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ORGANIC CHEMISTRY-II BCHCH-202

1.1 OBJECTIVES

Objectives of this unit are to study the alcohth®ir structures, nomenclature,
and classification on the basis of number of —Oldugs present like monohydric
alcohol, dihydric and polyhydric alcohols. Clagsifion on the basis of nature of
carbon attached with —OH group like primary, se@opdnd tertiary alcohols. This unit
also aims on methods of preparation of alcohol witeir physical and chemical
properties, acidic and basic characters. Chemieattions of alcohols like Acid-
catalyseddehydration etc, Study on chemical pragserf dihydric and polyhydric

alcohos have also been aimed in this unit

1.2 INTRODUCTION

Alcohols are organic compounds in which one oreambydrogen atoms from
hydrocarbon have been replaced by hydroxyl (-Otdugr They are some of the most
common and useful compounds in nature, in indusind around the house. The
general formula for a simple acyclic alcohol isHg,+1OH, where n=1, 2, 3, etc. The
saturated carbon chain is often designated byyimbal R, so that ROH can represent
any alcohol in the homologous series. Alcoleds be viewed as organic analogues of
water in which one hydrogen atom is replaced bglkyl group. The simplest and most
commonly used alcohols are methanol and ethanay Tecur widely in nature and

have many industrial and pharmaceutical application

OH
OH
Cl)H
methanol ethanol cyclopropanol  cyclohexanol isobutanol

Aromatic compounds, which contain a hydroxy group a side chain, behave like
alcohols are called aromatic alcohol. In thesehats) the —OH group is attached to a

sp’ hybridised carbon atom next to an aromatic ring.

UTTARAKHAND OPEN UNIVERSITY Page 2



ORGANIC CHEMISTRY-II BCHCH-202

CH,OH CH,CH,OH CH,CH,CH,OH
benzyl alcohol 2- phenyl ethanol  3- phenyl propanol

In some alcohols, the —OH group is attached to%hybridised carbon next to the
carbon-carbon double bond that is to an allylidoarare known as allylic alcohols. In
some alcohols —OH group bonded to a carbon-carlooiold bond i.e., to a vinylic
carbon or to an aryl carbon. These alcohols are kalswn as vinylic alcohols. Allylic

and benzylic alcohols may be primary, secondatgmiary in nature.

OH
CH;=CH—OH  CH,=CH—CH,-OH ©/
vinylic alcohol allylic alcohol

phenol

1.3 CLASSIFICATION OF ALCOHOLS

Alcohols are classified into following types on thasis of number of —OH groups

present in the molecule and nature of carbon athehth —OH group as follow:

(a) Monohydric Alcohols: These compounds contain only one —OH group.

CHsCH,0OH  CHCH,CH,OH

(b) Dihydric Alcohols: These contain two —OH groups.

CHz—OH
CHy—OH

(c) Trihydric Alcohols: These contain three —OH groups.
CH,—OH
CH—OH
C|:H2—OH

UTTARAKHAND OPEN UNIVERSITY Page 3
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On the basis of nature of carbon atom attached witH group the mnohydric
Alcohols can be further classified as primary (1Sgcondary (2°), or tertiary (3°)

depending on the number of carbon atoms boundetbydroxyl-bearing carbon.

(a) Primary alcohol (1° alcohol): A primary alcoholhas one alkyl group attached to
the carbon bound to the —Olde., a compound in which the hydroxyl group is
bounded to a primary carbon. Primary alcolt@se the group —C#DH, where the
carbon atom with the alcoholic hydroxyl group hageast two additional hydrogen
attached to that carbon. Primary alcohol has —Qitgbonded to a carbon which is
bonded to one other carbon:

(b) Secondary alcohol (2alcohol): A secondary alcohdias two alkyl group attached
to the carbon bound to the —OH, i.e., the hydrayglup is bounded to a secondary
carbon. Secondary alcohdiswve the group —CHOH, where the carbon atom with
the alcoholic hydroxyl group has onbne additional H atom attached to it. There
are two R groups (R stands for any other organ&rchr group), and the alcoholic
hydroxyl group is attached to a secondary carb@tofdary alcohol has —OH
group bonded to a carbon which is bonded to twerothrbon:

(c) Tertiary alcohol (3° alcohol): A tertiary alcohol has three alkyl group attached t
the carbon bound to the —OH, i.e., the hydroxylugras bounded to a tertiary
carbon. Tertiary alcohols have the group —COH, wehée carbon atom with the

alcoholic hydroxyl group has no additional H atcemtisiched to it.

UTTARAKHAND OPEN UNIVERSITY Page 4
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H_(I:_?_(I:_H
H oH H

If we replace hydrogen with a —OH group we get tbkkowing groups for three

alcohols:

—CH,0OH — CH—OH —C—OH

primary alcohol  secondary alcohol tertiary alcohol

OH
(l)H Cl)H
o ~-oH CHy—CHz—CH—CHs  CHg—CHz—C—Chg
: CHz
primary alcohol secondary alcohol  secondary alcohol tertiary alcohol

1.ANOMENCLATURE OF ALCOHOLS

According to the IUPAC system of nomenclaturephtils are called alkanols.
They are named as the derivatives of the correspgralkane in which thee-of the
alkane is replaced byl. The IUPAC have come up with a set of rules thatwsed to

name any alcohol regardless of its complexity. €hedges are summarized as follows:

Step 1.Name the longest continuous chain to which the dwyr(—OH) group is
attached. Count the number of carbon atoms andifii¢ime corresponding alkane. The
name for this chain is obtained by dropping thealfire from the name of the

hydrocarbon parent name and adding the endihg

Step 2.Number the longest chain to give the lowest possibimber to the carbon

bearing the hydroxyl group.

Step 3.Locate the position of the hydroxyl group by thentier of the carbon to which
it is attached.

Step 4.Number the any other substituents according to gresition on the chain.

UTTARAKHAND OPEN UNIVERSITY Page 5
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Step 5.Combine the name and location for other groupshifgroxyl group location,

and the longest chain into the final name.

Step 6.If there are more than one —OH group do not rentbge-e from the suffix, but

add a di- or tri- prefix to the —ol suffix.

Step 7.ldentify and locate the other branches on the chkairthat they are named

alphabetically and their carbon number is hyphahatego the front of the name.

viz; Alcohols Common name IUPAC name
CH3OH Methyl alcohol Methanol
CH3;CH,OH Ethyl alcohol Etlohn
CHsCH, CH,OH  n-Propyl alcohol 1-Propanol
CH;CHOHCHs Isopropyl alcohol 2-Propanol
CH(CH,).CH,OH n-Butyl alcohol 1-Butanol
CH;(CHy)sCH,OH n-Pentyl alcohol 1-Pentanol

Other examples:

Cl)H |CHs C|>H
CHs—CH—CH,—CHjs CHz—CH—CHz-CH;—CH—CHjs E>70H
2- butanol 5 methyl2 hexanol
cyclopentanol
(l)H <|3H (l)H <|3H
CH—GH—GH, O\/Z\/OH CHy—CH—CH—CH
_ 1
o s NH
1 2 3-trihydroxy propane 3cyclopentyl propanol 3-amino2 butanol
OH
OH
CHy=CH—CH-—OH CHs
CHs;
H
3-butene?2- ol CHs . s
3-meyhylcyclohexanol 2:3- dimethylcyclooctanol

UTTARAKHAND OPEN UNIVERSITY Page 6
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1.5 METHOD OF PREPARATION OF ALCOHOLS

The following methods are used for the preparatioalcohols:

1. Hydrolysis of haloalkanes: Haloalkanes can be converted to corresponding
alcohols using aqueous NaOH, KOH or Ca (@HMYith this method primary and
secondary alcohols are formed from a primary acdrsgary halogenoalkanes. This
is a type of nucleophilic substitution reactionX.SThis reaction is useful only with

reactants that do not underggpdtimination readily.

RX + SH M9, RoH + x©

CHsCH,CHoBr + NaOH(aq) 122 » CHyCH,CH,OH + NaCl

UTTARAKHAND OPEN UNIVERSITY Page 7
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2. Reduction of carbonyl compounds: Carbonyl compoufwisich contain —C-O
group) such as aldehydes, ketones, carboxylic adisesters can be reduced to
alcohols. Aldehydes give primary alcohols whiledtets yield secondary alcohols,
either by catalytic hydrogenation or by use of cleaireducing agents like lithium
aluminum hydride, LiAlH4. Carboxylic acids and exst also give primary alcohols
on reduction with hydride reagents such as LiAlH4d asodium borohydride

MaBH
CH,COCH.CH,COOC.H, SN CH, CH{OH).CH,.CH, COOC_H,

Ethyl--ketopentanoate Ethyl-d-hydroxypentanoate

C,H..CO.CH, CH, COOH — 22" . ¢ {_CH(OH).CH, CH,.COOH

E-Benzoyl propanoicacid v-Hydroxy-d-phenylbutanoic acid

MaBH
CH,.OH.(CHOH),.CHO ——* CH,OH.{CHOH),.CH,OH

Glucose Sarbitol

MaBH
C.H.CH=CH— CHO — "% 5 C_.H, CH = CH.CH,OH

Cinnamaldehyde Cinnamyl alcohal

NC.CH,.CH, CHO — 2", NC.CH, CH,.CH,OH

J-Cyanopropionaldehyde d-Hydroxybutyranitrile

RCOCI &; R.CH.OH

Acid chloride Alcohol

MaBH
DEN@—CHD " .0, N@CHEGH

p-Mitrobenzaldehyde p-Mitrobenzyl alcohol
(NaBH,;). NaBH, does not reduce carbon-carbon double bonds, ne é&wose

conjugated with carbonyl groups, and in thus usédul the reduction of such

unsaturated carbonyl compounds to unsaturated @koh

In the above reactions it is observed that ondydarbonyl group is reduced and

the other functional groups remain unaffected.hHigselective behaviour of

UTTARAKHAND OPEN UNIVERSITY Page 8
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NaBH; makes it the preferred reagent for the reductioasbonyl groups i

sensitive polyfunctional group containing compou

3. From hydration of alkenes:Hydration i.e.s addition of Hand OH across a C=C
double bond to give alcohols. This is an electripliddition of F,O to the alkene
Alcohols can be prepared by adding water to annalkie the presence of a strc
acid such as co. 43C, Because these reactions follow Markovnikov's rdifes

product of the reaction is often a highly substitl’ or 3 alcohol.
RCH=CH + H,SC; — RCH-CHy —— RCHOHCH

CH=CH, + H,SO; — CH-CH,HSO; —— CH,CH,OH
OH

H, 50,
- CH3JIHCI-I3CH3

CH,CH=CHCH; + H,0

R.C —CR.+ H.O 2 R.CHCR,
b
CH.
H_O |
(CH.),C =— CHCH, —2*——» CH.,CCH.CH,
= H
Z-Methwvl-Z2-butens Z-Methwl-Z-butanol

Ease of prepation is tert. :sec. > prim alcohol; ease of dehydration follc

same sequence.

4. Oxidation of organoboranes:When an alkene reacts with Ba boron hydride
in THF solution, an organoborane is obtained. Hgdration followed by oxidatio
will produce a alcohol. Since B3 has three hydrogens, above addition can ¢
three times to give trialkylborar This is oxidised to alcohol by hydrogen pero:
(H20,) in the presence of aqueous sodium hydrox The overall reaction i
addition of water acrosse double bond opposite to that of Markovnikov’'srahd

the reaction is regioselective producing the lsabstituted alcoho

UTTARAKHAND OPEN UNIVERSITY Page 9
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1. BH,

R.C =CF., — FLCHCE,
= = 2 H.,O_, HO ‘&J =
H
1. B H,, dighrme
CH.(CH,).CH = CH, - CH,(CH.)LOH
2. H, O, HO
1-Octens 1-Octanol S0%

Except ethyl alcohol no other primary alcohol candbtained by this method, howe'

hydroboration of terminal alkengive primary alcohols.

5. From Grignard reagents — Alcohol can easily be prepared by using Grigr

(RMgX) reagent as follov

(a) By reaction with aldehydes & ketonesThe reaction of Grignard reagents w
formaldehydeproduces a primary alcohol, 'h other aldehydes, secondary alcol
and with ketones, tertiary alcoholln this method alcohol is prepared with
formation of new carborarbon bonds

o] e
RMgx + r-Br-~ —— REOH

-

CH,CH_Mgl + HCHO == == 5 CH_,CH,CH_OH

All other aldehydes yield" alcoholson reaction with Grignard reagents.

OH
CH i ether
CH5CH,MgBr + C=0 ——x CHCHCHCH;
/ i H30
H
CHs; H " C|:H3
CHz—CH-C=0 + CHMgl —» CH;—CH—CH—OH
|
With ketones, Ggnard reagents giv3° alcohols CHs
CH
CH3\ i ether s
CHsCH,MgBr + C=0 ?): CHscHz—Cll—OH
cHf "Hs CHs

o
il MHE 1
- 1>—c—cr—|, + CHaMgl — D_?_OH

CH,
lcycmnprnpylelhanone 2—cyclopmé:|g£2— propanal Page 10
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(b) By reaction with esters: Produces tertiary alcohols in which two of

substituents on the hydro:- bearing carbon are derived from the Grignard rega

0 R’
2RMgX + R‘CoR" — = Faél:::H + R*OH
R
0 [llH
2CH,CH,CH,CH,MgBr + CHEBGCHECHa — s CH,CCH,CH,CH,CH,
Butylmagnezium bromide Ethyl acetate ) éH CH.CH.CH
(Exceszs) il Al A
Ter. alcohol
I
C—OCH,CHs MgBr

+
. _NHa @C—OH

(c) By reaction with epoxides Grignard reagentseact with epoxide to yield prima

alcohols containing two or more carbon ato

P,

CHEC{I7CH, +  CgHghgBr — —2 CHJI.:H——CH,C:E.H,
o OH
2-methyloxacyclopropane 1-phenyl-2-propanal
(2-methyloxirana) G0
— + o+ 1. diethyl ether
RMgX + H.C /CH2 . :D_ RCH,CH,OH
05— o
Ethylene oxide
—_+ a+ :
1. diethyl eth
CH,(CH,),.CH.MgBr + H.C CH, —— =TT, CH,(CH,),CH,OH
“ r\ .j_‘__.- = 2 H"D “ =
I"‘-I-I::l B— 2
Ethylene oxide 1-Octanol (71%})
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5. Fermentation: Ethanol is prepared on a large scale using ferrtientarocess. It
involves breaking down large molecules into simplees using enzymes. Usually,
yeast is added as a source of enzymes. Yeast t¢onber reactant glucose or

fructose into ethanol and carbon dioxide in presesfzymase enzyme.

Inwvertaze

I:12Hﬂ':::|11 + HEG I:E\-H1EOE\- + I:E\-H12GE\-

Cane =ugar Glucose Fructose

Zymase

C.H..O, 2C,H.OH + 2C0,

Ethwl alcohol

1.6 ACIDIC NATURE OF ALCOHOLS

Alcohols can act as Bronsted acids as well as $dwise due to donation of
proton and presence of unpaired electron on oxygsepectively. Alcohols are very
weak acids because the alkyl group pushes electooverds the —OH group, so that
the oxygen does not strongly attract the electroriee —OH bond. Furthermore once
a RO ion is formed, it cannot be stabilized by the dalzation of the charge. Thus
alcohols react only to a very slight extent wittkadil, but will react with very
electropositive metals under anhydrous conditiangive alkoxide with the general
formula ROM™,

Example: Reaction of ethanol with sodium
2CHCH,OH + 2Na=> 2CHCH,O Na" + H
Addition of water will regenerate the alcoholdiéa
CHsCH,ONa'+ HO > CHCH,OH + NaOH

The reaction is much slower than the reaction dewaith sodium. Alcohols tend to be
slightly less acidic (pKa = 15) compared to wafe{d = 14). The higher the pKa value
the lower is the acid strength. The reaction oblaéd¢ with sodium can be used to
deposite the excess sodium in the laboratory. Bl@whols are neutral to litmus and do

not reacts with alkali like NaOH but contain actlwedrogen atom so reacts with Na or
K metal.

UTTARAKHAND OPEN UNIVERSITY Page 12
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CKCH,OH + NaOH-> No reaction

Reactivity of alcohol towards metal: 1° > 2° > 3°alol. An electron-releasing group
(-CHgs, -C,Hs) increases electron density on oxygen tend toedeser the polarity of O-H

bond. For example, with methanol:

©®  NaOH ,
H' + CHy—ONa < cHy—0H _HSO%  cpy 8h,
Sod. i Strong Methanol Str_ong Protonated
methoxide base acid methanol

() The lower alcohols are colourless liquidshwét characteristic smell and a burning

taste. The higher members (with more than 12 caibame colourless wax like solids.

(i) Because of hydrogen bonding, alcohols tenchawe higher boiling points than
comparable hydrocarbons and ethers of similar nudecweight. Alcohols exists

associated molecules due to the association ofculgle in the liquid phase through
strong intermolecular hydrogen bond between hydrogem of one molecule and
oxygen atom of another molecule. The oxygen-hydndgend is polar because oxygen
is much more electronegative than hydrogen. Thestewnembers have low boiling
points. With the increase in molecular weight, tiwling points keep on increasing
gradually. For example, the boiling point of butytohol is 118°C whereas the boiling

point of the isomeric diethyl ether is 36°C.

(iif)  Solubility: The general rule in solubility idike dissolves like.” The hydroxyl
group generally makes the alcohol molecule polat #rerefore more likely to be
soluble in water. Hydrogen bonding also has an effect on water slitjabirhe OH
groups of an alcohol can hydrogen bond with wated, so this portion of the alcohol is
hydrophilic. On the other hand, the alkyl chairaim alcohol is similar to hydrophobic
molecules like hydrocarbon that do not mix with eatCompounds like alcohols that
have hydrophilic and hydrophobic regions are cadetbiphilic (or amphiphilic). The
water solubility of a given alcohol depends on \hieetthe hydrophilic OH or the
hydrophobic alkyl chain dominates. Alcohols with ogler carbon chains
(CH30H,CH;CH,0OH, CH,CH,CH,OH) are usually more soluble than those with longer
carbon chains because the increasing size of thpater chain disrupts the hydrogen

bonding network. Formation of hydrogen bonds witlatev will increase their
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solubility. That is why alcohols are much more $btduin water than their
corresponding alkanes, aromatic hydrocarbons, dikiiles or aryl halides. Amongst

isomeric alcohols, the solubility increases withriwhing.

(iv)The B.P. and M.P. will also increase with carbchain length. The longer the
alcohols carbon chain, the better the chance tratatcohol will be a solid at room
temperature. Alcohols show higher boiling pointartlalkane and ethers of similar mass
due to hydrogen bonding. Since there is not argsipdity of hydrogen bonding in
ether, the forces between the ether molecules amh mweaker and can be much more

easily vaporized.
CH;CH,CH,CH,CH,CH,CH,CH,OH

CH3CH,OH Insoluble in water
Soluble in water o
' N
R A
H C/ \H R
o \o—H
O_H ..... GH_H ''''

Comparison of boiling points among isomeric alcghol

g g
CH3CH,CH,CH,OH CHs—CH—CH,0OH CHrCli—OH
CHs
—butanol 2_methyl 1 propanol 2_ methyl2—  propanol
B.P. 118 B.P. 108°C B.P. 83°C
_ 74
M.Wt = 74 M.Wt =

M.Wt = 74

(v) The viscosity of small alcohols is much highigan the viscosity of alkanes.

(vi) Generally alcohols are lighter than water, i.esslédense than water. Density of

alcohols increases with molecular mass.
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1.7 CHEMICAL REACTIONS OF ALCOHOLS

Alcohols acts both as nucleophiles as well astlphiles. The bond between O-
H is broken when alcohols react as nucleophilestaadond between C-O is broken
when they react as electrophiles. The chemicalgstigs of any given aliphatic alcohol
depend on the nature of the alkyl group and onptioperties of the hydroxyl group.
Based on the cleavage of O-H and C-OH bonds, thetioms of alcohols may be

divided into two groups:
(A) Reactions involving cleavage of O-H bond

1. Acylation of alcohol: When alcohol reacts with acylhalide and anhydride

substitution of hydrogen atom by acyl group is knaxg acylation of alcohols.

ROH + CH3COCl —> ROCOCH; + HCI

ROH + (CH3CO)RO — ROCOCH; + CH,COOH

(B) Reaction involving fission of R—OH bond (cleavage of C—O baih): The

reactions involving R — OH bond with cleavage of O bond are as follow

1. Dehydration: (a) Intramolecular dehydration (forming alkene): Alcohols
undergo dehydration to form unsaturated hydrocarmortreating with a protic acid
e.g., con. HSO0r HsPQy, or catalysts such as anhydrous Zo€IAIOs. In this
reaction the OH and an H groups removes from aacad} carbons. Since water is
removed from the alcohol, this reaction is knownaadehydration reaction (or an
elimination reactiof. Secondary and tertiary alcohols are dehydrateder much
milder conditions. The conditions for dehydratingcohols depend closely on the

structure of individual alcohols.

For primary alcohols, the conditions required avacac sulphuric acid and temperature
of 170°C.
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H+

ROH — > R8H, — » R* —> alkene

H*

iy +

CHs CHs
+

CH,OH CHOH;

H
I Ry
In smaller ring always ring expansion takes plage tb molecular strain and they tend

to convert to high stability with large ring.

CH, C _CH,
CH, L} QCH -
CH CHZ

Cmajory {min or}k

Secondary alcohols dehydrate under milder condittban primary alcohols.

H3POy N
7> + Hzo
160 — 170 C

Tertiary alcohols dehydrate under even milder cios.

OH

CH
3 2009, H,SO, I
H,C—C—OH > H,C ?—CHZ

|
CH CH
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The main function of the acid is to transform tle®pleaving grou—OH into the ‘ery
good leaving group —OK The order of the relative ease of dehydration coblabls is:
F¥>2P>1°

Tertiary carbocations are most stable and theredogeeasier to form than second

and primary carbocations; tertiary alcohols areethgiest to deydrate.

The order of stability of the carbocations

ok [ I )
CHrlc@ > CH3—|C® > CHrC|2® > H—lC@
CHs H H H

Dehydration of secondary and tertiary alcohols aimitig more than three carb
atoms will give a mixture of alkenes, the major quct can be determined frc

Satzeff's Rule:

Satzeff's Rule— Whenan alkene is produced in an elimination reactitwe, majot
product is the one with the more highly substitudedble bond i.e., the major prod
is that contains the higher number of alkyl groafiached to the C=C bond. ¢

H H H k H H
Lt ) |, N
=D=D=0%, — = H=C=C=0—| = H=CqC —=  €=C
| ] A H Wy
HH H B H H H
H +HO +H

Rearrangement of thadkyl

groups of alcohols is very common in dehydratianrtipularly in the presence of stro
acids, which are conducive to carbocation formatibypical examples showing bo
methyl and hydrogen migration follo

Mechanism:
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{I:H-"- CHH H-zoz

HT —H.O -
.
CcH, ©OH CH
socondary carbocation
CH; CH, CH CH. CH
I i _ HE:' .\‘ * _."" i .,-l" a
CH;—E C—CH; /—/7—— -‘_,-C:c + CH;=—C
- 1!| CH, CH, CHICH .
teniany major minoe
carbocalbion product prrocdsad

(b)
Intermolecular dehydration (forming ether):

When the dehydration is carried out at a tempegadfil4CC with an excess of alcoh
ether will be formed. This reacti removes a molecule of water from two alco
molecules, causing the two “R” groups to becomacattd to n oxygen atom, formin

an ethefunctional group:

ConH,S0Oy
ZCH3CH20H — > CH3CH,—O—CH,CH;3 + H,O
2. Halogenation: Alcohols can be converted to alkyl halides using @f three

reactions:

(a) Reaction with hydrogen halides:Respective alkyl halides are formed by reac
with the appropriate hydron halide, HCI for chlorination, HBr for brominatipand
HI for iodination. The reaction involves the iaitprotonation of the hydroxyl group

the alcohol. This improves the leaving group apitit the hydroxyl group

HCI

——> R—Cl + H,0
HBr

R—OH ——> R—Br + H,0
HI

R—I + H,O
Mechanism:

Stepl: Protorton of the alcohol: The alcohol acts as a weak base and accep

proton donated by the hydrogen hali
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ORGANIC CHEMISTRY-II BCHCH-202

ROH * H ———* R—O—H

Step 2: Removal of a water molecule and formatibhatide through §& mechanism/
Syl mechanism as:

(i) For primary and secondary alcohols, it is\@ 8action.

X~ RCH; ?—H R-CH,-X

H

(ii) For tertiary alcohols, it is ax& reaction.

i
RC7(O::H > c
3 | R/ \R
H
R
R |
xf/—\ é+ ' > C—
PN X/\ R
R R R

(i) Rate of the reaction for’12° and 3 alcohols:
The order of rates of reaction:
F alcohol > 2 alcohol > f alcohol

The rate can be shown by the turbidity in the agselayer since the chloroalkane

formed is immiscible with water.

(b) Reaction with thionyl chloride, SOCL: Alcohols will react with thionyl chloride
to produce alkyl halides. The reaction involvesualeophilic attack of the alcohol on a
SOCL molecule displacing one of the chlorides. Thea thloride will act as the

nucleophile in a second step and displace the axfroen the carbinol carbon.

R—OH + SOCh —» R—Cl + SO, + HCl
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(c) Reaction with phosphorus halides

Alcohols will react with phosphorus tribromide ohgsphorus pentabromide to form
alkyl bromides.

3ROH + PB; —————» 3RBr + HaPO;

ROH +  pl; ————— 3Rl + HgPO;

The mechanism is very similar to the thionyl chderireaction. The alcohol acts as the

nucleophile and displaces a halide ion from thg &Xhe PX.

R-OH + PCl, —= R-Cl + HCI + POCI,
3. Esterification: Alcohol reacts with carboxylic acids, acid chlosdand acid

anhydrides to form esters. The reaction with cayboxacid and acid anhydride is
reversible, and therefore, water is removed as ssoih is formed. Esterification takes

place much faster in the presence of a catalys$t asconc. E50;.

Example :
Con.HSO, Q
CH3;CH,COOH + CH3CH,OH —ﬂ> CH3CH,—C—OCH,CH3 + H>,O
Reflux

Alcohols can also react with acid chlorides andd aanhydrides to form esters. The

introduction of acetyl (CBCO) group in alcohols or phenols is known as aaétyh.

Example:

o) 0

/) 7

cHoH—c.  * CHCHOH =————= CHCH;—C +  HCl
cl OCH,CH,
i
0

CHyCH—C Con.H,SOy

I
O+ CHgCHOH ———> CHiCHy—C—OCH,CHz + CH3CH,COOH
CchHz—ﬁ

UTTARAKHAND OPEN UNIVERSITY Page 20



ORGANIC CHEMISTRY-II BCHCH-202

3. Oxidation: Alcohols can be oxidized by various oxidizing agetd aldehyde,

ketones or carboxylic acids. Oxidatiam the gain of oxygens and /or the loss of

H
O
? [O] I
— C—
||_| oxidising agent

hydrogens.

\

(@) 2 alcohol oxidizes readily, first to an aldehydeerthto a carboxylic acid. These
two oxidation steps make sense because the priai@oyol functional group has two
C-H bonds that can be broken. Primary or secondiécghols can be oxidized to
produce compounds containing the carbonyl grougaidon-oxygen double bond,
C=0). Strong oxidizing agents such as hot alkakhdnO, or CrQ; in H,SO, will

oxidize primary alcohols right past the aldehydehe salt of the carboxylic acid in
which the acid may be precipitated by acidificatidie alcohol, aldehyde and acid

retain the same number of carbon atoms.

O
[C] I
RCHon > R—C—H + Hzo
oxidising agent
O
[O] I
CchHon >CH3—C—H + Hzo

oxidising agent

[O] I
CH,0OH > C—H
oxidising agent

b. 2 alcohol has only one C-H bond that can be brokerit can only oxidize once, to

a ketone, which cannot be oxidized any further:
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R
S \
R—C—OH ——— c—o
R’ R
2 alcohol Ketone
OH o)
[O] I [O]

| I
CHy—CH—CH; — — » CH;—C—CH; — > CHy—C—OH + H,0

OH O
J =7
— > + HO

c. @ alcohol has no C-H bonds that can be broken, isoniot oxidized, no matter how
strong the oxidizing agent because it would invalve breakage of the high energy

C—C bonds in the alcohol molecule.

CHj3

I @) I
CH3—C|:—OH L» No oxidation product

CHjs

In acidic solutions, B alcohols can he oxidized to give a mixture of ket@nd acid,

both with fewer carbon atoms than the alcohol.

CHj
| o) I

CHy—C—OH _for CHz—C—CH; + CH,COOH
CH,CHs

Characterization of the oxidation products of allehis a means of distinguishing

between primary, secondary and tertiary alcohols.
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1.8 DIHYDRIC ALCOHOLS

These compounds contain two hydroxyl ( —OH) groups in a molecule. Hrese
dihydroxy components of alkanes. Their general formulanis,¢0,. The simplest
and most important dihydric alcohol is ethylene glycol. They assidled as, f,y.....
glycols, according to the relative position of two hydroxyl groupss 1, 2 glycol,p is

1, 3 glycol.
CH,~OH
CH,—OH |
CHZ_OH T
z CH,—OH

Nomenclature: For naming polyhydric alcohols, the name of the alkane isnextaand
the ending -e is not dropped but add a di- or tri- prefix to the —6ksWhus dihydric

alcohols are named as alkane diols and trihydric alcohols aredrematkene triols.

OH
o OH OH
CHz—OH CH3—C|2H—CH2—C|:H—CH3
OH
eth-1,2- diol trans- 1.2- cyclobutanediol 2,4 - pentadienol

3:3-diethyl- 1.6 - heptanediol

1.9 METHODS OF PREPARATION

Dihydric alcohols are prepared by following different methods:

From ethylene (a) through icy dilute alkaline solution of Bayer's reagent.
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) gi |
() dil.KMnOs —c—o—
| (i) B OH OH
=0 syn hydroxilation
| OH
RCOOH oHm L L
|
o OH
anti hydroxilation
(b) With G, in presence of Ag
CH 1
T 2, > 0, catalyst > H,0O CH,—OH
CHa Ag 200_400"c dilHCl  CH,—OH
o
(c) With HOCI followed by hydrolysis:
CH, CH,—OH CH-—OH
Il + HOCI —» | NaHCQO;, —
CHy CH—Cl  —  ~ &pon * Nacl+ O,
From 1, 2 dibromo ethane
CH—Br CH,—OH
| + NaC + Z

CH,—B
7751, 2 cpcook _CHECOOH  ccoocH NaoH CH—OH

2
> + 2CH,COONa
CH—Br KB CH,COOCH; CH,—OH

1.10PHYSICAL PROPERTIES OF DIHYDRIC ALCOHOL

Dihydric alcohol viz; glycerol exhibits the following physical proes:
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(i) It is a colourless, syrupy liquid and sweet in taste bditing point is 197C. melting

point -11.8¢

(i) It is miscible in water and ethanol in all proportions inisoluble in ether.

(iii) 1t is toxic as methanol when taken orally.

(iv) It is widely used as a solvent and as an antifrageat.

1.11 CHEMICAL REACTIONS OF VICINAL GLYCOLS

Glycerol molecule is made up of twd alcohol groups joined together its chemical

reactions are, therefore those Bfadcohols twice over Viz;

1. Action of Sodium: It reacts with Na at 56 to form to form mono and dialkoxide at

elevated temperature.

