogenolysis

ix. Hydrolysis carried out in an alkaline mediusrcalled saponification.

X. Physical tests to determine the purity of atd oil are melting point, specific gravity,
refractive index and viscosity.

xi. The following chemical test can be used tcedeine the composition and purity of
fats and olls:

vii. Acid value- the number of milligrams of potass hydroxide required to neutralise
the free organic acids present in 1gm of fat ar oil

viii. ~ Saponification -the number of milligrams @btassium hydroxide required to
completely saponify 1gm of fat or oil- or comgt neutralise the fatty acids
resulting from complete hydrolysis of 1gm fat ol oi

ix. lodine Value- iodine value of fats or and @ldefined as the number of grams of
iodine that reacts with 100g of the fat or oil.

X. Reichert-Meissi(R.M.)Value- the number of miG1N potassium hydroxide solution
required to neutralise the distillate of 5g of lolgised fat or oil.

xi. Acetyl Value- the number of milligrams of petaum hydroxide required to neutralise
acetic acid liberated by the saponification of grem of completely acetylated oil
or fat. the distillate of 5g of hydrolysed fat ak o

xii. Polenske value- the number of ml of 0.1N pstam hydroxide solution required to
neutralise the steam volatile, but water insolufalily acids obtained from the
distillate of 5g of hydrolysed fat or oil.

X. The following are the uses of fats and oil:
- as food
- in the manufacture of soap.alycerol,candle, mamgahair creams etc

-Long chain alcohols prepared from fats and oits @sed in the preparation of
synthetic detergents

- in the manufacture of paints and vanishes
- in the manufacture of oil cloth and linoleum
xi. Soaps are metallic salts of higher fatty agdsh as stearic, palmitic and oleic acids.

xii. In solution, soap is dispersed in sphericaktérs called micelles,
xiii. A soap molecule has a polar end, -CBI@, and a non-polar end, the long carbon
chain of 12-18 carbons.

xiv.  The polar end is water soluble-hydrophilic \ehihe non-polar end is hydrophobic
or lipophilic.

xv. Amphipathic molecules that have both polar aad-polar end and are big enough for
each end to display its own solubility behaviour.

xvi. In cleaning, the non-polar ends of soap mdlesuwissolves in the oil droplet,
leaving the carboxylate ends projecting into theaunding water layer

xvii. Hard water contains calcium and magnesiuntssahich reacts with soap to form
insoluble calcium and magnesium carboxylates.
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xviii. Synthetic detergents are called soapleserdents or syndets.

xix.  Like soaps the contain both hydrophilieter soluble and hydrophobic —oil
soluble part. They have replaced soap to largenexte

xx. Synthetic detergents may be anionic surfaceectationic surface active or non-
ionic surface active agents

6.0 Tutor Marked Assignment

a. Explain the differences the following
- oils and fats

- soap and synthetic detergent

- hard soap and soft soap

b. Write short notes on the following:
-Rancidification

- Saponification

-Cleaning action of soap.

7.0 Further Reading and other Resources
i. KS.TEWARI and N.K. VISHNOI (2006) - A Textboak Organic Chemistry
-Third Edition

ii. Robert Thornton Morrison and Robert Neilson Bq2008) — Organic Chemistry
- Sixth Edition

John McMurry and Mary E.Castellion (1999) &amentals of General,Organic, and
Biological Chemistry-% Edition
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Carbohydrates are a large class of naturally or@upolyhydroxy aldehydes and ketones or
compounds that yield polyhydroxyl aldehydes or keson hydrolysis. They contain carbon,
hydrogen and oxygen atoms only. They have the géf@mula GH»,0..

Simple carbohydrates are mainly synthesized chiprophyll containing plants through
photosynthesis.

2.0 Objectives
At the end of this unit you should be able to:
I. Name the classes of carbohydrate
ii. Distinguish between monosaccharides, disaédbarand polysaccharides
iii. Give examples of monosaccharides, disaccharatel polysaccharides
iv. Name simple monosaccharide
v. Distingiush between glucose-an aldohexosefruntiose-ketohexose
vi. Draw the structures of glucose and fructose
vii. Explain the properties of glucose-an examglaldohexose
viii.  Explain the properties of fructose-an exampidetohexose
ix. Disinguish between reducing sugar and non-cadusugar
X. Distinguish between, maltose,lactose and sucfase their physical and chemical
properties
xi. Distinguish between starch and cellulose-exasplf polysaccharide

3.0 Classification of Carbohydrates
Depending on the size of the molecules, carbohgdratay be divided into three groups,
namely monosaccharides, disaccharides and Polysades

Monosaccharides are the simplest carbohydratesheydare known as simple sugars. They
have the general formulagi:1,0s  They cannot be hydrolysed to simpler compounds.They
are the basic unit of carbohydrates.They have ttweseven carbon atoms, and each has one
aldehyde or one ketone functional group. The aldehgroup is always at the end of the
carbon chain; the ketone group is always on therskcarbon of the chain. In either case,
there is a —CHDOH group at the other end of the chain.

