AROMATIC COMPOUNDS (ARENES)

The term aromatic is derived from the Greek work Aroma to mean sweet smell.
This term has been carried forward by modern Chemists used as aromatic to mean
or describe the study of compounds with benzene ring.

Benzene is a parent compound of aromatic compounds.

STRUCTURE AND BONDING OF BENZENE

Structure and bonding of benzene was made clear by analysis made by Chemists.
They found out that a clear colourless compound was isolated from distillation of
crude oil and on analysis, it was found to contain 92.3% carbon and 7.7 % hydrogen
only.

When 0.250g of this liquid was vapourized at 100°C, they found out that the liquid
occupies 98cm3. The results were subjected to analysis.

Element C H
Percentage composition 92.3 7.7
Relative atoms 23 7z

12 1
Moles 7.69 7.70
Mole ratio 7% 7

7.69 7.69

1 1
Empirical formula = CH

Volume of gas at 100(373)K

24 x 373
293

= 30.04 dm3

98cm3 of liquid contain 0.25g at 100°C.

Mass of 1mol (6'259;%)

= 766=77g



(CH)n =77
12n+n=77

Molecular formula is CsHe.
The structure proposed was CsHe with all its isomers.

In 1865, Kekule proposed that the structure of benzene molecule is not a straight
chain but an hexagonal ring consisting of alternating double bonds.
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But a number of evidences proved out that the above structure, proposed by

Kekule was not true. Benzene does not have true double bonds since it does not
undergo addition reaction with bromine in darkness.

EVIDENCE PUT TO EXPLAIN BENZENE STRUCTURE.
(i)  X-ray structure determination to measure the length of carbon-carbon

bonds.
Compound Bond Length/nm
Cyclo hexane C-C 0.154
Cyclo hexene C=C 0.134
Benzene C=C 0.140

The measurements of the bond length showed that, the bond length of benzene
are between single and double, therefore are not true double bonds ruling out
Kekule’s structure of double bonds.



(i) Thermodynamic measurements:
(@)  Enthalpy of hydrogenation.

+ Hy = AH =-119 KJ mol-L.
1500C

Cyclo hexene Cyclo hexane

+ 3H, — AH = 3(119)

1500C
Cyclo hex-1, 3, Cyclo hexane -357 KJ mol-1.
5-triene
3, O AH = -207 K] mol-L.
Benzene
Conclusion:

The double bonds of benzene are not true double bonds.
Benzene is more stable than cyclo hex-1, 3, 5, triene by an extra 150 KJmol-

(b)  Enthalpy of formation of benzene.
The theoretical/calculated enthalpy of formation of benzene is 252 KJ
mol but the practical value of this energy is 82 KJ mol-1. This means
benzene is more stable by 170 KJ mol-! of energy.

6Cs) + 3Hzg —> CeHeg AH = 82K]J moll.

(c) Reactions of benzene
Benzene does not undergo addition reactions but undergoes
substitution reactions implying it does not have double bonds but a
system of delocalized electrons or the pie (m system).



DELOCALIZATION OF BENZENE STRUCTURE

i
C Delocalized electron
/
C'\ JC-H
H \ -
|
H

Benzene structure has got six § carbon - carbon bonds.
It has got 3-m carbon - carbon bonds.

The m bonds are not localized but they are shared by the six carbon atoms giving
a m system of electrons and this is called delocalization.

STRUCTURE OF BENZENE.
o« Qo Qo
I 11 111 Y%
BENZENE

Is the parent aromatic compound with a hexagonal ring of carbon atoms having a
m system of electrons.

FORMATION OF BENZENE
(i)  From dehydrogenation of cyclo hexane when heated with Pt/Pd or heated
with sulphur. Cyclo hexane loses Hz atoms to form benzene.

Pt/Pd + 34
heat 2
O +3H:S
heat

(i) Polymerisation of ethyne
When ethyne is heated with an organo iron or Nickel, it undergoes
cyclisation to form benzene.




(iii)

3CH=CH ~2“—»

heat

3CH = CH Organo—Ni @

heat

Decaboxylation of benzoic acid
When benzoic acid is heated with soda lime (a mixture of (NaOH and CaO).

COOH
@ Excess soda lime @ + NaxCO:s.
(NaOH)heat

Two step reaction

@/COOH + NaOH ~ Heat > ©/ COONa + H20.

@/(:OONa +

From benzene diazonium SaH.
When benzene diazonium salt is reacted with pypophosphorus acid in
presence of water, benzene is formed.

The formation of benzene diazonium alt can be started from phenyl amine
which is reacted with a mixture of NaNO2 and HCI (HNO: acid) at a

temperature <10.

NH, N3 Cl
@ NaNO,/Conc.HCL @(
<100C -

Benzene diazonium salt.

Ho> Nt = NCl~
NaNO,/Conc.HCL
<10°C -

Benzene diazonimu

chloride salt.

H,O [Cl) H5PO; CsH5NLCl

Benzene.



(v)  Catalytic reformation of petroleum under heat of about 550°C in the
presence of Cr203/ AlO:s.

CH3(CHz)i CHs 22— @ +  4Hp
Hexane Benzene

(vi) From phenol
When phenol is heated with zinc dust, benzene is formed.

})H

+ zn _heat @ + ZnO
Phenol

PROPERTIES OF BENZENE

PHYSICAL PROPERTIES

v Itis a colourless liquid.

v It has got a x-tic smell.

v It is insoluble in water but dissolves in organic solvents e.g. CCls, methyl
benzene.

v It burns with a highly sooty flame.

CHEMICAL PROPERTIES

Benzene undergoes electrophillic substitution reaction where the hydrogen atom
on the ring is replaced by another electrophille. Benzene therefore reacts mainly
with electrophilles (Positively charged species) to form substituted products on
the benzene ring.

(i)  Nitration reaction
Is a reaction where the nitronium ion *NO;, O = +N = O) substitutes the
hydrogen in the benzene ring. The electrophille of the nitronium ion is
generated from a mixture of Conc. H2SO4 and Conc. HNO:s acid heated at a
temp. of 60°C.
,NO2
@ Conc.H,504/Conc.HNO; @ +
heat/60°C

Nitro benzene




(i)

Mechanism:
H>SO4 + NO - NO,-Lrotonation, 11,0+ = NO, + HS0;

HO*— NO, — HO + {0,

N/

NO2

NO2
@ o=;=o_.@>H_.@+ He

OR: NO2 NO..
d\V @) H H+

Sulphonation:
This is a reaction where benzene reacts with Conc. Or fuming H>SO4 acid to
form benzene sulphuric acid.

The electrophille in this reaction is SOs which is a neutral electrophille
generated from fuming sulphuric acid.

@ Fuming H>SO4_ @SOaH

Mechanism:
2H,SOs ——= SOs;+H:0* + HSO;
I
@) O O=S — 0" so; + HY
\& :
| ' H

Benzene Sulphonic acid

L som
<l



(iii) Halogenations
Benzene reacts with halogens like Cl», Brz2 only in the presence of halogen
carrier which polarizes the halogen molecule by accepting the lone pair of
electrons so that the eletrophille is generated.

In the absence of the halogen carrier, benzene does not react with halogens.

Examples of halogen carries used are:

Al Cl3 CH;COOH
FeCl;
BFs Fe, Cl,/Heat

@ + Ch _AlCh, @cz +HCI

@ +  Br Fe Brs, @rBr + HBr
@ 31,/Fe I +
Heat |: :I

HI

Mechanism:

Qe e e
heat

Mechanism:

3Clhys) + 2Feg) heat 2FeCl3

clo+ @ FeCl, === [FeCl,]~Cl*

- —_—

c1
@cﬁwcgr — H + FeCly

e
o



FeCl;, + H* ——___, FeCl;+ HCI

Alkylation of Benzene

This is the reaction where an aromatic compound reacts with an alkyl halide in the
presence of a halogen carrier to form an alkyl aromatic compound.

This reaction was first identified by Friedel craft. It is also called Friedel Craft
alkylation.

@ + CHsCI AICh CH; + HCI
Chloro methane @
e

thyl benzene (Toulene)

@ + CH3CH:Br AlBrs | H.CHs  + HBr.
Bromo ethane Ethyl benzene
@ + (CH3)sC-Cl  FeCly | @C _(CHs)s  +HCI
Mechanism
CH CH
| 3/\ Y
CHs - ? (@ Fe Cl5 H5C - C|Z+ (FeCly)~
CHs CHs
CHs C(CHs)s

@C _ CHs(FeCl) H + (FeCl,)"
|
CH; l
C - (CHs)s
: + H*.

FeCl; + H¥ —» FeCls + HCL

@ + CH3CH,CH,Br FeBrs @rCH— (CHs), + HBr.



Mechanism:
CHsCHCH? Br............ FeBrs ——— CH3 CH>*CH> (FeBrys)

Re-arrangement.
CH3z *CHCH3 (FeBry)-

CHs H(CHs)2
|

+|CH (FeBry) — H + FeBr,
CHs l

CH(CHs3). + H*
H*+FeBr, ——» FeBrs +HBr.

@ + CH, = CHa It @/CHz CH,

Benzene reacts with alkenes in presence of a mineral acid.
The mineral acid is necessary to form an elctrophille.

(|:H3 HsC - CH - CHs
@ +CH;CH = CH, 22X, @/CH Or
|

CHs

Mechanism:
CH;CH=CH; +Ht — » CH3 +CH CHj3

@CH(CH@z — @/ CH - (CHs)2

@ + CH,CH = CH; + HCI %—»



Acylation

Is a reaction of benzene with acid halides in the presence of halogen carriers to

form aromatic ketones at a temperature of 50°C.

1. @)
AlCly I
+ CH3COCI EEEE#“' CHs3 +
Ethanol/
Chloride henyl ethanone
9 [
2. @ - @/CCI Sy C + HCI
Mechanism:
O o ) 2
CHs ¢+ /c15- — —Aicl, —— CH,C*(AlCL,)"
| 7
@ +|C (AlCly)~ > C-CHs + AlCl,
CHs H

-

@COCHs + H*.

AlCl; +HY —» AICl3 +HCL

Hydrogenation:

HCI

Benzene react with hydrogen in presence of Ni catalyst when heated at 150°C to

form cyclo hexane.

+ H2 Ni
150°C



Halogen in presence of light (uv).

When chlorine is mixed with benzene in the presence of sun light or uv rays, the
benzene ring becomes highly substituted with chlorine atoms to form 1, 2, 3, 4, 5,
6 hexa chloro benzene.

Cl

@ v 3ChL W, Cl

Cl Cl
[
1,2,3,4,5, 6 - hexa chloro
Cyclo hexane.

Combustion
Benzene burns in air with a sooty flame to form CO2 and H-O.

1
@ t S0y —*> 6C0yq + 3H0q.