CHZ—()H 500C CHZ_ONa+ 1
| + Na —=» ] R
CH,—OH CH,—OH 7Ha
CH-ONa" 1600 N&*

+ Na C Cl:Hz—O a . H
CH;—OH CH,—ONa" z72

1

2. Reaction with HC: Ethylene dichloride is formed in two suceessieps at elevated

temperature
0
Tz OH  he ¢ CHCl
CH;—OH CH;—OH
| + HCI ——» H.0O
CH,—OH CH—Cl  * M2

3. Action with phosphorus halides : ethylene dihalidesformed as follow:

CH,—OH
3 | + PBI‘3 3 CHZ— Br
CHy—OH CH—Br

+ 2 HgPOy
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Pl; produce ethylene diodide which is unstable and split patarid ethylene

CH—OH CHx—| CH,
Plz — | sl v 1y

|
CH,—OH CHy—1 CH,

4. Reaction with carboxylic acid: Gives diester depending upon the arobghycol

and acid taken:

CH—OH
7 + CHiCOOH ___, §HzOCOCH HO

glycol monoacetate

CH,-0OCOC
[z s, CH,coOH H250:s  cH,OocOoCH
CH,—OH _ — |
in excess CH,—OCOCH;
glycol diacetate
With dibasic acid it form polymer:

o) o)
CH;—OH I I
HOOC COOH| + n] —> HO{-C C—OCH,CH,01-H
n CHz—OH —NH;0

n
trephthalic acid terylene

5. Reaction with aldehyde and ketones: Glycol reacts with aldehydeketones in
presence of p- toluene sulphonic acid to give cyclic ack¢ddds which further may
give ketone/aldehyde while treating with HIQ his reaction thus can be useful to

protect carbonyl group.

R
CH,—OH / (6]
2 + O0=C —_— AN /R H.0
CH,—OH “ AN * 2
(o) H
CH,—OH /R (6] R
2 + O:C\ —_— \C/ . H,0
CH,—OH
2 R O/ \R
o R R
s/
>C: M» 2CHCO + o:c\
(6] R R
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6. (i) The oxidation of ethylene glycol with HNQo yields anumber of substance as
follow:

C|:HO
CHO
/ glyoxal
CHz—OH CHO CHO COOH
| —_—

Loy — |
CH;—OH CH—OH CcooH COOH
glycol glucollic

/ glyoxylic acid oxalic acid
aldehyde\‘ COOH

CH,—OH
glycollic acid
(ii) Oxidation with KMnQ, or K;Cr,0O; to form formic acid:

O
CH;—OH Il
| KMnOy4 2 H—C—OH
CH,—OH or K,Cr,0Oy
glycol

(iif) Oxidation with Pb (OCOCH), or HIO, glycol gives formaldehyde.

H

CHr—OH Pb(OCOCH), Q

CH,—OH > 2H—C—

z or HIO, H=C—H
glycol
7. Dehydration: (i) Heating wih Zngplycol gives acetaldehyde

CH,—OH

= ZnCl,
CH,—OH » CH3CHO + H,0
glycol

(i) When heated alone at 5t it gives ethylene oxide.

CH,—OH o

I heat

CH,—OH > f \, * H0
glycol

(iii) Dioxane is obtained when glycol is heated with congSEi.
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HO— CHy,—CHy-OH
2 H,SO, GHr—CH,
+ _— O\ /O + ZHZO
HO— CH,—CHy-OH CHy— CHy

Uses of ethylene glycol:-

1.

It is used as antifreeze substance which prevdmsfreezing of water in car

radiators in cold countries.

Due it has a high viscosity, so it is used in thdrblic break , printing ink ball, pen

inks, organic solvents .

Used in the manufacture of Dacron, dioxane etc.
As a solvent and as a preservatives.

As a cooling agent in aeroplanes.

As an explosives in the form of dinitrate.

Large amounts of ethylene glycol are converteddigmers ( such as polyethylene
glycol ) used in The manufacture of dacron fib@tsotographic films and cassette

tapes.

1.12 TRIHYDRIC ALCOHOL

It is a triol. The introduction of third —OH group diol molecule raises the b.p. about

100°C, increase viscosity and make the alcohol moreeswéz; glycerol

CH,OH

CHOH

CH,OH

It is desigbated as prop-1, 2, 3-triol in IUPAC remulature. It may be considered as

derivative of propane, obtained by replacemenhodd hydrogen atoms from different
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carbon atoms by three hydroxyl group. In industrg,known as glycerine. It occurs as

glycosides in almost all animal and vegetable aild fats.

1.13 METHODS OF PREPARATION

Glycerol can be synthesized by following differemtthods:

1. From fats and oil: On hydrolysis of fats and oils, glycerol and higlfegtty acids
are formed.

C|:HOOCR * 3H0 _—__» CHOH + 3RCOOH
CH,OOCR C|:H20H

2. By fermentation of sugars: Alcoholic fermentation of sugar in the presence of

sodium sulphite gives good yield of glycerol.

CH,OH
CeH1206 L&t» |CHOH
6 CHsCHO
N&,SO, | R * CO
CH,OH

3. Synthesis (from propene)Today much of glycerol is obtained from propene.

CHs CH,CI CH,OH CH,OH CH;—OH
| 2 dil NaOH | HOCI dil NaOH |

ﬁH 000 ﬁH — > CH » CHCI _— "7 o (I:H_OH
CH, CH, CH, CH,OH CH,OH

Physical properties: Glycerol is a colourless, odourless, viscous andrdgcopic
liquid, sweet in taste and non-oxic in nature.
It is soluble in water and ethyl alcohol but inddks in ether.
It has high boiling point, i.e., 290°C. The highsaosity and high boiling point of
glycerol are due to association through hydrogerdbw purified in the lab by reduced

pressure distillation or vacuum distillation.

1.14 CHEMICAL REACTIONS

Glycerol molecule contains twd + OH groups and oné 2 OH group. Thus, it shows

characteristics of both primary and secondary atsoh
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Primary alcoholic group——» CH,OH
I
Secondary alcoholic group——» CHOH

Primary alcoholic group—— CH,OH

In general, 1— OH groups are more reactive thds-20H group.

1. Reaction with sodium: Only primary alcoholic grougre attacked one by one and
secondary alcoholic group is not attacked, Sodiarm$ monosodium glycerolate

at room temperature and disodium glycerolate didrigemperature.

CH,OH \ CH,ONa ClinONa
a
CHOH ———» CHOH —N& _ CHOH
Room tem. | High tem.
CHon CHon CHZONa

2. Reaction with PGt All three OH groups are replaced by Cl atoms.

CH,OH CH,—CI
Cl:HZOH + PCE ——> CH—CI + 3POCk + 3HCI
CH,OH CH—CI

3. Reaction with HCI or HBr: When HCI is passed intgcgrol at 110°C, bothg or 8
glycerol monochlorohydrins are formed. If the H@lsgs passed for sufficient time,

glycerola, o’ dichlorohydrin and glycerol,p- dichlorohydrin are formed.

C|2H2—OH 1100 Clin—CI CH,—OH
CH—OH + HC| ——» CH—-OH + CH—CI

CH,-OH CHz-OH CH,-OH
CH;—CI CH,—CI

CH—OH + CH—CI Excess of HCI

CHy-CI CH,~OH = 1100C

Same reactions occur with HBr.

4. Reaction with HI: Glycerol reacts with HI in two wv&

(a) When glycerol is warmed with a small amounhydrogen iodide, allyl iodide is

UTTARAKHAND OPEN UNIVERSITY Page 30




ORGANIC CHEMISTRY-II BCHCH-202

formed. First tri iodide is formed but due to lagjee of iodine atomylcomes out
from product.

CHZOH CH2| ﬁHZ
CHOH + 34 — C|3H| —> (|3H + I
CH,OH CHal CHal

(b) When glycerol is heated with a large amouritlp the allyl iodide first formed is

reduced to propene, which in presence of excebs fafrms iso-propyl iodide.

CH

e CHg CHa Cha
Hovm —— oy — = 1+ H —— cH
ol Ca 0 Ch EHy

5. Reaction with HN@ When one part of glycerol in a thin stream isextitb three
times conc. HN@ and five parts of concentrated sulphuric acidrorglycerine
(glyceryl trinitrate) is formed.

CH,OH CHz~ONO,
CHOH -+ HNO; Con. S0, CH-ONO, =+ apcl
CH,OH CH,—ONO,

Glyceryl trinitrate is a yellow oily liquid. It igpoisonous and causes headache. It
explodes violently when heated rapidly or subjet¢tesudden shock. It becomes a safer
explosive when absorbed on kieselguhr. In this formis known asdynamite.

Dynamite was discovered by Alfred Nobel in 1867.

6. Reaction with acetic acid, acetic anhydride or doehloride: Mono-, di- and tri-

esters are formed.

(|3H20H ClinOCOCHg CH.COOH CH,OCOCH;
CHOH CH,COOH > CHOH 3 > CHOH
I or CH;COCI | or CH;COCI |
CH,OH CH,OH CH,OCOCH;
clezococrg
CHOCOCH
CH,OCOCH
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7. Reaction with oxalic acid: Different products are formed under different

conditions.

(a) At 100°C and with excess of oxalic acid, formic acid ieied

o)
[l
CH,OH 100 1160 CH,0—C CHO00CH
(leOH + HOOGC— COOHT» CHOH C—OH T02> Cl:HOH
~H, -
CH,OH CHZOHE') CH,0COCH,
CH,OH H,0
HcooH + (HOH <
CH,OH
(b) At 260°C allyl alcohol is formed
FHOH CH,00C CH,
CHOH + HOOC—COOH — »  Lugoc I8
EH,0H —2H20 | -7Co, gh
2 CHOH CH,OH

8. Dehydration: Glycerol when heated alone or with dehydrating &gesuch as
potassium hydrogen sulphate or phosphorus pentde axi conc. sulphuric acid,
acrolein or acrylaldehyde is formed which has arattaristic bad smell. This

reaction can be used as a test of glycerol.

CllHZOH CH,
|CHOH KHSO4 or . g:H . 2H20

9. Oxidation: Glycerol gives different oxidation prads depending on the nature of
oxidizing agent. The following products may be dah¢éal during oxidation of

glycerol.
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CH,OH o] GHOH 5  GOOH
CHOH—> CHOH —— CHOH
CHO COOH COOH
C|3H20H 0] glyceraldehyde glyceric acid tartonic acid
CHOH  ——
CH,OH CH,0H FOOH
glycerol CO ﬂ, C|20 [O]
|
CH,OH COOH

dihydroxyacetone mesoxalic acid

(a) Dilute HNO; gives mainly glyceric acid.
(b) Conc. HNQ oxidises glycerol into glyceric acid and tartroamd.
(c) Bismuth nitrate gives mainly meso oxalic acid.

(d) Fenton’s reagent (D, + FeSQ) or NaOBr or Bs- water in presence of NaG;
oxidises glycerol into a mixture of glyceraldehyded dihydroxy acetone (or

glycerose).

10.Formation of resin: Glycerol reacts with phthaliohgdride forming polyesters
known as glyptals. Each of the three —OH groupglynerol forms an ester linkage
with the anhydride, giving a thermosetting polyn{ptastic) used for making

synthetic fibers.

(0]
I
C
n o+ HO—CHz—CH—CH;—OH
/
ﬁ glycerolOH
O
phthalic anhydride l
O O
! : i
~ \O—CHZ—CliH—CHz—O—C
9
c=o0 0=C
e T
§=°
(0]

lyptal
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Uses: Glycerol is used: Glycerol is used as a sweetermiggnt in confectionery,
beverages and medicines being non-toxic in natltras used as antifreeze in
automobile radiators, in the preparation of goodlityi of soap, hand lotions, shaving

creams, tooth pastes and cosmetics and as a Inbincaatches and preservative.

1.15 SUMMARY

In this unit we have learnt that: Alcohols are pands in which a hydrogen of alkane
has been replaced by an —OH group and are claksaée monohydric, dihydric,
trinydric or polyhydric on the basis of —OH groupegent. The monohydric alcohols
can be classified into®12° and 3 alcohols. In IUPAC name alcohols are designated as
alkannol by replacing ‘e’ with —ol from the corresmling alkane. This unit also
describes the methods of preparation of alcoholsusing different methods like;
hydrolysis of halogenoalkanes,hydration of alkeeeuction of aldehydes and ketones
using Grignard reagents(RMgX), LiAlHNaBH,, by fermentation of carbohydrates etc.
The amphoteric nature of alcohols has also beecried in this unit. As an acid, it
ionizes to form an alkoxide ion (Rand hydrogen ion, H + in the presence of a base,
while in  presence of an acid, the alcohol maycfiom as a base and can accept a
proton. This unit makes the readers aware abaihads of preparation, physical
properties and chemical reactions along with appibois of dihydric alcohol glycol and

trinydric alcohol glycerol.

1.16 TERMINAL QUESTION

Q. 1. Explain why Alcohols are acidic in nature.
Q. 2. Write the mechanism of dehydration of etiigbhol with conc. EEO,,

Q. 3.Why boiling point of alcohols is higher thamat of alkanes of corresponding

molecular weight.

Q. 4. Explain why polarity of primary alcohol isaximum?Q.5.Write the major
product(s) of the following reaction.

CHj
SOCl,
HO vy CH,CH, pyridine
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Q/CHZOH PBr,

CH,OH
CrO5
H,SO,
OH PBr
/\‘/ — 3 -

Q.6. Write short note on:-
1. Satuzaff's rule
2. Glyptal
3. Amphoteric nature of alcohols
4. Synthesis of glycerol
5. Applicatoions of glycol and glycerol
6. Classification of monohydric alcohols
7. Oxidation of glycol and glycerol
Q.8. Tick the appropriate option (MCQs)
1. Ethanol containing some methanol is called
A. Absolute sprit B. Rectified sprit
C. Power alcohol D. Methylated sprit
2. Glycerol is a:
A. Primary alcohol B. Monohydric alcohol
C. Secondary alcohol D. Trihydric alcohol
3. Which of the following can work as a dehydrataggnt for alcohols?

A.H,SO, B.Al;03
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C.HsPO, D. All.

4. Primary and secondary alcohols on action ohiaccopper give

A. Aldehydes and ketons respectively B.Ketonesaddhydes respectively
C. Only aldehydes D.Only ketones

5. Which one has highest boiling point?

A. Butan-2-ol B.Ethane

C.Butane D.Pentane

6. Which of the following has maximum hydrogen biog@

A. Ethyl amine B.Ammonia

C. Ethyl alcohol D.Diethyl ether

7. What is the product of the following reaction?

O
H,, Pt
A.Cyclohexanol B.Myleexane
C. Cyclohexene D2-cyclohexanediol

8. What is the product of the following reaction?

/([DW (i) LiAIH 4
= (ii) H,0
H o)
OH

C. W D.~ >~
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9. What is the product in following reaction?.

O
NaB
/\/\)J\H 2 H4 > 7
CHsCH,OH
O

C. "> "0H D. NN

10. What is the IUPAC name of the compound below?

o~k

OH
A. 5,5 — dimethyl-2-hexanol B. 5,5-dimethyl-f#&ntanol
C.2,2- dimethyl-5-hexanol D. 2,2-dimethyl-5-psmbl

11. What is IUPAc name of the following compound ?

OH

A. 3-isobutyl-2-hexanol B. 2-methyl-5-propyl-@tanol
C. 2-methyl-5-(1-hydroxyethyl)octane D. 6-methyp®pyl-2-heptanol
12. What is the IUPAC name of the following compd®@n

CH3

[
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A. cis-3-methylcyclohexanol Bcis-5-methylcyclohexanol
C. trans-3-methylcyclohexanol D. trans5-methylcyclohexanol

13. Identify the tertiary alcohol.

OH
OH

OH

o M\
D.
C. M
OH

14. What is the hybridization of the oxygen atonalicohols?

A. sp B. sp

C.sp D. sl

15. The compound found in Whisky, Brandy & Bear:
A. CH;OH B. CHCH,OH

C. CHCH,CH,OH D. CHCH,CH,CH,OH

16. Which of these five-carbon alcohols would yogpert to be most water soluble?

A. \/\/\OH B. —C|:—/

C. /\(\OH D. )\rOH

17. Which is the major product of the following céan?
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i

I
A. Q—C—OH Q—CHZOH
0

18. Which is the major product of the following céan?

\J

H;0"
—CH3 + CHgMgBr —Ethey, = .

CHZ—CH CHs

O O
CHs

19. Arrange the compounds in order of increasirighbslity in water (least first).

OH
Il | (@]
CH3CH2CH,CH  CH3CH,CH,CH,  CH3CH,CHLRCHL,CHs  CHaCH,”  CH,CHg
' I n v
AL LIV I B. 11,1V, 1l
C. v, L D. IL LIV, 1

20. Dynamide is:
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A. Nitroderivative of glycerol

C. Acetyl derivative of glycerol

BCHCH-202

B. Nitro derivative of glycol

D. Acetyl derivative glycol

1.17 ANSWERS(MCQs):

2.D 2.D 3.D 4.A 5.A 6.C 7.C 8.C
9.C 10.A 11.D 12.C 13.D 14.C B15. | 16.B
17.B 18.A 19B 20.B
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UNIT -2 PHENOLS

CONTENTS:
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2.4 Methods of preparation of phenols
2.5 Commercial preparation of phenols
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2.7 Acidic character of phenols

2.8 Chenical reactions of phenols
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2.10 Summary

2.11 Terminal questions

2.12 Answers (MCQs)
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OBJECTIVES

The objectives of this unit are to study the structure and bgrafi phenol. To

study physical and chemical properties of phenols, their aciditacters. Besides these

objectives this unit will make aware the students about gemethlods of preparation of

phenols, comparative acidic characters with alcohols, variousichle reactions,

characteristic electrophilic substitution reactions and sonmeen@actions involving

phenols.
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2.2 INTRODUCTION

Phenols are compounds in which the -OH group is directly attachexh t
aromatic carbon like benzene ring. Although they share the samstional group with
alcohols, where the —OH group is attached to an aliphatic carenchiemistry of
phenols is very different from that of alcohols. The simplest pheniaydroxybenzene
also called phenol with formulagBsOH. Simple phenol is an antiseptic. A phenolic
compound hexachlorophene is a constituent of several mouthwashes, desdags

and medicinal skin cleansers.

Cl Cl
OH cic
Cl Cl
Phenol OH OH

(hydroxy benzene) hexachlorophene

The —OH group consists of &atom bonded to a $fybridised aromati€ atom and
aH atom viac bonds as follow. Both thé-O and theO-H bonds are polar due to the
high electronegativity of th® atom. Conjugation exists between an unshared electron

pair on the oxygen and the aromatic ring.
This results in, compared to simple alcohols: - A shortdrareoxygen bond distance,

a more basic hydroxyl oxygen, a more acidic hydroxyl proton (-OH)

sp? g
hybridized carbon\"

with one vacant p orbita

vacant p orbitals l
CeHsOH

Structure of phenol
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The electronic structure of phenol can be represented as resdmgmag of the

following canonical forms.

H + _H + _H H
0~ 0~
(-%?/
<—>‘ 34—»‘(5_ = @9
. =
I vV

It must be noted that the aromatic compounds in which -OH groumtigirectly

attached to benzene ring are not phenols but are called aromatiolal These may be

regarded as aryl derivatives of aliphatic alcohols.

CH,
OH
Benzyl alcohol 2-Phenylethanol 2-Phenylpropanol

2.3 NOMENCLATURES

Functional group suffix =common - phenol, systematic - benzenol
Functional group prefix faydroxy

The hydroxyl derivatives of toluene have been given the name ORESf a phenolic

moiety is included in a molecule which is named by IUPAC systee —OH group is
specified as a substituent according to the order of precedencsuch a case a
substituent (COOH or —CHO) is assigned number-1. The systeamaticommon names

of some phenols have been illustred as follow.

MOHOHYDRIC PHENOLS:

OH QH OH OH
CH3

CHj
phenol 2-methylphenol 3- methylphenol 4-methylphenol
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OH
OH
cl OH
CHO
CHO

2-chlorophenol

2-chloro-1- hydroxy benzene ?-hydroxybenzaldehyde
ortho hydroxybenzaldehyde meta hydroxybenzaldehyde

3-hydroxybenzaldehyde

DIHYDRIC PHENOLS:

OH OH OH
©/OH i
OH
OH

1,2- dihydroxybenzene 1,.3- dihydroxybenzene 1.4-dihydroxybenzene
catechol resorcinol hydroquinone

TRIHYDRIC PHENOLS:

OH OH OH
i :OH OH
OH HO OH
OH
1, 2» 3- trihydroxybenzenet 2, 4- trinydroxybenzene 1. 3, 5- trihydroxybenzene

pyrogallol hydroxyquinone phloroglucinol

The prfix ortho, meta and para are also used in place of 2, 3 ahitedraming

monohydrin substituted phenols or cresols

OH OH OH
@NHZ f
NH;
NH,

ortho amino meta amino
phenol phenol para amino
phenol
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OH
OH OH
CHs
CHs
ortho cresol CHs
meta cresol para cresol

2.4 METHODS OF PREPARATION OF PHENOLS

Thre are many methods which are used to preparoftheiz;

1. From aryl sulphonic acids: An aryl sulphonic acid yields the corresponding
phenol on heating it with molten sodium hydroxide at 570 - 6200 K. The

sodium salt is obtained which is hydrolysed with acid to obtain free phenol.

S03H s0zNa ONa OH
H*
+ MNaOH ——» —_— I

2. From haloarenes:Chlorobenzene (an haloarene) is hydrolysed by itigat
with 10% NaOH at 623K and 320 atmospheric pressure in presence of Cu

catalyst. Phenol is obtained by acidification odision phenoxide

Cl
ONa OH
+ NaOH _Cucatalyst HCI
623K — >

320atm.

3. Hydrolysis of diazonium salts:A diazonium salt is formed by treating an aromatic
primary amine with nitrous acid (obtained from axtare of NaNQ and HCI) at low
temperature of 273K to 278 K. Diazonium salts are hydrolysed to phenols ingat

with dilute acids.
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NH> ﬁzﬁu OH
NaNO,/HCI H,0
0 to _5OC’ e + N, + HCI

4. Decarboxylation of phenolic acidsPhenolic acids upon distillation with sodalime

are decarboxylated to form sodium phenoxide, whigbn hydrolysis gives phenols.

OH
@ NaOH(Ca0) — ona
+ a a —>
o _HO_
COONa O + NaCl

Sod. salicylate sodalime

5. Oxidation of Grignard reagent followed by hydrolysis: Aromatic Grignard reagent
on treating with @ in presence of light followed by hydrolysis in pesce of mineral

acid gives phenol.

MgBr
MQBV O—O—MgBr O/ OMgBr
2H,0
MgOHBr ~+

2.5 COMERCIAL PREPARATION OF PHENOLS

Phenols are important class of compounds used cocratig for many purposes ance
need commercial synthesis in pilot scale. Still s@mount of phenols are obtained from

coal-tar, however about 90% are produced synthiticeindustries.

1. From coal-tar: generally heavy and middle oitaining phenols and naphthalene in
crude oil are subjected to extra cooling as ardglelinaphthalene crystals are separated
and are removed by filtration. The remaining frawctiis treated with NaOH, which
dissolve the phenols by making phenoxids. Altimatedrbon dioxide gas is blown
through the solution in order to liberate phendlse water layer containing NaQs is
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drawn off, leaving crude phenol behind, which iactioned to recover the individual
phenols as follow

OH ONa
+  NaOH —» + H0

phenols
ON OH
2@ % +hco, + HO —> 2@ + NayCO;3
phenols
OH
1800C
—>
OH
OH OH
CHs
CRUDE Fractional| 190- 2039(:
PHENOLS distillation - CHs cH
3
o cresol m cresol o cresol
OH
CHy HO CHa
211- 22580~ \@
CHs CH
xylols 3

2. From cumene: Commercially phenol can be syrgkdsrom cumene, which in turn is

prepared from petrolium using Friedal Craft reacts follow.

H3C. _CHs

CH
Anhyd. AICl3
+ CHg—CH: CH2 >

cumene

UTTARAKHAND OPEN UNIVERSITY Page 47



ORGANIC CHEMISTRY-II BCHCH-202

The cumene obtained from petroium as above is saitlat 138 in presence of metal
catalyst, which gives phenol as the ultimate prodwe envolving the intermediate

compounds in sequence as follow.

CHs CHs
HsC—CH HaC—C—O—OH
+ CHZ—C—CH:;
130C cat.
cumene hydroperoxide phenol acetone

2.6 PHYSICAL PROPERTIES OF PHENOLS

Phenol has higher boiling point than the areneshaparenes or ethers of same
molecular weight. It is due to the formation ofemholecular hydrogen bond.Pure
phenol is a white crystalline solid, smelling ofidifectant. It has to be handled with
great care because it causes immediate white foigteo the skin. The crystals are often
rather wet and discolored. Phenols are sparindlybsm in water but readily soluble in

organic solvents such as alcohol and ether. Thienggdoints of phenols increase with
increase in the number of carbon atoms (increaseander Waals forces). The -OH
group in alcohols and phenols is involved in intelesular hydrogen bonding which is

responsible for the high boiling point that is lackin ethers and hydro carbons.

SO0O0C

2.7 ACIDIC CHARACTER OF PHENOLS

Unlike alcohols (which also contain an -OH groupgpol is a strong acid. Phenols turn
blue litmus red and react with metals liberatingtmgen. Phenols behave as acids
because of the presence of more polar O-H groufnem. They ionise in aqueous
solutions and give Hions to a base. However they do not react witthaaates or

bicarbonates.
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The greater acidity of phenols can be attributedh® resonance stablisation of the
phenoxide ion formed after losing hydrogen ion. Tdedocalisation of the negative
charge over the benzene ring stabilises the phdaoiin. No such stabilisation is
possible, in case of alkoxide ions. Phenol is & vegak acid than carboxylic acid and

the position of equilibrium lies well to the left.

-OH 00

+ Hzo

+ H3(§-B

phenol phenoxide ion

Phenols as well as phenoxide ion both are resonstabdised. The negative charge on
the oxygen atom is delocalised around the ring. B&ezene ring helps to stabilise a
negative charge on the phenoxide iogh1§€D~, and this makes phenol appreciably acidic
(unlike ethanol, which is neutral, a solution oepbl in water has a pH of about 5). The
more stable the ion is, the more likely it is tanfio Phenol reacts with aq. sodium

hydroxide solution to give a colourless solutiomtaining sodium phenoxide.

QOH + NaOH — » QONa QO@ + Na*

sod. phenoxide phenoxidejon

The various contributing structures of phenol ahdrmxide ion are given below:

o/H

[
Phenoxide ion
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Comparative acidic character of alcohols and phers

The ionisation of an alcohol and a phenol takesgés shown in equation:

R—OH RO® + H®

ionization of alcohol alkoxide

@ — @ . he

ionization of phenol phenoxide

In alkoxide ion, the negative charge is localisedoaygen while in phenoxide ion, the
charge is delocalised. The delocalisation of nggatiharge (structures I-V) makes
phenoxide ion more stable and favours the ionisatiophenol. The hydroxyl group, in
phenol is directly attached to the’syybridised carbon of benzene ring which acts as an
electron withdrawing group. Due to this, the chadgsribution in phenol molecule, as
depicted in its resonance structures, causes thgeaxof -OH group to be positive. A
compound in which hydroxyl group directly attachedan aromatic ring is more acidic
than the one in which hydroxyl group is attachedraalkyl group. Acids react with the
more reactive metals to give hydrogen gas. Alcolawmld phenols react with active
metals like Na, K, Al etc to liberate hydrogen gaise reactions of phenol with metals as
well as NaOH indicate it is relatively more acidi@n alcohols and also water. Thé sp
carbon of phenol attached to ‘O’ being more elewgative thasp’ carbon of alcohols,

it decreases the electron density on oxygen. Becalithis oxygen develops still more
electron seeking character and releases protoakygt the shared pair of electrons with
it.

Effect of substituents on acidity of phenol:In substituted phenols, the presence of
electron withdrawing groups such as nitro groupagcies the acidic strength of phenol.
This effect is more pronounced when such a groygpasent at ortho and para positions.
It is due to the effective delocalisation of negatcharge in phenoxide ion.On the other

hand, electron releasing groups, such as alkyl pgoin general, do not favour the
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formation of phenoxide ion resulting in decreasadid strength. Cresols, for example,

are less acidic than phenol.

picric acid/TNP

more acidic less acidic

Electron releasing groups like alkyl groups incesti®e electron density on oxygen and
decrease the polarity of O-H bond. This decreades dcidic strength. Hence

alkylphenols have greatpKavalues as compared to phenol itself.

On the other hand, electron withdrawing substitsientrease the acidity and phenols
having these substituents (—Cl, —pl@tc.) have lowepKa values than phenol. In fact,

2,4,6-trinitrophenol / picric acid (TNP) is moreidic than many carboxylic acids.

2.8 CHEMICAL REACTIONS OF PHENOLS

Alcohols and phenols both contain —OH group attdctvth carbon but in case of
phenols the carbon atom is member of phenyl ringlss shown above in resonating
structures in phenols the C-O bond acquires douldad character because of
delocalization of electrons from oxygen to phenglyr which results the C-O stronger
than O-Ho bond. The increased electron density in the phenglactivates it and gives

electrophilic substitution reaction.

Resists cleavage
Resists cleavage

0 -0—H R—OiH
Easily cleaved —T

Phenol

Resonance hybrid Alcohol
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In alcohols no resonance is possible and the naddmbelectron pairs remain localized
on the oxygen atom. The C-O linkage thus retams-ibond character and is weak as
compared to that in phenol.

Phenols thus undergo two types of reactions:
A. Reaction involving the —OH group
B. Reaction involving aromatic ring

A. Reactions involving —OH group:

1. Aidic character: Phenols are acidic comparedltohols as they furnish proton to
form phenoxide ion which is stabilized by resonaAcglity of phenol is less than

carboxylic acids.

OH 00
— + H@

ionization of phenol phenoxide

-0 o 0y
. ) T

—l ) =17r
- e

—_— /

©

| Il 1l v — vV —
Phenoxide ion

Phenols when react with ag. NAOH or KOH (bot wita,80s) to form soluble sodium

salt known as phenoxides.

P

ONa
+ NaOH —T1 > — + Na'
__2H2
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2. Reaction with FeCGJ-Phenols give ccolored complex when react withidereutral

chloride solution

OH

3-
° ©FeCk ——= SH" + [Fe(OGHI .+ apg
colored complex

3. Replacement of —OH: When distilled with Zn duke —OH group is replaced by

hydrogen atom.
OH

heat
* Zn > + ZnO

4. Replacement of —OH by halogens: unlike alcokr@sl group cannot be replaced by

alkyl halids; however halogen derivatives are otgdiby treating with PBror PCk

OH

* HCl ——» NOREACTION

Cl
+ PC% _—> @ + HCIl + POC|3

5. Replacement by —N#unction:

OH

OH NH,

H ZnClz
—_—
3 300 Oc + HO
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6. Ether formation: The sodium phenoxide of phemudergoes Williamson synthesis

and reacts with alkyl halides to give ether.