There are hydroxyl groups on all the carbon atooh the —CHOH at the other end, and on
the end carbon next to the ketone group.

H o) CH,OH
\c/ |

| C=0
|

1

:

1
- 1
CH,OH CHOH

Disaccharides consist of two monosaccharide umitegl together by a glycosidic bond.
Their general formula is gH2,011. E.g sucrose, maltose and lactose. When one nteletu
disaccharides is taken through acid hydrolysigieids two monosaccharide molecules.
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Polysaccharides are condensation polymers of moobaedes, they contain thousands of
monosaccharide units in their structures. They hiagegeneral formula @l100s),, where n

is a very large number. On acid hydrolypislysaccharides yield a large number of
monosaccharide molecules, e.g. cellulose, starehin and glycogen. Polysaccharides are
futher subdivided into homopolysaccharides and rbetdysaccharide. The

homopolysaccharides on hydrolysis produce the saniecule while heteropolysaccharides
produce different monosaccharides. Starch esltllose are homopolysaccharides while

inulin is a heteropolysaccharide.

Carbohydrates that reduces Fehling’s (or Benedliot'Jollens’ reagent are known as

reducing sugars. All monosaccharides whether aldoketose, are reducing sugars. Most

disaccharides are reducing sugars. Sucrose hovgeaeron-reducing sugar.

Carbohydrate Molecular Source or Monosacchr
Produced or
Formula Origin hydrolysis
Monosaccharide Glucose(also known as blood CeH1206 Blood, plant sap,
sugar, grape sugar and fruit, honey
dextrose)
Plants, fruit,
Fructose(also known as CsH1206 honey
levulose)
From the
Galactose CsH1206 hydrolysis
of lactose
Disaccharide Sucrose(also known as table Sugar cane, sugar Glucose anc
beets, maple
sugar, beet sugar and cane Ci12H22011 | sSyrup, fructose
sugar) and various fruits
and vegetables
Partial hydrolysis
Maltose(also known as malt Ci2H20041 | Of Glucose
sugar) starch
Partial hydrolysis
Cellobiose C1oH25011 of
cellulose
Makes uf about
Lactose(also known as milk Ci1oH20011 | 5% Glucose anc
sugar) of milk galactose
Polysaccharide | Starch €8100s)n | Potatoes, corn, | Glucose
various grains
Cell walls of
Cellulose (CsH1008)n | plants Glucose

Classes of Carbohydrates with examples
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Activity A/Self Assessment Exercise
a. Classify the following into reducing and natiucing sugar
i. Fructose ii. Galactose iii. Maltose iv. Sucrose Glucose

3.1 Monosaccharides
Monossaccharides may be an aldose or a ketoseldaseais a monosaccharide with an
aldehyde carbonyl group while a ketose containstarie structure.

3.1.1 Naming Monosaccharides

The family name ending ‘—ose’ indicates a carboatglrand simple sugars are known by
common names like glucose, ribose, and fructogeerahan systematic names. The number
of carbon atoms in an aldose or ketose can befggbby one of the prefixes bi-,tri-,tetr-,
pent-, hex-,hept-. Thus, glucose is an aldohexalsle¢- = aldehyde; hex- = six carbons; -ose
= sugar); fructose is a ketohexose( a six-carbooniesugar); and ribose is an aldopentose(a
five-carbon aldehyde sugar). Most naturally wdag simple sugars are aldehydes with
either five or six carbons.

H\ C/O H\ C’/ O Clll-iOH
I | C=0
H-C-OH H-C-OH |
| | HO -C-H
HO-C-H H-C-OH |
| | H -C-OH
H-C-OH H-C-OH |
| | H -C-OH
H-C-OH CH,OH |
| CH,OH
CH,OH
Glucose Ribose Fructose
(An aldohexose) (An aldoPentose) (A ketohexose)

i. Biose (GH40,) . Glycolaldehyde(CKHOHCHO) is the simplest hydroxyl aldehyde. It
is regarded as an aldobiose. It is not opticaltjvadecause it does not contain an
asymmetric carbon.

ii. Trioses(GHgO3): Glyceraldehyde is the only aldotriose kmowt possesses an
asymmetric carbon aton an exists in two opticattyva forms.

CHO CHO
| |
H-C-OH OH-C-H
I I

CH,OH CH;OH

D(+) Glyceraldehyde L(-) Glyceraldehyde

ii. Tetroses(GHgO,): An aldotetroroses has the formula LHHCHOHCHOHCHO; it
has two asymmetrical carbon atoms. It is therefagable of four optically active
forms- D- and L- erythrose and D- and L- threose.
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A ketose has only one asymmetric carbon atom amdehexixts in only two
optically active forms- D- and L-erythrulose.