DERIVATIVES OF BENZENE

CHs NO2
Meth}© <E(Nitro <E(Benzene
Benzene \ T Benzene Sulphuric acid

COOH : /Br

Ben201c Bromo benzene

acid

/{\

\

Chloro benzene

o o o

Phenol) (Phenyl amine)



Derivatives of benzene react differently depending on the behaviour of the group
of atom(s). the chemical behaviour of these groups are divided into three groups.
(i)  The group which substitutes the benzene ring directing any incoming group
2(ortho) and 4(para) position directors. E.g.
(@@ OH-group, ethoxide group OCHs, CHs-gp, NHz-nitro group, amides

0
gp-HN- C CHs.
These groups have got positive inductive effect by pushing the
electrons towards the ring, activating the benzene ring so that the
electrons are available at positions 2, 4, and 6 where the incoming
electrophille are added.

By activating the ring, they increase the electron density on the ring
so that the electrophilles are added faster.

Usually two products are given, ie. position 2 and position 4

products.
METHYL BENZENE
1. Hs Hs CHs
HNO3/Conc.HyS04
(Faster)< 60°C

2 nitromethyl

Benzene NO:
4-nitromethyl
Benzene

HNOs3 + H2SOy ——» HO* - NO2 + HSO,

H,0* —NO,—> H,O + }0,

3 /Ca CH3
t0
N2 5 E]\
H +
O2

(transitional state)
H3C\@v
N NO»




3.

CHs

H>

NH-> Ho
Conc.H,S04/Conc.HN O3 > NOZ + ?
Heat
O» 4-nitro.

2-nitro

OCHs3 CHs
Conc.H,S04/Conc.HNO3 NO
Heat g
2-Hitro
NO:> 4-nitro

Alkylation of methyl benzene.

CHs

3

(a)

CHs

Halogation of methyl benzene
CHs

<] + Cl Aloilcg %]

Halogenation of methyl benzene in presence of sunlight (UV).

Hs 2ClI
+ Limited _UV_, + HCI
Ch

Excess Phenyl chloro methane
Uv l Cl

CCl
@( + 2HCL

This reaction follows a free radical mechanism.



CHLORO BENZENE
/

Chloro benzene or other halogeno benzene compounds can substitute the ring at
position 2 and 4 but at a much slower rate. This is because halogens have got a
negative inductive effect (electronegative) and withdrawal electrons from the ring
towards themselves so that the pie electrons on the ring can be availed to
electropilles at position 2 or 4 where there is a high electron density.

Cl l :
f + Conc.H,S04/Conc.HN O3 > N02 +
heat
NO2
Cl Cl
@ + CHsClI 2, ©/ CHs @
40°C
CHs

Groups that direct further substitution at position 3 of the ring do so at a much
slower rate including COOH, NO», CN, SOsH.

BENZOIC ACID

CQOH
Meta(3) position directors.

Carboxylic acid on benzoic acid directs the incoming substituents at position 3 so
that one major product is formed.

@ COOH COOH

Conc.HNO3/Conc.Hy50,4
Heat

NO»
3-nitro benzoic acid.

(i) COOH CQOH
CH5Cl ~
Al Cls/heat




(iii) Sulphonating
COOH COOH
fuming H,SO,

SOsH

(iv) NO, NO,

Conc.HNOz/Conc.H;S04
Heat
NO2

The above are Meta (3) directors because they pull electrons away from the ring
and decreasing electron density at position 2 or 4 and the only place where the
electrons are available is the Meta position.

DISTRIBUTED COMPOUNDS

When there are two substituents on the benzene ring, the orientation effect of these
two will be determined or predicted by their reinforcing effects or the order of
their superiority. The following order is normally observed.

- OR > NR; > Alkyl group > halogen > Meta directors.

CHs CHs
: Conc.HNO3/Conc.HyS50,4 > : ,Noz
Heat

NO2 NOz
COOH COOH

Conc.HpS04/Conc.HNO3

heat g
SOsH NO2 SOsH

CHs CHs

Conc.HNO3/Conc.H,SO4
Heat

Cl Cl



COOH COOH
Br  CLAICL

Cl
@ fuming H,SO, R
Cl

©
() Clo/AlCl;

diphenyl




ALKYL HALIDES

(Halogeno alkanes)

Alkyl halides are compounds in which halogen atoms are directly attached onto
the hydro carbon chain or aromatic ring.

R - X where R = Alkyl or Aryl group.
X = Halogen atom (CI, Br, L, F)

When the halogen is attached to the aromatic ring, it is called aromatic halide. e.g.
@ Cl @A @_Br.

When the halogen is directly attached to the hydro carbon, it is called alkyl halide

/ halogen alkane. E.g.

CH3CH(CI, CHsBr, CHsCHCH;3
Chloro ethane ~ Bromo methane i 2-Iodo propane.

ALKYL OR HALOGENO ALKANES

Nomenclature:
Alkyl halides are named as derivatives of corresponding alkanes by inserting the
number and the prefix, chloro, Bromo, Iodo, Fluoro, to the alkane name.

Example:

CHsCl1 Chloro methane

CH3CH2Br Bromo ethane

CH3(|ZHCH3 2-Iodo propane.
I

|CH3 Fl
CH; CH CHCH; 2-chloro-3-methyl butane.

ICH3

CHs - ? - Br 2-Bromo, 2-methyl propane.
CHs



ISOMERISM

Alkyl halides exhibit two types of isomerism.
(i)  Chain isomerism

(i)  Positional isomerism

CHAIN ISOMERISM:
These arise as a result of difference in the arrangement of carbon atoms giving

different carbon skeleton but the position of the halogen atom remains the same.
C4 Ho Br.

1. CHs CH; CH; CH; Br 1-Bromo butane.

2. CHs (le CH> Br 1-Boromo-2-methyl propane.
CHs

POSITIONAL ISOMERISM:

These arise as a result of the different positions taken by the halogen atom on the
same chain. E.g.

C4 Hy Br.

CH3; CH> CH, CH> Br 1-Bromo butane

CH; CH» ICH CH;3; 2-Brobom butane
Br

METHODS OF PREPARATION:

Alkyl halides are prepared from the following;:

(i) From Alkenes:
Addition of an halogen acid to an alkene at room temperature gives an alkyl
halide. When unsymmetrical alkene is used, addition of an halogen acid
gives a product predicted by Makwonikoff’s rule. But if a peroxide used,
then the product will be that of anti Makwonikoff’s rule.

Br

I
1. CH3CH = CH2 + HBr r.t.p CH3; CH CHs

2. CH;CH = CH, + HBr —%—» CHs CH> CH, Br.



3. CH = CH: l
@/ +HCl ——— CH CHs

4. + HI |
- O Iodo cyclo hexane.

5. (|3H3 CH3
: ,C=CH, + HC(CI ., ©/F CHs;
Mechanism
CH:s
|
@C C/I_Iz'\l-15+ _[%15— S [0) @_C _ CH?, +CI
e
@ +C CH;3; fast |C - CHs3
Cl

(i) From Alkanes
When alkanes are reacted with a halogen molecule in presence of UV rays
of sunlight. A mixture of alkyl halides are formed but if the reaction
conditions are controlled by using excess alkane or limited halogen
molecule, then the product formed would be one type of alkyl halide.

Excess:
CH; CH» CH; + Ch —2Y_»  CH;CH,CH,CI + HCI.
Sunlight

limited

@/CH3 + Cl _Uv , @/CH?_CZ + HCI.



(iif)

From Alcohols:
Alcohols are the most important source of preparing alkly halides in
reaction where hydroxyl groups of alcohol are replaced by halogen atoms
which could be derived from: - halogen acids (HX).
» Phosphorus tri or penta halides
(PXs/PXs)
» Thiony chloride (SOCl).

(@) Action of halogen acid on the alcohol:
When a halogen acid is heated with an alcohol in presence of a
dehydrating agente.g. - Zn Clz (anhydrous)
- Conc. H2SOx4.
- AOs (Dry)
An alkyl halide is formed. Sometime the halogen acid is generated
“insitu.”

R-OH+HX —— R-X+H0.

CHs; CH, OH NaCl/Conc.H>SOq4 CH3CH; - CI + H2O.

»
»

anhydrous
CHs Cle CHs+H+HC ZnCh CHs FH CHs + HO
OH Ci
(|:H3 (|:H3
Conc.HCI o
CHs - (|: - OH Aniydrows znc CHs - |C - Cl + H.0
CHs CHs

A solution of anhydrous ZnCl> in Conc.HCI (Lucas reagent) is an
important reagent for distinguishing the three classes of alcohols i.e.
- Primary.

- Secondary and tertiary alcohols.

The tertiary alcohol gives an immediate cloudy solution of an alkyl
halide. (0.5 minutes).

The secondary alcohol gives cloudy solution between 5 and 10
minutes.



(b)

The primary alcohol does not give a cloudy solution at room
temperature.

Action of phosphorous halides:
When alcohols are refluxed with phosphorous halide like

phosphorous tri chloride or phosphorous penta chloride, the
halogeno alkanes or alkyl halides are formed.

R - OH + PCls refluxed, R _ 7+ POC; + HCI.

CHs CH, OH + PCls _refluxed | 1y, cH, €1 + POCE + HCI

PCls -

CH>OH > CH» Cl + POCIl3 + HCL.
©/ Refluxed ©/

3CH; CH, OH + PCl; —reflux | 3c1y, CH, CI + H3POs.

Action of thionyl chloride (SOCl2):

When alcohols are refluxed in presence of thionyl chloride in the
presence of an organic base pyridine to neutralize the mixture of toxic
gases, an alklyl halide is formed.

This is a very convenient way of preparing alkyl halides.

pyridine

CHsCH>OH + SOClI, T CHs CH> CI + SO, + HCI

@/CHz OH + SO Cl, __pyridine @/CHz Cl + SO + HCL



REACTIONS OF ALKYL HALIDES

CLASSES OF HALOGENO ALKANES

(1)

(iii)

Primary Alkyl halides RCH, CH> - X.
Here the halogen atom is attached to a carbon is which bonded to only one
another.

|
Secondary alkly halide. R-CH - 1$2

X
Here the halogen atom is attached to a carbon atom which is bonded to two
other carbon atoms.

Tertiary alkly halide: {U
R2 - F - X
R3
Here the halogen atom is attached to a carbon atom which is bonded to three
other carbon atoms.

The three classes of alkly halides given above react differently due to the
stability of the carbo cation ion which is formed as an intermediate during
the reaction. The stability is governed by the order that tertiary > secondary
> primary.

R1 R1 H

| ! |
R > e > mege
R3 R2 H
Tertiary Secondary Primary
PHYSICAL PROPERTIES:

Lower alkyl halides are gases at room temperature.

The medium ones are liquids and the higher ones are solids.