OH
ONa OCH,
+ NaOH —— @ + CHil —> @
_ - anisol
phenol sod. phenoxide methyl iodide methy phenyl ether
unlike alcohol phenols also react with diazometheamé DMSO
OH
OCHs
+ CHNp ——> @ s+ N
anisol
phenol diazo methane methy phenyl ether
OH OCHs
C|:H Cl)Na
+ 2 O—|S—O+ NaOH—» 2 O:|S:O
CHg CHs
OH OCH
. dimethyl sulph e
hydroquinol Dll\r?goy sulphoxide hydroquinol dimethyl ether

7. Esterification:

O
NaOH [l
CHrC—Cl —» CHz—C— + HCI
base

phenyl acetate
O O ﬁ)
+ CHg_C_O_C—CHg  — CHs—C—O—Q + CH3COOH
phenyl acetate

Phenols cannot be esterified directly by using @gybic acid in presence of mineral

acids. This is because of less nucleuphic oxygeheophenol compared to alcohols
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B. Reactions involving aromatic ring: The aroroatng in phenols generally undergo
electrophilic substitution reaction in which thedhgxyl group is a powerful activating
group and hence phenols readily undergo electiop$ulbstitution reactions. Phenol is
more reactive than benzene towards electrophidigeats because there is an interaction
between the lone pairs on the oxygen atom in —OH-Qr and the ring; which increase
the availability of electrons in the aromatic rigso, it directs the incoming group to
ortho and para positions in the ring as these ipasitbecome electron rich due to the
resonance effect caused by -OH group. In this i@acanelectrophile (electron loving
species) attacks the benzene ring and replacesfarsehydrogen atoms. Since tbgho
and para positions of the phenol are electron rich, the sti®n takes place at these

positions.

Electophile attack at ortho and para positions

Common electrophilic aromatic substitution reactidmking place in phenol are as
follow:

1.Halogenation (Bromination): The -OH group in phenol can donate electrons back t
the delocalisedn-system, helping to stabilise the intermediates eddctrophilic
substitution and so making phenol much more reacthan benzene. It will react
immediately with bromine water, decolorising it af@ming a white precipitate of
2,4,6-tribromophenol. If bromine water is addedatsolution of phenol in water, the
bromine water is decolourised and a white predipiis.formed. The usual halogenation
of benzene takes place in the presence of a Lenids such as FeBrwhich polarises
the halogen molecule. The faster reaction in wetelue to the presence of phenoxide

ions.
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In case of phenol, the polarisation of bromine roole takes place even in the absence
of Lewis acid.

It is due to the highly activating effect of -OHogp attached to the benzene
ring.Chlorine, in the absence of solvent, gives an#@ 4-chlorophenol. Bromine, in

a nonpolar solvent (e.g. @& CCly) gives 2, 4-bromophenol.

OH OH
Br Br
+ 3Brp ——» + 3HBr
Br

henol :
P 2, 4 6 - triboromophenol

Bromination can be limited to monobromination teegimainly 4-bromophenol using
low temprature and less polar solvent such as cadisulphide. The other product

formed in minor quantity is 2-bromophenol.

OH OH
CSZ Br
+ Bry ——> +
Br

2. Nitration of Phenol: Phenol can be nitrated with dilute nitric acid. Menbstituted

OH

phenol

compound is obtained with dilute nitric acid at maemperature. Phenol reacts with

dilute nitric acid at room temperature to give axtwie of 2-nitrophenol and 4-

nitrophenol.
OH OH OH
. NO,
dil.LHNO3
[ +
phenol NOs
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With concentrated nitric acid trisubstituted prodpooduct, 2,4,6-trinitrophenol (picric
acid) is obtained readily.

OH OH

Con. HNG; . 3H0

henol
P NOs3

2, 4 6- trinitrophenol
3. Acylation and caboxylation: Ester of phenols are obtainead on treatment with
anhydrous aluminium chloride, which further tregtimith Lewis acid like AIC{ yields

ketones of phenols (Fries rearrangement)

0
OH C—CH3

+ CH—C—0-CCht g @ +  CHzCOOH
AlCl,

CH3
para hydroxyacetophenone ortho hydroxyacetophenone
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4. Kolbe's reaction: On reaction sodium salt of phenol with carbon diexgas, orth
hydroxy kenzoic acid is formed as the main product. The tatpre is 400 K and
pressure of 4 atm is required. Sodium salicylates formed wtiahacidification yield:

salicylic acid (ortho hydroxy benzoic aci

ONa OH O
CO, ONa
+ NaOH —— — >

sod. salicilate

OH

OH
COOH

salicylic acid

5. Fries Rearrangement: The Fries Re@angement enables the preparation of
phenols.The reaction is catalyzed by Bronsted or Lewis @adch as HF, AlG, BFs;,
TiCl, or SnCl. The acids are used in excess of the stoichiomatniount, especially tt
Lewis acids, since they form complis with both the starting materials and produ
The reaction irtho, paréeselective so that, for example, the site of acgtattan be

regulated by the choice of temperat

@) @)
\f Lewis acid OH HO.
> +
R R Q(R
O o)

Mechanism

@,ﬁ\f@,’mc 2 @foﬂf@ - gofd’j -
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AICI

The complex can dissociate to form an acylium ighich ac as an electrophile. Afte
hydrolysis, the product is liberat

6. Coupling reaction: Phenols form azo compounds by coupling with argdimum
salts in presence of alkali.

@N A2 - @OH - NaOH @ @

phenyldiazonium chloride para hydroxyazobeene

7. Gattermann Reaction:Introduction of-CHO group ortho to ©H group by trating
phenol with HCN, HCI and Zn(; catalyst is known as Gattermabb reac

OH OH

ZnCl, CHO
+ HCN +HCl —— 5%
H3O*

o hydroxybenzaldehyde

This reaction is used for formylation of aromatitgy

8. Lederer Manasse’s ReactionWhen phenol is treated with 40% aqueous solutic
formaldehyde (formalin) in the gsence of a dilute acid or alkali at low temperata
mixture of o-and grydroxy benzyl alcohol is forme

UTTARAKHAND OPEN UNIVERSITY Page 59



ORGANIC CHEMISTRY-II BCHCH-202

o H o H o H
CH_OH
(S » oo B (O1 - (O
H_oOH
p-Hydroxy benzvl O—Hwydroxy benzyl
alcohol alcohol

This reaction is called_ederer-Manasse reaction.On heating these compounds

condense with themselves and give linear polymgimination of water.

QH O H
\@CHL S CHZ\@ CH.
These reactions are the basis of the preparatigghenol formaldehyde resins. These
materials were developed by Backland and are heradled bakelite. They are
thermoplastic solids soluble in many organic solsenVhen warmed with hexa

methylene tetramine. (GhN,4 , which splits up to formaldehyde and ammoniathiesr

methylene bridges are formed and a three-dimenisiopalymer results.

— CH;

S R
e NS

9. Reimer Tiemann Reaction:Process of formylation of phenols with chloroform i

@@

alkaline solution is known d@&eimer—Tiemann reaction.Phenols react with chloroform
in the presence of sodium hydroxide (or potassiwymrdxide) solution followed by

acidification to give hydroxy aldehydes.

OH OH OH

agNaOH 60°
+ CHC|3 q C; +
H3O*

CHO
o hydroxybenzaldehydep hydroxybenzaldehyde
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Mechanism: Reimer Tiemenn reaction is an electrophilic substin reaction. The first

step is generation of electrophile.

A Genertion of dichloro carbene (electrophile)

Na .+ Bw

B Electrophilic substitution in phenol ring

NaOH

G?H ONa'

Cl—>C-Cl + 8H 2 HO <)
NaOH .
PG |
=
@)

0
@ — ‘ > ‘ >
= 54

8 o
Q q 0
/‘\ H
| +CCh cop  — | CHCl,
)
lOH
o°©
OH 0o OH
CHO ,+ | B
H cHO | CH—OH
_H20 /
/

Use of carbon tetrachloride in place of chlorofogiwes salicylic acid. A mixture of
ortho-and para-isomers is obtained in which themisomer predominates due to more
thermodynamical stability. If one of the ortho pmsis is occupied the para-isomer is

the major product.
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OH

COOH
+ cCl, |NaOH

||H

COOH . _
o hydroxybenzoic acid P hydroxybenzoic acid

When anisol is treated with CH{h presence of alkali a commercial edible product

vanillin is formed as major product

OH OH
OCHs . OCHs
i NaOH 60
+ CHCly C,
iiH"
anisol CHO
vanillin

10. Houben —Hoesch reactionReactive polyhudric phenols in which —OH groups ar
metato another may be acylated by treating with atiggdnides in the presence of ZaCl
and HCI. This reaction is known as Houben-Hoesebktren. The product of the reaction

is phenolic ketone

OH
||
HO + RECEN + 0 ZNCRHCl ZnCI2/HCI
ether
—NHs phenolic ketone
OH OH
H CHsCN CHs
— H o4
NH

H,O

OH
/CH3
NH3 + HO C\
AN
O

phenolic ketone
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Phenol does not respond to Houben- Hoesch reaction

11. Condensation with phthalic anhydride: Phenol when treated with phthalic
anhydride in presence of,80, gives phenolphthalein, a colourless compound which

produces pink color with alkali solution due to fleemation of colored sodi salt.lt is a
popular indicator used in acid base titrations.

HO OH
Q-0 - ”
I/ H H\ @ ©
\\\ o / Con. SO, @ 0]
ST _—
@] \O
phenolphthalein
\O colourless/ pale yellow
phthalic anhydride l NaOH
O@ ONa
X \C/ i:
@COONa

sod. salt of phenolphthalein
mazanta colour

P

74

12. Oxidation: Phenol is easily oxidized to p-benzoquinone andlaity hydroquinone
on oxidation with silver salt gives p- benzoquinofi&is reaction leads to the use of

hydroquinone as a photographic developer.

Cro,Cl, —
O)y-on - w101 o~ Vo - wo

p benzoquinone

HO@OH + AQOH — » o:<:>:o + 2Ag + 2H,0
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Under drastic condition upon oxidation phenol gitastaric acid, oxalic acid and

carbondioxide

COOH
KMnO4 HO——H + C|:OOH + COZ
OH ————7~ COOH
[O] H——OH
COOH

13. Reduction: The —OH group is stable and the catalytic reductdbmphenol yields
cyclohexanol, Substituted phenols would in sameifasform substituted cyclohexanol

+ 3H2
150- 175 C

cyclohexanol

OH
OH

Or

OH

OH
CHs
+ 3H2
150~ 175C CH3

methyl cyclohexanol

Uses of phenolsPhenol, in dilute solution, was the first succelsafitiseptic used by
Lister (calledcarbolic acid. Now substituted phenols are used botlasmtsseptics (to

keep surfaces free of pathogens) andisiafectants (to kill pathogens already present).

2.9 SUBSTITUTED PHENOLS

Cresols / hydroxytoluene

OH OH OH
CHs
CHs
CHs
o cresol m cresol p cresol
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Properties: Cresols are colourless liquids with phenolic snifieir B.P are o- 19T,
m- 20PC and p- 20%C. They are less toxic than phenol but have gregéemicidal

activity. Can be oxidized to corresponding carbmxgktid if —OH group is procted.

Uses:As preservative for timber railaway sleepers &ic.making Lysol (a mixture of

cresol in soapy water). For the synthesis of dye=sn, plasticisers and explosive etc.

Thymol and cravacrol: These are two isomeric forms of phenol and arensktely
used in perfumery and as antiseptics. Thymol ocaurshe essential oil of thyme
(Thymus lineariscarvacrol is obtained by heating camphor withinedvhile naturally it

occurs inMentha spicatgmint)

CHs CHs
OH OH
Hj CHz Hj CHs;
thymol carvacrol

Dihydric member: catechol: it occurs in Indian catechAcésia catechuhence is

designated as catechol
OH
<IOH
Properties: It is white crystalline solid M.P. 18&. Soluble in HO ethanol and ether.
Gives green color with Fe@While condensed with phthalic anhydride it givézaain
Uses;As a photographic developer. To manufacture atizaks antioxidant in gasoline

Resorcinol:

OH

OH
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Properties: White solid M.P. 118C Turns gray in air, soluble in water, forms 2,4,6-
tribromoresorcinol when treated with bromine watecouplesdiazonium salts to form
azo dye and condense with phthalic anhydride taymre fluorescence which show

intense green fluorescence when alkalized

’OHHO

H>,SO
\o P S0, /
/e heat @ 0
O \
\ O
O fluorescein

Uses: Used as antiseptic in ointments , for the manufectef dyes like azo dyes,
fluorescein, eosin etc, for preparing drugs used daring hookworm and urinary

disorders etc.
Trihydric phenols:

Pyrogallol: obtained by heating gallic acid

OH OH

OH OH
21OOC
+ Hzo —_— + H2C03

HOO OH OH

Properties: White crystalline solid, M.P. 138, soluble in water, alkaline solution turns

to brown, most powerful reducing agent.

Uses:Excellent photographer developer, for preparingroemts and antiseptic for skin,

as hair dyes, for absorbing oxygen in gas analysis

Phloroglucinol: prepared by fusing resorcinol with NaOH in air
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OH OH

+ 50, NaOH
fuse
OH HO OH

Properties: White crystalline solid, M.P. 228, soluble in water alkaline solution

readly darken on exposure to air due to oxidation.

Uses: Used for detecting carbohydrates, producing a ocdoration with in presence of
H2SO,.

2.10 SUMMARY

In this unit we emphasis has been given to thedluiction properties structure, physical
properties, chemical properties of phenols. Thist ahso describes the difference
between phenols and alcohols. Acidic charactehehpls in comparison to alcohols and
carboxylic acids has been described. In chemieaitiens both types of reactions, due to
—OH group and due to aromatic ring which are bé#lgiedectrophilic in nature have

been described in detail. The important name reastinvolving phenols havs been
described in this unit. Besides simple phenol, subed phenols like cresols, pyrogallol,

catechol, thymol, carvacrol, resorcinol, flurogaietc have been described with their

properties and industrial application.

2.11 TERMINAL QUESTION

Q.1 Tick the correct option (MCQs):

I. Structure of gallic acid is:

OH OH
HO COOH HO CHg
OH

OH

OH
C. D.
HO OH
HOOC OH
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ii. Vanillin is obtained by using:

A. Reimer-Teiman Reaction B. Hoffman bromide Reaction

C. Houben-Hosches Reaction D. Gatterman Reaction

iii. Which is most acidic? :

OH OH
A. B
OH NO,
OH
C.
D.

iv. Thymol ¢l can be obtained naturally from:
A. Thymus B. Acasia

C. Rose D. None of them

v. Commercially phenols can be obtained from:
A. Coal- tar B. Benzene
C. Gasoline D. Wood
vi. Phenol when treated with ZnO gives.
A. Cyclohaxenol B. Benzene
C. Cyclohexanone D. hydroquinone
vii. Phenol undergoes ionization to become morblsthy reacting with
A. negative ions B. positive ions

B. both Aand B D. neutral atoms
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viii. Condensation of phenol with HCHO to produceakBlite is an example of:
A. Aldol condensation B. Lederer-Masmseaction
C. Beckmann reaction D. Knoevengal reaction
ix. Which of the following groups will increase theidity of phenol?
ANG, B.CN
C. halogens D. all

X. Upon reflexing phenol with (CY}€OO0)Hg we get.

OH OH
O—HgCOCH
A. B
HgH
HgOH
OH
Hg— OCOCH

C. D

Q.2. Write the Mechanism of following name reacsion

1. Kolbe reaction

2. Fries rearrangement

3. Reimer Tiemann

4. Reimer —Teiman reaction

Q.3. Arrange the following in order of increasimgdic strength. Giving reason:
p- Nitro phenol, m-Nitro phenol, o-Nitphenol.

Q.4. Explain why phenols do not undergo substitu6dOH group like alcohol.

Q.5 Explain why phenols are more acidic than altsho

Q.6. How will you convert phenol to:-
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1. Salysilic acid

2. Phenolphthalein
3. Picric acid

4. Ethoxy benzene
5. Azo dye

6. Catechol

2.12 ANSWERS (MCQs)

1-D 2-A 3-B 4- A 5-A

6-B 7-A 8-B 9-D 10-D
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UNIT -3 ETHERS AND EPOXIDES

CONTENTS:
3.10Objectives
3.2Introduction
3.3Nomencleature of ethers
3.4Methods of preparation
3.5Physical properties
3.6 Chemical properties
3.7Summary
3.8 Terminal questions
3.9Answers (MCQs)

3.10 References

3.1 OBJECTIVES

The objectives of this unit are to make aware tluglents about ethers, to state the
IUPAC name of ethers, to name ethers either asxgtitkanes or as dialkyl ethers,to
name epoxides as oxiranes or as epoxyalkanestethe means to prepare ethers from
1° alcohols, to draw the mechanism for the prepanatioan ether from the reaction of
an alkene and an alcohol in the presence of ancatalyst, to draw the mechanism for
the preparation of an ether from the reaction df alkyl halide and an unhindered
alkoxide,to draw the mechanism and discuss abbetntajor product of the reaction of
an ether with excess HX, to draw the mechanism ginel the major product of the
reaction of a vicinal halohydrin with hydroxide clading stereochemistry, to draw the
mechanism and give the major product of the reactiban epoxide with a strong
nucleophile and to draw the mechanism and giverta@r product of the reaction of an
epoxide with either ROH/H HX, or HO/H,SO,

3.2 INTRODUCTION

Ethers are compounds that containing single exyazom bonded to two alkyl groups,
two aryl groups or one aryl and one alkyl groupeTdeneral formula, of ethers is
CnH2n+0. They are isomeric with the aliphatic monohydalcohols with the general
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formula GH2,+1OH. Thus, ethers can be represented as R -O —Rrewh and R' may
be alkyl or aryl groups. When the two substitugmtups (R and R'are identical, then
the ether is called a simple or symmetrical etlognerwise if these two groups are
different, then the ether is known as a mixed ocsyommetrical ether. Diethyl ether,
C,HsOCGHs, is symmetrical ether whereas ;HgOCHzand GHsOCgHs are
unsymmetrical ethers. The symmetrical diethyl eilearommonly also referred simply
as ether because of its wide use as a solvent for reactmmus extraction of organic
compounds. It was also used as an anaestheticviar lmundred years. Ethers are
distinguished from other organic compounds becdlsg lack a continuous chain of
carbons.

6
H/..\H R/\R

Ethers are thought of as alkyl analogues of water.

Substitution of the hydroxyl hydrogens of alcohddg hydrocarbon groups gives
compounds known as ethers. These compounds mdgdsified further as open-chain,
cyclic, saturated, unsaturated, and aromatic, arahsThe oxygen atom of the ether can
also be part of a ring, in which case the ethéniswn as cyclic ether or also called
epoxide. Epoxides are formed when an oxygen atotmked to carbon atoms of a
carbon chain forming a three membered ring. Epaxidee heterocyclic compounds
containing oxygen atom as a hetero atom. Epoxide® ftonsiderable ring strain.
Epoxides are special kinds of ethers. These congsoare special because they have a
three member ring that contains an oxygen atomy Tdre far more reactive than
typical ethers. Tetrahydrofuran is one such cyelicer which is used as a solvent.

Ethers are commonly used as solvents for orgaaitticns.
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CHy—0O—Ch, CHz—O—CHCH; ~ CHyCHy—O—CHzCHj

symmetric ether asymmetric ether symmetric ether

O o)
CH3CHy,—0O—CH,—CH=CH, ©/ CHs @/ \@

unsaturated ether
aryalkyl ether aryl ether

> 7 O

ethylene oxide

trinydrofuran tetrahydrofuran dioxane

| Cyclic ethers |

3.3 NOMENCLATURE OF ETHERS

There are two methods of naming ethers. Theifirtie common method and is most
useful with simple ethers. Common names “triviaines” of ethers add the suffix ether
after naming the two groups on either side of tkyggen. The alkyl groups are listed in
alphabetic order. There are spaces between thesnaintiee alkyl groups and the word
ether. If the two groups are the same, the prefiX is used, although sometimes this is
simply dropped (“ethyl ether”).

e.g. BCOCH,CH; Ethylmethyl ether

C:Hs - O - GHs Diethyl ether

CsHs - O - GHs Diphenyl ether

CoHs - O - GH5 Ethyl phenyl ether.

In IUPAC nomenclature, the larger alkyl (or aryfpgp is used as the root name as the
alkane.Treat the oxygen and the remaining carbons asle ciainand the smaller
alkyl group is named as aikoxy (—OR = alkoxy group) substituent on this alkane.
The-yl ending of alkyl substituents is replaced-mxy.

—CHs methyl —OCHkmethoxy
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—CH,CHg ethyl —OCHCH;3; ethoxy
For example, in ethyl methyl ether having ethytl anethyl groups, the ethyl group is
larger than methyl group and hence this etheeatdd as the ethane derivative.
CHOCH,CH;3
Ethylmethyl ether
The remaining portion,e., —OCH; part in this case, is called the methoxy substitue
Hence, the above ether is called methoxyethane ntingering of the parent chain is
done so that the carbon atom linked to the -O-ajets the lowest number. Some more

examples of IUPAC names of ethers are given below:

Examples:
O
CHz—O—CH,CH3 CH3CH,—O— CH,CH,CH,CHs “CH,CH,CHjs
ethylmethyl ether butylethyl ether
methoxy ethane 1 ethoxy butane
phenylpropyl ether
1 phenoxypropane
CHz—O— CH,CH,CHjs CH,=CH— O— CH,CHjs H3C OCH;

1 methoxypropane ethoxyethene

OCHs

O, 1,3 5 trimethoxybenzene
©/ \© CICHy—O— CH,CI

dipheny! ether bis(chloromethyl)ether

CHz
|
CH3CH2 O—|CH—CH2CH3 CHSCHZO_(l:_CFb CHgo CH2CH2—OCH3
CHs CH;

2 ethoxybutane

o)
\CHZCHZCI‘,H— CH,
CHj

3 methylbutoxybenzene

2 ethoxy2 methylpropane 12 dimethoxyethane
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Cyclic ethers generally termed as epoxides in I[UP$YGtem. Epoxide contains a 3-

membered ring between oxygen and two carbons ethers

0] O
Hs
epxyethane propylene oxide
ethylene oxide 1,2 €poxypropane

3.4 METHODS OF PREPARATION

There are different methods for the synthesis dierst some of which are being
described as follow:

1. By Dehydration of alcohols:(a) The formation of reaction product, alkene dreet
depends on the reaction conditions. This methodlu@s heating of excess of primary
alcohol with concentrated sulphuric acid and theperature has to be maintained
around 413 K to get symmetrical ether. If alcohol is not disim excess or the

temperature is higher, the alcohol will preferalhgdergo dehydration to yield alkene.

H,SO,

ROH ——— » _
Foal R—O—R + H,0O

H,SO,

CH3CH,OH ————— CH3CH,—0O—CH,CHjs
1400¢
H,SO,

CH3CH,OH ———— > CH,=CH, + H,0
1600 ¢

Mechanism:

[l CHsCH,—OH + H* — > CH3CH,—O"H,

[ii] CH3CH,—OH + CH3CHy—OQ'H, —> CHSCHZ_?LCHZCH3+HZO

-~ !

[iii] CH3CH2_?+FCHZCH3 — » CH3CH,—O—CH,CH; o
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If ethanol is dehydrated to ethene in presencsutghuric acid at 433K but as 410K
ethoxyethane is the main product. The dehydrati@eoondary and tertiary alcohols to

get corresponding ethers is unsuccessful as alkerdermed easily in these reactions.

H,C CHs
Conc H,SO
Hy,C—G—OH 2 s CHy C==CH; *H0
H,C
t -butyl alcohol Iso-butylene

(b)On passing alcohol vapours over heated aluai250C, dehydration of alcohols leads
to the formation of ethers.

2ROH — A9 . p 5 R4 Ho
vapour 2500 ¢

The secondary and tertiary alcohols on dehydragad to the formation of alkene as
main product.

(l)H
CHs—CH—CHs dehydration

> CH3:CH—CH3 + Hzo

OH
| .

CH3—|C—CH3 dehydration CH3—C|2:CH2 + H,0
CHs CH3

2. By alkyl halides: Alkyl halides on heating with dry A@ (in ether) give ethers.

heat
R—X + Ag,0O + R—X —— > R—0—R + 2 AgBr

CHsCHBr + Ag,0 + CHyCHoBr €2l CH3CH,—O—CH,CH3z + 2 AgBr

3 Williamson syntheses of ethersit is an important laboratory method for the
preparation of symmetrical and unsymmetrical ethdise method involves the

treatment of an alkyl halide with sodium or potassisalt of alcohol or phenol. This is
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a good method to get better yield of mixed ethersomparison to above methods. This
reaction obeys &2 mechanism. Ethers containing substituted alkglgs (secondary
or tertiary) may also be prepared by this methdtk feaction involves a nucleophilic

substitution of halide ion by an alkoxide ion.

2CH3CH,OH + Na —> CH3CH,ONa + H,
CchHZONa + R—X ——> CH3CH2—O—CH2CH3 + NaX

H H A

L Br CHiCH0"CmBr | | ol el O CH.CH
CHCHO AT\ Gy —> -z i

CHj CHs —-Bro

Good results are obtained if the alkyl haliderisnary. If a tertiary alkyl halide is used,
an alkene is the only reaction product and no ethirmed.

For e.g., the reaction of GBNa and (CH)s;C-Br gives exclusively 2-methyl propene.

% o
CHg_Cl:_Br + CHONa ——» CHz—C=CH, + NaBr
CH3

This is because alkoxides are not only nucleophil& also strong bases as well. They
react with alkyl halides leading to elimination cgan.

Phenols are also converted to ethers by thisadeth

ONa o R
+ NaOH —» @ _R=X @ . Nax

Tertiary alkyl halides undergo elimination reantigith sodium alkoxide to produce

OH
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C|:H3 CHs
CH3—|C_C| * CHzONa — » CHrcltz CH; + NaCl
CHz

Therefore to prepare t- alkyl-alkyl ether, one miake an alkyl halide with tertiary

alkoxide.
CHs CHs
CHy—C—ONa + cHCl —— CH3—C|I—OCH3 + NaCl
4. From CHs CH;z; acyl chlorides: Aromatic

ketones are formed from acyl chloride by FriededfCreaction. This reaction requires
excess AIG due to tendency of complexation with carbonyl groand water to

hydrolyze the Al salts

O

Il i AICI 3 @)

@ + CHz—C—Cl —>iiH = \CH3 + A(OH)3, 3HCI
2

5. From Grignard reagent: This is a good method for the preparation of higbidjer
from lower members, in which a lower halogenatdteest when heated with Grignard

reacent we get higher ethers.

Br
CHz—O—CHCl + BrMgCH,CH; —— CHz;—0O—CH,CH,CH3 + Mg
AN

monochlorodimethylether methylpropylether Cl

6. Epoxides formation from olefinic peroxidation: The cyclic ether like epoxide can be
synthesized by the reaction of peroxides on olefaimpounds to get epoxides or are

synthesized by treating alkene with bromine wato¥ved treatment with NaOH.
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0
9
R—C—O—O—R
9
CHy=CH, R_C"97O0—R |>o
Or Br2 Hzo
NaOH

7. By imtramolecular SNreaction: The SN intramolecular reaction of halohydrin in
presence of KOH/KD gives epoxide.

CH,OH CH
c— -y _KOH o
CHs H20

3.5 PHYSICAL PROPERTIES

a) Physical state:Dimethylether and ethyl methyl ether are gases rlinary
temperature. The other lower homologes are colssiripleasant smelling, volatile
liquids with typical ether smell.

b) Boiling points: The C - O bonds in ether are polar and thus etigre a net dipole
moment. The weak polarity of ethers does not apgiogc affect their boiling points
which are comparable to those of the alkenes ofpewable molecular mass. Ethers
have much lower boiling points as compared to ig@mnalcohols. This is because
alcohols molecules are associated by hydrogen bohils ether molecules are not.
Boiling point order: alcohols > ethers > alkanes

CH3CH,—O— CH,CHj

CH3—O—CH=CH,
diethylether DO
ethoxyethane methoxy ethene
methyl ethenyl ether epoxide
b. p 350
C b. p 120¢ b. p 1%
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c) Solubility: Ethers are slighthpolar, and can hydrogdrend to water, although ve
weakly, through the oxygen atom. Because ethere mav(-H bonds, they cann
participate in hydrogen bonding to the same extieait alcohols do. Nevertheless,
oxygen in the ether can form a hyden bond to the hydrogen in water. The pres:
of only single site on the ether for a limited kioidhydrogen bonding interaction mes
that ethers generally have significantly smalldulsiities in water than do alcohol
Still they have higher solulities than any hydrocarbon. These are extremelgtive
and highly flammable (easily oxidized in &

Ethers containing upto three carbon atoms are Eolnbwater, due to their hydrog

bond formation with water molecul

L1 H——— CH =

- CH =

The solubility decreases with increase in the nundjecarbon atoms. The relati
increase in the hydrocarbon portion of the molecldereases the tendency c-bond
formation. Ethers are appreciably soluble in orgasvlvents like icohol, benzene
acetone etc.

Water solubility orderalcohols > ethers > alkar

3.6 CHEMICAL PROPERTIES:

Ethers have geometry similar to water and alcofidie. oxygen atom isg> hybridised.
Since the carboonxygen bond is polar and the molecule hibent structure, there is
net dipole moment and the ether molecule is palarature. Ethers, thus, act as p:
solvents. Ethers are quite stable compounds. Taeseaot easily attacked by alkali
dilute mineral acids, active metals, reducing agor oxidising agents under ordine
conditions.

1. Reaction with acids:Being Lewis bases, ethers form complexes with Leauigls

such as BE AlCls;, FeC}, etc. These complexes are caletherates.

CH3CHy CHgCHy,
/:O .ot BF3 —» :0—>BF3
CHCHjz CH,CHy

%
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Similarly, diethyl ether reacts with Grignard reagforming Grignard reagent etherate.

CHACHg

CH3CH, CHiCH, R Q
N 3L \
2 ‘0" + RMgX ——> 0—» Mg/ CH3CH;

CH,CHy CH,CHY S
Grignard reagent eterate

Due to the formation of the etherate, Grignardyesds dissolve in ether. That is why
Grignard reagents are usually prepared in ethesseer, they cannot be prepared in
benzene, because benzene has no lone pair ofoslecind therefore, cannot form
complexes with them.

2. Action of hydroiodic acid: Following reactions takes place when ethers agedde
with haloacids.

(a) With cold HI

C,HsOCH5 + Hl ——— C,Hsl + C,HsOH

Diethyl ether Ethyl iodide  Ethyl alcohol

(b) With hot HI

R—-O—-R'+2HI Rl +R'l + O

H
\
O—CH ,CH 3 .= (+f\—CH »CH 3 OH
@ = A G
A

phenol

CH 3CH ,-I

Phenyl ethers are slightly different, and cleaveive alkyl halides and phenols. The
reaction stops at the phenol stage since theaon of the C-O bond does not allow
the required QL or S2 reactions to generate the second molecule ohalide.