CHO
I

H-C-OH
I

H-C-OH
I

CH,OH

D-Erythrose

CHO

HO—CI:—H
H-G-o
CIIHZOH

D-Threose

CHO
to
H-G-o

CIZHZOH

D-Erythrulose

iv. Pentoses(§H,00s): Aldopentoses has 3 asymmetric carbon atomslaéfore exists
in 8 optically active forms- D- and L- forms ofbase, arabinose, xylose and
lyxose, D-ribose,L- arabinose, D-xylose and- lyxaxccur in nature while the
others are synthetic.

CHO
H—(II—OH
H-G-on
H-G-o

CIZHZOH

D-ribose

CHO
HO-C-H
HO-C-H

H—(IJ—OH

CIZHZOH

D-Lyxose

CHO

HO—(II—H
H-G-o
H-G-o
CIZHZOH

D-arabinose

CHO
&=
H-C-on
H—IC—OH

I
CH,OH

D-Ribulose

CHO
H—(II—OH

HO-C-H
H-G-o
CIZHZOH

D-xylose

CHO

IC:O

HO-C-H
H—IC—OH
CIIHZOH

D-Xylulose

v. Hexoses: Aldo hexoses have four asymmetribazaatoms. They have the formula
CH,OHCHOHCHOHCHOHCHOHCHO; hence they exist intesgn optically
active forms- D- and L- forms of glucose, mannad®se, altrose, gulose, idose,
galactose, talose.

Ketohexoses have 3 asymmetric carbon atonts thay have the formula
CH,OHCOCHOHCHOHCHOHCHKHOH. They exist in eight optically active
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forms of which only six- D- and L-fructose, D- ahesorbose, D-tagalose and L-
psicose- occurs in nature.

Also there are sugars containing heptoses (7-caatmms), octoses (8 carbon atoms) and so
on.

Activity B/Self Assessment Exercise
Classify each of the following monosaccharidesaasaldose or ketose, and name each
according to the number of carbon atoms:

(a) OH OH OHO (b) OH OH O
L1 o
HOCH,~CH-CH-CH-C-H HOCH-CH-CH-C-H

(b) 0

HOCH,~C —CHOH

3.1.2 Configuration

Glyceraldehyde contains a central chiral carbomatéor each of its optical isomers the (+)
and(-) signs indicating dextrorotatory and laevataty respectively, specifying the direction
in which each one rotates plane polarized lighte gio indication of the way in which the
groups are attached to the chiral carbon. The atesabnfiguration of the two is therefore
shown by placing a D or L in front of the name

CHO CHO
H—(IJ—OH HO—IC—H

CIZH20H CIZHZOH
D-Glyceraldehyde L- Glyceraldehyde

Since all monosaccharides are in effect higher Hogue og one of the enantiomers of
glyceraldehydes, they are called D-compound if #reyrelated to D- glyceraldehydes and L-
compounds if related to L- glyceraldehydes. The mamsm to glyceraldehydes is done by
considering the lowest chiral carbon atom.For eXamp

CHO CHO
| I
H-C—OH HO-C-H
| | HO-C-H

H-C-OH
| I
H-C—OH HO-C-H
| I
H-C—OH HO-C-H
I I
CH,0H CH,OH

D-Glucose L-Glucose
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Activity C/Self Assessment Exercise
a. Classify the following monosaccharides intoaDe L- sugars

CHO CHO CHO CHO CHO
HO—Cll—H C|I=O é?=0 HO—|C—H H—|C—OH
HO—Cll—H H—é?—OH HO—|C—H H—|C—OH HO—lC—H

H—(ll—OH H—é?—OH H—|C—OH H—|C—OH H—|C—OH

CllHZOH CllHZOH CllHZOH é:HZOH éHZOH

3.1.3 Occurrence

Many monosaccharides exist in nature and nodsthe others have been synthetically
prepared.

3.1.4 General physical characteristics
i. They are colourless compounds
il. They are soluble in water but insoluble inestknd other organic compounds
iii. They have sweet taste
iv. They char on heating giving a characterishief
v. They are optically active

Two important monosacharides are glucose and fsactdhey are hexoses and commonly
found in fruit juice and honey and are the majonstituents of many disaccharides and
polysaccharides.

CHO CHOH
H—(|3—OH C|I:O
HO—Cll—H HO—|C—H
H—(|3—OH H—Cll—OH
H—(|3—OH H—é—OH
(lngOH CliHZOH
Glucose Fructose
3.2 Glucose

Glucose is the most important and the most abunaianbsaccharide. It is the unit of which
starch, cellulose, and glycogen are made up anmalsitspecial role in biological processes. It
can exist in acyclic and cyclic forms. It is an@hxose since it contain an aldehyde in its
open chain structure.
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H H H OHH

[ B o
HO—C-C-C-cC-cC-%&
6| 5| 4| 3| 2| N\ H

H OHOHH OH

®CH20H

CH,OH CHOH
H /H H H/H OH
H FH H / OH H OH H
| | | |
H OH H OH
a- glucose B-glucose

These monosaccharides form rings through the addaf an —OH group of one of their
chiral carbons to the carbonyl group of aldose.