The boiling points of alkyl halides with the same number of carbon atoms is
determined by the atomic size of the halogen which later is as a result of the Van
de Waal's forces of attraction.

[">Br->ClI">F.



CH; CH; CH
H:C-C-1 > HaC - C - Br > H:C-C-Cl
CHs CHs CHs

CHEMICAL PROPERTIES:

Halogen atoms being more electronegative than carbon means that the C - X bond
is highly polar due to the presence of partial induced charge where the halogen is
partially negative and carbon is partially positive.

The polarity of the C - X bond makes alkyl halides to be very reactive to the
nucleoptile thus necleophillic substitution.

| |
- X —C— 4+ X
| |

:Nu Nu
The type of halogen present also determines the reaction.
The electronegativity difference between the halogen together with the bond
length determines overall the reactivity. Down the group of the halogens there is

decrease in electronegativity and at the same time increase in the bond length.

The reaction becomes faster with lodo-alkanes than Bromo chloro fluoro alkanes
because of low electronegativity in the iodides.

NUCLEOPHILLIC SUBSTITUTION REACTIONS
(i)  Reaction with alkalis:
Alkalis react with alkly halides to form alcohols when they are refluxed.

CHsCl + gHy, —Refluix  CH30H + €l (aq)

CHs CH CH; + NaOH ) _Reflux , CHj; CH CHs + Nal
I OH



CHs (|:H3
|

HsC-C-Br —2990 , [;C_C-OH +Brug
| heat | q
CHs; CHs

@/CHzBr %?‘L» @/CHzOH + KBr.

Primary alkyl halides with aqueous alkali.
Primary alkyl halides follow nucleophillic substitution bimolecular (SN2)

mechanism. Is a type of reaction where two molecules involve the rate

determining step.

I

- C-+:X - Alkyl halide
| - hydroxide group
Nu

Mechanism:

Q Transition state  fast
HS* & cl°- [HO ....CH; ...CI] — HO — CH;3+: Cl~
3

..Cl]
B

&
o
S
8 Statp
g | A €, | |CHsOH +:CI-
e |0H+ cHCll Product C

Reactants

Reaction progress (path)




The nucleophille which is OH approaches the carbon atom carrying halogen
from the opposite side.

This partially forms a nucleophille carbon bond and at the same time, a
carbon halogen bond partly breaks. This leads to the increase in potential
energy from A to B.

At B, there is partial halogen bond broken and partial nucleophille bond
formed. This state is known as activation complex or transition state.

The energy level between the reactants and the activation complex is called
the activation energy.

Later, the potential energy of the system increases when all the carbon
halogen bonds are broken and the carbon nucleophille bonds are formed.

The energy of the system finally decreases until point C where the product
of the alcohol is finally formed. This type of reaction is categorized as SN2
reactions mechanism because there are two molecules involved at the
activated complex.

(ii) Secondary alkyl halide
CHg(leCHs + NaOHjag) Heat CHa(leCHa + NaCl

—1kdl

Cl OH

Mechanism:
HO :/Kx OH
|

CH; - CH%* -CH; ——» CH;-CH - CH; +:Cl~

ol

The mechanism followed by secondary alkyl halides is always between SN1
and SNa.



(ii) Tertiary alkyl halides
CHs CHs

HsC - |C ~Br+ OHpq _reflix,  H;C- |c ~ OH + Br~ag)
CHs CHs
Tertiary alkyl halides follow SN1 mechanism. Here only the alkyl

halide molecule is involved in the activated complex and thus its
concentration alone determines the order of reaction.

Mechanism:
CHs CHs
HsC - |C -Br =———L—> (|:
3 Ionisaion TN
| H,C CHs + :Br-
CHs
CHs CHs
HO /\é |
/ +\ Fast | HO—?—CHg
CHs CHs CHs

REACTIONS WITH ALKA OXIDES (Na, K)

Alkyl halides react with sodium or potassium alka oxides to form ethers
under heat.

CH3CH,CI + CH3;0Na+ —heat | CH;CH,OCH; + NaCl.
Ethoxy methane.

CHoBr + CH3CH2ONa — CH>OCH2CH3 + NaBr.

Bromo phenyl methane Phenyl methoxy ethane



Mechanism:

CHCH,ON} —SIOW o CH;CH,0 (g + Na*

CHCH07 \epdt AR

@ fast @/CHZOCHZCHS + Br.

Na+(aq) + Br_(aq) —_ > NaBr

REACTIONS WITH SILVER SALTS OF CARBOXYLIC ACIDS

Alkyl halides react with silver salts of carboxylic acids when refluxed to form
esters. This reaction uses the alkanoate ion as the nucleophille.

@)
_ J
CH; COODAg+ + CHsCH, Cl Reflux | CH; C OCH, CH; + AgCl
Ethyl Ethanoate
I "
= heat
@,c -0Ag"  + @/CHzBr T @/c -0-CH— () >+ AgBr
Hs Hs
CHy- (- Cl + HCOD Ag'—» HaC - - O CH + AgCl
CHs CHs
2, 2 dimethyl, ethyl methanoate.
Mechanism:
C|:H3 FHg
CHs;-C-ClI slow . ct + Cr
| < e \C
CHs HsC Hs

7 i

HCOAgt — HC-0 +Ag*.



CHs3 CHs O
|

T
H-Co— | |
/>C+\ Fast | H>C - |C -OCHs
HsC CHs CHs

Agtaq +Clag —  AgCl).

REACTIONS WITH POTASSIUM CYANIDE (KCN)

Alkyl halides react with KCN in presence of an alcohol when refluxed to form
alkyl nitriles.

Condition (reflux) - alcohol present.

Nucleophile C = N or CN.

Example:
CH;CH>CHoCl + KON —225—> CH3CH:CH,CN +KCl
Propy nitrile.
@/CHzBr + KCN __heat, @/CHZCN
Phenyl methyl nitrile.
Mechanism:

KCN — K* + CN.

NC:
HS* [x'Br‘S‘—> ©/CH2 — CN+: Br~

K+(aq) + Br_(aq) _— KBI‘



Note:
(i) The above reaction is important inorganic synthesis, more especially
increasing the carbon length (chain) by a single carbon.

(ii)  Silver cyanide can also be used instead of potassium cyanide.

Convert CHsCOOH to CH3;CH>COQOH.

REACTIONS WITH SILVER NITRITE (AGNO,).

Alky halides react with AgNO; when refluxed to form a mixture of nitro alkanes
and alkyl nitrite. Such types of reactions are not important in synthesis since they
yield a mixture of products.

CHs NO; Nitro methane
CHs CI + AgNO, %<:
CH30 - N = O Methyl nitrite.

Mechanism:
AgNO; ——» Ag* + NO».

O= N_GZ/\R

CHS* &15‘ — CH;0-N=0+ CI”
Methyl nitrite

Ag+ +ClF ——» Ag Cl-(aq)
Or:
0= N/-é\/

CHS* — CI~ — CH3;NO, = 0 + CI”
Nitro methane

Agt + CI- —> AgCl.



REACTIONS WITH AMMONIA AND AMINES

Alkyl halides react with conc. NH3 to form a mixture of amines when heated in a
sealed tube. A mixture of amines are produced because a product at one stage
become a nucleophille for the next stage. The nucleophille is ammonia and the
amines.

CH;CH, -1+ NH; —=%™_,  CH; CH, NH, + HI

sealed tube

Ethyl amine (Primary)

CH; CH, - 1+ CH; CHo NH, —=%  »  CH,; CH> NH CH, CH; + HI

sealed tube

Diethyl amine (Secondary)

CH», CH3

CHs CH2 [\ - CH2 CH3
Triethyl amine (Tertiary)

CHs CH> -1+ CHs CH>, NH CH> CHs5 heated

sealed tube

CHj CH; - I + (CH3 CH2)sN ——==—» (CH3 ci2)3 +n

sealed tube
Tetra ethyl amine

(Quaternary amine)

ELIMINATION REACTIONS OF ALKYL HALIDES

These are reactions that will result into the formation of unsaturated compound
with elimination of a water molecule. Alkyl halides when refluxed or heated with
an alkali (KOH, NaOH) in the presence of an alcohol, they from alkene. The
reaction can also be effected by using a strong base which is an alka oxide.

Strong base (Alka oxide)

Ethanoxide / €tO
Methoxide /met O



DEHYDROHALOGENTION

CHs CH, CI %”6“”—» CH, = CH, + HCI

CHs CH CH; % CH, = CH CH; + HBr.
Br
CHs CHs

I ~ _ I
H;C-C-CI cto/metOH , (H,=C - CH; HCI
|

heat

CHs 2-methyl/prop-1-ene.

I
@EH CH; “GNh ‘ZZ:””: @ CH = CH, + HCI

Phenyl ethene
Cl
@(ch CH, C] ZxcessclOKC/eton C=CH + 2HCI
gﬂ ethyne
Mechanisms:

Elimination bimolecular (¢,).
etONa* + OHyy ——» €tONa®™ + H,0
etONat ——— €tO: + Na™.

HsC +CH CHs — HC =CH CHs + Br™ + etOH

Ui

<
€tO: Na* + Br- —» NaBr.



etoK*t(aq) —— €t0(aq)+ K*(aq).

|cz Ccz clz
CJ CHs etOH C=CH,+ CI
N )

€to:
&
= |H —> C=CH; +Cl-
O
etO:J
Cl_(aq) + K+ —_— KCZ

Elimination uimolecular (€1)

|CI—13 C|3H3
H,C-C-Cl == C+ + :Cl
| 7\
Cl HsC CHs;
(|:H3 (|:H3
Ct met OH HsC - C =CH; + etOH

/
Hs; C Z\\\\(CHz

etl;éj

Research: Discus all the reactions of chloro ethane with NaOH. (25mks)

Whurtz reaction:

When alkyl halides are reacted with Na metal in the presence of ether,
alkanes are formed. The product will have an increased carbon atom by 2
i.e. the carbon number doubles.



2R-X +2Na _dryether | R _R4+oNaX
Akane.

2CH;Cl + 2Na dryether . 1y, CH; + 2NaCl

T Db
CH; CH CI Na/dry ether = CH3;CH CH CHs; + 2NaCl
g
CHs CH CH CHs

2Na

@/CHZBI' > @CHZ—CHZ\@ + 2NaBr.
dry ether

DIHALIDES COMPOUNDS

There are compounds that have got two halogen atoms within the same carbon

chain.

There are two types of dihalides;

(@)

Vicinal dihalide
This contains two halogen atoms located on any adjacent carbon atom i.e.
HoC - ?Hz

|

X X
Example:
CH2 CICH: CI 1, 2-dichloro ethane.

Fr
CHs (I:H CH CH;3 2, 3-dibromo butane.
Br

(lil

@,CH CH; CI 1, 2-dichlorophenyl ethane.