3. Reaction wtih HBr: Since the oxygen atom of ethers contains lone mdiedectrons,
they can accept a proton from the acids. Thus,retaee basic in nature. Ethers are
stable to bases, but acidic conditions leads t@tb®nation of the ether oxygen, which

then can undergo substitution reactions.
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BP
CHaCHz - 7\ Cch)‘p

2
o Hr, \:’(};_H . CH3+CHZBr
CH20H3/ CHchg/

CHsCH,OH

Grignard reagent eterate
l HBr

H,O + CH3CH,Br

4. Zeisel method: The compound is heated wih excess hydriodic dorching an alcohol
and iodomethane. The iodomethane is distilled of ed into an alcoholic solution of
silver nitrate, where it precipitates silver iodide

The silver iodide thus form can be detected arithated. This is the basis of Zeisel
method for the detection and estimation of methG®CH;) groups in an organic
compound. The method was developed by S. ZieskE3&6.
R-O-CH+HI — ROH+CH;l
CHsl + AgNOQ;3 (alc.)— Agl | + CHNO3

5. Action of PCE: Alkyl halides are obtained

R -0 -R + PG——— 2RCI + POC]. There is no reaction in cold.

CHCHp,
O+ PCk
CH,CH

heat
——> 2 CH3CH,CI + POCk

6. Reaction with acetyl chloride:Esters are obtained while treating with acyl haide
ZnGl
CH;COCI +  G@Hs50 GHs CH;COOGHs
Acetylchloride Diethyl ether heat Ethyl acetate

7. Dehydration: Upon dehydration at elevated temperature ethersde@lkenes
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AD3
CH5s0GH5 2CH=CH + H,0O
300

8. Acid and base catalyzed ring openingUnlike straight chain ethers, epoxides are very
reactive and are useful intermediates becauseedf dhemical versatility. Epoxides

react to release their considerable strain endrgg.acidic hydrolysis of epoxides gives

H
PN
H Z0- H H
@x\oﬁH g H<)\‘O+_H H* <:I: OH
R /,\X ’, H
H / H OH
Hzo:

trans-cyclopentane-1,2-diol
anti diols. Proton transfer from the acid catalgeherates the conjugate acid of the

epoxide, which is attacked by nucleophiles suchwager. The result is anti-
hydroxylation of the double bond. This hydrationasf epoxide does not change the

oxidation state of any atoms or groups.

Epoxides ring can also be opened by alcohols adidic catalysis to generate alkoxy

alcohols with anti stereochemistry.

CH 3CO 3H \‘HOH
@ ; - <:|;H
H,H,0 ‘OH

The reaction of hydroxide (or alkoxide) with a syetric epoxide generates anti diols

(or alkoxy alcohols) identical to those producedemacidic conditions.

~H «H +H

X O-  H,0 OH
o _ — e

/7, 7. H ‘. H

/‘ H OH OH

HO:

9. Orientation of ring opening: Unlike most ether, oxacyclopropanes react readith w

nucleophilic reagents. These reactions are no rdiffe from the nucleophilic
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displacements, except that the leaving group, widcthe oxygen of the oxide rin
remains a partfahe original molecule. The stereochemistry issisient with a §2
mechanisnbecause inversion of configuration at the site tihck occurs. Thu

cyclopentene oxide yields products with the tram¥figuration

-3
—OCH:
7

cyclopentene
oxide

Acidic conditions
also can be useir the cleavage of oxacyclopropane rings. An odonion is formec
first, which subsequently is attacked by the nyaféle in ar Sy2 displacemel or forms
a carbocation in any& reaction. Evidence for t §y2 mechanism, which produc
inversion, comesat only from the stereochemistry but also fromfine that the rate i
dependent on the concentration of the nucleopiteexample is ring opening wi
hydrogen bromide:

™ ™.
c—c’ 4+ po® fast e
e \o/\ e d" ™
IG—)
H
™~ e Br
= S22 | |
SN SN - BrS = c—Cc—
@(l') | |
o OH

The same kind of mechanism can operate in the tiwmaf 1,z-diols by aid-catalyzed

ring-opening with water as t nucleophile.

OH
@ H.O I
CHz—sz + H == CH,—CH. g CH;— CH.

\C) \(){B Sw2 (l)H

I
H
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/}
\\‘H/‘H_BI' \\‘H+ K OH
H / H Br
Br: -

<Br
mixture of H
cis and trans —H
‘Br

Epoxides react with H-X to produce halohydrins,ickhreact further with H-X to

generate 1, 2-dihalides.
Unsymmetrical epoxides give products with différeregiochemistry with basic

opening compared to acidic opening.

CH3CH,0H, H" CHz OH
> HsC H
CH5CH
o— 3L
HsC CH3 OCH,CHj3
> HsC H
CHg CHsCH,ONa ® Su

CHsCH,OH

Under basic conditions, the alkoxide simply attattie least sterically hindered epoxide

carbon in an & displacement.

H3C i CH 3CH ,0- CH 3 OCH ,CH 4 CH 4 OH CH 3 OCH ,CH ;
HaC ) HO H

O- H

Under acidic conditions, the alcols#emdo attack the more hindered carbon, but it is

more complicated. The protonated epoxide has Senes@nance structures.
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H3C H3C
s
CH , DE—CcH >TCH s
Hac' Y/, " Hsc” = Hyc

| [}

H H H
™) an m

Structure Il is a major contributor since the a@atis more highly substituted and

_no, | cHscHo
CHaCHOH | E\b/ 2 “H H,C H
3
S5+ HsC OH
H

Therefore more stable. The nucleophile attacks#nbon with greatest positive partial

charge.

Some important chemical reactions of epoxide anensarized as follow.

o)
H,O CH,OH [>
A (HOCH,CH.,),0

- >
;
CHOH H diethylene glycol
CHpoH ~ HOH ©
— > CH-OC _—> CHgo(CHz)ZO(CHz)ZOH
2 H3 + .
H methy! carbitol
@)
%t T
@) @]
dioxane

HCI
"~ > CICH,CH,OH

ethylene chlorohydrin

L base . HOCH,(CH;OCHy)NCH,OH
carbowax
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3.7 SUMMARY

In this unit we learnet that. Ethers possesstiuetsire: R — O — R’ and are compounds
having the general formula,B2,.+20. Ethers are isomeric with the aliphatic monohydri
alcohols with the general formula,ld>+,0H. We learnet that epoxides are the three
membered cyclic ethers.This unit also made us awthet the symmetrical or simple
ethers have R and R’ being identical while unsymmiwet or mixed ethers have
different R and R’ groups. We learnet that etheescharacterized by the C-O-C bond
and can be classified into linear and cyclic conmutsu This unit described that in
comparision to alcohols, ethers are fairly unreacéixcept to very strong acids such as
HI or HBr. This low reactivity makes them useful aslventsge.g.diethyl ether,
(CaHs),0 and tetrahydrofuran (THF),s850. The more reactivity of epoxides over
simple ethers due to some ring strain and capgahditeact with nucleophiles resulting
in ring opening reaction has also been describefli;hunit. It has been described in
this unit that under acidic conditions, epoxidegropy &1 way with the nucleophile
attacking the more substituted end. The generabmad synthesis of ethers and cyclic

ethers have been described in this unit besidé@sitgortant reactions.

3.8 TERMINAL QUESTIONS

Q.1 Tick the correct option (MCQs)

i. IUPAC name of the following compound is

CHy—CH—0—Ch

CHs
A. 1-methoxy-1-methylethane . 2Bnethoxy-2-methylethane
C. 2-methoxypropane D. isopropylmethyl ether

ii. Ethers can exhibit isomerism
A. Metamesism B. Functional isomerism
C.Both A and B D.Geometrical
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iii. Ethers have:
A.Pungent odour B. Pleasant odour

C. Fishy odour D.Vinegar odour
iv. When diethyl ether is treated wit hot HI, arfns:
A. Ethyl iodide B. Acetyl iodide

C. Propyl iodide D.Ethyl alcohol

v. Ethylisopropyl ether reacts with cold HI gives:

A. CH3CH,CHyl + CH3CH,0OH B. CHz—CH—I + CHsCH,OH
CHy
C. CHz—CH—OH + CHzCHjyl D. CH3CH,CH,OH  + CH3CHl
CHy
vi. Because of following properties ether are usgdhert (reaction) medium.
A. Neutral and good solvent B. Neutral and baldent
C. Acidic and good solvent D. Basic and goddesut

vii. Ethoxy ethane is hydrolysed by using
A. KOHgyq B. HO
C. NaHCQ D. dil H,SOy under pressure

viii Which of the following cannot be consideresiase of ether?

A. Inert solvent B. Anaesthetic

C. Antipyretic DSolvent of oil, fats and resins

ix. When a mixture of ethyl alcohol and con,3@, are heated at 438 gives diethyl
ether. This reaction is:

A. Dehydration B.Desulphonation

C. Intermolecular dehydration D. Intramoleculehgdration

X. With boiling water or steam diethylether gives.
A. (CoHs)2:SOy B. GHsOH
C. CH=CH; D.GHs0OH + GHsHSOy
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xi. In the reaction:

Br
| Alco. KOH
CHy— CH— CHa > [A] —B' g
Peroxide
CH3ONa
[C]
Cis:
A. Diethylether B. 1-methoxypropane
C.Isopropyl alcohol D.Propylene glycol
Xii. The preparation of ether by diazomethane netiedknown as:
A.Etherification B. De-etherification
C. Methylation of alcohol D.methylation

xiii. Sodium phenoxide reacts with methyl iodidedagive anisol. The reaxction is

known as:
A. Kolbe’s reaction B.Williamson’s reaction
C. Friedel-Craft reaction D.Reimer-Teiman reacti

xiv. From the formula @H4OH, the number of isomers of ethers obtained ®léswv.

A. Four B. Two

C. Three D. One

xv. Which of the following is ametamer of methybsopyl ether /

A. Butan-2-ol B.2-methylbutan-1-ol

C. Diethyl ether D. Butan-1-ol

Q.2 Draw structural formulas for these compounds.

(a) 2-(1-Methylethoxy)propane (b) trans-2,3-Diethyloxirane

(c) trans-2-Ethoxycyclopentanol (d) Ethlexxyethene

(e) Cyclohexene oxide (f) 3-Cyclopropyloxy-1-propene

(9) 1,1-Dimethoxycyclohexane

Q.3 Predict the products of the following reactidxn excess of acid is available.
ethoxycyclohexane + HBr

Q.4. Write the names of reagents and equationshirpreparation of the following
ethers by Williamson’s synthesis:

(i) 1-Propoxypropane
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(if) Ethoxybenzene

(i) 2-Methoxy-2-methylpropane

(iv) 1-Methoxyethane

Q.5. Discuss polarity of ethers and compare ihwie polar characters of alcohols.
Q.6. Why Grignard reagent is prepared in ethezusis with reaction and reason.
Q.7. Write a note on: Williamson’s synthesis.

Q.8. How is diethyl ether prepared in laboratad@v does it react wit (i) P€Kii) O,
(iii) cold concentrated k8O, (iv) Con. HI

Q.9. Discuss different properties and uses ofrethe

Q.10. Give general methods of preparation andests of epoxides.

3.9 ANSWERS (MCQs)

i-C ii- C iii-B iv—A v- B
vi—A vii- B viii.- C ix.- D X.- B
xi—B xii- C xiii —B xiv- C xv- D
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UNIT 4: ALDEHYDES

CONTENTS:
4.1 Objectives

4.2 Introduction

4.3 Structure and nomenclature of the carbonyl group
4.4 Preparation of aldehydes

4.5 Physical properties of aldehydes.
4.5.1Relative reactivity of carbonyl compounds
4.6 Chemical properties of aldehydes
4.6.1Addition reactions

4.6.2Addition reactions followed by elimination
4.6.3 Reduction reactions of aldehydes

4.6.4 Oxidation reactions of aldehydes

4.6.5 Other reactions:

4.7. Summary

4.8. Self assessment

4.8.1 Fill in the blanks

4.8.3 Truel/false

4.8.3 Short answer questions

4.8.4 Questions related to important reactions

4.1 OBJECTIVES

Objectives of this unit are to Study about:- CagdoRunctional groups; molecular

orbital structure of functional group, reactivity carbonyl group,n ucleophilicity v

basicity, nucleophilicity of carbonyl group, typekreactions carbonyl group undergoes,

mechanism of name reactions, effect of conjugatimearbonyl group reactivity.

4.2 INTRODUCTION

An aldehyde alkanals are an important classanforganic compounds containing a

functional group with the structureCHO, consistig of a carbonyl center (a carbon
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double-bonded to oxygen) with the carbon atom #&lsnded to hydrogen and to an
alkyl/aryal group(s). The group—without alkyl/amyloeity, also known as the formyl

group. Aldehydes are common in organic chemistrgustrially aldehydes are produced
in lagre scale as starting material for synthebtler important chemicals.viz HCHO is

produced more than 1.4 ,million tons/uear for theppration ofresin .Traces of many
aldehydes are found in essential oils (terpenadsl) often contribute to their favorable
odors, e.g. cinnamaldehyde, cilantro, and vaniRiossibly because of the high reactivity
of the formyl group, aldehydes are not common iresa of the natural building blocks:

amino acids, nucleic acids, lipids. Most sugarsyédner, are derivatives of aldehydes.
These aldoses exist as hemiacetals, a sort of whdeka of the parent aldehyde. For

example, in aqueous solution only a tiny fractibglacose exists as the aldehyde.

4.3 STRUCTURE AND NOMENCLATURE OF THE
CARBONYL GROUP

p — orbitals overlap
to form C— O pi bond

R l — s loan pairin sp orbital
AN

spf carbon — » C =——=0 «— trigonal planar s%) oxygen
trigonal planar H/

—> |oan pair in s%) orbital

sigma- bond betweenzsp hybrid orbital of caraod oxygen
Carbonyl compounds have planar structure. It hag aybridized carbon atom and an
spf hybridized oxygen atom. The carbon uses twolsridized orbitals to forno-
bonds to the substituents. Two lone pairs of edestrare acomodated in“dpybridized

orbital of oxygen.

Nomenclature: - Common name for aldehydes are obtained from tmeeraof the

corresponding carboxyllic acids.
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O

I Q
H—C—OH H—C—H
formic acid acetaldehyde

o 0

Il

H;C— C—OH H;C—C—H
acetic acid formaldehyde
I I
CH3CH,—C—OH CH3CH,—C—H
propionic acid propionaldehyde

IUPAC names for aldehydes are obtained by repladimg ending —e of the
corresponding alkane with —al-. Aldehyde functiogadup is always terminal in chain.
When other substituents are present, the carbamgba is assigned number 1.

i 0 i
H—C—H HeC—C—H  CH3CH,—C—H
methanal ethanal propanal

O
L
Br

| I
CHs—CH—C—H
2—bromopropanal benzaldehyde

The electronegativity of carbon and oxygen is 218 &.5 respectively.
Bond energy of C = O bond is 720 kjnplBond length of C = O bond is 1.2°A

Carbonyl group C = O double bond is shorter then @ single bond and stronger. C =
O bond is polarized and carbon atom has some defsitive charge and this charge

attracts negatively charged nucleophiles and suppaicleophillic addition reaction.
Nu

Nu
> electrophile |
\CQO .y \cl;_o@ electrophiie \C— oele.
/s J/ /

addition product

Nucleophillic addition reactions of Aldehydes maydatalysed by acids or bases.
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Acid catalysis -Electrophillic protonation Addition :

® 50— wH® N __ °®
ae & o =, —
P e

BCHCH-202

® ..
S 8 —H

o4

Hydrogen ion of acid attacks negatively chargedaayl oxygen to give protonated

carbonyl group. Protonated carbonyl which is resorastabilized.

Nu

_—C—§ —H

Addition product

The nucleophile attacks the protonated carbonydgto form the addition product.

Base catalysis — nucleophillic addition — protonatin

Bases convert weak nucleophile to a strong onespyadonation.

S)

Nu—H + ‘B. ——> Nu: + gH

neutral strong

nucleophile base nucleophile
Nu_

Nu

\?Do NE H'
/ /

Nu
N
/C OH

addition product

So, in carbonyl carbon two areas of reactivity, lLewis basic oxygen and electrophillic

carbonyl carbon lead to addition of carborybond.

a-hydrogen :- A carbon next to the carbonyl group is called carbon and the

hydrogen attached with it is referred to ascahydrogen.a-hydrogens of carbonyl

carbon are acidic in nature with some,p#lues. Abstraction ofx hydrogen by a nase

(B™) results in the formation of anion (enolate ioriet is reasonance stabilized by

delocalisation of charge onto electronegative oryge

59: /D O:
— BH

— H — Cl‘?— y — —
UTTAR | |
H

;(?:@

«—> _C:(‘—E
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a- carbon of the enolate ion is an ambident ioah act as nucleophile and attack at
electrophillic carbonyl carbon of other carbonybigp containing molecules and leads
to condensation. Enolate ion can attach an alkylgrto the reactive carbon and it is
called C-alkylation. Alkylation at oxygen is uncommon but protonaticeads to

alkenol.

4.4 PREPARATION OF ALDEHYDES

There are several reactions which can be usechésynthesis of aldehydes some of

them are as follow:-

1. Oxidation of alcohols Oxidation of Primary Alcohols under controllednciition

gives aldehyde.
O
R—CH,—OH L» R_c</o
primary H
alcohol aldehyde

Oxidising agents used are acidified K2Cr207 sotyt@kaline KMnQ, chromic acid
H, Cr,O7, pyridine chlorochromate (PCC)l@sNCaG;Cl in (DCM solvent) CHCIs.

Mechanism: Mechanism of oxidation of alcohol by dichromatéoowing:

Cr,0/7~H,0 === 2HCrQ,

H
s
RCH,OH + H CrO, +2H = R— ?—O - CrOH, +H,0
h

H
I .
R—(‘—()—Q"r ()xnf@ Slow, R - C=0+H,CrO,

H;O\/af H

Similar ester intermediate is formed in oxidatiomhvpermanganate.

2. Catalytic dehydrogenation of alcohals- Aldehydes may be prepared by
dehydrogenation of primary alcohol by passing vapoawver copper catalyst at
about 306C of alcohol.
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_ Ly Cu i
: P Ot Feoc> RGO
H H
C
R—CH—OH — R_(/O
primary 300¢c H
alcohol aldehyde

- C
ViZ; CHz—CH,—OH —u0—> CH3CH2—C//
300% N
propanol propanal H

3. By heating a mixture of the calcium salts of farrmacid and any one of its

homologue

ﬁ O
[l

R—C—O H—C—oO

~N heat
Ca Sca % 2RCHO + 2CaCq

R—|C|?—O H—lcli—o

0] O

4. By passing a mixture of vapours of formic acid @my one of its homologues over

manganous oxide a catalyst at 300

RCOOH+ HCOOH MNO, peno + CO, + H,0

VIZ; CHaCOOH + HcooH MO oy ch,cHO + COs+ H,0

5. Oxidation of alkenes (ozonolysis)Oxidation of alkene viz;2-pentene with ozone
gives ozonides which are often explosive in dryestand they are decomposed with

Zn + H,0 to give carbonyl compounds.

(i) Os

CHz—CH-C=C—CH; » CH3CH,CHO + CH3CHO
_ || (i) Zn + H,O
6. Hydration of H H alkynes - Acetylene on
hydration by 2-pentene passing into hot dilute ;50 in the
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presence of HgS{as catalyst is converted into acetaldehyde.

H H
HgSO |
HC =CH +HOH—" s [y ¢ ¢_OH —> CH; CHO
2504

Acetylene Unstable Acetaldehyde

7. Alkaline hydrolysis of gem dihalides The germinal dihalides (two halogens atoms

are attached to the terminal carbon atom) gives Kxtte

Cl OH
I H,O I
HC—C—ClI ———» H3C—C—OH + 2NacCl
| NaOH I
H H
unstable

i
HsC—C—H + H,0

8. Rosenmund’s Reductiork: This is one of the most common method for the lesis
of aldehydes. In this method reduction of an aditbrede with hydrogen in boiling

xylene using a poisoned palladium catalyst supparteBaSQis used.

0 0
I [H] I
R—C—Cl — "9 R_C—H
Pd/BaSQ
0 0
CH—Ccl — M ep &y
- -
o Pd/BaSQ 5

Here BaSQ prevents further reduction of aldehyde to alcamit acts as a poison to
Pd catalyst. So small amount of quinoline and suph added to deactivate catalyst

partially. Lithium tri-t.butoxy aluminum hydride {IBA) can also be used as catalyst.

9. Oxo process: 4t is an industrially important method to produaklehydes. Here
alkene is treated with carbon monoxide (CO) andrdyein in the presence of cobalt
carbonyl catalysts at high temperature and pressure

[HCO(CO)]

R—CH=CH, + H, rear——> R CH=CHz—CHO
H
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10. Wacker process In this process alkene is treated with an acidifigueous solution
of palladium chloride (Pd@land cupric chloride (Cugl

0)

Cu Clz
—_—

|
CH =CH, +Pd Cl, +H,0 CH3; —C—H +Pd +2H Cl

Pd + HCI

Pd Cl,

Cu Chk promotes regeneration of Pd,@om Pd.

Pd + 2CuCly —— PdCl, + 2 CuCl

11. Stephen’s method Here alkyl cyanide is dissolved in ether, or etfoyinate or
ethyl acetate and reduced with stannous chloridehgdrochloride acid and then steam

distilled.

@ o)
r =y _HC [R_CE Nﬂ%p SHnCC|3b [R—c= NH£|2 SnCk
o _ aldemine
iminochloride stannichloride

l 0

RCHO

12. Synthesis of aldehyde from 1,3-dithang;3-dithiane has 2 weakly acidic protons
that can be removed and alkylation of the carbopassible. Once alkylated, the 1,3-
dithiane becomes a “protected” carbonyl as it cahyarolyzed to the corresponding

carbonyl hydrolyzed to the corresponding carbostylicture.
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ms " CaHold ms + C4Hyo
S>< n- butyllithium S>/ butane
H ©

H
N acidic H H

1, 3 dithiane dithiane anion

O
& ex o [ 1w
6 S Tho T
© _ R
H alkylating agent H aldehyde
dithiane anion primary alkyl halide

R

13. Preparative methods of aromatic aldehydesromatic aldehydes are carbony
compounds containing CHO functional group attacketh phenyl ring /aromatic
rings.Like aliphatic aldehydes there are severahous for the synthesis of aromatic

adldehydes some of them are being discussed asvfoll

I. Oxidation of Toulene with oxygen / air in theepence of vanadium pentoxide catalyst

at 350C.

H O
CH3

V705

+ 02 Thear

+ H20

ii. By hydrolysis of benzylidene chloride with azpus acid.

CHs CHCl, H—G—OH
2Cl,
— H,0
uv 2HC|

iii.  Boiling of benzyl chloride with aqueous copper lead nitrate in a current of GO

yields benzaldehyde.
CHs
aq Pb(NQ);

Co,
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iv. Oxidation of benzylalcohol with acidicKr,O7 of with copper catalyst at 3%0.

CHO

Cu /350°c

\i

CH,OH

— CHO

K>C r207/ HoSOy

benzyl alcohol

Y

v. Oxidation of alkylbenzene by chromium trioxide iacetic anhydride yields
benzylidene diacetate which on hydrolysis with @ilsulphuric acid or hydrochloric

acid gives benzaldehyde.

CHs CH{COQ,  OCOCH,

H CHO
Cros H*
+ (CH3COL,0 ——» - > . ZCchOOH

When Toulene is oxidized by chromyl chloride (G8B) in CCl, solution yields

complex, which on hydrolysis forms benzaldehyde.

CHs CHO

+ 2CrOCl, — > CgHCH(OCICLOH), 129,
This reaction is known dstard reaction.

vi. Gattermann Koch aldehyde synthesisBenzene is treated with mixture of carbon
monoxide and hydrogen chloride in the presence nbiy@ous AIC} and small

amount of cuprous chloride.

@ * HCl+ co A|C|3,

e ®
HCl+ c= 0%, AICl; —— [[H—C®=O] <_.[H,CEO]IA| CI?

CHO
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O H HO
©\+_/®C/ — o Che ¢
~ H C\—HO + Al CI3 +H Cl

When methyl grp is present in benzene ring then Cit@ is introduced at para

position. This synthesis is not applicable to ph&wo deactivating grp having benzene.

vii. Gattermann aldehyde synthesis: When Benzene is treated with a mixture of HCN
and HCI in the presence of AlCIit produces a complex and it is decomposed with

water to produce benzaldehyde.

CHO

+ HCl + HCN AlCls .
H,O NH3

AlCI
HCl+ HCN —» HN=CHCI

CH= NH

CHO
AlCI
@ + HN=CHCl — > @ HO @ +NH3

This reaction is applicable to phenols and pherathers, but not to nitrobenzene.

viii. Sommelet’'s Reaction: -Benzyl chloride is refluxed with hexamethylenedetine
in aqueous ethanolic solution, followed by acidifion and steam distillation to

yield Benzaldehyde.

CHO
+ (CHz)GN _— > @

ix. Rosenmund Reduction :-Catalytic reduction of benzoyl chloride in the ggace of

CH.CI

quinoline sulphur poison or Pd/Bag@eld benzaldehyde.
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Os CHO

[H]

-

Pd/BaSQ
x. Stephen’s method :-When phenyl cyanide is reduced with stannous widoand

hydrochloric acid in ethereal solution it givesialthe stannichloride complex which

on hydrolysis with water forms benzaldehyde.

CN CHO
i SNCHHCI
i H20

In ortho substituted cyanides case yield is nelgiggdue to steric hinderance.

xi.When Phenyl magnesium bromide is treated wiltyldfiormate or ethylorthoformate,

it gives Benzaldehyde.

CHO
OH
+ CoHsCOOH—— » + MgBr”
NocH
215

xii. Reimer Tiemann Reaction :-When phenol is created with CHGh the presence

MgBr

of alkali forms O-hydroxy formaldehyde.

CHO CHO
OH
+CHCly — » N
OH

OH
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4.5 PHYSICAL PROPERTIES OF ALDEHYDES

1. In aldehyde the first member HCHO is gaseous anrtmnperature. Acetaldehyde is
liquid in nature with b.p. 2. Lower aldehydes are colourless liquids.Benzaldeh

is liquid with characteristic smell of bitter almas
2. Lower members of aldehydes possess unpleasant smell

3. Carbonyl group compounds are polar in nature dusigole - dipole interactions of
partial negative charge of carbonyl oxygen of onelerule and partial positive
charge on the carbonyl carbon of another molec®teboiling points of aldehydes
and ketones are higher than those of alkanes whdste comparable molecular
weights. However these dipole -dipole interacticar® weaker than hydrogen
bonding interactions, hence aldehydes and ketomesta lack of intermolecular
hydrogen bonding have low boiling points as comgércealcohols of comparable
molecular weights.

O
CHsCH3 H—g:— H CH3OH
ethane methanal methanol
formaldehyde
Mol. wt. 30 30 32
bp. - 890C - 210(; 6459C

4. As aldehydes and ketones can form hydrogen bondls water so lower

aldehydes and ketones are soluble in water.

However solubility decreases as the hydrocarbongianolecule increases. The lower
aldehydes and ketones are soluble in organic s@\&rcth as benzene, ether and,CCl

Carbonyl compound also form hydrates with wateraaresponding germinal diols.
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4.5.1 RELATIVE REACTIVITY OF CARBONYL COMPOUNDS

The carbony group of aldehydes is reactive becatiséectromeric effect. However the
electron withdrawing substituents make carbonyl ugromore electrophilic, as
withdrawing groups generates extra positive chagearbonyl carbon and electron
donating alkyl groups reduce positive charge abaayl carbon. Increased positive
charge at carbonyl carbon destabilize carbonyl @amgds and favours attack of
nucleophile at electron deficient carbonyl carbdmol is followed by the addition of

electrophile on negatively charged oxygen.

CI2C4)/J\H >HiH >H3C)j\H >R),OJ\H>

Nucleophile attacks C = O bond prior to
electrophile because the produced anion is motdesthan the cation resulting due to

electrophile attack.

The reactivity of nucleophillic addition is favourey

i. Electron withdrawing substituent at carbonyllar.

ii. Small size of substituent group to avoid sterhinderance for attacking reagent.

During nucleophilic addition reaction carbonyl camttransforms from Srhybrid state
to sp’ hybridized state and bond angle reduces fronf approx. to 109 5approx. So
transition stage bears steric strain and thiscsgtrain increases with increasing bulk of

groups which are already present on carbonyl carbon

Aromatic carbonyl compounds are less reactive than corresponding aliphatic
carbonyl compounds. Here partial positive charges@mt on carbonyl carbon is

delocalized over benzene ring by resonance.

R-C=0° R-C=0° R C=0°

OG-0
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So electrophillic nature of carbonyl carbon whishdesired for nucleophillic addition

reaction is neutralized and nuclecophillic additreaction slows down. The acids and
bases act as catalyst for a number of carbonyltiaddieactions. Here acids catalysts
make carbonyl group more electrophillic by protamgtcarbonyl groups lone pair and

base catalysts make nucleophile more nucleopbylideprotonating nucleophile.

4.5 CHEMICAL PROPERTIES OF ALDEHYDES

The slightly positive carbon atom in the carbonyloup can be attacked by
nucleophiles. A nucleophile is a negatively chargad (for example, a cyanide ion,
CN), or a slightly negatively charged part of a malec Some of the important
reactions of adlehydes are being given below

4.6.1ADDITION REACTIONS

During the reaction, the carbon-oxygen double bget$ broken. The net effect of all

this is that the carbonyl group undergoes additéattions.

(1) Addition of Sodium Bisulphite — Aldehydes add on sodium hydrogen sulphite to
form bisulphite compounds.

©
R

R
on R
DO N HSO — > N NI

or C N
H H” "\ s0;Na H” \ s0,

Thus the formed bisuphite compounds are hydroxysulje acid salts where sulphur
atom is directly attached to the carbon atom. Whisnlphate compounds are heated

with dilute acid or NgCO; solution then carbonyl compound is regenerated.

(2) Addition of hydrogen cyanide(HCN)- All Aldehydes add HCN in the presence of
base catalyst to form cyanohydrins.

o S]
HCN + OH —— H,0 + CN
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R« R S R
\(‘0 ()‘i i CN Show \(~/ © H' fast \(‘/ ot
-
“/ H” \c¢N H” N\ N
Cyanohydrin

Cyanohydrins can be hydrolysed readilyatbydroxy acids.

R
OH
R CH (OH) CN \c/ WY/ H2o R CH (O CO O
he N gy | = RCHOH

OH
CH5CHO + H'/HQ l
3 HCN —» CHy(OH)CN ——=> CH3;CHCOOH
cynohydrin
H*/H ™
CHCH,CHO + HCN ——> CH3CH,CH(OH)CN —20>CH30H3C|:HCOOH
cynohydrin

(3) Addition of Grignard Rreagents : Aldehydes react with Grignard reagents to form

a complex dilute acids gives alcohol.

R\ P e K 81\4 X

540 o o g R

C =0+ Rimpx—e H,0 g g
~ —2 . C

H/ \R' o H/ \R, + MgX (OH)

Formaldehyde gives primary alcohol. Other aldelyistes secondary alcohols.

CH /OMgBr IOH
+
CHCHO + CoHsMgBr —» 3>c\ H*/H0 CHy—G—H Mg(OH)Br
CHs H HCl
CzHs
secondary
alcohol
OMgBr OH
. N H*/H,0 |
HCHO + GHsMgBr PASN Y H—|C—H + Mg(OH)Br
C2H5 H HCI C2H5
primary
alcohol

(4) Addition of ammonia —Aldehydes (except HCHO) react with ammonia in pthe

give aldehyde ammonia.
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OH
|
CH3CHO + NH; —— CH;CHNH,

Formaldehyde on treatment with ammonia gives hekaytenetetratnine.
6HCHO + 4NH — (CHy)s N, + 6H,O
Addition Reactions followed by loss of water
(5) Addition of terminal Alkynes — Sodium salt of terminal alkynes reacts with

aldehydes to give alkynol. This reaction is knaxgrEthinylation.