Six-membered rings are chemically more stablen ththe straight chains of the
monosaccharides. The direction from which tH@H adds on to the carbonyl group
determines which one of the two possible cycliadures forms{- andp-glucose)

Most of what we need to know about monosacchargdas be learnt from the study of
glucose. As an aldohexose, it undergoes the fatigweactions as shown below:

3.2.1 Physical Properties of Glucose
i. Glucose posses a sweet taste but this is ntd gaiimmediately distinctive in that of
fructose and sucrose.
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il. Glucose is extremely soluble in water

iii. It is insoluble in alcohol

iv. When crystallized from warm solution at°@8 it yields anhydrous crystals with
melting point 148C, but from cold solution, it forms a monohydratith melting
point 86C.

3.2.2 Reactions of Glucose

Glucose undergoes many of the reactions typicaasbonyl compounds. As a reducing
sugar it reacts with Fehling solution and Tolleréagent and the formation of osazones
provides a useful means of characterization andtifiztion.

Generally the reactions of sugars provide a corsimde amount of information about the
structure of the molecules and this clearly exefigpliby glucose in its ability to forme and
B- cyclic glucosides.

a. Oxidation

Glucose, like aldehydes and ketones on waynmeadily reduces Fehling solution,
ammoniacal silver(i) nitrate and Tollen’s reagéntan also be oxidised by bromine water to
gluconic acid. However a more powerful oxidigz agent like trioxonitrate(v) acid will
oxidize it to the dicarboxylic acid, glycaric acid.

COOH COOH
I I
(CHOH), (CHOH),
I I
CH,OH COOH
Gluconic acid Glycaric acid(Saccharic acid)

b. Reduction
Glucose react with hydrogen and nickel catalystamtium tetrahydridoborate(lll) or sodium
amalgam and water to yields hexahydric alcohobisalr

CHO COOH
I I
(CHOH), 2[H] \ (CHOH),
I I
CH>,OH COOH
Sorbitol

Glucose can also be reduced by hydrogen iodiderad phosphorus at 1000C to give
hexane. This reaction confirms the existence dfaaght chain structure for glucose.

c. Acylation
Glucose reacts with excess ethanoic anhydride l@nelyl chloride in the presence of an
anhydrous zinc chloride catalyst to yield pentaedlyhderivative. This reaction indicates the
presence of five hydroxyl groups in glucose.

CHO COOH

I I
(CHOH); + 5(CHCO)%0O anhydrous ZnGlcatf (CHOOCCH); + 5CHCOOH

I I
CH,OH CH,O0CCH;
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d. Addition Reaction of the carbonyl group
I. Reaction with HCN
Glucose react with HCN to give hydroxynitrile (cydaydrins) But do not react
with sodium hydrogen sulphite. When the hydroxyll@tformed is taken through
acid hydrolysis followed by reduction with dnodic acid, heptanoic acid is
formed. This reaction also indicates the existari@straight chain structure.

CN COOH
I |
CHO CHOH CH2
I I I
(CHOH), HCN (CHOH), 1.dilacid (CH2)4
| | 2.Hl |
CH,OH CH,OH CH,OH
Glucose Hydroxynitrile derivative Heptanoic acid

il. Condensation reactions of the carbonyl group
Hydroxylamine and hydrazine condenses withcage to form an oxime and a

hydrazone respectively.

CHO CH=NOH

I I
(CHOH) + NH,OH —— (CHOH) + H,O

I I
CH,OH CHOH
Glucose oxime

Also at room temperature, phenylhydrazine reaaith glucose to form the
phenylhydrazone. The phenylhydrazone remains latisa, however on warming to
100°C in the presence of a large excess of phenylhiraa yellow precipitate of
glucose phenylosazone is formed. The formation lefnglosazone is very useful for

characterisation and identification purpose.

CH=NNHGHs

I
CHO CH=NNHGHs CH=NNHGsHs

I I

(CHOH); CgHsNHNH2 (CHOH); CgHsNHNH,  (CHOH)

I I I

CH,OH CH,OH CH,OH
Glucose Glucose phenylhydrazone Glucose

e. Glucoside Formation
Glucose reacts with methanol to form a crystalioéd which contains only one methyl

group. This compound formed does not contain aldehgroup as it does not reduce
Fehling solution or form oxazone with phenylhydngz and it exist in two anomeric

forms.