(i)

(i)

(iii)

Gem dihalides
These contain the two halogen atoms located on the same carbon atoms.
Le. X

Sss |

CH; - C-CHs
|
X
Example:
|Cl
CHs |C - CHs 2, 2 dichloro propane
Cl
CH; CH CI, 1, 1-dichloro ethane.

PREPARATION OF DIHALIDES

Dihalides are prepared from the following reactions:
From Alkenes
When alkenes are reacted with halogens in presence of CCly (organic base)

at room temperature, a vicinal dihalide is formed.
CCly

CH,=CH; + Cl, —TP Cl CH, CH; ClI.

From alkynes and halogen acids
When alkynes react with halogen acids (excess), a gem dihalide is formed.

Fr

CHs C = CH + 2HBr heat  *~ CH3 (|Z - CHs
Br

ROOR

HC=CH + 2HCI 7 HsC - C Cl.

From carbonyl compounds (Aldehydes and Ketones).

When a carbonyl compound is reacted with phosphorous pental tri chloride,
a dihalide is formed. Usng aldehydes, will produce a gem dihalide and
ketones also produce gem dihalide.



O
I

CHs C-H + PCls — CHs;CHCl+POCl3

O Cl
[ |
CHsC CHs +PCls ——» CHs- ? - CHs + POCIs
Cl
POLYHALIDES

These are halogen compound with more than two halogen atoms on the same
carbon chain.

AROMATIC HALIDES
These are compounds with one or more halogen atoms directly attached to the

aromatic ring,.

©)< or Ar - X

Cl Cl Br

@ O WO

Chloro benzene 1, 3-dichloro benzene 1, 3, 3-tribromo benzene.

PREPARATION

Electrophic substitution
CHY / Alxz/heat _
X2/F/heat @X

CHs CHs CHs

CHY /Al
3 /Alx3 > X +
heat
X




From benzene diazonium salt

NH>

©

Phenyl
Amine

NaNO,

Conc.HCL<10°C @/

CuCl/Conc. HCZ> @,Cl
Conc.

CuBr/HBr R ©Br

> n=Cl

KI N @,1
+N2 Bry

HBr4 T, ©,F
heat

PHYSICAL PROPERTIES OF AROMATICS

They are colourless liquids or solids with characteristic flame.

They are insoluble in H>O but soluble in organic solvents like CC I4.

NOTE:

They do not easily undergo necleophillic substitution unlike alkyl halide.

Distinguish between @/Cl and @CH2CZ

Reagent: Hot aqueous NaOH in dil HNOs; and AgNOs.

Observations:

- A white precipitate forms with  CHCL.
- No observable change with@Cl.



ALCOHOLS AND PHENOLS:

These are compounds that contain hydroxyl group. Therefore the functional group
is hydroxyl group. The difference between alcohol or alkanols and phenol is that
the hydroxyl group is directly attached to the aromatic ring in phenols.

Alkanol Phenol
R - OH Ar - OH
@/ OH
ALKANOLS OR ALCOHOLS

Alcohols are organic compounds derived from hydro carbons but where one or
more hydrogens is/are replaced by hydroxyl group. The general formula is

R - OH where R is an alkyl group or simply represented as CnHon+1 OH. Where
n = simple number.

They are also called alkanols simply because a hydroxyl group replaces a
hydrogen.

TYPES OF ALCOHOLS

There are basically three types of alcohols:
(i)  Monohydric alcohol
This is one that has got one hydroxyl group.

(ii)  Dihydric alcohol
This is one that has got two hydroxyl groups.

(iif) Polyhydric alcohol
These have got more than two hydroxyl groups e.g.

HO - CH, CH CH> OH

|
OH



NOMENCLATURE

Alcohols are named as alkanols according to the IUPAC. This is done by replacing
the last “e” in alkane name with suffix “ol” (functional group name).

The position of the functional group has to be indicated just before the suffix “ol.

If the stem name has got a vowel, then a consonant letter must be added just before
the position of the functional group.

E.g. CHs;CH:OH Ethano-1-ol
CHgﬁ?H CHs Propan-2-ol
OH

g

CHs; C CH: CHs 2-methyl butan-2-ol.
I
OH

HO - CH.CHOH Ethane-1, 2 - diol

HO - CHxCH (OH) CH2 OH  Propane -1, 2, 3 - triol.

: OH Cyclohexan-1-ol
|CH3
CHs |C - OH 2-methyl propan-2-ol
CHs

_OH
Q Cyclohexan-1, 3-diol

Xyclohexane-1, 3-diol
OH



CHOH
@ Phenyl methan-1-ol.

NOTE: Loot at isomerism in alcohols.
Types - structural:
(i)  Chain
(i) Position
- Functional (alcohol and others are isomeric).

CLASSES OF ALCOHOLS

Monohydric alcohols are classified into three classes.

(1)

(i)

Primary alcohol
This has one alkyl group attached to the carbon atom carrying the -OH
group. E.g. - ? - OH

H

CHsCH: - OH

Secondary alcohol
This has got two alkyl groups attached to the carbon atom carrying the OH

group.

AN
H-C-OH
/
E.g: CHs |CH CHs
OH
Tertiary alcohol

This has three alkyl groups attached to the carbon atom carrying the OH
group. |

- (|: - OH
E.g. ?Ha
CHs -C-OH

|
CH3



METHODS OF PREPARATION

From alkyl halide (SN reaction)
When alkyl halides are refluxed with aqueous alkali IKOH or NaOH) or
with moist silver oxide, alcohols are formed.

This is a hydrolysis reaction that occurs by nucleophillic substitution
reaction.

CHs CH; CI + NaOHyq ¥aIim, CH;3; CH, OH + NaCl

I OH
| |
CH3—?—CH3+5H(aq) __heat | CH3—?—CH3+I‘

CHs; CHs

O/Br + KOHaq) —Deat O/OH + KBr.

i OH
CH; CH CH; + AgOH(,q— CH3 CH CH; + AgCl.

From alkenes
When alkenes are reacted with dilute mineral acid water and heated, an
alcohol is formed. They usually used acid is H2SOs acid.

If the mixture is not heated, then an alkyl hydrogen sulphate is formed.
|OH
» H-CH,CH;-CHs

HY/H,0
heat

CHz = CH CHs

CH.,=CHCHs H»S0./ HzO= CH3(|:H2 CHs
HSOq4

Mechanism:
H%* — 0%9-SO;H



CH; CH @ — » CH;-*+CH CHs.

CH; TCHCH; — CH;-CH-CH; -H* _CH;CH CH; + H*

1 | |
OH> COx_ OH
H H
OR: /\h
CH5CH # CH» 6+ _ 06_503H — CHs *CH CHs + 0SOsH
CH3*CH CHs > CH3 CH CHs
|
OSOsH
:0SOsH l H,O/heat
NOTE:

H2O acts as a nucleophile that will react with the alkyl hydrogen sulphate
in the last step to form an alcohol. i.e.
:OH> H H

g \ +/
CH*CHCH; ——— CH3;-CHCHs; _H', OH

|
SOsH CHs CH CHs

When alkenes are reacted with H>O in presence of Al>Os, an alcohol is
formed. E.g.

CHsCH = CHa + HoO *:fefj OH
CH; CH CH;
Alz 03
@ + H,O — O/OH
CH; CH;3

CH; C = CHs + H,O %—» CH; C - CH;

OH



(iii) From carbonyl compounds (Aldehydes and ketones)
Carbonyl compounds are reduced in the presence of a suitable reducing
agent to alcohols.

Aldehydes [l __, Primary alcohols

Ketones __ [Hl | Secondary alcohols

Reducing agents normally used:

Hydrogen in presence of catalyst, Ni/150, Pt/pd, r.t.p.

Using Li Al H4 (Lithium, Aluminium, Tetra hydride) in presence of dry
ether.

Sodium boron tetrahydride (NaBHs4)

E.g.
Ni

CH; CH2CH+H, ——— Hs CH> CH.OH
Propanal Propanol

CHs CCHs+ H2 Ni /150°C CHs (I:H CHs

OH

»
»

O
| | LiAlH
CH;CH =222  CH; CH,OH

dry ether

CHs ﬁ CHz> CH3 NaBHs , CHs ?H CH; CH3
@) OH

Li AlH,
Dry ether

» CH;CH = CH; CH, OH

CHs CH; CH; CH>, OH

150°C



Hydrolysis of esters

Esters are hydrolyzed in presence of mineral acids or alkalis to form
corresponding alcohols and carboxylic acids. This reaction is not very useful
for synthesizing alcohols because of the mixture of alcohol and acid.

Il
CH5 C OO CH, CHs % CH5 COOH + CH; CH, OH

|
CH; O C CHs %2 CH,; OH + CH; COOH
Ethyl ethanoate

Mechanism: (look for acid/base hydrolysis of esters).

From primary amines
They react with HNO: acid which is generated “insitu” by reacting sodium
nitrite and conc. HCI to form alcohols. This reaction is only for primary

amines and not secondary or tertiary.

CHs NH % CH50H + N + H,O

Na No,/HCl

@CHz NH> — > @ CH> OH + N> + H>O.

From fermentation of carbohydrates.




PROPERTIES OF ALCOHOLS

PHYSICAL PROPERTIES
Lower members are liquids, higher members are solids at r.t.p with x-tic smell.

The lower members are very soluble in H>O but the solubility decreases with the
molecular mass.

Alcohols have got relatively higher boiling points compared to similar hydro
carbons of approximately the same molecular mass.

Examples:

Molecular weight Boiling points
Ethane 30 -42
Methanol 32 46
Butane 58 -0.5
Propan-ol 60 98

Graph showing the variation of boiling points (°C) of different compounds with
molecular weight. A

300 T

200 -

€ 100~
'©
o
0
£
-
@ A - Carboxylic acids
B - Alcohols
-100+ C - Amines
D - Alkanes
-2001

Molecular weight



Note:

The boiling points increase generally with increase in molecular weight.

Increase in molecular weight increases the Van Der Waal's forces of attraction.
This makes the compound stronger hence high boiling points.

Explanation:
The boiling points of the compounds above on the graph are determined by
hydrogen boding.

Carboxylic acids have got the highest boiling points due to extensive hydrogen
bonds which makes molecules to dimerise in a liquid hence difficult to separate
them during boiling so that they escape to vapour.

ﬁ ——————— HO\C _CHs
C (/
H; C— > OH-7-
Hy]rogen bonding.

Alcohols” boiling point is higher than that of alkanes but lower than that of
carboxylic acid because of inter and intramolecular hydrogen bonding. Molecules
will interact in liquids and aqueous phases and high boiling point.