0% % OH
118 ON® oH /1
R-C-H _se———% R-C=C-C-H 2O ReC=C ( R

O( =C_R
%a R B

(6) Addition of alcohols —When acetaldehyde is dissolved in methanol ittestacform

hemiacetal which is unstable as compare to patdehgde.

(@]
” MeO OH
c MeOH ™~ /
N _ / N
CH, H K=-05 Hc H
hemiacetal

Rate of formation of hemiacetals is greatly incegbsither by acid or by base.

Acid catalysts increase electrophilicity of carbbny

group
OH2 H
\
(_/ HO O—Me HOo
P \ ) \C/OMe
<
CH; My HBC/\ ey HE N
oS hemiacetal

Base catalysts increase nucleophilicity of alcdiyokemoving the OH proton before it

attacks the C = O group.
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8@
Oq Cn) @/\‘HQSC
o E N T
© Me 3C H H;C

T

HO
\C /O — Me
~

H;C

Hemiacetal

Hemiacetals are unstable. Here acid or base catalysonly formation of hemiacetals

but also decomposition them into aldehyde.

e _H
HO 6]\/[6 Hoj @O/Me ®
N/ N O w [
/C\ = /C\ —— MeOH+ ¢
H,C H H,C H e’ N
,
Va
C
ne” N
&
6 nly 0—Me 9 o—Me o
base N S R J/ ||
Y T NN
H;C H H,C H e’ Nu
MeOe

When catalytic acid is added to acetaldelyde-methanixture rate of reaction
increases and two equivalents of alcohols are atl@ddehyde to form new class of
compound called acetal.

(0]
H Me O OH Me O O Me
C Me OH \ c / Me OH \ c /
/ N\ o' ’
H,C H N we” Nu
Catalyst Catalyst (Acetal)
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Mechanism /H Me
® ® /
H BN [©)
H OH O Me H/O O Me CO
NI% NI% |
C — C C —
ne” N ne” N e Q\ i
Me OH
O Me |O Me
H M
HE—F70 — e N,
(]
O Me |
H

Acetal

(7) Addition of mercaptans: Aldehydes condense with thioalcohols (mercaptams) i

the presence of HCI to form mercaptals.

SR

\CZO +2RSH C/ + H,0

/" N

4.6.2 ADDITION REACTIONS FOLLOWED BY ELIMINATION

The addition reactions of aldehydes often follovegdhe loss of a water molecule. This
gives a reaction known as addition-elimination ondensation.The important reactions

in continuation to addition reactions as above.{4.given by aldehydes are:

(8) Addition of ammonia Derivaties — Aldehydes combines with various compounds
of type Y — NH (Y = NH,, OH, GHsNH etc) to form carbon nitrogen double

bonded compounds and a water molecule is eliminated

Mechanism
NS} o
> i o
6*& |C Proton |C
£
AN R~ TS R R—C—H +H,0
R H @
< H—N—Y H—=N—Y l
:NH, | (unstable) N=Y
| H
Y

(a) Hydroxylamine (NHOH) form oximes with carbonyl compounds
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O H
[ I

R—C—H + NH,OH—R—C = N—OH + H,O

Aldoxime

H
I
acetaldehyde oxime

(b) N - substituted hydroxylamines form nitronesatihshow 1, 3 addtion reactions.

o) H H

\Neo R | R
R - C — H+ RNHOH R—C—N — »R-C=N
\Oe N @

(c) Hydrazines (NENHy) react with carbonyl compound to give Hydrozoneazines.

R
O
R H
>:o + NHNH, — > NNH, —1— > >:N—N:<
—H,0 | —-Hy0
hydrazones azine
CH
CH CH H>:OCH H
3>:o + NHoNHy ——— NNH, ——> N—N:<
H -HO 4 —H0
hydrazones azine

d) Phenyl hydrazine (N#HCsHs) forms phenyl hydrazones with carbonyl compounds.

R R
>:o + NH,NH > >:NNH—®
H "H0 H

phenyl hydrazone

CH CH
3>:O + NH2NH 3>:NN
¥ o

phenyl hydrazone
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(e) Carbonyl compounds react with semicarbazide$,XMMCONH,) to form

semicarbazones.

R ﬁ R ICl)
>:o + NH,;NH—C—NH, —> NNH—C—NH,
H "H0 H

semicarbazone

CH T CH i
3>:o + NH,NH—C—NH, — NNH—C—NH>
H "H0 H

semicarbazone

(f) 2, 4 dinitrophenyl hydrazine (DNP) (Braddy'®action) react with carbonyl

compounds to give 2, 4 dinitrophenyl hydrazones.

NO NO
R R
>:o + NH,NH NO, —» NN NO,
H H0
DNP
NO NO
CH CH
3>:o + NH,NH NO, — 3>:NN NO,
H HO
DNP

Oximes and hydrazones regenerate carbonyl compedrah refluxed with dilute

hydrochloric acid. Regeneration from phenylhydraois difficult.

(9) Phosphorus pentachloride reacts with simpléaayl compounds to form 1, 1,

dichlorides.
R C|2I
>:0 * PCk — R—(ll—CI + POCI
H
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(10) Aldehydes react with aliphatic primary amit@$orm aldimines.

~ H,0

R'CHO + R*NH, — R'CH (OH) NHR? R'CH = NR?
R OH
>:O + R'CHNHy ——> R—’— NCH,R —> RCH= N—CHR
H ~H0 —H0 aldimine

4.6.3 REDUCTION REACTIONS OF ADDEHYDES

Adlehydes can be reduced to alcohols. In contionat other reactions as discussed

above the reduction reactions are being discysséallaw.

(11) Aldehydes can be reduced to alcohols byrireat with Hydrogen and Ni or Pt
catalyst.

R Ni
»=0 + H, —> RCH,0H
H

Ni
CH3CHO + H; — 5 CH3CH,OH

If both double bond and carbonyl groups are presestt either both are hydrogenated

or preferentially double bond is hydrogenated legwdarbonyl group intact.

ﬁ) 0
Ni/H, |
25°C
o}
I :
R— CH=CH— CH, — c—py _Ni/M

/\/ Pressure R— CH, — CH,— CH, — CH, OH

Some metal hydrides as LAH (lithium aluminium hyg) in anlydrous either or THF
solvent and NaBll(sodium borohydride) in water or alcohol as sotwean be used as

reducing agent.
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i ! 0°
l o |

R—C—H +H—AI-"H __+ R—C—_H . Al H;

| |
H H

Each hydride ion can reduce one carbonyl group.

H

R I
1 o) -] [©]
R=C-H +  H-B>-HN& —— H/\C\HO B=HNa
H
. l@R—ﬁ~H
(l)’(fR
H_ _R
Reu~—0-p — ]
NaOH + R — CH,OH + H,B0, 1221 ¢-0-B-Cqy Na
H H
0
H-C-H

(12) Aldehydes can be reduced to correspondinghalsoby dissolving aldehydes in
isopropyl alcohol containing aluminium isopropoxidgéere isopropyl alcohol is
converted to acetone. This reaction is knownMeerwein-Ponndorf-verely
(MPV) reduction.

R ?H C|3H3

>:O + CH3—CH—CH;z + Al{-O0—CH
|

H CHs

3

I

CHJ

CH <|3H (|3H3
3>:O + CHz—CH—CH3 + Al{-0—CH
I

H w L CHs

CFbCFhC”4 + C=0

3

Mechanism:
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CH £
1—(0 - ¢ —‘CH) O,A\’O’ NCH
H“C\C/O—‘A.O g h HC /‘) \C%)@
C” SH Doy — C
H (I% H.C” \fH\[‘{/C\H
R/ \H
e _CH,
R _CH._oH A /HO /CHf O -Al -0 -CH_
S — | CH,
H,C 0
I
CH
R/ \H
n
CHa,
CHY

(13) Reduction to hydrocarbon: Carbonyl group of compound is reduced to
methylene group by using zinc amalgam and hydraeichbcid. This reaction is called
Clemmensen reductionin this reaction carbonyl group is reduced to -Chroup.
Ketones are more effective than aldehydes in @dsiction. The mercury alloyed with
the Zn does not participate in the reaction; ivegronly to provide aclean active metal

surface. Some times alcohols may be used as thensah Clemmensen reduction

(H) H
|
Zn/Hg
o R_f_H

H

R—C—H

$0: ©on OH

I ® |
N TR S R

|
7l Qe ZnCl

ZnCl ZnCl @0H,

| moy |
R—Cl—H ~— R <—R—/C—H
L H
Zn Cl—CI® 7 CI° ZnCl

+ Cl@l—Zn cl,
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H
© H® | ®¢© o
R—C—H —— R—(Clt—H ~ on Chy R—Clt—H
Zncl Zn’C’:I—BI@ H
|
|
R—Cli—H
H
R
Zn/Hg R\ /H
—0 — = o
H con.HCI |_|/ H
Zn/Hg

CH3CHO ———=> CH3CH,OH
con.HCI

(14) Wolff-Kishner reduction: Hydrazones are hearted with Sodium ethoxide atC,80

Nitrogen is eliminated and carbonyl group is cote@rto methylene group i.e.

hydrocarbon.
0 OH
R—C—H — > R—C—NH- —
+ NH; NHy ——=> R ? NH— NH,
H
H,0 R
C = NNH,
H Hydrazone
R R
AN N\ o
C=NgzN-H —» C =N - NH
He" T "
: |
OH
R
\(Q N - NH
n-"
lm)n
R\ g H R\III
0
(-TﬁN N C-N @n
H HO [~
(<]
lN_ OH
R
N
cO HOH | » _cu.

g H
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Reaction can be carried out at room temperatuthdrpresence of polar solvents like
DMSO. Use of Potassium t-butoxide gives betterdyiel

4.6.40XIDATION REACTIONS OF ADDEHYDES

The aldehydes in presence of oxidizing agent canokdized to corresponding

carboxylic acids in continuation the reactionstze@ng described as follow.

(15) (i) Aldehydes are easily oxidized with®&r,O; in Sulphuric acid, or KMn@Q

0
R K ,Cr,07/H,S0y R)k
=0 > OH
H [O]
aldehyde carboxylic acid
o)
CH3: K,Cr,07/H,S0y )k
© > CHy~ “OH
H [O] o
acetaldehyde acetic acid
o)
H: K ,Cr,07/H,S0, )k
© [O] > H "OH
H
formaldehyde formic acid

(i) Aldehydes with methyl or methylene group adjat to carbonyl group are

oxidised to dicarbonyl compounds by Selenium oxide.
CH3CHO + Se@Q — » OHC — CHO + Se + }D

(iif) Mild oxidizing agents like tollen’s reagenA§(NH3),OH], Fehling’'s solution i.e.
alkaline solution of cupric ion or Benedict's sadut i.e. alkaline solution of Cupric ion

complexed with citrate ion; oxidize aldehydes.
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(0] (0]
I o @
R—C—H + 2 Ag (NH3), OH R—C—O NH, + 2Agl+ H,0 + 3NH,;
Ammoniacal Silver Nitrate Solution Silver
Tollens reagent Mirror
O O
| l - e
R—C—H + Cu(OH), + NaOH R—C—ONa + Cu, O l+ 3H,0

redppt
Cuprousoxide

Benzaldehyde gives positive test with Tollen’s e#tgbut not with Fehling’s and
Benedict's solution because of + Resonance effeBeonzene ring which makes C-H
bond stronger and weak oxidizing agents like Fghlind Benedict solutions could not

oxidize aromatic aldehydes.

4.6.50THER REACTIONS

The carbonyl groups are polar and this polarityeases acidity of hydrogens af
carbon. Thes@- hydrogens may lead to form etholate ions. Theraagic ions are
good nucleophile and can attack on electrophilee fprotons. The pKa value of
aldehyde is lower than that of ethane or acetyleuiit is comparable to those of

alcohols. Sa halogens of aldehydes are removable by strongbase

alpha hydrogeA—~H O o, o
wee by BN N
-y " —>| —C4C-H <«<—> _c=C—H | * BH

/' )

alpha carbon

Enolate ion is ambident anion. Here partial negativarge is located on bathcarbon
and oxygen i.e. two different sites of one molecate having —ve charges. So this

nucleophile can attack eleclrophiles at eithemaf sites.

If electrophile like alkyl group attacks at carbtiren it is called alkylation ofC-
alkylation, or if it attacks at oxygen it ®-alkylation, O alkylation is uncommon and
oxygen site is common for protonation. Protonateads to unsaturated alcohol called
alkenol or enol which are unstable and rapidly ieomes back to carbonyl

compound.Some of the reactions under this hadntiragation are being given follow:
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(16) Haloform reaction: Acetaldehyde reacts rapidly with halogeny(@r,, or k) in

the presence of alkali to form haloform.
0
H;C CHO + 3Br, + 3NaOH — H—|(|?— CBr; +3H,0 +3NaBr
0 0
BryC — i'— H + NaOH — H — i'— oNa® + CHBr,

Bromoform
Haloform reaction is useful in identifying the peese of —COCElIgroup.

If instead of Bromine, lodine is used as solutiémodine in aqueous alkali then CH93
yellow precipitate of lodoform is obtained and ri@t is called lodoform reaction.

Ethyl alcohol and secondary alcohols also give tés$ positive.

17. Cannizaro reaction: Aldehydes that have na hydrogen atoms undergo

disproportionation reaction. Here when aldehydeth(no a hydrogen) are treated with

concentrate NaOH, one molecule is converted tchalcand one molecule to acid.
2HCHO Raoh, CH3OH + HCOONa - ]

COONa

CHO CH,OH
— » Cannizzario
2 NaOH + reaction

benzyl alcohol sod.benzoate

CHO CH,OH
NaOH
* HCHO —» + HCOONa ——— \jixed Cannizzaro
reaction
|CHO NaOH  CH,OH —
—>
CHO COONa
glyoxal glycolic acid (sod. salt) Intramolecular
(”) (”) (lJH(”) Cannjzzaro
& Naon  CHs—CH-C—ONa reaction
methyl gyoxal R sod. lactate

UTTARAKHAND OPEN UNIVERSITY Page 118



ORGANIC CHEMISTRY-II BCHCH-202

Mechanism : Attack of OH? group on the carbonyl group followed by hydride
transfer.The sequential mechanism is as follow bfathinter and intramolecular

Cannizzaro reaction

NaOH Na" + BH
Y 3 QCI)@ D hydride shift le9
ydride shi
H—C—H +, OH —> H—C@ b opdl, JyAndesnlt L & H
OH H
+
i 2 ¢ 9
H—C—ONa «—— Na" + H—C—CS9 + CH3OH <—H—(|3—H + H—C—OH

H

OH O—H

¥\ |
¥ I
H—<‘3=\3 . ®n NaoH @ dahydride shit C‘ZZO

intramolecular™

H—C=0 H=CL0 H—C—
glyxol ( ethanedial) H
OH ONa i@
E=0 o ¢=0
ﬂ Na" *
H—C—OH H—C—OH -~ H—C—OH
H H H

hydroxy acetic acid

In mixed Cannizzaro reaction it is the formaldehyfuzt is oxidized to formate ion and
other aldehyde viz; benzaldehyde is reduced tohalcbecause CHO group of HCHO
is the most electrophilic among all the substitutddehydes and require the least

activation energy to react with nucleophile readiget OHion.

18. Reformatsky reaction: Carbonyl compounds on treatment with bromoester in

the presence of zinc, followed by acid hydrolysedds 3 hydroxyl ester.
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i Zn, ether C|)H
CH;CHO + BrCH,COOCHCHs — CHrCH—CHz—C—OCHZCH?,
i H,O/H*

Mechanism:

Zn reacts witha- halo ester to form Zn-enolate reactive intermigliavhich is also
known as Reformatsky reagent. This enolate reatt allehyde/ketones to give another
intermediate which upon hydrolysis gié$ydroxy ester as follow.

¥ oo

£ _C? benzenet ?_Z'@ Q—zn—=sr
F—CH, ¥-C—OCH,CH; — > BFCH,=C—OCH,CH; 5 CH;=C—OCH,CHs

Zinc enolate

Reformastsky reagent

Br
O—Zn— Br Q
o
)k —_— ||J (;
+ R H R—CH
CHy OCH,CHjs f OCHZCH3
Zinc enolate aldehyde Hz
Br
OH 0 Zr|1,,
\ I HOH/H* o "0
CH_ H/C\ < [ I
R~ CH O—CH,CHs R—CH ¢
“CH; T~ OCH,CH;

beta hydroxy ester

Zinc enolate do not react with ester, hence theranxd chance of ester-ester self
condensation.Zn also does not form Zn-enolate feom bromo ketone or aldehyde.

Thus there is no self condensation between aldebyketone.

The B-hydroxy ester produced in this reaction can eabsydehydrated ta, p —

unsaturated ester because dehydration gives aams®stabilized conjugated system
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_ ((IDI _
R—CHLCHY C—OCH,CH;

alpha, beta unsaturated ester

oo .
R—CH-CH,—C—OCH,CH, CH3OH/HOHM I
A

o®
@ I
R—CH— CH=C—OCH,CHs

Examples of Reformatsky reaction

OH
CHACHACHO i Zn/C/Hg/heat
+  BrCH,COOCH,CH >
3CH> 2 HCHs o Cihon CHaCHaCHCH,COOCH,CH;
i on g
i Zn/ether/heat
CHiCHO + Br—C—C—OCH;CHj R LAY CHy~CH-G—C—O0CH,CH;
L, i NH ,CI/HOH i,
OH
CI:H—g—OCH2CH3
0 CH3
. (|:H3 9 i Zn/C/Hg/heat
H Br—CH—C—OCH,CH; ——  »
i HOH/H™ I
0
%(IZ—C—OCHZCHg
L CHs a

_ I i Zn/C/Hg/heat I
CHy—C=N+  Br—CH,—C—OCH,CHjs © > CH3—ICI:—CH2—C—OCHZCH3
i HOH/H*
— OH o) CHs ]
| Il ya
CH3—CH,—CH—CH,—C—N
CHs
0 ,CHs i Znlether/GHg/heat
CHaCH,CHO  +  Br—CHy—C—N. HOH/GH/heat
CHs il HOH/NH,CI
CHs
I Vs
CHy—CHy—CH=—CH—C—N
~
CHs
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19. Witlig eaction : Carbonyl compounds react with alkylidenephosphesan(ylids
which is nucleophile) leads to formation of alkemal triphenyl phosphine oxide.

Phosphorus ylids are formed when triphenylphosphimé primary or secondary alkyl

halide react in the presence of strong base as NaNH, etc.

/—\ o R

> -
RCH, — X + P (CgHy); —r2s (Ctlys P — C—m | x©
A H
. Triphenyl
Alkyl Halide Phosphine Alkyl triphenyl

Phosphonium halide

RLi (Strong Base)

H

H

| O] | e
(C¢Hs); P— C—H + RLi — = (C¢Hs); —P—C

e |

R R
Phosphorus ylide

(C¢Hs); P=CHR

H H H H
| | |
R— C/\+®C— p® (Cs Hs)3 R— C—C—R
> ]
e) @
© R o F (CeHs)s
Betaine
H H H l H
| .
R—C=C—R =~— R—C—HC—R
~
* 0P
(CeHs); P =0 (CeHs)s
Triphenyl Phosphine Oxide Oxaphosphetane
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CH,CI

I (C6H5)3P CH=C

i RLi
©/CHO
i

20. Aldol condensation: Carbonyl compounds aldehydes containong hydrogens

condense in the presence of dilute base form addiroduc{3-hydroxy aldehyde also

known as aldols.

£ alpha carbon with alpha hrdrogens
O / O OH
I ! | NaOH | I
CHz—C—H + H—CHy—C—H CHz—CH—CH,—C—H
_________________ | beta hydroxy aldehyde
(aldol)

Mechanism: Base generates enolate ion from carbonyl compobadsg at least one
o hydrogen (acidiox hydrogen). Enolate ion is good nucleophile, asackrbonyl
carbon of other unionized carbonyl compound forrkosdldde anion which accepts

proton from water to give aldol.
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G : .
CHS_CinBCHz—ﬂ—H -4—=-CH2:(!“—H
.

CH; —C— CH,— C—H

B ||

e} 0 . .
(Alkoxide anion)
] HOH
H
CHy —C—C,—c—u 4o
0
Aldol

Benzaldehyde, formaldehydes type compound (whigiotlbavea hydrogens) donot

show aldol condensation.

21. Mannich reaction: A Mannich Reaction is a formation of fa- amino carbonyl

compound. The Mannich base is an endproduct iMir@nich reaction, which is formed
through nucleophilic addition reaction of a nondezable aldehyde (formaldehyde) and
any primary or secondary amine to produce resonsatatglized imine salt. Finally the
addition of a carbanion from compound (any enoleatarbonyl compound, amide,

carbamate etc.) to the imine gives the Mannich .base

O

O
(@] CHy, _R;
e £ ik N
+ H—C—H + H—N — |
‘R, [iH® Rz
enolizable non enolizable

beta amino carbonyl compound

carbonyl compound carbonyl compound amine )
y P y P Mannnich base

Mechanism:

The mechanism involve the formation of imine $ia#t from formaldehyde and amine.
In this reaction being nucleophilic nature of amihettacks the carbonyl group of
formaldehyde. No acid is required for that, howetrer acid-catalysed dehydration of

the addition product reveals the imine salt aofoll
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0 S e i
H—UN\ — > CHz—ij— R, — > HO—CH—N—R,
R, |

amine i HCI

e "\ (:quz21 R
HzO+CH2=%—R2&<—ﬁ 2T

imine salt

The imine salt is a just intermediate but quitdletaThe iodide salt is solid in nature and

known asEcchenmoser salt R
1

|
CHy=N—R, °

The electrophile imine salt now add to the enoirfaf carbonyl compound to give the

product of the reactios- amino carbonyl compound or Mannich base

0 o OH

enol
[C)
O—H Q
I|Ql CH2 /Rl —H+ CHZN/Rl
CHy= %— R — IT‘ — > |
imine R, Ro

beta amino carbonyl compound
or Mannich base

The reaction can further react by three differeay wrovided that:

1 The Mannich base i€ br 2 amine, in such cases it condenses further withamane

additional HCHO and enolizable carbonyl compound.

UTTARAKHAND OPEN UNIVERSITY Page 125



ORGANIC CHEMISTRY-II BCHCH-202

dLCH3 + HCHO + RNH, — 1 @AI\CHZ—CHZ—N R
CH~CH N R ; CHZ—CHZ—N CH,—CHs
@/LCH3+ HCHO + @/u\ - — @/u\

2. The enolizable carbonyl compound has active whetle group, stepwise
condensation of two or more molecules of HCHO amgha with one molecule of the

compound with active methylene group will take plac

COOGH;5 N H COOGHs
HCHO * R—NH, ., CHj ., R—N—CHy—CH
COOGHs “COOGHs
H COOGHs + H _COOGHSs
HCHO + ’ " \—CH,—
R—NHZ + R—N—CHZ—CH\ E— R—N—CH C\
COOGHSs (]: COOGHs
R—N—CH,
H

1. The Mannich base obtained may condense with eXt€stO

0 o)
CH—NH; + HCHO — > @CHrN=CHz

Mannich reaction is very important reaction for #nthesis of reaction intermediate
imine salt. The mannich product can be converte@riones which can be used in

Mannich addition.

Phenols, furan, pyrrole, indole also give this teac because intermediate of the
reaction is iminium salt which is a strong electnig and these compounds give

aromatic electrophilic substitution (ArSE) reaction
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@ | @ R @@

/N_R
OH
THCHO 1 man M, OO
CHZ—N R
@ * HCHO + R,NH L \
)

H
22. Knoevenagel reactiorit is a modified aldol condensatlon. In is simply a
nucleophilic addition of active hydrogen to the baaryl group which finally undero
dehydration with the formation ef, B- unsaturated product.This reaction is catalysed
by amines generally piperidine/buffer system comniey an amine and acid. A base is

required to generate carbanion while acid is féivation carbonyl group.

Active hudrogens

X = electron withdrawing group, XCHX may be

o O o O o o o
/\Mo/\ MO/\ HOMOH NEC\/KOH etc;

diethyl malonate ethyl acetoacetate (EAA) malonic acid cynoacetic acid
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O + RCOOH @ + RCOG
N

N \
| /
H H "
acid base —» buffer system

Mechanism of the reaction:
The sequencewise mechanism of Knoevenagel reastasifollow:-

Step-l The weak base RCO@bstract the hydrogen from active methylene graugb
provide aresonance stabilized enolate/ crabanion

0
/_\ \ OCHchg >70CH2CH3
Hch RCOOH +  ScH

%ocwcm ) OCHCH;
4 ©)
weak base  ethyl malonate

RCO

carbanion

Step II. This step involve the formation of reactive eleptiile from pyridine by
reaction with aldehyde viz; benzaldehyde to fornmiom ion. This intermediate is more

reactive than carbonyl group

@Ak O o @T@

iminium ion
electrophilic carbon

benzaldehyde electron deficient

Step Il In this step the electron-deficient carbon of imm ion is attacked by
carbanion
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Active hydrogen

l/COOCI—bCHg
CH=N@ > @—CH-CH
4 | \
| COOCHCH;

/COOCHCHj

/

\
COOCH,CHjs
Step IV The weak base depronates acidic hydrogen followeelimnination of NR

group to given, - unsaturated derivative of the adduct
"
H
sl ,COOCHCH; _COOCHCH;
i — @CH:C\ : O
(|  CoocHCH;s COOCH,CH; N
I
9 :
With malonic acid or cynoacetic acid as reactahg products usually undergo

decarboxylation, which occurs as a concerted deositipn.

S &

| |
R_ JCOOH |, R—C¥-CH—COOH R,
=0 + CH, > (,{I - R/C:CH—COOH
~COy

K “COOH H* O

Decarboxylation is also carried out in presencpyoidine.

7
oo )
H N \/COOH
+ /\OMO/\ _N> ©/\

benzaldehyde ] ) )
cinnamic acid

O

23. Benzoin condensation reactianThe benzoin condensation is a reaction (often
called a condensation reaction, for historical oeay between two aromatic aldehydes,

particularly benzaldehyde. The reaction is catalyby a nucleophile such as the
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cyanide anion or an N-heterocyclic carbene. Theti@a product is a benzoin. In this

umpolung reaction Clylay key role as catalyst the well known example:

CHO (l)H(l) ICI) CI)H
HCN T — o
CNH ||-|
cynohydrin benzoin benzoin
Mechanism acidic H due to Oand CN group
R /
O§ — (l)H —
H
u %—CE N
T o N CN
electophilic carbon i OH
I e
C=C=N
nucleophilic carbon B a

cO \n
| ¥ |C
CN
: &
i T
oH CN H
G hydrin benzoi
cyno r'nn pbenzoin
L ynohy

- B Rapid transfer of FJ L
O OH 8 oH
I ] S
C_(|: rapid loss of & C—(|3
H ~ CCN H

benzoin
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In this reaction CNact as catalyst which is due to its good nucldaypty, stablizing
nature to carbanion and good leaving group.

24. Perkin reaction: The Perkin was developed by English chemist Willielenry
Perkin to synthesize cinnamic acids in which cgfrunsaturated aromatic acid is
formrd by the aldol condensation of an aromatiehjdle and an acid anhydride, in the

presence of an alkali salt of the acid. The alkali acts as a base catalyst.
@)

@)

O O C
I I - —CH
H, CHC—0—C_cp, 1CHCOONa O/CH—C G—OH
ii H,0

benzaldehyde cinnamic acid

Mchanism: CH;COONa

CHscO®& + Na'

cinnamic acid 4.10
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4.7 SUMMARY

Aldehydesare compounds having general formuli&O and contain Oxo (Carbonyl)
group >C=0. Here functional group —CHO occurs & &nd of a chain. Primary
alcohols are oxidized to aldehydes only by Colteagent (Cr@2GHsN) and Corey’s
reagent (Cr@CsHsN, PCC). Aldehydes undergo nucleophillic additieactions due to
polarity of carbonyl group. Reactivity of aldehydeswvards nucleophillic addition
reactions decreases as steric hindrance and -t effeattached alkyl group increases.
Aldehydes are easily oxidized, so they work as pbweeducing agents (reduce
Fehling solution and Tollen’s reagent). Aldehydesega series of condensation
reactions and alpha hydrogen substitution reacti@s per their structural
constitution.Aldehydes can be used as starting maddefor the synthesis of other

synthetically important compounds.

4.8 SELF ASSESSMENT

4.8.1 FILL IN THE BLANKS :

(1) The carbon of carbonyl carbon is hybridised.

(@) sp (b) s (c)sp (d) sfd
Ans. :- (b)
(2) Boiling points of primary alcohols are than the boiling points of

corresponding aldehydes.
(a) higher (b) lower
Ans :- (@)
(3) Aldehydes are prepared by the oxidation of
(a) Primary alcohol (b) Secondary alcohol ) Tertiary alcohol

Ans :- (@)
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(4)

()

(6)

()

(8)

9)

(10)

Melting points of aldehydes tend to with increasing molecular weight.

(a) decrease (b) increase  (c) remain unchanged

Ans :- (b)
Aldehydes have boiling points compavigd those of alcohols.
(a) low (b) high

Ans. :- (a) low

Catalytic hydrogenation readily converts ald#ds/to alcohols.

(a) Primary (b) Secondary (c) Tertiary

Ans. :- (@)

Aldehydes havingi-hydrogen atoms usually do not undergo ctioa

under its reaction condition.

(a) Cannizaro (b) Aldol (c) Haloform

Ans. :- (a)

Appearance of silver mirror in Tollen’s testlicates the presence of
(a) Alcohol (b) Aldehyde (c) Alkene (d) alkane

Ans. :- (b)

Acetaldehyde on treatment with Fehling solutiores a precipitate of -
(@) Cu (b) CuO (c) CuO (d) CuGl

Ans : - (b)

Acetaldehyde on boiling with chlorine gas give

(@ CH; —c—c (b) C Clh— ”C— H (c) CH; CH Cl, (d) CHCl,
0]

Ans. :- (b)
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4.8.2 TRUE/FALSE

1.

10.

Both carbon and oxygen of ......... group i€ bgbridised.

IUPAC names of aldehydes are obtained by replachey ending —e of the

corresponding alkane with —al.

Controlled oxidation of secondary alcohols usingaaidified solution of KCr,O;

produces aldehydes.

Hydration of acetylene yields acetaldehyde.

Density of aldehydes is less than water.

Lower aldehydes are insoluble in water.

As hydrocarbon part of aldehyde “compound increasésbility also increases.
Carbon atom next to carbonyl group is calkecarbon.

Wolf kishner reduction of aldehydes involves usébas$ic solution of Hydrazine as

reducing agent.

Aldehydes react with P€to form gem — dihalides.

Ans.:-1.T, 2.T, 3.F, 4T, 5T, 6, 7.F, 8T, 9.T, 10.T

4.8.3 SHORT ANSWER QUESTIONS

1. Writing the structures arrange the following compas! in increasing order of their

reactivity in nucleophillic addition reaction.