This behaviour of glucose can only be accountedirfaierms of then- andp- cyclic
structures being in dynamic equilibrium.
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CH,OH CH,OH CH,OH
Q OH O
H/ H H OH
OH HA=—QKNOH H — OH H
H H HO @] HO H
H OH H H OH
a-Glucose Acyclic form B-Glucose
H+ H+
CH3OH CH3OH
CH,OH CH,OH
Q O
H/ H H OCH
OH H OH H
H CH HO H
H OH H OH
Methyl a-glucose MethypB-glucose

This reaction is unlike that of aldehydes with &lobin the presence of an acid catalyst
hemiacetals(1-alkoxyalcohols) and acetal(1,1-disylaécohol).

f. Fermentation
Glucose, during fermentation react with the enzyymase from yeast at 150c to form

ethanol and carbon(iv)oxide

CeH1206 zymase 2CKCH,OH + 2CQ
15°C

g. Dehydration
Glucose, when strongly heated chars and leave &k lolarbon residue. Alternatively

when treated with concentrated tetraoxosulphajeafid, it sugar charcoal.

C6H1206 conc. |'ﬁ804 > 6C
Glucose -HO Sugar charcoal
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COOH GHsNHNH, ,  CH=NNHGsHs
| I
(CHOH) (CHOH),
| I
CH,OH CH,OH
Gluconic acid Glucose phenylhydrazone
I CHO
|
Br, + H»0 H-C-OH
|
HO-C-H
|
HNO3 H-C-OH AccO , GH;O(OAc)k
| Penta-O-acetylglucose
H-C-OH
I
COOH CH,OH COOH
I I
(CHOH), (+)-Glucose ~ _HCN hydrolysis HI, hea | CH,
I I
COOH (CH)4
Glucaric acid |
CHs
Ha,Ni Heptanoic acid
v
CH,OH
I
(CHOH),
|
CH,OH
Glucitol
Ac,0O (Sorbitol) HI, heat
v
v
CH,OAc CH;
I |
(CHOAC), CHI
| |
CH,OAc (CHy)3
|
CHjs

Hexa-O-acetylglucitol

Summary of the reactions of glucose

2-lodohexane
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Activity D/Self Assessment Exercise
Using equations and stating the conditions of ieastonly, explain the reactions of glucose
with:

i. Ethanoic anhydride

ii. HNOs

iii. Phenylhydrazine

3.3 Fructose

Fructose occurs widely in fruits and combined wglicose, in the disaccharide, sucrose. It is
often called fruit sugar.

3.3.1 Physical Properties of Fructose
I. Itis the more soluble in water than glucose
iil. Itisthe sweetest among all sugars, approxayativice as sweet as glucose
iii. It is reasonably soluble in alcohol unlike gase. This property can be utilized in
separating it from glucose.
iv. Itis a colourless crystals with the meltingimt of 95°C

3.3.2 Structures of Fructose
Fructose can exist with an acyclic as well as wiblic structures of six-membered ring and
five membered rings. It is a ketohexose as it dogta keto group in its open chain structure.

CH,OH
I
C=0
I
HO-C-H
I
H-C-OH
I
H-C-OH
I
CH,OH
Fructose
H
HO /' H OH HOHC® OH
5 2 5
H HO / 'CH20H H HO /" CHOH
1 H 1
2
| |
OH H OH H
A six membered cyclic form A five membered cyclicrh
(B-fructopyranose) [(-fructofuranose)

Structures of Fructose
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In the crystalline form, only one form of fructoiseknown- the six membered,cyclig,
isomer.

In solution, theB-isomer exists in equilibrium with the cyclicisomer, with the open-chain
structure and also with a five membered ring citme. Thea- and - isomer differs in
configuration of the C-2 atom, i.e at tharbonyl atom of the acyclic structure. This
phenomenon is known as epimerism and the isomersn@wn as epimers.

The six membered ring structure is known as a d@gianose while the five membered ring
is known as a fructofuranose.

Generally, sugars which contain a six-membered simgcture including the oxygen atom
referred to as pyranose compounds and those conganfive-membered ring structure are
called furanose compounds.

3.3.3 Reactions of Fructose
Fructose undergoes reactions that are similarasetiof glucose

I. Oxidation: Fructose like glucose reduces Fejid solution, ammoniacal silver(l)
nitrate and Tollen’s reagent. It is not howevet oaidised by bromine water
indicating the absence of an aldehyde group.

il. Reduction: Fructose like glucose is also rextuto sorbitol

iii. Acylation: Fructose undergoes acylation asrdesxd in glucose to yield pentaethanoyl
derivative, indicating the presence of five hydrogsoups in the molecule.

iv. Addition and Condensation Reactions of theboakl group: Like glucose, fructose
forms hydroxylnitrile (cyanohydrin) with hydrogezyanide and condenses with
hydroxylamine and hydrazine. When Fructose is wdrmeith excess
phenylhydrazine, it yields an osazone, fructosenphesazone which is similar to
the glucose derivative.

v. Fermentation and Dehydration
Fermentation and dehydration of fructose is sintgathat of glucose.