CHs Inter-hydrogen bond
|
H—C—C —H--——-%-- O —H
| | |
H l H
| H
Intra-hydrogen /I |
Bond H-O-C-H
|
CHs

Amines boil at a lower temperature than alcohols of the corresponding molecular
weight because nitrogen is less electronegative than oxygen so the hydrogen
bonds formed in amines are weaker than in alcohols thus amines boil at a lower
temperature.



Alkanes have the least boiling point because of the absence of hydrogen with only
Van der Waal’s forces of attraction which are weaker and easily broken during
boiling.

In summary:
The solubility in water and the boiling points of alcohols are due to hydrogen
bonding.

Questions:

1.

Methyl amine (mm = 31) boils at -6.3°C while methanol (mm = 32) boils at
46°C. Explain.

2-methyl propan-2-ol boils at a lower temperature than butan-1-ol yet they
all have the same molecular weight.

Cl)H
CHs |C CHs and CH3 CH2> CH> CH2OH
CHs
2 methyl propan-2-ol is highly branched giving it a spherical shape which

decreases on the size and weakens the Van der Waal’'s forces of attraction
existing between the molecules.

Butan-1-ol is a straight chain molecule which gives it an extended structure
resulting in relatively stronger Van der Waal’s forces.



CHEMICAL PROPERTIES OF ALCOHOLS

Alcohols consists of three major bonds that are involved in a chemical reaction.
(i)  Functional group - OH group.
Where the O - H bond is involved in the reaction.
(i) Oxygen-carbon bond which is highly polarized.
(iii) Alkyl groups - R group.

REACTION INVOLVING CLEAVAGE OF THE O - H BOND
Reactions with electropositive metals:
When an alcohol is reacted with a metal like sodium or potassium, an alka oxide

and H> gas are formed.

2R-OH +2Nasy —> 2R -0Na* + H»

CH; CH, OH + Na) — P, 2CH;CH.0Na*  + Hag

CH:-OH + 2K ——» (O)—CH0Ka* + Hay

Observation:
Effervescence of a colourless gas that burns with a pop sound.

Reactions with mineral acids:
When an alcohol is reacted with a mineral acid, a salt is formed.

R -OH + HCI — R - {H,Cl
CHs CH, OH + HCI —» CH3 CH; {H,Cl

From the two reactions above, alcohols are regarded as amphoteric because they
react with acids and bases to show both acidic and basic.

Esterification
Alcohols react with carboxylic acids in presence of mineral acids to form esters.
This reaction is known as esterification.



O
|
CH; CH, OH + CH; CH> COOH h”T CH;CH, COCH,>CHj + HO

Ethyl propanoate
HT
@COOH + CHs CH> OH —= ﬁ)
Cr( ‘OCH2 CH3; + H20O
Ethyl benzoate.
Mechanism:
O O*H

CH;CH2-O-H
I
H

0o %ﬁ
(O)—cC 0+-CH2CH3:@_|-/O}¥I

CH;CH2-O-H

CH:CH,OH

_H+

Q
@—C—OCHzCH3



Alcohols react with acid chlorides to form esters.

" 7
CH3CH;OH + CH3 C CI ——= CH C OCH, CHs + HCI
Ethanol
Chloride
@)

I
CH30OH + HCOCI —= HC OCHj; + HClI

@) @)

I I
OOH + CH:CCl —— (:rCOCHa
Cyclohexayl ethanoate.

Mechanism:

Qo go H O H
[ I |
—= H-C-0,-CH; —=

o
C-Clb~ =—= —= HC-0,-CH;
TG
Cl
CHs0H 1 L H+
7

HC-0-CHs

Alcohols react with acid anhydrides to form esters.
I I T T

I I
RI-C-O-C-R2+ R¥-OH_H* R!-C-OR3+R2-C-OH

v I

I
CH;C-OCHs; +CHs OH _Ht CH3;C-OCH;+ CH; COOH
Ethanoic acid Methyl ethanoate

anhydride



Alkylation of alcohols
Alcohols react with dialkyl sulphates to form ethers and alky derivatives. This
reaction involves replacement of hydrogen in the alcohol with alkyl group.

R-OH + R:SOy — R-0-R + RHSOq
CH3CH20H + (CH3)2SO4y — CHsCHOCH3 + CHs HSOq

Dimethyl Ethoxy methane Methyl hydrogen
Sulphate sulphate

@CHZOH + (CH?,CHQ)QSO4 > @ CH>OCH,CH3 + CH3sCH>HSO«

REACTIONS INVOLVING CLEAVAGE OF A CARBON OXYGEN BOND

In these reactions, we are removing both oxygen and hydrogen atoms from the
alcohol.

Reactions with halogen acids (Hx)
Alcohols react with halogen acids to form alkyl halides.

CHs0H + HCI ——» CHsCI + H2O.

CH3;CH;OH + HI —» CH3CHoI + H2O.

©/CH20H + HBr— @CHzBr + H>O.

CH3—$H—OH+HCI — CHs FH—CZ+H20
CHs CHs
(EH?, (|:H3
CH3—(|:—OH+HCZ — CH3—$—CI+H7_O
CH3 CHs



Mechanism:

Primary and secondary alcohols follow SN2 mechanism because of the fairly
unstable carbon cation ion, while the tertiary alcohols follow SN1 because of the
stability of the carbon cation ion formed.

SNa2:

CHs CH» OH + H°* (}/ZS_ —slow > CHsCH,0"H, + CI-

CHsCHa - 5H, 138t CH,CH, - CI + H,0

:Cl-
SNi:
?H3 |CH3
CH;- C-OH —= Cr + OHgg
| / N\
CHs HsC CHs
H-Cl —» H+ +CI
CHs CHs

|f\:cz- |
C —> CH;-C-CI
/" N\ |

CHs CHs

H* + OH —— HYO.



PRACTICAL IMPORTANCE OF THE REACTION

The practical importance of the above reaction is to distinguish between the three
classes of alcohol.

Reagent:  An hydrous zinc chloride in concentrated hydrochloric acid.

Observation:

- An immediate cloudy solution at room temperature forms with a tertiary
alcohol.

- Within 5 minutes at room temperature, a cloudy solution is formed with a
secondary alcohol.

- No cloudy solution forms at room temperature with primary alcohol.

Equations:
Anhydrous Cl
CH; CHCH; + HCl _ZnClL,  CHsCH CHs + H,O
| Conc.
OH

CHs CHs3

| |
H3C - C-OH + HClIy ZnClos) , HC-C- Cl + HO

| Conc. |

CHs CHs

REACTIONS WITH PHOSPHORUS HALIDES
Alcohols react with PXsand PX3 to form alky halides where X is a halogen.

3CH3 CH, OH + PCls — 3CH3CHCI + H3POs
CH;CH>OH + PCls ———» CH3CH.CI + HCI + POClIs

Others: Pl3/PIs
PBrs/PBrs.

NOTE:
Evolution of HCI or fuming whenPCls is added to a compound suggests the
presence of OH group in that compound.



REACTION WITH THINLY CHLORINE

Alcohols react with SOCl> or SOBr2 to form alkyl halides. An organic base like
pyridine must be included to neutralize toxic and poisonous gases liberated.

CH3CH, OH + SOCl,_pryridine, CH;CH,CI + SO, + HCI.

©/CH20H + SOBr, —» ©/ CH>Br + SO, + HBr.

Mechanism:

REACTION WITH H,S0, ACID

Alcohols react with H2SO4 giving different products depending on the conditions
of reaction.

Conditions:
A. (i) Conc. H2SOq4 Products got are substituted products.
(i)  Excess alcohol
(iii) Low temperatures.
Substituted products.
Alky hydrogen sulphate - 0°C.
Ether - warm (140°C)

B. (i)  Conc. H2SOs.
(ii) High temperatures (heat) - Elimination product.
(iii) Limited alcohol.

Example:
CH;CH,OH % CH;CH,HSO, + H,O.

Conc.HpySO4

©/CH20H oc ©/CH2HSO4 + H>O.

Phenyl methyl
Hydrogen sulphate.




Mechanism:

CHs CH2 m

H%* Ugsogz —— CH3CH2}H, + 0SO;H

CH3 CH2 -(%/Hz —H,0  CHj3;*CH2 + H2O.

CH; tCH, —  CH3CH2HSOq

:OSOsH.
Excess
2CH;CH,OH C"’;j;{fj‘)‘* » CH;CH,O CH> CHs + H,0
Diethyl ethers
2CH;OH %» CH; O CH; + H,O.
Mechanism:
CHs CH, OH

H%* @5031{ — » CH3CH2jH, —H,0  CHs;+CH:

[CH3 CH, OH] >> [0S0,] therefore CH3CH>OH is a better nucleophile.

C

CH; CH,OH  +*CH3CH» — CH3CH,- O - CH, CH3
|
CH3CH, O CH, CH3

Alcohols are dehydrated when heated with conc. H2SO4 and H3POs acid to form
alkenes in a liquid phase or when the alcohol is passed over heated Al.Os at 300°
in a vapour phase.

Water molecule is eliminated and therefore this type of reaction is known as
elimination or dehydration.



The reactivity in the liquid phase is determined by the type of carbon cation ion
formed.

Elimination reactions occur under the following conditions:

(i) Heat: [170 - 185°C] Primary alcohol
[150 - 180°C] Secondary alcohol
[90 - 1500C] Tertiary alcohol.

(i) Conc. H2SOu: [>60%].

Example:
CHy;CH:CHOH —=52%»  CH; CH = CHz + H20
CH; (|ZH CH; C"";’ZPO‘* » CH;CH = CH, + H,0
OH
C|ZH3 CH;
H3C-|C-OH —% H;C C = CHs + H,O
CH;

©/CH2 CH> OH Conc. HsPOs ©/ CH2 = CH2 + H20.

CH3CH:CH:CH:OH  —==2=t—» CH;CH = CH CHs + H:O.
CHs CHxCHzCH; <2222 CHaCH = CH CH; + H20.
OH
Mechanism:
1. Protonation of alcohol
2. Loss of H20 to form carbo cation ion.
3. Re-arrangement of the carbo cation to a more stable form.
4. Loss of the proton to form alkene.



CHs CH3
| . /% | —
H3C—|C—OH + H%* £ 0%-S0,H —>H3C—|C— O*H, + 0SO;H

CHs CHs

g G

Hs;C - C -OHs -HO C + HO
| N\
CHs HsC CH3
CHs CHs

I
H;C-C

\|CH2 —  » CHs;C=CH+HSO.

)

HO0,50

CH;CH,CH,CHOH ~<2¢#2309: ,  c1y1,CH = CH CH; + H,O

175-185°C

CH3CH,CH>CH,0H *  —— CH3CH:CH2CH)}H,
CH3CH2CH2CH, ;H, HO | CH3CH2CH2*CH: + H>O
[Unstable(I°1)]
CH3;CH.CH *CH, —— CH3CH;*CHCH3
| /’ [Stable (II)]
H
CH3®CH CH3; — CH3CH = CHCH3 + H)SO..