(a) Benzaldehyde, p-Tolualdehyde, p-NitrobenZajde

Ans :- p tolualdehyde < Benzaldehyde < p-Nitrobédsetayde

2. What is the structure of carbonyl group? How doesact with (i) HCN (i) NaHS@

3. What happens when formaldehyde is treated with N&OH

4. Explain the reaction mechanism when acetaldehytteased with NaOH ?
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5. Carbonyl compounds undergo nucleophillic additieactions, why?

6. Write note on :-

(a) Witting reaction

(b) Reformatsky reaction

(d) MPV reaction

(e) Perkin reaction

7. What happens when Aldehydes combine with alsanahe presence of dry HCI ?
8. Aldehydes are powerful reducing agents. Explain.

9. a hydrogen of aldehydes is acidic. Discuss.

10. Different reagents give different products @auction of carbonyl compounds.

Elaborate it.

4.8.4 QUESTIONS RELATED TO IMPORTANT REACTIONS

Complete the following reaction with mechanism vewer applicable :-

O o
I OH
1 H— C— H + gHsCHO——

I
5 CHy— G— H + 2Cu (Oh)+ 2 NaOH-2pm
0
I A
3 CHy— G— H + 2Br+ 4 NaOH-=3m
@

MO
4. CHs Mgl +HCHO—~ 2 —=3= 2

Al Clg
+ HCN + HCl—>
5.
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CH
s 3
| o (CH; COR0 HOH —H,0
> ? > 7 '
- Cro,
7.
chr207/H®

R— CH,OH
—
8. ?

g CeHsCHO + NaOH-2 g

CHy
~
_€=0+ BC—P(GHs)s—
H

10.
O

11. CH3—C—H + PQ!—»

6H—C—H + 4 Ng—>

12.

13 CH;CH=0 + BN — OH———>

O

14. CH;—C—H + NH——

(|:|
CHy—CH—cl —HOH _ » —HO |
15. NaOH )
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UNIT -5 KETONS

CONTENTS:
5.1 Objectives

5.2 Introduction

5.3 Nomenclature

5.4 Synthesis of ketones

5.5 Preparative methods of aromatic ketones

5.6 Physical properties
5.7 Chemical properties

5.7.1 Addition reactions

5.7.2 Addition reactions followed by elimination
5.7.3 Reduction reaction

5.7.4 Oxidation reaction

5.7.5 Other reactions

5.7.6 Some reactions of aromatic ketones

5.8 Summary
5.9 Terminal Question

5.10 References

5.1 OJECTIVES

The objectives of this unit are to study about fiomal group carbony, Molecular
orbital structure of functional group, reactivity carbonyl group, nucleophilicity of
carbonyl group.To study types of reactions carbagglup undergo, mechanism of
name reactions, effect of conjugation on carbomgug reactivity.Although we already
have discussed above factors in aldehydes unit. Mewwill discuss the changes

because of replacement of group H by an alkyl group
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5.2 INTRODUCTION:

In chemistry, a ketones (alkangrege an organic compound with the structure RC (=O)
R’, where R and R' can be a variety of carbon-dairtg substituents. Structurally the
ketone carbon is often described as*"spbridized”, a description that includes both
their electronic and molecular structure. Ketonestagonal planar around the ketonic

carbon, with GC-0 and C-C-C bond angles of approximately 120°
sp? hybrid R group
R S|o2 carbonyl carbon

C=0—»sp’ oxygen

sp? hybrid R group

Basic skeletal structure of carbonyl group in ketasame (Planer) as in aldehydes.

5.3 NOMENCLATURE

Common names of ketones are named on the baslie @flkyl group attached to the
carbonyl group. In IUPAC nomenclature ketones asighated by suffix — one. Prefix
is the name of hydrocarbon (Alkanones). Here longgdrocarbon chain containing
carbonyl carbon is selected and named it by sultistif ‘e’ of Alkane with ‘one’. While

numbering the chain lowest number is given to cayboarbon. Other substituents are
numbered named and placed as prefixes in alphatetar. If there are two carbonyl

groups in a molecule, it is named as Alkanedione.
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O
[l
CHz—C—CH; dimethyl ketone acetone

O

Il ethyl methyl ketone
CHz—C—CHyCHj

O

CH3—|C|:—CH2—CH2—CH3 methyl propyl ketone

o)
I
CHy—C—CH,CH,—CH; IUPAC 2 pentanone

CHs
|
CH3—C3|H—CH2—CH2—|C|3—CH3 5 methy2 hexanone
CHs o)
CHrﬁ—CHTﬁ_CHZ_CFb 2, 4 hexadienone

Polarised C = O bond (electronegativity C - 2.5,- @.5) makes carbon partially
positively charged which attracts negatively chdrgacleophiles (Here electrons from

HOMO of nucleophile move to LUMO of electrophile.iC of C = O group).

Newly formed sigma bond converts trigonaf $yybridized carbon atom of carbonyl
group to tetrahedral SMybridized state attack of nucleophile is at agpt®? to the

C = O bond. And any part of molecule that causescshindrance to this will reduce
rate of addition (nucleophillic addition).Acid amhse catalysis of carbonyl carbon in

Nucleophilic addition reactions has been discusseddehyde unit.

5.4 SYNTHESIS OF KETONES:

Like aldehydes ketones are prepared/synthesizedifmper of methods some are being

discussed as follow.
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1. Oxidation of secondary alcohotls- Oxidation of secondary alcohols with Kr, Oy,

MnO,, or chromic anhydride in acidic medium yield kegenFirstly sec. alcohol gives
ketone with same number of carbon atoms as théaliglcohol. However, prolonged
treatment with oxidizing agents produce a mixturaads, containing fewer number of

carbon atoms than the original alcohol.

H
P KoCr,0; T
CHy—CH—CH;  —o>  CH—C—Chg
O
(|)H K2Cr207 T

CHz—CH—CHy—CH;—CHj CHy—C—CHy—CH,—CH;

e
[O]
Tertiary alcohols are resistant to oxidation in tneluor alkaline medium but they are
oxidized in acidic medium resulting in formation wiixture of acid and ketone and

each contains fewer number of carbon atoms thaartgmal alcohol.
Alkaline KMnQ, is also oxidizing agents.

2. By Oppenauer oxidation: - It involves a special reagent alluminium-t-butexid
[(CH3)3COJs Al, which is refluxed with secondary alcohol arzktone cyclohexanone

is used as solvent. Here [(@BCOJAl acts as oxidizing agent and acetone accepts
hydrogen as hydride ion from sec. alcohol.

OH OH
o by o (CHCORA Q L
IS R > C. + 3 C—CLH3
(@) Rl/ \R [
I 2 H
CHz—C—CHj

Mechanism: -

Step-I
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CH
| ’ OlH C|H3 R, H
—C— /
CH, |C OfJAl 4 Ri—C—R, CH;—C—OH + >c
NG | Al
CHj 5 H CH, R, 0
3
Here exchange reaction takes place
Step-l
o
O ®O /A | ~N R
I R I hoo /3
CH;— C— CH +Al c CH,— C— CH
- CHy— C—
~ \R
New complex is formed.
Step-lIl

| ~H
C
N
CH; CH;

Similarly two more moles of acetone will react wahove (one mole) formed complex
and give two more moles of ketone product.

3 CH,— C— CH + Al o—|< — = 3R—C— Rag| O\ _H |
R, " C
3 PN
H o) HsC (o] 3
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This reaction is useful as for oxidation of polytional compounds as this reaction
conditions are mild. For e.g. in unsaturated alt®las it (reagent) does not affect
double bond.

Primary alcohols can also be oxidized by [(FHCQO] 3 Al if in acetone is replaced by

p benzoquinone as it is better hydrogen accepétor dtetone.

3. By heating calcium salt of any monocarboxylic aotier than formic acid, ketones
are obtained.
0 0
[ |
R—C—O0O| Ca——> R— C— R + CaCO;4
2

4. When vapours of any monocarboxylic acid exceptforacid are passed over
Manganous oxide at 380 then ketone is obtained.

R COOH —MnO

R— C—R + CO+H,0

0]

Mixture of monocarboxylic acids yield mixed ketones

R! COOH + R2 COOH

R'— C—R? +CO, +H,0

0]

Besides this EOR and R COR are also obtained.

5. From Alkenes:Ketones can be prepared from alkenes as follow

(a) Ozonolysis: -Alkenes of following types when treated with oepwield ozonides

and this on subsequent treatment wit®Hnd zinc dust yield ketones

R N R K R R
C=C C=C C=C
R~ H Rl NH R~ R!
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Rl\c C/RS (I) 03 Rl\ RS\
= _—— C=0 + cC=0
Rz/ ~ Ry (i) HO/Zn dust Rz/ R3/

(b) Lemieux Reagent: -An aqueous solution of NalGnd trace of KMn@ lemieux

reagent cleaves alkene to is diol and then to gttk=hor ketones.

-~ E H
I MnQy \N\tl\f —_ DH\‘\\B_.-/DQ a T I:_f_’ oH R'\\ c /H R:"\\ 1
Py C—o - my g Loy =2 c=0
L5 R =2 Tm P © Ry
- Rz Bz ~Nal03

In place of KMnQ, trace of Os@can also be used and it prevents further oxidaton

acids.

6. Oxidation of 1, 2 glycols: -The following types 1, 2 glycols are oxidised (bad
tetracetate (CEHHCOQO) Pb or periodic acid HI9or HslOg) and form aldehydes and

ketones respectively according to structure of glyc

R Ry
RICH— CH— R
I | R Ry
OH OH
OHOH
H5C CH H,C CH
N G
C—OH  [o] i
+ HCHO
C—OH HIO, o
H~ H

7. Alkynes: - Proper alkyl substituted on treatment with waterthie presence of dil
H,SO, and HgSQ gives ketones

R C= CH + HOH_122%
HgSO,

R—C = CH, ===R— C—CH,

|
0
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Similarly other homologues of acetylene on treatimgth disiamyl borone followed by

oxidation with HO, give ketones

R— C= G- R—= RCH=CR (CHg), CH— |C BH

B Sia, CHy/ 2

Disiamyl borone Sig#BH
O
|

H0, RCH= CR(OH) —— R—CH,—C—R
OH-

8. Lithium alkyls on treatment with CQive good yield of ketone.

o]

. oLi
RLi+CO, —»R—C RU, o | H,0
OLi R/ N OLi RLO
Similarly with acids also we get ketone
., =° 2. R o) R OLi
R— C R-Li \ / R2L| \ /_ > HZO 1 .

~on c ~--,. cC R Rl—c— R

™ oL OLi |

o

9. Addition of Grignard reagent to nitrile: - Reaction of Grignard reagents with

nitriles forms ketones.

(0]
]
R—C=N  —= R— C =NMmgx H;0 | X

| ——= R—C —R! +NH;+M3\
R'/ MgX

_ Il
CHz—C=N+ CHsMgBr —» CH;—C=CNMgBr ——> CHz—C—CHg
—Mg(Mg)Br  CH;
—NH3

10.Wacker’s Process: Alkenes on treatment with PdCGind Cu Gl give ketone

@)
_ CuChb J
CHsCH=CH, + PdCb+ HbO ——=5 CH3—C—CHs + Pd +2HCI
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5.5 PREPARATIVE METHODS OF AROMATIC KETONES

The aromatic ketones are those compounds havin@rlaoryl appendage on the
aromaticstructure to the other side of which om&ldi an alkyl or aryl group. Like

aliphatic ketones aromatic ketones can be prefaredrious methods

(1) Distillation of mixture of calcium benzoate anctate yields acetophenone

(CoHs— CG— O)Ca + (CH— G— O)Ca — I 2C;Hs— C— CH +CaCQ

o} o O
[ [

Heating of Calcium benzoate yields Benzophenone

[ 0
Ca —— 3 CgHs— G— GHg + CaCQ

2

(2) Friedel Crafts acylation: - Treatment of benzene with acetyl chloride or @&ceti

anhydride in the presence of AlGlields acetophenone

o)
AICI5 I
+ CHsCOCl —» C—CHs

Use of benzoyl chloride gives benzophenone

O

i
O O =0

3) Benzene with carbonyl chloride in the presencaldl; gives benzophenone.

0
2 @ . cocp Al O + 2HC|
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(4) Benzene with C Glin the presence of Alglields dichloro compound, which on

further steam distillation gives Benzophenone

Cl Cl O
e 2 O e

(5) Catalytic air oxidation — It is a commercial method to prepare
acetophenone where ethyl benzene is treated withesxat 128C under pressure in

the presence of Manganese acetate. o

Mn(CHsCOO
©/\ r 0 IR0, " HO
heat

pressure
(6) Houben Hoesch reaction: -This reaction involves condensation reaction of

cyanides with polyhydric phenols in the presencezZafCL and HCI resulting in

formation of phenolic ketones.
0] CHs3

HO OH HO OH
ZnCIZ
+ CHLCN
HCI

OH OH
Mechanism: This reaction is extension of Gattermmrsynthesis and follows the

following sequential mechanism.

HeC— C= N+ HCl — 3 H,c— C=NHCI _gp CH;-C= NH + znCk

D
(OH

“OH
C ||
\/\‘@ /NH \2 H _ NH
| + C\ — |\) C< CHs;
~ =™~ on e ~ =~ on

HO HO

TH CHs OH o)

L: NH _G— CHs

\/ @
|\J .
Wo S > oH HO ~oH
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(7) Fries rearrangement —When aryl esters are treated with anhydrous A&EI0C,

results in the formation of o-and p- acyl derivatof phenols.

OH

COR OH
|

__ COR
AICl5 O
CHj
OH O
AICI
O

(8) From Grignard Rreagent :- Aryl magnesium bromide with alkyl cyanides undergo

COR

nucleophillic addition reaction at carbon of cyanid/hich on further hydrolysis with

HsO" gives aromatic ketone.

X
Ar Mg Br+R—%N—>R—C=NMgHR—C=O+ NH; + Mg<

OH
Ar Ar

MgBr HsC—C=CN

Hs
(9

(9) From carboxyllic
acids: - By passing vapours of any carboxylic acid exceptic acid over MnO, We

get a ketone.

O\ OH
MnO . A
2 3000 H,O + CO,
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(20) Organo Cadmium compounds on reaction with acidrake form ketones.
0
R, Cd + 2R COC——» 2R— ”c— R +CdCh

Reaction of cadmium chloride with Grignard reagegives Organo Cadmium

compounds.

2R-Mg-X + CdG——3» R,Cd +2MgXCl

Here R is primary alkyl group or aryl group.

5.6 PHYSIICAL PROPERTIES

1. Lower ketones are colourless liquids.
2. Lower ketones possess pleasant, sweet odours.
3.Density of ketones is less than water.

4. As discussed in aldehyde unit ketones have higbding points than corresponding
alkanes but lower boiling points compared with thaxf alcohols of comparable

molecular weights.

CH, (o) OH
CH; — CH —CH, CH; — C — CH CH; — CH — CH
mol. wt. 58 58 60
boiling Point-13C 56'C 82.8C
isobutane acetone isopropyl alcohol

5. Lower ketones are soluble in water as they foymirogen bonding with water. As

alkyl chain of molecule increases, solubility interadecreases..

In infrared spectrum strong C = O Stretching bandbiserved in 1700 — 1740 ¢t
region.
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Relative Reactivity: As discussed in detail in aldehyde unit it is to fieed that

relative reactivity of ketones is less than alde&sydowards nucleophillic addition
reaction. Here electron releasing alkyl group redpaesitive charge of carbonyl carbon
and thereby decrease reactivity of carbonyl grddpreover as compare to H atom
alkyl group increases steric hindrance for attagkieagent (nucleophile) to reach at
carbonyl carbon. Secondly after attack $ybridised carbonyl carbon becomes sp
hybridised in resultant adduct. Here bond anglesreduced from appr.12€ around

109. This adducts also gets steric strain due to asgef bulky groups. This strain is

higher in ketones as compared to aldehydes.

Acetophenone is ketone while other three are aldiehyo, acetophenone is least
reactive p-toulaldehyde has electron donating methyl groupaaa position of benzene
ring whereag-nitrobenzaldehyde has an electron withdrawingongiroup at the para
position and we know that reactivity of carbonybgp is inversely proportional to
electron density at carbonyl carbonpstoulaldehyde is less reactive than benzaldehyde
while p-nitrobenzaldehyde is more reactive than benzaldetydglrogen of ketones

are acidic and removable by strong bases.

5.7 CHEMICAL PROPERTIES

Ketones are reactive organic compounds and unaeagy reactions like aldehydes.
5.7.1 ADDITION REACTIONS:
Like aldehydes the reactive carbony group of ketagiees addition reactions.

(1) Addition of sodium bisulphate (NaHSQ) :- Ketones add on sodium hydrogen
sulphite and form adducts called bisulphite additompounds which are water soluble

salts.
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©
R R __ OH R\<OH
R SO N

C=0 +NaHSQ—» or
R R N SO;Na

®
a

Thus formed adduct when treated with acid, baseesgiworresponding carbonyl

compound.

OH e}

TR

R—C—R R—C—R + NaCl + O +SQ

|
S&; NS

0
| Na,COs/ Hy0 [
—— > R—C—R + NaS0; + NaHCQ
Mechanism: - In this reaction Ng5O; acts as nucleophile through sulphur and attacks
at carbonyl carbon which is followed by protonatioihcarbonyl anionic oxygen by

bisulphite ion.

NaHSQ — N&® 4 y_o_s_8
|
(@)

o ..
HOH + H—OﬂS—%—> HS + 0-5-8

|
O

o
0
Ci & P
R_C—R
( R—C—s—&
©o0_5_& |
I R O
0
e
i it
R—fﬂﬁ—g + Hs§ R—c—s—8 4+ s&
i
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(2) Addition of hydrogen cyanide (HCN) :-Ketones add HCN in the presence of base
catalyst to form cyanohydrins, which can furthehlydrolysed to —-COOH group

OH
R\c:—o + HCN—> R lc R
R T
CN
CH CH
OH
>:O + HCN —> 3\c< B
CH chy C=N
0] cynohydrin
HQ c=N
OO =—0 0
cynohydrin

The mechanism of formation of cynohydrin is siméardiscussed in aldehyde unit,
hence can be persuied from aldehyde unit.

(3) Addition of Grignard reagents (RMgX): - ketones react with Grignard reagent to
form complex which on hydrolysis with dilute acigises tertiary alcohol.
®
R §'~s2 /S R OMgX
> CQ() _ &Mk \C/ H0 R _-OH
B R~ g  HO R/C\R' + Mg X (OH)

CH
CH CH OMgBr 1.0 3
O + CH3MgBr — » — 2~ 5 H4C OH + H,O

CH3

HsC
3 OMgBr HO cH,

C\
CHs | CH3MgBr_>©/ CH; H,0 ©/C\CH3
HCI

(4) Addition of ammonia (NHs):- Ketones react with NfH and form complex
condensation products.
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o) CHg ||O
|
CH;—C—CH + NHy —> CH3—|C—CI-5—C—CI-§

NH, . .
Diacetone amine

O o)
T
CH
3, NHa CH2—(|3
NH,

(5) Addition of terminal alkynes: - Ketones react with sodium salt of terminal

alkynes to give alkynol.
R
R OH

RS
2 HOH/H*
R>fxo " Na=CR —— R><CEC—R — R><CEC—R

e, O @g)z R =~ O -z RS
Na o© OH

(6) Addition of alcohols (ROH): - Ketones react with alcohol in the presence ofsacid
or base catalyst form hemiketals. Hemiketals as® $able than hemiacetals.

®
"'/\H@B ® H LA
g OH / .
” ” HO HO* OR3
C C ~ o N B N
RLNR2 R\ R2 R~ R2 RL” ~ R2
Hemiacetal
ve intermediate
RN
G R
Page 153
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R3
H R3 g OR? OR?
— e Cl | A

BLT— L — ek

; rR2 R2

3
R—0—H Acetal / Ketal
\
CH . H* HO\C?O—CZH;, Ho._ ,O—CHs
r CHSOH HsC”™ CHs ch/C\CH3 + CoHsOH

CH3

hemiaceta}

Cszo\C/: CoHs
N
Hc” CHs

acetal/ketal
Hemiacetals of ketones are sometimes called heatgkdh the above reaction excess

of alcohol and removal of water leads reaction Bovand excess of water favours
backward reaction. Ketones don’t form ketals rgadé$ formed by aqueous dioxin.
Solution of dioxolan on treatment with periodic cacegenerates ketone. Aldehydes,

ketals may however be prepared by treating thenketath ethyl orthoformate.

~ _ O GHs e) Csz C2H5
/C= O + H- C\— O GHy —> /<

Ketones readily react with 1, 2 glycols to formxbtans/cyclic ketal

CH . H3COSQH
3; o , HO c|:H2 —O___CHs

» C H>O
CH3 HO—CH2 O/ \CH3 + 2

cyclic ketal

l HIO,
CH;
U

TTARAKHAND OPEN UNIVERSITY CH3 Page 154



ORGANIC CHEMISTRY-II BCHCH-202

(7) Addition of mercaptans: - Thiols react more rapidly than alcohols to mongidly

to give thioketals.

R R SC, Hs
~ N
o OO v 2= S
Cng CH SGHs
CH4$ CHJ SCGHs
@)
CoHs SCGHs

Qe — 0

5.7.2 ADDITION REACTIONS FOLLOWED BY ELIMINATION:

Ketones like aldehydes combine with nucleophile alwhinate neutral molecule like
H,0.The addition reaction of ketones followed by @fiations are being described as

follow.

(8) Addition of ammonia derivatives: -Nucleophiles of type Y — NH(Y = NH,,
OH, GHsNH, etc) combine with ketones and form carbon g double bonds,

followed by elimination of water molecule.
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C O o) COH
” | Proton transfer |

R— Cc—
AR e
® ‘N—Y

HON—Y Q

Y —'NH, | H

o (OH
H™ transfer
HsC CHy —— _— Hs CHs
HsC 1> CH, 7
~ \Y
G H
Y—NH, H
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Above reaction is acid catalysed.

R
|
WH;GH — s R—C =NOH +HO
Hydroxylamine Aldoxime
R
| B
RNHOH  — R—C:N\ e
R N substituted
\C= 0 hydioxylamines Nitrones (1, 3 addition)
R
\ B
NH, NH, —_— /C = N — NH,
_— R
Hydrazine Hydrazonc
R
HNNHCH,  — >C = N-N—CH
Phenyl hydrazine 5 H
Phenyl hydrazone
NO,
R\ NO,
HNNH ONQ — > C=N-—N @»NO:
R/ |
2, 4 dinitrophenyl hydrazine H
2, 4, dinitrophenyl hydrazone
0]
5,
HN—NH—C—NH, —

C— N—N—C—NH,

R

Semicarbazide Semicarbazone

(9) Phosphorus pentachloride reacts with carbonyl aamgs (simple).
H3C H3C Cl
>:o + PC — > >< + POCK
HaC Hee  C
(10) Ketones react with aliphatic primary amines torfdeetimines.

N NS G SN
R1/(:—O+ NH, —'\<..
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Mechanism :

® OH
R R _ OH
>C=o+ |-|@—>Rl>c/ - R—QE—R1L
Rl
[

Acid catalyses above reaction and makes carbomgboamore electrophillic.

OH OH OH,
| | C
R—-C—R R—C—R R—C—R—> R—C—R
e | ¢! ||
NHz-R NH, - R N N-R
@ H
H3C ot HG
>:O + CHCH,NH, — 5 N—CH,CHs3
H3C HsC
ketimine
NCH,CH;3
‘)‘\‘ + CH3CH,NH, _» “
ketimine
@) NCH,CHj3
CHj H* CHs3

ketimine

At pH; formation of | is fast and as acidity increasefydieation also increases.
However if acidity increases further thetidtep addition of nucleophillic nitrogen of

RNH; group decreases as acidity forms non nucleopitiogen conjugate acid.

UTTARAKHAND OPEN UNIVERSITY Page 158



ORGANIC CHEMISTRY-II BCHCH-202

. ®
R—NH, + P o R_NH, + HO

Non nucleophillic

5.7.3 REDUCTION REACTIONS:

The carbonyl group of ketones can be reduced to,~@H—-CH by using reducing

reagents. In continuation to other reactions thecgons are as follow.

(11) Ketones are reduced to secondary alcohol, weatetd with H and Ni, H and
Pt, LiAIH4 (lithium aluminium hydride) in THF (tetrahydro fam), NaBH (sodium
borohydride) in water or alcohol.

o) OH
HNi
R; Rq heat - R> Ry
pressure
2H*
26 C|59
> R—C—R;
©

When reduction of unsaturated ketone with Ni anddtarried out then preferentially
double bond is hydrogenated or both double bondcanbnyl group are hydrogenated.
But here only carbonyl group cannot be hydrogendte&dlH , and NaBH type metal
hydrides reduce carbonyl group but not isolatedaaicarbon double bond. C = C in
conjugation with carbonyl group is sometimes redu®aBH; is milder reducing agent
than LiAlHs. So NaBH is selective for carbonyl group if carbonyl anteegroups are

present in same molecule.

Metal hydrides (LiAlH and NaBH) transfer hydride ion to positive carbon of carfdon

group and then treatment with water or aqueoussetglfree alcohol from its salt.

0] H oe
| |
R—C—R + H—Al—H—> R—C—R + AlH,

H H
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(12) Meerwein-Ponndorf-Verely reduction: - As discussed in aldehyde unit, ketones
are also reduced to corresponding alcohol whennkst@re dissolved in solution of

isopropyl alcohol containing aluminium isopropoxide

i o HsC HsC,
R—C—R' + CHy—CH—CH; + }%Al . >:o . R-CH-R
HsC 3 HaC OH
If aldehydes or ketones are unsaturated thenaitkdtonly carbonyl group. Mechanism
of MPV reduction of ketones is same as of aldehydissussed in aldehyde unit).

(13) Reduction to hydrocarbon: Ketones are reduced té,—groups:

(a) Clemmensen reduction: -Carbonyl group of ketones is reduced to methylene

group by using zinc amalgam and hydrochloric acid.

I
Zn/Hy
R—C—R= 59, R_ 4R
CH—

Zn/Hg
HCI

O
Zn/Hg
HCI

Mechanism of clemmensen reduction is already dssig aldehyde unit.

(b) Wolf Kishner Reduction :- It involves conversion of carbonyl group to metng
group by heating ketones in the presence of excgdsazine and a strong base
(sodium ethoxide) at 180.

R
N OH \ /
R—C—R + NHNH; —— C= NNH —_— +
I N2 —eon R T TN "o
@]
Hydrazone
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Reaction can be carried out room temperature inptesence of polar solvents like
DMSO. Ina, - unsaturated carbonyl compounds, the Wolf Kisheeuction lead to

double bond migration.

14

H3C Ht H1C ®OH HsC (14)
>:O + NH;—NH, —— » >—N_NH2 > H+ N,
HsC HsC HsC  Ketones

when reduced by metals eg. magnesium in neutratioic medium forms pinacols (1,

2 glycols)

CH CH; CH,

-0 Mg/H
CH,—C=0 9779, o G— c—cH
H,0, H*
OH OH

Acetone ) )
2, 3 Dimethyl butane -2, 3-diol

Pinacol under acidic condition undergo rearrangdmen form pinacolone. This

rearrangement is known as Pinacole-Pinacolonearegemenat.

This reaction is given by only ketones (not aldeds)d

CHLCHs . CHLCHs IC'SSICH3
CHy—C—C—CHs H CHg—ﬁl—@CHg, CHy—CYG—Chy
OHOH OHQH, OH

pinacol
CHg CHg C|7H3
CHy—C—C—CH; «—»  CHg— —C|:—CH3 CHs—@—lc—CHs
o |CH3 H |o |CH3 OHCH;
pinacolone
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5.7.4 OXIDATION REACTIONS:

Ketones like aldehydes are oxidized to carboxatiitis.The oxid. Reactions of ketones

in continuation are as under.

(15) Ketones can be oxidized by strong oxidizing agesich as alkaline KMnQor
hot concentrated HN{etc. Here carbon atoms adjacent to carbonyl gevamattacked
and carbon atom joined to the smaller number ofrdgeh atoms is oxidized

preferably.

o)
CHy CO CH, CH, o, 2CH; COOH

If adjacent carbon atoms have same number of hedr@oms, then smaller alkyl

group retains carbonyl group.

Ketones donot reduce Fehling’s solution, Benedistdution or ammoniacal silver

nitrate.

(@) Baeyer Villiger Oxidation: - Aliphatic ketones on treatment with perbenzoic,
peracetic, and monoperphthalic acid or permonoaulphacid BSG; forms esters

called Baeyer Villiger Oxidation.

R O

! peroxy acid )J\ R
> or peroxide Ry O
R;

ketone ester

Mechanism:The sequential mechanism of Baeyer-Villiger reactgoas follow
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a ﬁ\”‘c;of"“j(“’

.'D.

o A
)L > ﬂL + ?5’/0 ’

1, R

o
J
R- ﬁ/

This rearrangement is intramolecular and migratptitude of an alkyl group is’3>
2°>1°

(b) Oxidation with SeO,:- SeQ oxidises methylene group adjacent to the carbonyl
group of aldehydes and ketones.

O O O
SeG ” ”
R—CH—-C—-CH—>» R—C—C—CH + Se+HO

O O]
| |

C—CH; C—CHO

5
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5.7.5 OTHER REACTIONS:

BCHCH-202

Earlier it has been discussed the acidity-ohydrogens in carbonyl compounds which

leads to different types of reactions in ketones hegogenation, condensation etc.In

continuity some of the reactions of ketones araddiscussed as follow

(16) Haloform Reaction: -Methyl ketones react rapidly with halogens,(@r, I,) in

the presence of alkali to form mono, di and trioi@rivatives.

R

ketone

o S et
>:O + 1, H3C—C—OH + CHl;
CH3 iodoform

Mechanism
i I
e/ X I
OH + H(:IC—C—R—‘-— CH, —C—R=——=

H

X —CH,—C —R

O

Su_ 0
}):O * X2 —> R—C—OH + CHXjz

haloform

il
CH,=C—R| +

X=X

H,0

It involves abstraction of hydrogen by alkali arftert resonance stabilization of

conjugate base.Then carbanion displaces a hatide drhalogen molecule.Introduction

of halogen to methyl ketone enhances electronagat¥ remaininga- hydrogens and

they again undergo above process repeatedly fortricigalogenated ketones.
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X o X 0 X
o | | |l
OH + H—|C—C—R — H—eC—C—R<—> H—C=C—HR +HO
H lX—X
X 0
|l
H—f—C—R
X
0 X 0
SR (‘| I o |l ‘X |l
C—C—R—>» X—C—C—R 2=2» X—C—C—R

X

The trihalogenated ketones are unstable to base.

XCII o 1S

X—|C— — +/ OH —> X—| —|C—R
X X OH
X X o
I g | | I
R—C— + X—C—H < X — + C—R
| |
X X OH

(17) Reformatsky Reaction: -Like aldehydes ketones also react wittbromoester in
the presence of Zinc which subsequently on aciddiysis result in-hydroxy

ester.

OH

(0]
| 1.Zn, Ether |
CH; —C — Crb—”c — OGHs

CH;—C—CH + BrCH COO GH
3 H GHs 5 H
CH3 (e}

Acetone Ethyl 3-hydroxy-3-methyl butanoate

B- hydroxyl ester dehydrate to give unsaturated este
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o

18) Wittig reaction: - Ketones react with alkylidene-phosphoranes (phagghylides)

in an atmosphere of nitrogen leads to alkene sgighe

~ © @ ~ R
_C=0 + 3C_P(QH5)3—»/c:<R+(CGH5)3P:o

CH FHs

>:O + HZ@—%(QHS)S —PCHg—C:CHZ + (C6H5)3P:O
CH3

ketone

CH
>:o o HE-BGHs — > CHy—C=CHb + (CaHoP=0

L

acetophenone isopropenyl benzene

Mechanism of formation of phosphorus ylides andtMétreaction has been discussed
in the previous unit pertaining to aldehydes. Reacof ylides with ketones is slow as

compared to aldehydes.