3.4 Disaccharides

Disaccharides are carbohydrates that are made twmnahonosaccharide units They have the
molecular formula &H2,0:11. On hydrolysis a molecule of disaccharide yields tholecules
of monosaccharide. Common examples are sucrosecaneet sugar), maltose(malt sugar)
and lactose(milk sugar).

Sucrose is made up of a glucose molecule and #&&®enolecule, a maltose consist of two
glucose molecules while lactose is made up of gineose molecule and one galactose
molecule.

3.4.1 Natural Sources of Disaccharides

Surcose occurs in as much as 15% in cane and geat which is the principal source. Apart
from cane and beet sugar, it occurs naturally unt fand plants. Maltose is formed as an
intermediate in the fermentation of starch whiletdge is present in the milk of mammal in
about 5%.
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3.4.2 Structure and Constitution of Disaccharides
The bond formed between two monosaccharides isctallglycosidic linkage. It is formed
from a condensation reaction between two hydrosyuigs.

Disaccharides are glycosides in which theoladt substituent is replace by another
monosaccharide which is attached via one of itgdwyd groups. Sucrose is made up of a
glucose molecule and a fructose molecule witd elimination of a water molecule- a
pyranose and a furanose ring. A maltose molecsilbuilt up from two glucose molecules
with the elimination of a water molecule- two hegdpyranose).

Maltose and lactose molecules consist of two hexos@yranose) units while sucrose has a
hexose-pyranose, i.e pyranose-furanose structure.

CH,OH CH,OH
H /H H H/ H OH
H |OH H / OH H OH H
| | | |
H OH H OH
a-glucose a-glucose
-H,O
v
CH,OH CH,OH
H /H H H/ H OH
H |OH H OH H/ H
| | | |
H OH H OH
CH,OH

6
H/H H HOHC® OH
5 2 5
H OH OH/ 'OH H HO /" CHOH
1 H a 1
| |
H OH OH
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HOHC® OH

O H HO 1CI—JOH

2

| |
OH H

Sucrose

Maltose and lactose exist éq andp- forms and they undergo mutarotation in solutiwhile
sucrose does not exist in anomeric forms. ddaltand lactose are capable of reducing
Fehling solution and forming osazones indicatirgt the structures of the molecules contain
a potentially ‘free’ carbonyl group and a hemiateing structure while sucrose is a non-
reducing sugar, indicating the absence of a ‘foagbonyl group.

3.4.3 Physical Properties of Disaccharides
I. Sucrose, maltose and lactose are readily semblvater
il. They are virtually insoluble in alcohol
iii. Sucrose, maltose and lactose are dextrorotatod are used as foodstuffs.
iv. If sucrose is heated above 26Qits melting point), and cooled, it re-solidify form
a solid mass known as ‘barley sugar’. On raisirggtdmperature to about 20
it lost some water molecule to form ‘caramel’- &&Q brownish substance.

3.4.4 Reactions
Considering the common examples, many lufirt reactions are useful means of
distinguishing between them.
I. Hydrolysis: All disaccharides are hydrolysdwy dilute mineral acid into the
constituent monosaccharides. Maltose gives gluoobg lactose gives glucose
and galactose while sucrose gives glucose andfact

CioH25011 + HO dil.acid I 2GH 1206
Maltose Or maltase Glucose

CioH20011 + HO dil.acid GH120s + CsH120g
lactose Or lactase Glucose Galactose

CioH2:011 + HO_dilacid | GH120s + GeH1206
sucrose Or invertase Glucose Fructose

Sucrose which is dextrorotary on hydrolysis givesqual proportion of (+)-glucose and (-)-
fructose with specific rotations +52.7 and -92.4 respectively. Since the the laevorotatory
power of fructose is greater than the dextroreyafmower of glucose, the overall mixture
formed is therefore laevorotatory.Hence the rotaf plane polarised light changes from
positive to negative when sucrose is hydrolyseds T known as the inversion of (+)-
sucrose.
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(+)-Sucrose : H+ or (+)-glucose + (-)-fructose
invertase
[a]p = +66.5 [a]p = +52.7 [a]p =-92.4
[o]p =-19.9
i Oxidation

Maltose and lactose are affected by Fehling’s tgemiy ammoniacal silver(l) nitrate and
bromine water while sucrose is not. This is becasgose has no ‘free’ carbonyl group.
Bromine water oxidise maltose and lactose ntaltobiotic acid and lactobiotic acid
respectively.

However, when sucrose is warmed with moreveytul oxidising agent like dilute
trioxonitrate(V) acid, it is oxidised to ethanedi@cid(oxalic acid).

iii. Acylation
Sucrose, maltose and lactose react with etbaanhtdride on heating to vyield an
octaethanoyl derivative. This reaction confirm pinesence of eight hydroxyl groups

iv. Condensation: Maltose and lactose reacts widnmglhydrazine to form phenylhydrazone.
Sucrose does not undergo this reaction becauaekitreducing power and has no carbonyl

group.

v. Dehydration: All disaccharides yields sugar cbat when heated above their melting
points or when they are warmed with concentratedd&osulphate(VI) acid.