H

HOsS0 S



DEHYDRATION IN VAPOUR PHASE

When an alcohol is heated and its vapour is passed over heated Al>O; at 300°, an
alkene is formed which is detected by turning bromine water colourless.

Silca
Aluminium oxide

Heat(300°C)

Bromine water
Cotton wool Brown - colourless
Soaked in alcohol

Heat

CH;CH,OH —22% .  CH,=CH,+ H0.

Heat(300°C)

Al,04

©/CH2CH20H —— ©/ CH = CH:, + HO.

Heat

N.B: Elimination reactions in alcohols compete with substitution reactions. The
difference is due to the conditions provided.

Heat
Conc.H2504(1800)

CH»=CH: + H,O

CH;CH>OH

Conc.HyS04
Excess alcoho (140°)

» CH;CH>,OCH>CH3 + HO



OXIDATION REACTIONS

Primary alcohol _o1 Aldehyde _or, Carboxylic acid.

Secondary alcohol O,  Ketones 191 , No product

Tertiary alcohols _191 |, No product.

Oxidation of alcohols is effected by oxidizing agents such as:
(i)  Acidified K:Cr207/ H*(aq)

(i)  Acidified NaxCr207/H*@aq)/ CrzO%{aq)

(iii) Chromic acid, CrO:s.

Acidification is done by use of sulphuric acid.

CH3CH20H + NaxCr207 + H2SOs heat » CH3CHO + NaxSO4 + Cr2(SO4)3 + H2O

3CH;CH,OH + NaxCr207 + 4HSOs-heal 3CH;CHO + Na SOs+ Cr2(SO4)s + 7H20
Orange solution Green solution

(Cr2077) (Cr*)

During the process, the solution mixture turns from orange to green indicating the

conversion of the dichromate to chromium(III) ion.

Excess oxidizing agent.

CH3CHO + Na2Cr207(aq) + H2SO4(aq) = CH3COOH+Na2SO04(aq) +Cr2(SO4)s + H20()

Simply:
.
CH:CHCH A00/C0] @D, CH, C CHs
OH
CHOH ExcessI1+(aq)/Cr20§_(aq); HCOOH

heat



oree RS oo

IODO FORM/HALO FORM TEST
This test is usually performed to confirm for the presence of compounds that have
got a methyl group.

Example:

C|)H
Methyl alcohol H;C - CH

_H

Methyl at dehydes HsC - |(|:

O
Methyl ketones HsC - (|:| -

O
Product formed CHI - Tri iodo methane (Yellow ppt)

This test confirms / differentiates methyl / alcohols from the rest. Methy alcohols
form tri iodo methane when oxidized which is observed as a yellow ppt, while the
rest of the alcohols no observable change.

Reagent: = Hot NaOH in Iodine solution.

Question: Give a reagent that can be used to distinQuish between pairs of the
8 8 p
compounds below and state what is observed in each case. Write the equation
for the reaction(s) that take place.

(@) CHsCHOH and CHsCH,CH>OH

(b) (l)H PH
©/CH CHs and ©/CHCH2CH3

(©) Q

O
[
©/C - CHs and ©/ CCH2CH;3



Solutions:

(@)

Hot sodium hydroxide solution.
With CH;CH>OH - A yellow precipitate is observed.
With CH;CH>CH2OH - No observable change.

Reagent: =~ Hot sodium hydroxide in iodine solution.

With OH - A yellow precipitate is observed.
©)CHCH3
With OH - No observable change.
C

©) HCH>CHj3

Reagent: =~ Hot sodium hydroxide in iodine solution.

With OH - A yellow precipitate is observed.
©)CHCH3
With  OH - No observable change.

©)CHCH2CH3

Equations:
CH3CH20H + 4lIxaq) + 6NaOHaq) Theat CHIz + 5Nalaq) + HCOONa™ + 5H20.

(l)H

@CHCH3 + 4IZ(aq) + 6NaOH(aq)h—eat>CHIS(s) + 5NaI(aq)+@C05Na+ + 5HZO

(l)H

@CHCHa + 3Iaaq) + 4NaOH aq 1824 CHI5) + @ COONa* + 3H>Oqy + 3Nal.

Rule: Alcohols; 41>; 6NaOH

Aldehydes/ketones, 3I>; 4NaOH.



Example:

[ _
CH3C CH2CH3 + 3loaq) + 4NaOH aq) — CHI3() + CH;CH2COONa* + 3Nal + 3H,0.

AROMATIC ALCOHOLS

These are aromatic compounds with hydroxyl groups. They are divided into two:
Aromatic alcohols and phenols.

(1)

Aromatic Alcohols:
These contain an aromatic ring and then the hydroxyl group which is not
directly attached to a ring but attached via the chain on the ring.

/CHon /CHZCHZOH
2-phenyl methanol 2-phenyl ethanol.
CHs

|
o

CH3
2-phenyl propan-2-ol
Phenols:

These contain an aromatic ring with one or more OH group directly
attached to the ring.

H H OH
o' ol O
Phenol Diphenol

CHs

3-methyl phenol.

OH

H OH



PHENOLS

Is a class of compounds named as phenols and one or more OH groups are directly
attached to the ring.

METHODS OF PREPARATION

1. Benzene sulphonic acid

SOsH
@ Fuming HxSO4 NaOH ,S05 Nat + H0.

©

(C)/ﬁNa+ HCl(aq) ¢sOH + NaCl.
2. Cumene process
g
@ + CHsCH = CH: __H* | /Cli—H
CHs

2-pheny propane.

(|:H3 (|:H3

@/?—H O, /C—(l)—O—H ?

CHs CHs dilH*/H>O @/OH + CHs C CHs

3. Aromatic halides
In cumene process, Benzene is reacted with propene in presence of an acid
or halogen carrier like AlICls to form two phenyl propane.

Molecular Oz is blown into this product and the intermediate is acid
hydrolysed to give a phenol.

When an aromatic halide is treated with alkali at extremely harsh conditions
like 300°C, 200 atm of pressure and copper, a phenol is formed.



This subsequently strengthens the C - O bond by developing a partial
double bond between C and C and at the same time weakening the O - H
bond by decreasing the electron density and releases a proton easily. This
does not occur in aliphatic aromatic alcohols as ordinary alcohols.

Subsequently, phenols being slightly acidic, under the following:
(i)  Very soluble in NaOH or KOH

: ,OH + NaOH —>©/5Na+ + HxO

(i) Phenols react with very reactive metals like Na to form salt and Ho.
OH ONat*

2@ + 2Nag — 5 2 @ + Hag

Acid properties of phenols can be improved by;

Adding electrons with a............ which de-active the ring. Such groups include
the Nitro groups. 2, 4, 6-trinitrophenol is more acidic than phenol. It liberates CO;
from saturated NaHCO:s.

OH ONa+*
O2 NOz O2N NO2
NaHCO; + — + CO2 + H2O
NO2 NO;

Carboxylic acids are more acidic than phenols. [Give the reactions that distinguish
acidic character of phenols and carboxylic acids.

COMPLEX FORMATION WITH NEUTRAL FECLs.

Phenols form a complex with aqueous neutral FeCls and the colour of the complex
product is violet colouration (purple). This reaction is important in confirming the
presence of a phenolic group and it is also useful in distinguishing between phenol
and aromatic alcohols.

Question:  Distinguish between HCOOH and CH3;COOH.
(We use the Iodo form test).



OR:

Using neutral (iron III) chloride) solution.
A purple colouration with HCOOH.

No observable change with CH3COOH.

REACTION WITH ZICN DUST:
Phenol when heated with Zinc dust forms benzene.

,OH
@ + Zn _heat | @ + Zn0O.

ALCOHOL REACTIONS OF PHENOLS RESEMBLING
This involves cleavage of C - O bond.

Phenols undergo some reactions resembling alcohol where the C - O bond is
involved.

Esterification:
Phenols react with carboxylic acids, halides and acid an hydrides to form an ester.

Carboxylic acids:
OH A
@ + HsC COOH _Ht @ O C CHs + H:0.
Acid halides:
H f? %
+ @( -Cl __H¢ @ O-C :
Acid an hydride:

OH

CHs @— O@ -CHs + @ He ©/§C CH; + CHs; COOH

—_—

Ether formation:



Phenols react with alka oxides to form ethers.
©/OH + CH3CH> ONa* —» ©/ OCH>CHs + NaOH

Phosphorous penta halides:
Phenols react with PCls liberating HCl gas which fumes in air.

@/OH + PCls —> ©/ Cl + POCl; + HCl1
Reactions with liquid NHa.

REACTIONS OF THE RING IN PHENOL

Due to the presence of the OH group in phenol, phenol undergoes a number of
reactions where delocalized electrons on the ring are involved.

Nitration:
Phenol reacts with conc. H>SO4 and conc. HNO; acids to form 2-nitro phenol and
4-nitrophenol.

OH OH OH
@ Conc. HNO3/ conc. HzSO4= @/NOz + @
NOz

Alkylation:

Phenol reacts with alkyl halides in presence of a halogen carrier to form alkylated
product phenol.

OH OH OH
@ + CHsCl _AICL, ©/CH3 + @ + HCI
CHs;

A cylation [9]



C

OH

lgc) OH
@ CH;C-Cl ©/CO CHs +  AICh

Al Cl3 COCHz3

Bromine H>O.
When reacted with bromine, H>O phenol forms a substituted poly product of 2, 4,
6 tri bromo phenol which is a white precipitate.

The presence of OH makes phenol to be very reactive. This reaction is very
important in confirming the presence of phenol together with the neutral iron (III)
chloride test.

OH OH
Br\ /Br
Br
White ppt.
OH Br
Convert @ to i
7 N
Br Br
OH OH
Br~ ~ Br e,
Heat B
+ Bropg =/ f
r

Hydrogen in presence of heated Ni catalyst.



Phenol can be hydrogenated into cyclo hexanol when reacted with H> in the
presence of a heated catalyst.

,OH OH
@ 3Hy/Ni
heat(200°)

POLYHYDRIC ALCOHOLS

These are alcohols with more than one OH group attached to the same carbon
chain as:

HOCHCHOH
CHOH HOCH: - CH - CH>

HOCH: OH

The chemical and physical properties of these types of alcohols are slightly the
same; however, there are slight differences.

Ethane-1, 2-diol boils at a higher temperature.

Ethane-1, 2-diol has two OH group which results into formation of extensive

hydrogen bonds which is difficult to break hence high boiling point.
PREPARATION OF DIOLS

They can be prepared from alkyl halides.