(19) Aldol condensation: -Analogues to aldehydes, ketones having a hydrogen

undergo self condensation in the presence of Ba{@Hprm ketols.

e} H o OH
I |l Ba (OH),
CHy—C—CH + CH—C—CH—>»—> HC—-C—CH—— C—CH
CHg
Acetone Diacetone alcohol

Ketols are easily dehydrated by heating or by dihtids to form unsaturated ketones.
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OH 0 o
| A

H,C—-C—CH—C—CH — H C—-C=CH—-C—CH + HO
CH3 CH3

4-Methyl — 3 — penten — 2 — one

Mechanism of aldol condensation is similar to thiaaldehyde which has already been
discussed in aldehyde unit.However in mixed aldohdensation, when aldehydes
condense with ketones in the presence of dil. alkilis the o- carbon (having

hydrogen) atom of the ketone which is the attackingeophile.

H

| I
CH;CHO + CH CO cH NaoH_ CH3—|C—CI-§—C—CI—§
H

Acetaldehyde ~ Acetone 4 hydroxypentan — 2 one

OHe e
CH3_|T:_C|-§ CH,—C—CH + H,0
0 0
HoH
%, e |
N R G
02 o O H O
56 S
H,0
H H

HC —C— C—C —CH

OH y O

5.7.6 SOME REACTIONS OF AROMATIC KETONES:

Aromatic ketones show nucleophillic addition reaet. Positive part of adding reagent
always goes to carbonyl oxygen while negative partarbonyl carbon.Though the
reactions has aready been discussed here agirsaesdisome important reactions with

reference to aromatic ketones only.
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(1) Addition of HCN:
O OH CN

CH; + HCN —» CHs

cynohydrin

it HOo_ CN
*“C“H

(2) Addition of Grignard Reagent Like aliphatic ketones aromatic ketones give

secondary alcohols while treated with Grignard ez&dollowed by hydrolysis.

|(|) OMgl (?H
+
(Db bt () —on 182 ()
H H
Benzaldehyde 1-Phenyl-1-ethanol
O OMgl OH
I CH,Mgl | H,O / H* |
C—CH, ——> |C—C|—g—> |C—C|—g
CH, CHg

Dimethyl phenyl
carbinol

(3) Addition of sodium bisulphite:
Acetophenone does not give bisulphite additiontreaalue to steric hindrance.

(4) Acetophenone reacts with hydroxylamine to form amethyl phenyl ketoxime in
the presence of reagents as $£ELSO;, HsPO: etc This reaction is known as

Beckmann rearrangement
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OH HO
@) N/ N
@AA\CHE’ + NH,OH —» Q)}\CHS + @AA\CH?

ketoxime syn and anti

Mechanism:

CH, CH;
O A O=
— C=NOH ——> — C=N_OH, —>
.

OH2 OH
® |
@—N=C—C|—g—> — N=C—CH,
H o
|l

N — phenyl Acetamide

During Beckmann rearrangement it is methyl/phenylug present in trans position
migrate to the carbocation. Based on this we catindiuish syn or anti ketoxime. If
phenyl group migrates, we get N-pheny- actamide irmdethy group migrate, the

product is actanilide.

(5) Acetophenone reacts with phenylhydrazine to gespective phenylhydrazones and

eliminate water.

o)
CH S
Q/L s+ NHz—NH@ N—NH + H0
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Oxidation: Acetophenone is oxidized by acidie®r,O; or KMnO, to give benzoic

acid.

0O=0

— OH

K,Cr,07
O O
I H, SO
KMnO4 (Cold) [O]
@— C—CH; —————3» C5H; COCOOH—> Cg H5 COOH

(7) Reduction: Acetophenone undergo reduction to form ethyl beazen

O

CHy + 4[H] _ZVHg CHs

HCI

(8) Condensation Reactions: (a) Mixed Aldol condemasion: - Acetophenone (has

hydrogen) condenses with benzaldehyde to form gretyayl ketone.

O CHO 0
@JI\CH3+ @ NaOH ©/\)‘\© + H0

Condensation between aromatic aldehyde and algpketone (or mixed ketone) is also

known as Claisen Schmidt reaction.

(b) Aldol type condensation: -Acetophenone undergoes self addition in the pEseh

aluminium t-butoxide to form dypnone.

7" ] o
Al (t BuO
(D—tmo+ me—o(0) Mmooy b o (o)
| —H,0 |
H H
Acetophenone Dypnone
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(9) Mannich reaction: - Acetophenone reacts with formaldehyde and ammonia

primary amine or a secondary amine to fgrraminoketones.
0

0 0
| | H\ CHs  ye | _~ CoHs
@—C—CI—@ +H—C—H + —»@— C— CH, — CH— N__

CHs CHs

Mechanism:

(i) Mannich intermediate is formed by condensatainamine and formaldehyde in

acidic medium

2(CH;— CH),NH + H—C—H=—= H,0 + E§N—CH,—NEb

®

O H

®
Et,NH + EbN=CH,

®
Et, N — CH,

(i) Mannich intermediate attacks acetophenonel{emarm)

O OH
I 2 |
@— C—CH, =—= @— C—CH, (enol form)
—H

o)

(e », B
@—c= CH, + cCcH= NEt2—>@— %—CHZ—CHZ—N\E—>
(l)H \\/ t

O
I Et

(10) lodoform reaction: - Acetophenone reacts with lodine in the presend¢a@H to
form lodoform (Reaction analogous to aliphatic algtee and ketones having

methyl group showing haloform reaction).
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o o
|c|: c 302 |c|: ong + ¢ 2 3HO

— C— —_— — C—ONa + + 2Nal +
" NaoH 4 g

(11) Electrophillic substitution reaction: - Acetophenone undergo electrophillic

substitution reaction— COGHyroup are meta directing and deactivating.

CHO

HNO3 @\ m-Nitrobenzaldehyde
H,S0, NG

CHO 2

CHO
@ Fuming HSO,

% ~ SO;H
CHO m-Benzaldehyde sulphonic acid
Fe Ck
Cl
m-Chlorobenzaldehyde
COCH; COCH;

HNO, @
H,SO, . No,

Ketones are the compounds which have general fernmil GH», contain oxo

5.8 SUMMARY

(carbonyl) group and its functional keto group >CH€3 within the chain. Secondary
alcohols on Oppenauer oxidation (aluminium isoprige in presence of excess of
acetone) give ketones. Ketones also show nucldmphddition reactions but ketones
are less reactive than corresponding aliphatic hgides as it involves change of
carbon’s hybridization from §po sﬁ and increased crowding at carbonyl carbon is
sterically hindered. Also +I effect of alkyl grougt carbonyl carbon reduces its
nucleophilicity. Mild oxidizing agents like Tolles’reagent or Fehling’s solution do not
oxidize ketones. Strong oxidizing agents oxidizetokes as Conc. HNO
KMnO4/H2SO,.They give condensation reactions and alpha hydrogebstitution

reactions. Reagents like LiAlHNaBH, etc, can reduce ketones.
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5.9 TERMINAL QUESTIONS

Q.1 Tick out the correct option in following mulgpchoice questions.

1. Acetone is treated with excess of ethanol in phesence of HCI. The product

obtained is
OH OCH
CoHs OC,Hs
C. CH3CH,CH,COCHz d. CH3CH,CH,COCH,CH,CHj3
Ans. :- (b)

2. Clemmensen reduction of ketone is carried outhim presence of which of the

following:-
(@) H and Pt as catalyst (b) Glycol with KON (c) Zn g with HCI
(d) Li Al Hy4

Ans. :- (c)

3. Identify the product in reaction:-

H30+, HF*
@— C= C—CH,

(a) Cs Hs CH2 CHz CHO (b) Cé Hs CO CHz CH3 (C) Cﬁ Hs CHz COCH;

(d) GHsCO COCH
Ans. :- (b)

4. Compound A react with HCN and forms cyanohydsinich on hydrolysis gives

carboxylic acid acid. So compound A is —

(2) CHNH, (b) CHCOCHs (C) CHtCOs CHs  (d) Gs Hs OH
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Ans :- (b)

5. The compound which forms acetaldehyde when Heaiti dilute NaOH.
(a) 1, Chloroethane (b) 1, 1 dichloro ethane (@ dichloro ethane

(d) 1, 1, 1 trichloro ethane

Ans. :- (a)

6. An organic compound X is oxidized by using awédi K> Cr, O;. Resultant product
reacts with phenyl hydrazine but does not answleersimirror test. So the possible

compound X is

(@) (CH)2 CHON  (b) CH CHO (c) CHCH, OH d) cH,—c—ch
Ans. :- (a) O

7. To distinct 2-pentanone from 3-pentanone reagent should be employed.
(a) Kz Cr, O7 / Hy SOy (b) Zn —Hg / HCI (c) SeD

(d) lodine / NaOH
Ans. :- (d)
(WB JEE 2009)

8. In which of the following reactions new carbonarbon bond is not formed-
(a) Cannizaro reaction (b) Wurtz reaction  (c) Aldondensation
(d) Benzoin condensation
Ans. :- (a) (WB Jee 2009)
9. A strong base can abstract an a hydrogen from —
(a) Amine (b) Alkane (c) Alkene (d) Ketone

(CBSE AIPMT 2008)

Ans. :- (d)
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10.
0
Q/”\ - e Q}HZCHg
HO HO
(@) Zn (Hg), HCI (b) NH NH,, OH (c) K, Ni
(d) NaBH,
Ans.:- (b)

11. What is the correct structure for 2-hydroxytapbenone?

(@) (b) (€)

o O  OH

o o e

O
| C |

Ans. :- (a)

12. What is the major product of the following reaw ?
HO (CHy),OH

HO

(@)
&Vc
O J; E (@]
C [
Ny (b) C

—_—
leq
(@) é/ H (©) 8}@
Ans. :- (a)
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13. Cyclopentanol undergoes oxidation to give —

(a) Cyclopentene (b) Cyclophentanone (c) Cycltgoeal

Ans. :- (b)

14. Which of the following compounds gives positiwdoform test ?

(a) 3-Hexanone (b) 1-Pentanol (c) Acetone

(d) 3-Pentanone

Ans. :- (¢)

Q.2 Short answer type questions

1. Write IU PAC names of following compounds :-

v 0
| cHs
| @( 1> oH
CHyCH—C—H 3
Br

\/\/\/\

O=C—H

Ans: - 2-chloropropanal, 2, 2-dimethyl-1-phenybpanone, 6-hydroxy -5 methyl -2-

hexanone, 2-[1-bromoprophyl] hexanal.

2. Why boiling points of aldehydes and ketones #&igher than those of

corresponding alkanes?
3.  Why lower aldehydes are soluble in water?

4. How will you synthesize acetaldehyde from foladehyde?

” OMg Br OH O
- | o | [
H—C—Hm H—C—Hﬂ» H—C—H% CH;—C—H
| 22Uy
CHs CH,
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5. How will you synthesize lactic acid from acetyé?

CN COOH

HCN | H O/H(-D |

» CH,CHO ——=» CH; — C — OH—%*——> CH;— (|: — OH
H

H,0/H,SO/HgSO,
CH= CH >

H

6. Identify (A), (B) and (C)

Li Al H
CHy— C — cHy— e, (a) SOC2 5y AlOKOH ()

I
O

(A) CH;—CH—CH;, (B) CH3—|CH—CI-g (C) CH;— CH =CH,

OH Cl

7. How did you distinguish formaldehyde from acetdlyde?

Q.3. Complete the following reactions.

1. Identify A, B and C In the following:-

CH, Br CH,CN H, C— |l: O
SoRIoRNo

2. Arrange the following in increasing extent ofingtion.
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O o) CHO CHO
Br

Ans — hydration increases with increasing H-bonding

St &b

3.
o)
‘ Raney Ni, i ®)
‘ NaBH,, CH; OH ©
Identify (A), (B) and (C)
Ans —

O

A) is CO/
B) is O:j/
) is CO/

4. Compound A, having the empirical formulaHg is chlorinated in sunlight to give
a product which is hydrolysed to produce B. B afberdation reacts with acetic

OH

OH

anhydride in the Perkin reaction to produce an &cwhich has an equivalent weight of

148. Give the name and structure of A, B and C.

Ans —
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CH,CI CH,OH
@ C|2 H2 @ 20 / OH @
—»
Toluene Benzyl chloride Benzyl alcohol
CHO CH = CHCOOH
Perkin
reaction
Benzaldehyde Cinnamic acid
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6.1 OBJECTIVES

The aim of this unit is to make you aware abouboaylic acids their common names
and IUPAC naming system. To explain the structdreasboxylic acids, describe the
acid strength of carboxylic acids, describe boilp@nts and solubility of carboxylic

acids in water,synthesis of carboxylic acids,driescthe physical and chemical
properties of carboxylic acids To discuss the mdshimr the conversion of carboxylic
acids into acid chlorides, esters and amides.Tdystthe reduction of carboxylic acid

and understand about the mechanism of decarbooyl@t study how halo acids are
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synthesized from carboxylic acids? To describeptteparation, properties and uses of

hydroxyl acids: malic, tartaric and citric acids.

6.2 INTRODUCTION

Carboxylic acids are aliphatic or aromatic compaunhich contain at least one
carboxyl group (-COOH) in the molecule. The wordrlmoxyl” is derived from the
names of two functional groupse. carbonyl and hydroxyl. Carboxylic acids are
classified as mono, di, tri, or polycarboxylic acigccording to the number of carboxyl
groups present in the molecule. For example, the #800H group containing
hydrocarbons such as formic acid, acetic acid, iprop acid, lactic acid, malic acid,
benzoic acid etc. are called monocarboxylic aciderneas the two —COOH groups
containing compounds such as oxalic acid, sucaieid, adipic acid, fumeric acid,
malic acid, tartaric acid phthalic acid etc. aa#led dicarboxylic acids similarly like
citric acid contains three -COOH group and termedracarboxylic acid. The long
chain monocarboxylic acids are also known as fatigs such as stearic acid, palmitic
acid, oleic acid etc. The general chemical formofaaliphatic carboxylic acids is
CnH21+1COOH.

6.3 NOMENCLATURE OF CARBOXYLIC ACIDS

In IUPAC system, carboxylic acids are named by aeiplg the suffix =€’ of the
corresponding alkane withdic acid”. It is not necessary to indicate the positionhef t
-COOH group because this group will be at the dntie parent chain and its carbon is
assigned as C-1. The common names and IUPAC naaresofne straight chain

saturatectarboxylic acids are given ifable-6.1

Table 6.1-Common names and IUPAC names of someglgtchain saturated

carboxylic acids

Carboxylic acids Common name IUPAC name
HCOOH formic acid methanoic acid
CHsCOOH acetic acid ethanoic acid
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CH;CH,COOH propionic acid propanoic acid
CH3(CH,),COOH butyric acid butanoic acid
CHs(CH,)sCOOH valeric acid pentanoic acid
CH3(CH,),COO0OH caproic acid hexanoic acid
CH3(CH,)sCOOH enanthic acid heptanoic acid
CHs3(CH,)sCOOH caprylic acid octanoic acid
CHs(CH,);COOH pelargonic acid nonanoic acid
CHj3(CH,)sCOOH capric acid decanoic acid
CH3(CH,)sCOOH - undecanoic
CH3(CH,)1,COOH lauric dodecanoic

IUPAC nomenclature of di-carboxylic acids: If there are two -COOH groups are
present in an acid; the acid is called dicarboxgticd. To construct the IUPAC name of
these compounds, add the sufftioic acid to the name of the parent alkane containing

both carboxylic groupsT@able-6.2)

Table 6. 2-Common names and IUPAC names of sogerhdxylic acids

Carboxylic acids Common name IUPAC name
HOOC-COOH oxalic acid ethanedioic acid
HOOC.CHCOOH malonic acid propanedioic acid
HOOC.CHCH,COOH succinic acid butanedioic acid
HOOC(CH,)4COOH adipic acid hexanedioic acid
H-C-COOH

H-C-COOH maleic acid cis-2-butenedioic acid
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H-C-COOH

HOOC-C-H fumaric acid trans-2-butenedioic

acid

IUPAC nomenclature of hydroxyl derivatives of carbxylic acids: The hydroxyl
derivatives of carboxylic acids are called hydrosgtboxylic acids. In common system,
the position of —OH group in a hydrocarbon chaimdicated by the&sreek alphabets
a, B, v, oetc.whereas in IUPAC system the position of —OH grou hydrocarbon
chain is indicated by theumbering, 1, 2, 3, 4 etc. (Table-6.3)

Table 6.3-Common names and IUPAC names of somexydierivatives of

carboxylic acids.

Carboxylic acids Common name IUPAC Name
HOCH,COOH glycollic acid hydroxyethanoic acid
CH;CHOHCOOH lactic acid 2-hydroxypropanoic acid
HOOCCHCHOHCOOH malic acid 2-hydroxybutanedioic acid
HOOC(CHOH)YCOOH tarteric acid 2,3-dihydroxy butanedioic
acid
HOC(COH)((CH)COOH), citric acid 2-hydroxypropane-1,2,3 tri

carboxylic acid

Table 6.41f a carboxylic compound contains double bond (aée then replace the
infix from “—an to —efiand the placement of the infix is determined bgnnumbering,
1, 2, 3, 4 etc(Table-6.4).

Carboxylic acids Common name IUPAC name

/\/ﬁ\ crotonic acid trans-2-Butenoic acid
™

OH
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0 acrylic acid propenoic acid

o

OH

IUPAC nomenclature of aromatic carboxylic acids: Aromatic carboxylic acids are

named by adding the suffixcarboxylic acid" to the name of a parent hydrideaple-
6.5).

Table 6.5-Common names and IUPAC names of some aratit carboxylic acids:

Carboxylic acids Common name IUPAC name
0}
©)‘\OH benzoic acid benzene carboxylic acid
H o
OH salicylic acid 2-hydroxybenzene

carboxylic acid

Table 6.6-If the two carboxylic acid groups ar¢hie benzene ring it is named“ds

carboxylic acid”.

Carboxylic acids Common IUPAC name

name

phthalic 1,2-

acid benzenedicarboxylic
acid
<:> terephthalic 1,4-
HOOC COOH
acid benzenedicarboxylic
acid
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6.4 STRUCTURES AND BONDING

The carboxylic group (-COOH) in a carboxylic acédconstituted by a carbonyl group
(C=0) and a hydroxyl group (-OH). The carboxyl carkatom is double bonded with
one oxygen atom and single bonded with another@xygom in a carboxylic group as

shown in figure:

@) carbonyl group
-—

/U\OH <— hydroxyl group
The carboxylic acids can be represents by R-COOR-@QH. The carboxylic carbon
in a carboxylic acid is bonded with three functibgeoups, therefore the carboxylic
carbon is sphybridized and hence the carboxylic group hasamel structure with
bond angles of approximately 120°. In a carboxglioup, the C=0 bond length is
shorter than the bond length between C-O. Onéefitiall un-hybridizedp-orbital of the
carbon and the un-hybridizgdorbital of the oxygen atom undergo sideways oyerla
This results in the formation of the delocalizedlgetron cloud. This is confirmed by
the C-O single bond length in formic acid being rééiothan the C-O bond length in

ethanol. The oxygen is more electronegative théreeicarbon or hydrogen therefore

the C-O and O-H bonds are polar.
Polar bond
i

R—C—OH

Carboxylic acid

The carboxyl group has the following resonatingatuires:
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7 P /°

—
\:_Q— H QQ— H \\+6— H

L] [mn [
The third resonance structure (lll) has all atonith wheir full quota of electrons and
thus is more stable and more important contributmithe resonance hybrid than the
second structure (ll) in which the positively chedgcarbon atom has only six electrons
in its valence shell. Thus in two important resarestructures [1] and [lll] the carboxyl
carbon is electrically neutral. The carboxyl groigpalso polar due to resonance

structures [11] and [III].

6.5 PHYSICAL PROPERTIES

1. Physical state

Lower members (ECs) are colorless liquids having pungent smel:Gg members are
colorless oily liquids having an odor like goat teut Higher members (g onwards)

are colorless, odorless waxy solids.

2. Hydrogen bonding

The intermolecular hydrogen bonding occurs in caybo acids. The two molecules of
carboxylic acids are associated by hydrogen boniditagdimers (pairs of molecules) in
liquid state or gaseous state. The boiling poimd solubility of carboxylic acids are

associated with hydrogen bonding.

intermolecular
hydrogen bonding

3. Boiling point
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Carboxylic acids have higher boiling points thaa trganic compounds like, alcohols,
ethers, aldehydes, or ketones of similar moleoutzight. For example, acetic acid has
higher boiling point (118°C) than the 1-propanol (@) although the two have similar
molecular weights (60.1). Similarly, the butanoicidaand 1l-pentanol have similar
molecular weights (MW 88.1), but the boiling poaftbutanoic acid (163 °C) is more
than that of 1-pentanol (137 °C). Because the twtecules of a carboxylic acid form
two hydrogen bonds with each other while two ald¢aholecules can only form one
hydrogen bond. The boiling points of carboxylic dsciincrease with increase in

molecular weight.
4. Solubility

The G-C, members are more soluble in water. This is duéeacability of the —-COOH
group to form hydrogen bonds with water molecul®se to strong H....... bonding,
carboxylic acids are more soluble in water thamladts, ethers, aldehydes, or ketones
of comparable molecular weight. The solubility ofarboxylic acid in water decreases
as the molecular weight of carboxylic acids incesad his is due to, a carboxylic acid
consists two different polarities: a polar hydrdghcarbonyl group and a non polar
hydrophobic hydrocarbon chain. The hydrophilic cemd group increases water
solubility whereas hydrophobic hydrocarbon chaincrdases water solubility.
Therefore, @ members are partly soluble and the higher carlf@mincmembers are

insoluble in water, but readily soluble in etharethers and benzene.

6.6 ACIDITY OF CARBOXYLIC ACIDS AND EFFECT OF
SUBSTITUENTS ON ACID STRENTH

A carboxylic acid can ionize in water into carbatg ion and hydronium ion as:
R-COOH + HO = RCOO + H;0"

The equilibrium constant K for given equation cane bexpressed as:

[RCOO~][H;0%]
~ [RCOOH][H,0]
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Since water is in excess therefore, KOf= Ka, hence the above equation can be

written as:

_ [RCOO™][H;307]
27 [RCOOH]

Kais known as acid dissociation constant whichnseasure of acid strength of an acid.
The pK, of an acid is the negative logarithm K, and commonly used parameter to
measure the acid strength of an acid. The low vafye, corresponds to more acidity

and high value relates to less acidity of acids.
pK, = —logkK,
For example, the acetic acid is dissociated as:
CH3COOH + HO = CH;COO + H:0"
The acid dissociation constanj #or given equation can be expressed as:

CH;C00][H;0*
K, =L [BCH3CO]([)H3] I _ 174 % 1075

pK, = 4.76

The value ofpK, for aliphatic carboxylic acids are in the range4d -5.0. Therefore
carboxylic acids are weak acids and their acidiergjth decreases with increase in

molecular weight.

Table 6.7 — Values of gor some simple carboxylic acids:

Compound IUPAC name pKa

HCOOH methanoic acid 3.75
CH;COOH ethanoic acid 4.74
CH3;CH,COOH propanoic acid 4.87
CHz3(CH,),COOH butanoic acid 4.82
CH3(CH,)sCOOH pentanoic acid 4.81
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CH3(CH,),COOH hexanoic acid 4.88
CH3(CH,)sCOOH octanoic acid 4.89
CH3(CH,)sCOOH decanoic acid 4.84
CeHsCOOH benzoic acid 4.19
p-CH3Ce¢H4COOH p-toluic acid 4.36

p-ClCsH,COOH p-chlorobenzoic acid 3.98
p-NO,CsH,COOH p-hitrobenzoic acid 3.41

FCH,COOH fluoroethanoic acid 2.59
CICH,COOH chloroethanoic acid 2.86
BrCH,COOH bromoacetic acid 2.90
ICH,COOH iodoethanoic acid 3.18
ClI,CHCOOH di-chloroethanoic acid 1.26
CIlsCCOOH tri-chloroethanoic acid  0.64

There are two reasons of acidic nature of carboagipounds:
1. Resonance effect:-

q

A /
R O0—H R

/O:ol
+

O—H

Carboxyl group shows resonance structures in wthehoxygen atom of —OH group
contain a positive charge which is not a stablecbaran lose bonded hydrogen atom in
the form of proton and convert in carboxylate idhat is the reason the equilibrium
between carboxyl group and carboxylate ion liesatas right side.
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i i i
/C\ + HO0 =—— /C\ — /C\ + H3O*
R O—H R R O

The carboxylate anion is also stabilized by resoeatike carboxylic acid. The
stabilization of the anion is much greater thar tighe neutral carboxyl group. In the
carboxylate anion the C-O bonds are of equal leagththe two contributing structures

have equal weight in the hybrid.

O=—0

I
ANy PN N

2. Effect of substituent’s on acidity of carboxywids:-

Substituent affects on the acidity of carboxyliadacby affecting the stability of
carboxylate anion. A substituent that stabilizes ¢arboxylate anion promoted the
dissociation and results in a stronger acid. Stuesits on the--carbon atom are most

effective in order to increase in acid strength.

Electron withdrawing groups such as -)WOCN etc. enhance the acid strength of a
carboxylic acid due to increase the stability ofrlmaxylate anions through the
delocalization of negative charge by inductive @sanance effects. However the
electron releasing groups such as alkyl groups cedihe acidic strength of carboxylic

acids

For example p-nitrobenzoic acid @K, 3.41) is stronger acid thap-toluic acid pK,
4.36) because th@-nitrobenzoic acid has an electron withdrawing -NsDbstituent
while thep-toluic acid has an electron releasing sGidbstituent. The —NQOgroup has

a larger effect irortho andpara positions than itmetaposition.
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COOH COOH

20

para nitrobenzoic acid para toluic acid

Similarly, ethanoic acidpKa 4.74 is weaker than the methanoic aciK{ 3.75)

because it has an electron releasing s-8lHbstituent.

CH3COOH < HCOOH

The presence of an electron withdrawing group niearcarbonyl group decreases its
pK, value. Means the magnitude of a substituent dependgs distance from the
carbonyl group of a carboxylic acid. The higherceienegative substituent on the
carbon atom further increases the acidity of cayboxacids by the inductive effect.

For example, the acidity of acetic acid and thaiogen derivatives.
CH,FCOOH > CHCICOOH > CHBrCOOH > CHICOOH> CHCOOH
fKa 2.69 pKa 2.89 pKa 2.90 pKa3.1§ (EKa4.74

To study the effect of multiple halogen substitntioompare the value of gor acetic
acid with its chloro-, dichloro-, and trichloro detives. The chloro, dichloro, and
trichloro derivatives are successively stronger abge they have more electron
withdrawing chlorine. You see that a single chlersubstituent increases acid strength

by nearly 100.
CI3CCOOH > C}CHCOOH > CICHCOOH > CHCOOH
pKa 0.64 oKa 1.2 pKa 2.86 oKa 4.74

Carboxylic acids K, 4-5) are stronger acids than alcohgi,(16-18) because of
delocalization of the negative charge of the caylaie anion through resonance and

the electron withdrawing inductive effect of thelwanyl group.
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6.7 PREPARATION OF CARBOXYLIC ACIDS

The carboxylic acids can be synthesized by vanoethods as follow:-
1. By the oxidation of primary alcohols and aldehyds

Carboxylic acids can be prepared by the oxidatibpromary alcohols and aldehydes
with acidic KMnQ, or acidic KCrOy.

[C] [O]
R-OH R-CHO R-COOH
K20r207/H2804 KQC['QO7/HQSO4 .
Alcohol Aldehyde Carboxyclic
acid
For example:
[O] [0]
CH3;CH,OH CH;CHO CH-COOH
K,Crp0,/H,S0, ° K,Cr,0,/H,SO0, s
Ethanol Acetaldehyde Ethanoic acid
19) [O]
CgHsCH,OH CgHsCHO CeHsCOOH
ST K,Cr0,H,80, O KoCr,0,/H,S0,  ° °
Benzyl alcohol Benzaldehyde Benzoic acid

2. From Koch reaction

Koch reaction is an organic reaction used to cdneéfins into tertiary carboxylic
acids. In this reaction alkenes are treated wittba@a monoxide and hydrogen in
presence of strong mineral acids like phosphorid ac hydrogen fluoride to form the

tertiary carboxylic acids.

HsPO,
CH2:CH2 + CO + Hzo —_— CH3_CH2_C_OH
673 K o
Ethene Propanoic acid

3. By the oxidation of alkyl benzenes

Aromatic carboxylic acids may be formed by the atioh of alkyl benzene with

K2Cr,0O7, or acidic or alkaline KMn@
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0
R _
©/ 1. KMnO,, OH', Heat ©)ko,_|
2. H;0

When toluene is heated with KM@ is oxidized to benzoic acid.

CHs3 COOK COOH
©/ KMnO,, KOH ©/ HsO* @/
Heat

Benzoic acid

Toluene

Similarly, the isopropyl benzene is oxidized inenhkoic acid with alkaline KMng

CH
©7 R/H 3 KMnQO,, KOH ©/
CHs H*

Isopropyl benzene Benzoic acid

COOH

©/CHQCH20H20H3 KMnO4 ©/COOH
H,O

Butyl benzene Benzoic acid

Terephthalic acid can be obtained by the oxidadioprxylene with acidic KCr,O;.

Hj OOH
K,Cry,05
H,SO,4
CHs COOH
p-Xylene Terephthalic acid

4. By the hydrolysis of cyanides or nitriles

Alkyl halides react with sodium cyanide ipZSdisplacement to form a nitrile which on
hydrolysis converted into carboxylic acid. The ayajroup contains a hydrogen bond

which under acid hydrolysis converted into carbaxgroup.
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NaCN HCI/H,0
R—X —— R—CN

R— COOCOH
Alkyl halide Alkyl cynide Carboxylic acid

(Where, R is an alkyl group and X is a halide)

Acid or

CH4CI CHLCN + 2H,0
-NaCl Alkali

Methyl chloride Methyl cyanide Acetic acid

CH,COOH + NH;

Aromatic amine with nitrous acipgroduces aromatic nitrile which on acidic hydroysi

produces aromatic carboxylic acid.

HNO,/CuCN Acid or
Ar-NH, Ar-NO, + 2H,0 Ar-COOH + NHj3
Alkali
NH, CN OCH
HNO,/CuCN Acid or
+ 2H,0 + NH3
Alkali
Aniline Pheny cyanide Benzoic acid

5. By Grignard’s reagents
Grignard’s reagents react with carbon dioxide tanfealts of carboxylic acids which

give carboxylic acids on reaction with mineral &cid

Mg
R—X R—MgX R—COOH
. Ether . 2 H* . .
Alkyl halide Grignard Carboxylic acid
reagent

(Where, R is an alkyl or aryl group)
Benzoic acid is prepared by the action of carb@xide on phenyl magnesium bromide

(Grignard’s reagent).