C1oH20011 conc.BSO, o 12C
-11H0

Activity E/Self Assessment Exercise

Distinguish between maltose and sucrose usingollwening reactions of disaccharides:
i. Oxidation
il. Hydrolysis
iii. Condensation

3.5 Polysaccharides

Polysaccharides are high relative molecular massndexsation polymers of
monosaccharides. They have the general formuddl;¢Os)n, where n is a large number.
They contain a large number of monosaccharides Umked together in the same way as
disaccharides by means of a common linking oxygema

Generally polysaccharides are tasteless andr@mus compounds. They are generally
insoluble in water and organic solvents. Many efnthform colloidal solution. When they are
hydrolysed with dilute acids or enzymes they yi@lonosaccharides.

Common examples of polysaccharides are starch elhdose. Inulin and glycogen are also
known polysaccharides.

3.5.1 Starch

Starch is a polyglucose found in potatoes, wheaizen rice, barley and generally in green
plants. In nature it is transformed into compleXypaccharides like gums and cellulose.It can
also be transformed into simpler mono- and disaudés by enzymic actions.
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The exact chemical nature of starch varies front@®to source. Starch obtained from the
same ssource has been found to consist of twadrectamylase and amylopectin.

Amylose is a linear polymer containingD-glucopyranose units joined by lgdglycosidic
linkages while amylopectin is a highly branchedypwr. The branches of amylopectin
consist of 20 to 25 glucose units joined by d;4inkages and joined to each other by &;6-
glycosidic linkages.

CH,OH CH,OH
H /H H H/ H OH
H |OH H o) OH H/'H
| | | |
H OH H OH
a- Amylase
H,OH HOH
O 0]
H /'H H H/ H H
0 OH ™~ OH 0
H OH H OH
CH, H,OH
O
H /H H H /H H
N OH OH
ol
H OH H OH
Amylopectin

A. General Properties

a. Physical Properties
I. Starch is a white amorphous substance
iil. It has no taste or odour
iii. Itis insoluble in water
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iv. When added to boiling water, the starch graswdwells and burst forming colloidal
transluscent suspension

b. Chemical Properties
i. Action of heat
When starch is heated to a temperature betwee@d@500c, it changes to dextrin- a gum
like substance. At higher temperature, charring tfakce.

ii.Hydrolysis

When starch is boiled with dilute acid, all theagidic linkages are broken and it untimately
yields glucose.

(CeH1005)n  + nHO H » NCsH1206

Starch glucose

However when hydrolysed with diastase, maltoseoisnéd. On further treatment of the
maltose with a dilute acid or an enzyme maltasg;age is obtained.

2(C6H1005)n + nHO diastase ) nGH»,011
Starch maltose
C1oH20011 H+ or maltasg 2 H1206

Glucose

iii. Action of iodine solution
When a drop of iodine solution is added to staat®n, it gives a blue colour. The blue
colour disappears on heating and reappers on ¢godiims reaction serves as a test for starch.

iv. Action of a mixture of Concentrated tetraoxquhdte (VI) acid and trioxonitrate (V)acid
When starch is heated with a mixture of cesnrated tetraoxosulphate (VI) acid and
trioxonitrate(V)acid, it gives nitrostarch.

B. Uses
I.  Use as food. It forms the omportant part ofygldiet like bread, rice, potatoesetc
ii. Itis used inthe manufacture of starch jelhiglaadhesives
iii. Itis a valuable source of glucose and alcohol
iv. Used in laundaries
v. Used in paper and textile industries
vi. Used in the preparation of starch acetatep+starch, soluble starch
vii. Used as an indicator for iodometric titration
viii.  Dextrins obtained from starch are used inrgizpaper and in adhesives

Activity F/Self Assessment Exercise
How can starch be tested for in the laboratory?

3.5.2 Cellulose

It is the principal structural component thie cell walls of plant. Like starch, it &
polyglucose containing 1000-1500 glucose unitss tibtained from the cotton plant, wood,
straw etc.

Cellulose plays a very important role in the polynmelustry



CH,OH
H H
H |OH H
| |
H OH
Cellulose

Like starch the structure of cellulose varies Wit source.
Cellulose is a linear polymer havifigD-glucopyranose units joined by 134knkages.

On complete hydrolysis it yields glucose but unliétarch it is present in cellulose &H-
glucopyranose unit. Enzymatic hydrolysis yieldsisadcharide cellobiose having the glucose
linked through 1,4-glycosidic linkages.