CH3;CH2Cl » HO CHCHOH
Heat l etO /etOH ethane-1, 2-diol
CH: = CHz MNO, /OH

heat

Alkenes



CHz = CH> » HOCH>CH:OH

Benzene peroxo acid 200°C/ pressure

CHx-CHx + HxO»

O

CHsCH.OH @—— HOCHCHOH

180°C Conc.H2S04 heat
MnO,/OH

CH: = CHz
Reactions of diols are the same as those of monohydric alcohols.
The difference is that excess of the reagent is used.

CHs CH2 CH; OH

heat Conc.H2S04
175°C

H
heat

CH;:CH=CH; —————> CH3CH CH,OH
MnO,/0H




CARBONYL COMPOUNDS

These are compounds containing a carbonyl functional group. They are alkanal
(Aldehydes) and alkanones (Ketones).

These two belong to a group of organic compounds known as carbonyl
compounds with a general formula C,H2,0O.

O

|
C

N

R H - Aldehyde

@

C
1R/ \ IR

The major difference between aldehyde and ketone is in the presence or absence
of Hz attached onto the carbonyl carbon.

- Ketone

In aldehydes, “H” is to the carbonyl carbon while in a ketone, similar or different
alkly groups are attached to the carbonyl carbon as shown above.

NOMENCLATURE
IUPAC system is used in the naming of both aldehydes and ketones. Generally,

“_7

aldehydes are named as alkanals by replacing “e” in the alkane name with -“als”

£“ 7

while ketones are named as alkanones by replacing -“e” with -“ones”.

Alkanals Alkanones
(Formaldehyde)
HC-H Methanal CHs C CHs Propan-2-ones

(Acetaldehyde) {
CHs C - H ethanol CHs C CH», CH3 butan-2-ones



O
|
CHsCH>C -H Propanal CHs ¢ CH CHs
CHs; 3-methyl butan-2-ones

!
CH3CH2CH:> C - H - Butanal CHs CH - C - CH2CH2CHs
Hs
2-methyl hexan-3-one

CHsCHCH  2-methyl propanal

CH3 QO

O  Cyclohexa-1, 3-dione.

ISOMERISM

Both aldehydes and ketones exhibit structural and functional isomerism.

In structural isomerism, they show position and chain isomers.

In functional isomerism, both aldehydes and ketones are isomeric within
themselves and with other classes of organic compounds like alcohols and cyclic
ethers.

CsHsO
CH3;CH>CHCH Butanal

|
CHsCH C CH3 Butan-2-one



Cyclic butanol (cyclic alcohol)

H H
H—%H
0

Cyclic ether (Tetacfuran)

H |  ~+H
H H

C4HsO
CH3CHCHCHO Butanal
CHsCH - CHO 2-methyl propanal (Aldehyde)

CHs
CHs ¢ CH2 CHs Butan-2-one (Ketone)

O
CH: - CHz\

@) Tetrahydrofuran (furan)

CH, - CHy”

CHz =CH CHz - CH2 OH But-en-4-ol
(Usaturated alcohol)

Write all the isomers of the compounds with the molecular formula CsHsO.
CHsCHCHO Propanal (Aldehyde)

CHs C CHs Propanone (Ketone)



CH. = CH CHOH Prop-1-en-3-ol.

O
CHz/ A CH» Trihyrofuran
N\ CH,

PREPARATION OF CARBONYL COMPOUNDS

They can be prepared from the following:

i) Mild oxidation of alkanol (alcohols)

if) ~ Carboxylic acids or their salts.

iii)  Ozonolysis of alkenes followed by hydrolysis.
iv)  Acid hydrolysis of alkynes.

v)  Hydrogenation of acid chlorides.

vi)  Acylation (aromatic ketones)

OXIDATION OF ALCOHOLS

Primary and secondary alcohols are oxidized in liquid phase using K.Cr.O7 /H*
or NaCr>0O7/H*, CrOs/H* to form aldehydes and ketones respectively.

During oxidation process, a colourless solution turns to green solution.

Examples:
CH5CH,OH —22L8292_ @A), 1. cHO H+(“fj€/‘ffog_ » CH:COOH
Alcohol Ethanal Carboxylic acid
Aldehyde
OH ”
CH CH CHs HI@@/Cr207” ,  CH, C CHs

heat

H*(aq)/Cr,0%~ H*(aq)/Cr,02~

©/ CH,OH onr @/ CHO onr > @/ COOH




During the oxidation process, especially for primary alcohols, there will be further
oxidation to carboxylic acid which renders this method ineffective but this further
oxidation can be avoided by carrying out a reaction under low heat (temperatures)
or limiting the amount of the oxidant used.

Oxidation can also be effected under vapour phase. When an alcohol vapour is
passed over heated Cu at 300°C, it is oxidized to an aldehyde or ketone.

CH;CH:OHy ————>  CHCHO + H;
CH; CH CH — CHa € CHa + Ha
OH O

Oxidation under vapour phase can also be brought about when an alcohol
together with limited Oz is passed over heated Ag at 500°C.

CHs; CH20H + %2 02 e, CH;CHO + H20

500°C

CH; C(OH) CHs + 15 0y ——2 »  CH; COCH; + H,O

500°C

CARBOXYLIC ACIDS
When a carboxylic acid salt of calcium is heated, an aldehyde id formed. More
specially methanol is formed.

Ca(COO), —heat , CaCO; + H@H

With other higher aldehydes, Ca salt of a carboxylic acid is heated with calcium
methanoate.

Examples:

CH3COQ)2 Ca) + (HCOO)2 Ca) —==2p heat | >CH;CHO + 2CaCOs
( ©)
Ethanal

(CH3 CH, CO0).Ca* + (HCOO),Ca-heat, 2CH;CH,CHO + 2CaCOs
Propanal



(@_ CO0), Ca* + (HCOO), Ca heat 2@_ CHO + 2CaCO;
Benzaidehyde

Ketones can be prepared by heating Ca salts of higher carboxylic acids.
(CH3COO),Ca _heat, CH; CO CH3 + CaCOs

(CH;CH,COO),Ca* _heat, CH;CH,COCH,CHs + CaCO3

Convert CHsCH,OH — » CHsCOCH;3

Excess HY (aq)/Cr,02~

CH3CH,OH 2 CchooT + Ca(OH),
(CHsCOO):Ca + H20
CH;COCH; “ heat
OZONOLYSIS

When an alkene is reacted with ozone, an ozonide id formed. When the ozonide is
diluted in H2O in presence of some zinc, a carbonyl compound is formed. Zinc
dust is used to decompose H2Ox.

Note: Aldehydes formed depends on the types of alkene used. Symmetrical alkene
gives one type of aldehyde while unsymmetrical will give you both carbonyls.

O
VAN
CH>=CH, + O3 T CH> CH>
AN /
O—0
O O
RN J
CH» CH> HO/Zn 2HCH + H>O»

0—O

AN



CHsCH=CH2+0Os —» CH3; CH CH>

AN e
OoO—O0O
O
N\
CH; CH CH; + HxO Zn , CH3CHO +HCHO + H20
\ /
O0O—0
CHs

CH;C= |C -CHs + O3 — 2CHs3 CO CH;3;
CHs
e
CH;C=CHCH3;+0O3 —» CH3COCHs + CHsCHO

The above method has the disadvantage of yielding a mixture of products which
may not be good in organic synthesis.

HYDROLYSIS (ACID) OF ALKYNES
When an alkyne is passed through hot H>SO4 in presence of mercury sulphate, the
carbonyl carbon is formed.

HS04/HgS0,

CH = CH + H,O 2% » CHyCHO
Ethanal
CH;C = CH + H,O —2824/H350% ~p1.cOCH;

60°C

HYDROGENATION OF ACID CHLORIDES
Acid chlorides are reduced by hydrogen in presence of catalysts like pd to form
aldehydes.
CH;COCl+H2 __Pd ,CH3CHO + HCl
,COCl + H _Pd ,CHO + HCl

ACYLATION



Alkyl acylation is a reaction between acid halides with a benzene ring compound.
This reaction produces aromatic ketones when it is carried out in presence of a
halogen carrier (Al Cls, FeCls)

@)

I
@ + CHsCOCl Al Cl3 s CCH; + HCI
Ethanoyl chloride ©

Phenyl ethanone

CHs CHs CH:
@ + CHsCOCl _AlCl J\; _COCH;5 @ + HCl
COCH;

PHYSICAL PROPERTIES OF CARBONYL COMPOUNDS

Lower members of aldehydes and ketones are liquids and are miscible with H.O
forming neutral solutions. The miscibility in H>O is due to the polar carbonyl
carbon.

They have higher boiling points than their hydrocarbon counterparts. This is
because of the polar nature of the carbonyl carbon that results into the
intermolecular attractions but their boiling points are lower than those of alcohols
and carboxylic acids due to the lack of H> bonding.

CHEMICAL PROPERTIES OF CARBONYL COMPOUNDS

Carbonyl compounds chemically react because of the property of the carbonyl
carbon which is a common functional group present in both aldehydes and
ketones.

A carbonyl carbon contains more electronegative oxygen bonded to carbon which

pulls electrons towards itself and attains a 6~ charge while the carbon remains §*.
Therefore, the carbon oxygen bond is polarised creating a good condition for
nucleophillic reagents to be added across the carbonyl carbon. The intermediate
formed with a negative on oxygen reacts with an electrophille to form the final
end product. N
§+C=0°"
/



08~ 62/\+E
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e

/5 + Nu Nu
:Nu

Carbonyl group in aldehyde is more reactive than in ketones.

Explanation:

In ketones, the presence of two alkyl groups having a positive inductive effect
highly neutralizes the positive charge in the carbon resulting into a less attraction
of a nucleophile.

0%~ 0%~

I I
R-C-H R-C-R

5+ S+

Methanol is more reactive than other aldehydes. Explain.
In methanol only hydrogen is bonded to the carbonyl carbon that the partial
positive charge formed is not neutralized making methanol more reactive.

Therefore, the more number of alkyl groups added to a carbonyl carbon, the les

the reaction due to the following reasons:

(i)  Thealkyl groups have got electron pushing (positive inductive) effect which
neutralizes the partial) positive charge on the carbon.

(ii)  Several alkly groups will have a crowding effect preventing a nucleophile
from being attached to the carbon.

Order of the reactivity of the following:
O O O

| | |
H-c|:=o > CH3(|Z=O = CH3C-CHs > CH3CH2-C-CH>CH3 > CsH7CCsHy.

H H Neutralization Steric hinderance
of charges



When other atoms of a more electronegative effect are added next to the carbonyl
group, the reactivity of the carbonyl carbon compound increases. E.g. if a
hydrogen on the carbon atom next to the carbonyl group is replaced with a
halogen, the reactivity increases.