A. Properties of Cellulose

i.Cellulose is acolourless amorphous substanceavghnised fibrous structure

ii. It is insoluble in water but dissolves in ammaoal solution of copper(ll) hydroxide. It
also dissolves in a solution of zinc chloride idigchloric acid.

iii. Cellulose form a starch like substaneenyloid: It is treated with concentrated
tetraoxosulphate (VI) acid in cold to form a saduti The solution formed then dilute with
water to form amyloid.

iv. When boiled with dilute teraoxosulphate (VI)d&at is completely hydrolused to glucose.
v. When treated with 20% caustic acids, it becogmegoth and lustrous in appearance

vi. When treated with a mixture of concentrateda@tosulphate (V1) acid and trioxonitrate
v. acid, it forms mono-,di-,and tri-nitrates of loddse. Cellulose of nitrates are used in the
preparation of explosives.

(C6H1005)n HNO\;/H2804: [C6H904(ON02)]n, [C6H803(ON02)2]H,
Mono- nitrate di- nitrate
[C6H702(O. NOg)g] n
Tri-nitrate

vi. When treated with o mixture of acetic acid awgtic anhydride, cellulose gives a mixture
of di- and tri-acetates. Cellulose acetates ard us¢he manufacture of synthetic fibres and
paints.

[CeHsO3(O.Ackjn  and  [GH7O,(O.Ack]n
di-acetate tri-acetate
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B. Uses of Cellulose

I. Used in the manufacture of paper and cloth

ii. Cellulose nitrates are used in the manufactdirexplosives

iii. Cellulose nitrates with camphor gives cell@dowhich is used in the manufacture of
toys.

iv. Cellulose acetate is used in the manufactéiraymn and plastics

Activity G/Self Assessment Exercise

Wh

at are the differences in the structures of btarad cellulose?

4.0 Conclusion

Carbohydrates are a large class of naturally ocwupolyhydroxy aldehydes and ketones
that contain carbon, hydrogen and oxygen stamly. They have the general formula
CXszOZ'

Carbohydrates may be divided into three groups,eihamonosaccharides, disaccharides and
Polysaccharides. Monosaccharides are the simpégbbhydrates known as simple sugars.
Disaccharides consist of two monosaccharide yaoiteed together by a glycosidic bond.
Polysaccharides are condensation polymers of moobasades.

Carbohydrates that reduces Fehling’s (or Betisfl or Tollens’ reagent are known as

red
Glu

ucing sugars.
cose and fructose are common monosacclsaritfaltose, lactose and sucrose are

common examples of disaccharides while starch aehdlase are polysaccharides.

5.0 Summary

i. Carbohydrates contain carbon, hydrogen and axymems only with the general
formula GH2,O..

ii. carbohydrates may be divided into three groupsnosaccharides, disaccharides and
Polysaccharides

iii. Monosaccharides have the general formudBl {30 .

iv. Disaccharides consist of two monosaccharidigsunined together by a glycosidic
bond with general formula is;@H42,011.

v. Polysaccharides are condensation polynwrsmonosaccharides, they have the
general formula (6H100s)n, Where n is a very large number.

vi. Carbohydrates that reduces Fehling’s (or Bextis)l or Tollens’ reagent are known as
reducing sugars. All monosaccharides and most dhisaitles are reducing sugars.
Sucrose however is a non-reducing sugar.

vii. An aldose is a monosaccharide with an aldehgdrbonyl group while a ketose
contains a ketone structure.

viii.  The family name ending ‘—ose’ indicates aluanydrate.
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ix. Glucose can exist in acyclic and cyclic forms.

X. Generally the reactions of sugars provide rimftion about the structure of the
molecules .

xi. Glucose undergo thw following reactions
-Oxidation
-Reduction
- Acylation
- Addition Reaction of the carbonyl group

- Reaction with HCN
Condensation reactions of the carbonyl group

- Glucoside Formation
-  Fermentation
- Dehydration

xii. Fructose is a ketohexose and can exist with@rlic as well as with cyclic structures
of six-membered ring and five membered rings.

xiii. ~ The six membered ring structure is known adructopyranose while the five
membered ring is known as a fructofuranose.

xiv.  Fructose undergoes reactions that are sirtoléinose of glucose

xv. Disaccharides are glycosides in which the ad¢cdubstituent is replace by another
monosaccharide which is attached via one of itsdwg groups.

xvi.  Polysaccharides are high relative molecutaass condensation polymers of
monosaccharides. They have the general formull,(Os)n where n is a large
number.

xvii.  Common examples of polysaccharides are starelulose, Inulin and glycogen .

xviii. Hydrolysis of starch gives glucose

xix.  Cellulose is a linear polymer havifyD-glucopyranose units joined by 134-
linkages.

6.0 Tutor Marked Assignment

a. Discuss the following reactions of glucose:
i.Condensation

ii.Oxidation

iii. Reduction

iv.Acylation.

b. Distinguish between starch and cellulose
c. What is mutarotation

7.0 Further Readings and other Resources

K.S.TEWARI and N.K. VISHNOI (2006)- A Textbook ofr@anic Chemistry. Third Edition
Robert Thornton Morrison and Robert Neilson Boy80& — Organic Chemistry- Sixth
Edition
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