7 o Gt o>
CHs;CH, C - H CH;CH-C-H <CH3C—C—H
| 5+ | s+
Cl Cl

REACTION OF CARBONYL COMPOUNDS

GENERAL REACTION (BOTH KETONES AND ALDEHYDES)

(i)  Reactions of alkyl groups:
Both aldehydes and ketones containing alpha hydrogen i.e. hydrogens on
the carbons next to be carbonyl group undergo halogenations reaction,
when reacted with a halogen to form substituted products. Substitution
proceeds until the alpha hydrogens are replaced.

@ O
I I

CHs; CH + Ch — CHCIC-H+ H(

l Ch

O
[ [l
HCl + CC1 CH Clp CHCL, CH + HCl
O
[l
CH; CCH3z + Bro. ——» CH2Br C CHs + HBr
Br>
O

CBrsCOCHs __Br,  CH Br, C CHs + HBr

@ + Br2 —> @ + HBr
T

CH;COCH; +3Cl, ——» CCl; CCH; + 3HCI



Cl

(jp +2Ch —» i:fo + 2HCI

Cl

(i) Reactions due to carbonyl group:
Both aldehydes and ketones containing a carbonyl group undergo the
following reactions:
Reduction (Reaction with Hb>)
Aldehydes and ketones are reduced by Hz in presence of a suitable catalyst
e.g. Ni/150°C, pt/pd into primary and secondary alcohols respectively.

Ni/150°C

CH;:CHO+H, —— CH:;CHOH

CH;COCH; + H, —=— CHj CliH CHs
OH

O
(:/r + Ni/150°C OH

Using reducing agents:
Similarly strong reducing agents such as Aluminium, Na, Lithium
tetrahydride, Na/Ethanol can also be used to effect reduction.

Li AlH,

CH;COCH; —=Z—» CH;CH(OH)CH;
Dry ether
CH;CHO —X&/Ethanol ,  CH,CH,OH

Mechanism of reduction:

Ho> E H* + :H™

N é:ﬁH+
C ||

CHs Cs, CHy —» CH3—(|Z—CH—>CH3—

H
- CHs

—0

H™: H H



Addition of HCN (hydrogen cyanide)
Both carbonyl compounds react with HCNs to form 2 hydroxyl nitrates or

cyanohydrins. The HCN is generated insitu from the reaction between NaCN and
Conc. H2SOx.

OH

|
CH3CHO + NaCN + H.SOs  — CH3 CHCN
2-hydroxy propanitrile.

C|)H
CH3 cO CH3 Conc.HZSO4/NaCH: CH3 |C CH
CN
|CH3 Cll‘Ia
CH3; CH CHO + KCN/H>SOs ——» CH3 CHCHCN
|
OH
i
L CH3 KCN/H>S04 > OH
©) O
(|ZH3 FH3 |OH
CHs (|: CHO HCN , CHs IC CH CN
CHs CHs
Mechanism:

2KCN + HxSOs — 2HCN + KzSO4

b 1 g
CH;CH-C=0% —— CH3;CH-C-O0:

CZ(H CN
C=N (|:H3

CH3CH(|:HCEN

OH
2-hydroxyl, 3-methyl butanitrile.



REACTION WITH NaHSO3
Both carbonyl compounds react with a saturated solution of NaHSO; to give
crystalline solids of NaHSOs3 derivatives.

CH; CHO + NaHSO; —— CHs; CH SOsNa*
(saturated) OH
Ethanal sodium hydrogen sulphite.

?H

CH3CO CH3 + NaHSO3; — (CH3s)2 C - SOsNa*

O SO3Na*
U + NaHSO; ——»
OH

Mechanism:
NaHSO; — Na* + HSO0s

O CHs3 O CHs Proton shift O CHs
@%; — 5+?| —/%5— — o=|%-:c-6 — O=:S|—:C—OH
OH CH3 OH CH; 0 CHs
o g °
O=|S_—|C—OH Na* O=F - ﬁ: - CHs
0 CHs ONa CHs

ADDITION REACTION WITH PCls.

Both carbonyl compounds react with PCls to give gem-dihalides with no steaming
in moist air i.e. (No hydrogen halide formed) which distinguishes between
alcohols and carbonyl compounds.

Cl

|
CHs; CHO + PCls — CHs (liH + POCl;
cl



(|:1
CH;3; COCHs + PCls ——» CHs3 |C - CHs + POCls

Cl

CONDENSATION REACTIONS

Aldehydes and ketones react with compound containing amino groups to form
condensations products and loss of H2O molecule. These products formed have
got sharp melting points which are used in identification of the original
compounds.

These types of reactions are condensation because there is elimination of a H2O
molecule.

\
C=0+R-NH2 — C=N-R+HO0.

/
CHs ﬁ: CHs + R-NH, ——» CHj3 ﬁ: CHs + H.O
N-R

Reagents Product R - group
1. Hydroxyl amine « Oxime

HO - NH» /C =N - OH -OH
2. Hydrazine . Hydra zone

NH> - NH> /C =N NH> -NH>
3. Phenyl hydrazine Phenyl hydra zone

@/NH NH, C=N NH_© ©, NH

4, Semi carbazine \Semi carbazone

NH> NH CONH> /C =N - NHCONH: NH - CONH:
5. 2, 4 dinitrophenyl 2, 4 dinitrophenyl

Hydrazine (Brady’s reagent) hydrazone
NozN_@_ NHNH, C=N NH—@—NOQ ozw_@_ NH

NO» NO; NO2



Mechanism:
NHNH> Hs

NO»2
N NH —@—NOz + H0
3 NO»

CHsCOCHs3 + H+

—

|C —_
NOz CH

I
CHs CH+ HO-NH, — CH3; CH =N - OH + HO.

i o
CHsCCHs +NH>,-NH, ——» (|:=NNH2+H20
CHs

O CHs;
| |
CHCH; CCHs3 + ©/ NHNH, —» CH;-C= NNH‘@

CHs3; CH2 CH2 CHO + NH2 NH CONH; — CH3CH2CH2 CH = N NHCONH?

Mechanisms of condensation reactions of carbonyl compounds

0O
Il
CHsCH+HO-NH, __H* , CH;CH=N -OH +HO
O O'H OH
CH,C ﬂ —= CH:C-H =—= CH:.C-H

HO - NH HO-N-H

J| Hshift
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Reactions with dilute NaOH

Aldehydes containing «-hydrogens and ketones react with dilute NaOH to form
hydroxyl alkanals or alkanones which are compounds containing both hydroxyl
group and carbonyl carbon but with doubling of the chain.

When these compounds are heated, H2O is lost and a double bond is formed.

2CH; CHO  OH(q) . CHs TZH CH, CHO
OH 2 hydroxy butane.

2CHsCH,CHO 0OH(,,, CHsCH>CH CH.CH, CHO
—’
OH
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Mechanism:
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Reactions with conc. NaOH
This reaction is possible only with aldehydes having x-hydrogens and not with
ketones to give brown resinious compounds formed by a series of condensation.

2CH3; CHO _Conc., OH CH; CH CHCHO _ -H,O, CHs; CH = CH CHO

e
OH

(l)H
CH3CH = CH CHO + CH; CHO__OH , CH3 CH = CHCH - CH, CHO

(|)H
CHsCH=CHCH-CH,CHO _"H.O | CHs;CH=CH - CH = CHCHO



Polymerization:
i.e. n"CHsCHO __Conc. OH , CH3(CH = CH)n CHO.

Reaction that distinguish between aldehydes and ketones.

Oxidation:
Aldehydes are oxidized by oxidizing agents e.g. H*@aq)/KoCr2O7@aq H*/CrOs to
carboxylic acid.

Ketones are resistant to oxidation and therefore they never yield any product with
the same reagents.

Test:
Add 2 drops of an aldehyde into 2cm? of H*(aq)/ K2Cr2O7(aq) and warm.

An orange solution turns to green, the resultant solution becomes acidic.

CHs CHO H*q/Cr202~(ag), CH;COOH + Cr¥*(eq) + H:O.

Benedicts or Fehling’s solution:
Increases a solution containing Cu?* ions. This solution is blue in colour but when

reacted with an aldehyde under heat, the aldehyde decreases Cu?* to Cu* resultant
into a red-brown precipitate of Cu2Oys).

This property of aldehyde is reduction.
Ketones do not give a red-brown precipitate.

CH;CHO + Cu2* + H,O __heat , CH3COOH + CuxOp).

Ammoniacal silver nitrate (Tolleris reagents)
Ammoniacal silver nitrate solution is a solution of silver nitrate in NHs.

Aldehydes unlike ketones are oxidized by this mild oxidizing agent to a carboxylic
acid.

The Ag* in the AgNO:; is reduced to Ag metals. Therefore, the observation made
in practicals is; a grey deposit or silvery coating on the sides of the test tube.

CHs CHO + Ag (NHz3)2 NOs + H2O) —hear—> CH3COONH; + Ag + NHiNO:s.



Note that atmospheric Oz can also oxidize aldehydes. This is why samples of
aldehydes are normally contaminated when exposed to the atmosphere.

Iodoform / haloform reaction:

This reaction is only possible for methyl aldehydes and ketones. Since we have
only one methyl aldehyde, ethanal, the reaction is strictly positive for ethanol and
methyl ketones with the following structure.

Ethanal Methyl ketones
C C
N
HC~ O T

The reaction is useful in practicals in determining the structure of carbonyl
compounds.

Test:

When iodine and NaOH is added to ethanol or a methyl ketone and warmed, a
yellow precipitate of tri iodo methane is formed.

CH3CHO + Ip) + NaOH(aq — CHI3() + Nal + HCOONa* + H.O

|
CHsC CHj3 + Ipag) + NaOHq) Y2, CHI; + CH3COONa™* + Nal(g) + H20.
CARNIZARO REACTIONS:
This reaction is only possible for aldehydes withour «-hydrogen ketones.

When NaOH is reacted with an aldehyde without an alpha-hydrogen of general
formula.

HCHO, ¢ CHO, the aldehyde is oxidized to carboxylic acid and the other

half is decreased to the alcohol.

2©/CHO +NaOH —» @/COOH + @/CHzOH.



2JHCHO NaOH | HCOOH + CH30H.

Name the reagent that can be used to distinguish between the following pairs of
compounds and in each case, state what would be observed when the reagent it
separately treated with each compound.

Q) ©/COCH3 and ©,COCH2CH3.

Reagent: Hot iodine solution in aqueous sodium hydroxide.

With ©/ COCHs ; A yellow precipitate.
With ©/COCH2CH3 ; No observable change.

(i) CHsCOCHs3 and HCHO
Reagent:
With CH3;COCH3
With HCHO

(iii) ©/ CHO and @/ COCH:2CH3

Reagent:

With ©/CHO

With ©/ COCH:CH3

(iv) CHsCH,COCHs and HCHO
Reagent:
With CHs CH, CO CH2 CHs
With HCHO