MgBr C—O—NMgBr ﬁ_
O ey e

Phenyl magnesium bromide Benzoic acid

6. By the hydrolysis of esters
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Carboxylic acids can be prepared by the hydrolgSissters either in acidic or alkaline
medium. For example, the acetic acid is formedHgy hydrolysis of ethyl acetate in
acidic conditions.

H*
CH3COOCzH5 + H20 a— CH3COOH + CzH5OH

Ethyl acetate Acetic acid Ethanol

7. By the hydrolysis of acid derivativesviz. acyl chloride, acid anhydride, esters

and amides

The acid derivatives on hydrolysis with acid oradilkform corresponding carboxylic

acids.
(i) By the hydrolysis of acyl halides

Acid chlorides are hydrolyzed with water to pareatboxylic acids.

ﬁ 0O

1.H,O/0OH ||
R—C—X T R—C—OH + HX
Acyl halide ' Carboxylic acid

CH3COCI + H,O — CH3COOH + HCI

Acetyl chloride Acetic acid

cocl COOH

T ©+HC|

(ii) By the hydrolysis of acid anhydride

Acid anhydrides are hydrolyzed with water to acids.

” ﬁ) 1.H,O/OH" |(|)
R—C—O—C—0—R T» 2R—C—OH
Acid anhydrides ' Carboxylic acid

(CH;C0),0 + H,O —— 2CH;COOH

Acetic anhydride Acetic acid
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(i) By the hydrolysis of esters

Esters are hydrolyzed to carboxylic acids in presasf an acid.

0] 0]
I 1. H,0 |
R—C—OR . R—C—OH + R'OH
Esters ' Carboxylic acid  Alcohol
H+
CH;COOCyHs + H,O === CH3;COOH + C,H;OH
Ethyl acetate Acetic acid Ethanol

(iv) By the hydrolysis of amide

Acid amides are not easily hydrolyzed with wateut hydrolyzed easily on heating

with dilute acids or alkalies.

(0] (0]
[ — H* | .
R—C—NH, + H,O —A> R—C—OH + NH4
Amide Carboxylic acid
(0] (0]
| H* |
CHz;— C—NH, + H,0O T CH;— C—OH + NHj
Acetamide Acetic acid

6.8 REACTIONS OF CARBOXYLIC ACIDS

The carboxylic acids are reactive organiccompoumstsause of —OH and —CO group

and undergo many reactions some of ther are asnfoll

(1) a-Halogenation of aliphatic acids:Carboxylic acids undergo halogenation with
chlorine or bromine in the presence of small amaired phosphorus forme-halo or
B-haloacids. The reaction is knownkHdsll Volhard Zelinsky reactionln this reaction a
carboxylic acids containing amhydrogen atom is replaced by a chlorine or bromine

atom to form am-halo carboxylic acid. The general reaction is as:
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0]
X,/Red P H
R—CH,COOH ————> R—CH—C—OH
X
Carboxylic acid a-Halocarboxylic acid

(Where, X=Cl, Br)

Bromination of acetic acid is a good example of tieiaction.

Br O Br O

Br,/ Red P | Br,/ Red P | Br,/Red P |
CHyCOOH ——— H—C—C—OH — > 4— G—C—O0H ——— Br— C—C—O0H

Br Br Br

Mechanism: The stepwise mechanism is as follow of HVZ reaction

Step 1:Phosphorus reacts with bromine to form phosphtriigomide, and in the first

step this converts the carboxylic acid into an &cgimide.

Br,/Red P
(PBr3)

R— CH,COOH

R— CH,—C—Br
Acyl halide

Step 2: The acyl bromide then tautomerizes to the enamfavhich subsequently
attacks the halogen molecule to form-aalo acyl halide. Water hydrolysis yields the

final a-halo carboxylic acid product.

@) OH @] H
I H* | [~
R— ?H— C—Br — s R—CH=C—BbBr R—CH=C— Br
H
acyl halide
1 L BrLEr
@) @)
[l H-O [l
R—CH—CG—OH <—2— R—|CH— C—Br
Il_%r Br

alpha bromo carboxylic acid
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Although the a-bromination of some carbonyl compounds, such deshgides and
ketones, can be accomplished with, Bnder acidic conditions, this reaction will
generally not occur with acids, esters, and amieEsuse only aldehydes and ketones

enolize to a sufficient extent to allow the reactio occur.
(2) Reactions of -COOH group

(i) a. Reduction of carboxylic acid to alcohols by LiAlH: The carboxylic acids are
reduced to primary alcohols with a strong reducaggent like lithium aluminium
hydride (LiAlH,). In this reaction the carbonyl group of a cardaypup is reduced to -
CH, group.

1. LIAH,

R-COOH R-CH,OH

2. H;0*

Propanoic acid is reduced to propanol in preserfcdittoum aluminium hydride
(LiAIH 4).

1. LIAIH,
CHy-CH,-CH,-OH
2. H;0"

Propanoic acid Propanol

CH3-CH>-C—OH

Similarly, benzoic acid is reduced to benzyl aldahopresence of lithium aluminium
hydride (LiAIH,).

—OH
©/C _ 1.LiAH, CH,0H
T2 M0

Benzoic acid Benzyl alcohol
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Higher carboxylic acids are also reduced to alcehgl hydrogen in presence of copper
chromium oxide. This reaction is used to prepareerdents such as sodium lauryl

sulphate from lauryl alcohol.

C11H23COOH + 2H2 I C11H23CH20H + 2H20
Lauric acid Lauryl alcohol

Carboxylic acids cannot be reduced byM, or Na/GHsOH, or NaBH, or catalytic

hydrogenation.

b. Reduction by HI: Carboxylic acids can be reduced to either pringophols or
alkanes depend upon the reducing agent involveaation

(ii) Decarboxylation reaction: When an anhydrous sodium salt of a fatty acid etdt
with sodalime (NaOH + CaO) or Cu/ quinoline, it égscarbon dioxide to form an

alkane. This reaction is known as decarboxylateattion The general reaction is as:

NaOH + CaO
RCOONa ——— 2~ R—4 4 co
Heat 2

Simple copper salts such as copper chromate, copypleoxide or copper carbonate can

also be used in decarboxylation of aliphatic amaretic acids.

(0]
1.Cu
CH;CH,-C—OH — CH;CH; + CO,
Propanoic acid 2 Quinoline Ethane

Aromatic carboxylic acids also react with sodalitogive benzene.

O
—OH
NaOH +Ca0_ © + Na,CO,
Heat
Benzoic acid Benzene

(iif) Hunsdiecker reaction: Silver salt of fatty acids on heating with a halod€l or
Br) undergo decarboxylate halogenations give alylaryl halides. The general

reaction is as:
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RCOOAg + Br, —2 = RBr +CO, + AgBr

For example,

2
ccl, + AgBr + CO,

(iv) Kolbe electrolysis: The electrochemical oxidation of sodium or potassgalts of
fatty acids give alkanes having twice the numbecarbon atoms present in the alkyl
group of the acid. This process is knownkadbe’s electrolysis For example; the
electrolysis of potassium ethanoate forms ethatie e@rbon dioxide gas and hydrogen

gas as side products.

2CH;COOK — 2CH;COO + 2K"
2H,0 — 2H" + 20H
2H" + 26 — H, (at cathode)
2CH;,COO — 2CH;COO (at anode)
2CH;COO — 2CHs + 2CQ
2CH;: — CH3s-CH3

(3) Reactions with metals and alkalies:Some reactions which show the acidic

character of carboxylic compounds are as follow:

(i) Reaction with metal Carboxylic acids react with active metals like 8a, Mg to

form salts by releasing hydrogen gas.

2RCOOH + 2Na— 2RCOONa + H

2CH3COOH + 2Na ——» 2CH,COONa + H,
(i) Reaction with alkalies: Carboxylic acids react with alkalis like sodium hyxide
to form salts and water.

RCOOH + NaOH— RCOONa + HO
CHsCOOH + NaOH—> CHzCOONa + H,0
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(i) Reaction with sodium bicarbonate: Carboxylic acids are weaker than mineral
acids like sulphuric acid or nitric acid and abte react with weaker bases like

carbonates and bicarbonates to evolve carbon diaxth water.

RCOOH + NaHC@— RCOONa + C@+ H,O

CHsCOOH + NaHCQ; — CH3COONa+ Hy0 + coA

The reaction with sodium bicarbonate is also usefliactional group determination of

carboxylic acid

(4) Formation of acid derivatives: The carboxylic acid derivativewviz, acyl
halides(RCOCI), acid anhydridesRCOOCOR), esters@RD and acid
amides(RCONK) can be derived from carboxylic acids(RCOOH) bg teplacement
of -OH part of a —COOH group by some other groikes{CI, -OR, -NH.

(i) Formation of acid halides: Carboxylic acids react with halide derivatives like
phosphorous trichloride (P§)) phosphorous tribromide (P$r phosphorous
pentachloride (PG), and thionyl chloride (SO@)I to form acyl halides. Acyl halides
are formed by the replacement of —OH part of —-CQgedtip by a -Cl or —Br group.

CH;COOH + PClgy — CH;COCI + POCI; + HCI

Acetic acid Acetyl chloride

3CH3;COOH + PCl; — ™ 3CH3COCI + H3PO5; + HCI

Acetic acid Acetyl chloride

CH3COOH + SOC|2 — CH3COC| + SO2 + HCI

Acetic acid Acetyl chloride

ﬁ o)
@/C—OH PCls ©/C—CI + POCL + HO|
Benzoic acid Benzoyl chloride
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(‘T o)
— OH ‘—
©/‘: PBrs ©/ CT7Br + P(OH);
Benzoic acid Benzoyl bromide
| 1
—OH socl, c—Cl
E—— + SO, + HCI
Benzoic acid Benzoyl chloride

Acyl halides like acyl chlorides are also prepabsdthe reaction of sodium salts of
carboxylic acids with phosphorous trichloride (B)@Ir thionyl chloride (SOG).

3CH3COONa + PCl; — 3CH,COCI + NagPOs

Sodium acetate Acetyl chloride
(CH3C00),Ca + SOCI, — = 2CH3;COCI + CaSO,
Calcium acetate Acetyl chloride

(i) Formation of acid anhydride: The acid anhydrides can be obtained by the
dehydration of carboxylic group in the presencestodng dehydrating agents like@3
or concentrated $50..

0 0
P20s H H
2R—C—OH Hoat R—C—O0—C—R +H,0
Acid Acid anhydride
i
H;C—C
\
2 CH,COOH Pﬁo5t 0+ 2H0
ea HiC— ﬁ:
0]
OH heat K
—> O
OH (
O
phthalic acid phthalic anhydride
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(i) Formation of esters: Carboxylic acids react with alcohols to form estérs
presence of concentrated3$0,. This reaction involves the replacement of -OHugro
by —OR group of alcohol or phenol and also knowiriasher-speier esterification. For

example, ethanoic acid reacts with ethanol to fetinylethanoate.

H+

CH3;COOH + OHC,Hs5 CH3;COOC,H;5; + H,0O

Acetic acid Ethanol Ethyl acetate

Esters can also be prepared by the action of theresl solution of diazomethane on

carboxylic acid.

Ether
CGHSCOOH + CH2NH2 — CH3COOC2H5 + NQ

Benzoic acid Diazomethane Methyl benzoate

Esters can also be prepared by the reaction @rssllt of acids on alkyl halides.

RCOOAg + RX —— RCOOR' + AgX
Silver salt Alkyl Ester
of acid halide

CeHsCOOAg + CoHsBr  —— CH;COOC,Hs + AgBr

Silver acetate  Ethyl bromide Ethyl acetate

(iv) Formation of amides

Carboxylic acids react with ammonia to form ammamisalts which on heating lose

water molecule to form amides.

CH3COOH + NH3 - CH3COONH4

Acetic acid
Heat

H,0 + CH3;CONH,

Acetamide
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6.9 MECHANISM OF DECARBOXYLATION

When anhydrous sodium salt of a fatty acid is leatgh sodalime (NaOH + CaO) or
Cu/quinine, it loses carbon dioxide to form an akaThis reaction is known as
decarboxylation reaction.

Decarboxylation is of two types:

1. Simple carboxylic acids

NaOH + CaO
RCOONa — R—H + CO,
Sodium salt Alkane
of acid
Mechanism
I
R—C+—Q R + CO,

R + HY —— R—H
Alkane

2. B-carbonyl carboxylic acids

The 3-keto carboxylic acids lose G@eadily on heating at about 100 °C.

o)
| A
R—C—CH;—C—0O—H R—C—CHs4
—CO
B-Keto carboxylic acid 2 Ketone

Mechanism

Decarboxylation of3-keto acid takes place via a six membered cydicdition state.
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/* Hydrogen bonding

?‘/)-\Q A, E:l) + E

C

/ B\ 2/ \ R/ \CH3 ﬂ,
B-Keto acid Ketone

Note: Simple copper salts such as copper hydroaidkcopper carbonate can also be

used in decarboxylation of aliphatic and aromatids For example:

—OH
_ Cuco;
" CuOH);

Benzoic acid Heat Benzene

6.10 METHODS OF FORMATION AND CHEMICAL
REACTIONS OF HALO ACIDS

Hydroxy acids, halo acids, amino acids and nitrmlsa@re the derivatives of mono-

carboxylic acids and known as substituted carboxadids.

6.10.1 PREPARATION OF HALO ACIDS:

1. Hell Volhard Zelinski reaction: Aliphatic carboxylic acids on reaction with
bromine in the presence of phosphorous proddd®alo acids. This reaction is known

as Hell Volhard Zelinski reaction

Br,/ Red P
CH5;CH,COOH CHg—TH—C— OH
Br
Propanoic acid 2-Bromopropanoic acid

2. By hydroxy acids:a-halo acids can be obtained by the treatment dfydroxy acids
with HCI or HBr.
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I
CH3—TH—C—OH + HBr —— CHg—TH—C—OH

OH Br

Lactic acid 2-Bromopropanoic acid

3. By a, B-unsaturated aldehydes:a, B-unsaturated aldehydes on reaction with

halogen acids followed by oxidation produyg®alo acids.

_ [O]
CH; =CH—CHO + HCI — CH,CICH,CHO — CH,CICH,COOH

Acrolein B-Chloropropionic
acid

4. By a, B-unsaturated carboxylic acids: a, B-unsaturated carboxylic acids on

reaction with halogen acids produce halo acids.

CH;CH==CHCOOH + HBr ——>  CH,CHBr CH,COOH

Crotonic acid B-Bromobutyric acid

5. By the reaction of sulphuryl chloride on carboxlic acids: Reaction with S@CI,

in presence of iodine carboxylic acid gives halia ac

2
CHsCH,COOH + 2S0,Cl, ——~ CH3—TH—C— Cl + 250, + 2HCI

Cl
Propanoic acid  Sulphuryl 2-Chloropropanoyl
Chlonde chloride
H,0 | Boil

CH3—TH—C—OH + HCl

Cl
2-Chloropropanoic acid
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6.10.2 CHEMICAL REACTIONS OF HALO ACIDS:

Halo acids show the similar properties as carboxatiids. Halo acids are also gives the

reactions of halogen group. The main reactionsat bcids are as follows:

1. Acidic strength: The halo acids are more acidic than carboxylic sadidcause
halogens are more electronegative than other atioensfore a halogen atom withdraws
the electron pairs towards it and help to relebsegtoton; since the halo acids are more

acidic than the normal acids.

H |C|) H O

| |l
R—C—<C—<O0—<H R—C—C—O0 + H*

X X

L L o
CHy—C—C—0—H CHg—Cll—C—(? . H

Cl Cl

2. Reaction due to halogen atom

(i) Reaction with alkali; a-halo acids undergo alkaline hydrolysis form thé@ydroxy

acids.

NaOH

R—CH—COOH R—CH—COOH + NaCl

Cl OH

CH;—/ CH—COOH + AgOH CH3;—CH—COOH + AgBr

Br OH
2-Bromopropanoic Lactic acid
acid

While, B-halo acids on reaction with alkali forfthydroxy acid andx, 3-unsaturated

acid.

o
CH,(OH)CH,COOH ——= CH,==CHCOOH

CH,CICH,COOH
B-Chloropropionic B-Hydroxy propionic Acrylic acid
acid acid
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(i) Nucleophilic substitution reactions: The halogen group present in a halo acid can

be replaced by nucleophiles such as —CNg,MiH —OGHs.

CH;—CH—COOH + KCN — CH; —CH—COOH + HCI

Cl CN
a-Chloropropionic a~-Cynopropionic
acid acid

CH;—CH—COOH + NH; — CH;—CH—COOH + HCI

cl NH,
a~Chloropropionic a-Aminopropionic
acid acid

CH3—CH—COOH + NaOCy,Hs; —> CH; —CH—COOH + NaCl

Cl OC,Hs
a-Chloropropionic Sodium a-Ethoxypropionic
acid ethoxide acid

3. Reaction due to —COOH group

(i) Action with NaHCO 3 or Na,COg3: On reaction with NaHC@or N&COs halo acids

decompose to release carbon dioxide.

CICH,COOH + NaHCO3; — CICH,COONa +CO, + H,0O

Chloroacetic Sodium chloro-
acid acetate

2CICH,COOH + Na;CO3 — 2CICH,COONa + CO, + H,0

Chloroacetic Sodium chloro-
acid acetate

(i) Reaction with alcohols:Halo acids react with alcohols to form the esters.

+

CICH2COOH + CszOH L’ ClCHZCOOCZHS + Hzo

Chloroacetic Ethyl chloro-
acid acetate

(iif) Reaction with PCls: They also react with PE€to form the acid chlorides.
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CICH,COOH + PCls — CICH,COCI + POCI; + HCl

Chloroacetic Chloroacetyl
acid chloride

6.11 HYDROXY ACIDS: MALIC, TARTARIC AND CITRIC
ACIDS

Hydroxy acids contain a -OH group and a -COOH grolipey may be mono or
polybasic. The monocarboxylic acids are classiféeda-hydroxy acids,p-hydroxy
acids, y-hydroxy acids and-hydroxy acids depending on whether the —OH group
bounded to the, B, y andd carbon atom of the hydrocarbon chain with respect
COOH group Table-6.8. Glycolic acid, lactic acid, tartaric acid maécid, citric acid,
mandelic acid etc. ara-hydroxyl acids while salicylic acid3-hydroxybutanoic acid
etc. arep-hydroxy acids.a-Hydroxy acids are naturally occurring carboxylicids
found in many foods including glycolic acid (sugane), lactic acid (milk), citric acid
(citrus fruits), and malic acid (apples) among ahélhe most commonly useat

hydroxy acids are glycolic and lactic acids.

Table 6.8 — Common name of some hydroxyl acids

Chemical formula name

CHy(OH).COOH hydroxyl acetic acid
CH3CH(OH).COOH a-hydroxy propionic acid
CH(OH)CH,.COOH B-hydroxy propionic acid

CH,(OH).CH,CH,COOH  y-hydroxy butric acid

A. Preparation of a-hydroxy acids: The hydroxyl carboxylic acids are synthesized by

using different methods as:

1. By the hydrolysis ofa-halo acids: a-hydroxy acids can be prepared by the alkaline

hydrolysis ofa-halo acids.
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NaOH
R—CH—COOH

R—CH—COOH + NaCl

cl OH
Lactic acid is obtained by the alkaline hydrolysis-bromopropionic acid.

CH;—CH—COOH + AgOH

CH;— CH—COOH + AgBr

Br OH
2-Bromopropanoic Lactic acid
acid

2. By the action of nitrous acid:a-aminopropionic acid on treatment with nitrous acid

in presence of sodium nitrite and hydrochloric acid

NaNO,
CH;—CH—COOH + HNO, CH;— CH—COOH + N, +H,0
| HCI
NH, OH
o-Aminopropionic Lactic acid

acid

3. By the hydrolysis of cyanohydrins: a-hydroxy acids can be obtained by the
reaction of aldehydes with cyanohydrins followeddayd hydrolysis.

W ?H H,0 / H* ?H

CHs—C—H +HCN —= CH;—C—CN CH;—CH—CHOOH

Acetaldehyde Acetaldehyde Lactic acid
cyanohydrin
4. By the reduction of keto acidso-hydroxy acids can be obtained by the reduction of

ketonic acids in presence of Na/Hg.

Na/Hg
CH;COCOOH + 2[H] ———— CH;CHOHCOOH

Q -Ketopropionic Lactic acid
acid

B. Preparation of B-hydroxy acids: like a-hydroxy acids,p-hydroxy acid can be

synthesized using following methods:-
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1. From chlorohydrins: B-hydroxypropionic acid can be produced by the ieacof
ethylene chlorohydrins with potassium cyanide fokal by hydrolysis.

- KClI
HOCH,CH,CI + KCN OHCH,CH,CN HOCH,CH,COOH
Ethylene B-Hydroxypropionic
chlorohydrin acid

2. By the action of nitrous acid:p-hydroxypropionic acid is prepared by the action of
nitrous acid orp-aminopropionic acid in presence of sodium nitated hydrochloric

acid form lactic acid.

NaNO
Hy—CH,~—COOH + HNO, — 2> CH,——CH;—COOH + N, +H,0
HCI
NH, OH
B-Aminopropionic -Hydroxypropionic
acid acid

3. By the oxidation of 1,3-dihydroxy compounds:p-Hydroxypropionic acid is

obtained by the reaction of 1,3-propyleneglycolhwokygen in presence of dilute nitric

acid.
Dil.HNO4
HOCH,CH,CH,OH + 2[Q] HOCH,CH,COOH
1,3-Propyleneglycol B-Hydroxypropionic
acid

6.11.1 PHYSICAL PROPERTIES OF HYDROXY ACIDS:

1. Physical stateMost of the hydroxy acids occur naturally and hageeral important
biological properties. They are colorless, crysiallsolids or syrupy liquids. Hydroxy

acids are more acidic than normal carboxylic acids.

2. Solubility: The hydroxy! derivatives are containing —OH and @kDgroups which
form hydrogen bond with water, therefore they arerensoluble in water than the

corresponding carboxylic acids.

3. Boiling points: The boiling or melting points of hydroxyl acids akso higher than

the corresponding carboxylic acids.
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6.11.2 PREPARATION AND CHEMICAL PROPERTIES OF
HYDROXY ACIDS:

The method of preparation, physical and chemicap@rties of some of the individual

hydroxyl acids alongwith their uses are being dbsedras follow.

A. MALIC ACID

OH—CH—COOH
CH,——COOH

Malic acid

Malic acid is an organic compound with the moleculamula GHeOs. It is also

known as hydroxyl butanedioic acid. It is a dicafd@ acid that is made by all living
organisms, contributes to the pleasantly sour tastéuits, and is used as a food
additive. Malic acid is a colorless crystallineidplsoluble in water and alcohol but
sparingly soluble in ether, it melts at 130 °C. Klacid contains one asymmetric
carbon, hence it exists in two optically active qtwtereoisomeric forms: L- and D-

enantiomers) and one inactive form, though onlyLti;omer exists naturally.

TOOH COOH
H—C—OH HO— T_ H
H— 7:— H H— ?— H

COOCH COOH

D-malic acid L-malic acid

Preparation of malic acid: Malic acid can be prepared by the following methods
1. By the action of nitrous acid or-amino succinic acid (aspartic acid).

Malic acid can be obtained by the reaction of nisracid on Aspartic acid.

CH(NH,).COOH CH(OH).COOH

+ HNO, —— | + N, +H0
CH,.COOH CH,.COOH
Aspartic acid Malic acid
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2. By the partial reduction of tartaric acid: Malic acid can be prepared by the

reduction of tartaric acid with HI.

CH(OH).COOH CH(OH).COOH

+ 2H —— + I +H0
CH(OH).COOH CH,.COOH
di-Tartaric acid Malic acid

3. From bromosuccinic acid: When bromosuccinic acid is treated with moist silve

oxide, malic acid is obtained.

CHBr.COOH CH(OH).COOH
+ AgOH —— + AgBr
CH,.COOH CH,.COOH
Bromosuccinic Malic acid
acid

Chemical properties of malic acid:Malic acid posses following chemical properties.

1. Action of heat Malic acid undergoes dehydration on heating tomfamaleic

anhydride.
OH-?H—COOH Heat HOOC—C—H Heat H—ﬁ—COOH
CH,—cooH 10 H—C—COOH H—C—COOH
Malic acid Fumeric acid Maleic acid

H—C—CO
>

H—C—CO

Maleic anhydride

2. Oxidation with KMnO 4; On oxidation with KMnQ malic acid forms oxalacetic

acid, which exits in keto-enol tautomerism.
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OH—TH—COOH [0] OCOOH OH—CCOOH
CH—cooH  MnOs  cH,cooH CHCOOH
Malic acid Oxalacetic acid Oxalacetic acid
(keto form) (enol form)

3. Oxidation with H,CrO 4. On oxidation with chromic acid, malic acid converri

malonic acid.
CH(OH).COOH (0] /COOH
HZC\ + CO; + H,0
CH,.COOH CrO; COOH
Malic acid Malonic acid

4. Reduction: Malic acid reduces with HI to form succinic acid.

OH—CH—COOH H,COOH
+ 2H —— + H,O + I,
CH,—COOH CH,COOH
Malic acid Succinic acid

Uses:Malic acid is used:

1. In the preparation of several esters and salts.
2. As a substitute of citric acid in drinks.
3. In the preparation of medicine of sure throat.

B. TARTARIC ACID

HOHCOOH

CHOHCOOH

Tartaric acid

Tartaric acid, HOOC(CHOHEOOH, is a dicarboxylic acid, found in many plants
particularly tamarinds and grapes. Tartaric acidaiso known aso,a’-dihydroxy
succinic acid (IUPAC name : 2,3-dihydroxybutanediacid). It is a colorless
crystalline solid, soluble in water and alcoholgdamelt at 170 °C. It has an acidic taste.
Tartaric acid has two identical asymmetric carbaoioms and exists in four

stereoisomeric forms dextro, laevo, meso and racemi
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OOH OOH OOH
H—C—OH HO—?—H H—C—OH
HO—(]:—H H—C—OH H—C—OH
COOH COOH COOH
D-tartaric acid L-tartaric acid meso-tartaric acid

1. Dextrorotatory tartaric acid (d-tartaric acid) isuhd naturally in grapes berries,
plums and several other fruits.

2. Levorotatory tartaric acid (I-tartaric acid) is alsted chiefly by resolution of racemic
tartaric acid.

3. Racemic tartaric acid (an equal mixture of d- ataltaric acid) is prepared
commercially by the molybdenum- or tungsten-catdlyzoxidation of maleic

anhydride with hydrogen peroxide.
Preparation of tartaric acid: Tartaric acid can be prepared by the following gehe
methods:

1. From glyoxal: On treatment with hydrogen cyanide, glyoxal produggyoxal

cynohydrin which on hydrolysis gives tartaric acid.

THO H (OH) CN H,0 H(OH)COOH
+ 2HCN ———

CHO CH (OH) CN CH(OH)COOH

Glyoxal Tartaric acid

2. From Kiliani-Fisher synthesis: Kiliani- Fisher synthesis is one of the methods to

increase no of carbons in copounds. Tartaric acat also be formed from

glyceraldehydes.
HO TN TOOH TOOH
THOH HCN ?HOH H,O / H* THOH HNO3 HOH
CH,OH THOH THOH } $HOH
CH,OH CH,0OH COOH
Glyceraldehyde Tartaric acid

3. From a, a'-dibromosuccnic acid : Both () and meso tartaric acids are prepared by

boiling a, a'-dibromosuccnic acid witmoist silver oxide.
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HBrCOOH A fH(OH).COOH
+ 2AgOH + 2AgBr
CHBrCOOH CH(OH).COOH
a,a -Dibromo Tartaric acid
succinic acid

4. By the oxidation of fumeric acid:Tartatic acid can be prepared by the oxidation of

fumeric acid with alkaline KMn@

H— C.COOH KMnO, CH(OH).COOH
+ H,0

HOOC.C—H [C] CH(OH).COOH

Fumaric acid di-Tartaric acid

Chemical properties of tartaric acid: The chemical properties of tartaric acids are as

under.

1. Oxidation: With mild oxidizing agents tartaric acid yieldsttaric acid while with

strong oxidizing agents, tartaric acid forms oxaload.

HOHCOOH | THOHCOOH 0] TOOH
CHOHCOOH COOH COOH
Tartaric acid Tartonic acid Oxalic acid

However, on oxidation with Fenton’s reagent (alkallO, + FeSQ), tartaric acid is

oxidized into dihydroxy maleic acid.

HOHCOOH Fenton;s reagent ﬁOHCOOH
CHOHCOOH [O] COHCOOH
Tartaric acid Dihydroxymaleic

acid

2. Reduction: Tartaric acid with HI is reduced into malic acibdathen to succinic acid.

HOHCOOH HI HOHCOOH i H,COOH
CHOHCOOH CH,COOH CH,COOH
Tartaric acid Malic acid Succinic acid

With HBr, the tartaric acid is reduced to bromosnuiccacid.
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HOHCOOH
oHBr HBrCOOH . om0
2
CHOHCOOH CHBrCOOH
Tartaric acid Bromo-succinic
acid

3. Salt formation: Tartaric acid forms two series of salts with thaat®ns of alkali.

THOHCOOK i)HOHCOOK
CHOHCOOCH CHOHCOOK
Poatassium hydrogen Poatassium tartarate

tartarate

4. Action of heat: When tartaric acid is heated at 150°C, it deconpas® tartaric

anhydride.
HOHCOOH Heat HOH—CO\
O
CHOHCOOH -H,0 CHOH—CO/
Tartaric acid Tartaric anhydride

On strong heating, it decomposes into pyruvic aéttd the evolution of C@

HOHCOOH Heat
— % CH,COCOOH + CO, + H,0

CHOHCOOCH

Tartaric acid Pyruvic acid

Uses:Tartaric acid is used:

=

In the preparation of baking powder and effervesbernerages.

N

In mirror silvering in the form of sodium potassiuartrate.

3. As mordant in dying and calico printing.

C. CITRIC ACID

H,COOH
(OH)COOH

CH,COOH

Citric acid
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Citric acid is a weak organic tri-basic acid havihg chemical formula §&1s0;. The
IUPAC name of citric acid is 2-hydroxypropane-1;®j8arboxylic acid. It occurs
naturally in citrus fruits like lemon, orange, tamatc. Citric acid is crystalline solid
containing one water molecule. It is soluble inevatnd alcohols but sparingly in ether.
At 130 °C it loses water molecule and the anhydemid melts at 153 °C.

Synthesis of citric acid:Citric acid can be synthesized by the following noels:

1. By Grimaux and Adam synthesis (1880)The sequencial steps in this synthesis are:
1,2,3-hydroxy propane, 1,3-dichloro-2-propenolb 1,3-dichloro-2-propanone. 1,3-
dichloro-2-cyno-2-hydroxypropane a-chloromethyle-hydroxypropionic acid— 3-

cyno-a-cynomethyle-hydroxypropionic acid- 2-hydroxy-1,2,3-tricarboxylic acid.

TH LOH ﬁHCI H,Cl HoCl
?HOH SLLCIN (f—OH 1 ?:o HON NEC—?—OH
CH,OH CH,CI CH.CI CH,CI
. HCl H,CN H,COOH
H HO— ?—COOH KCN HO— ?—COOH H' HO— ?—COOH
CH.CI CH,CN CH,COOH

2. By Haller and Held synthesis (1890)This synthesis can be represented as: Bhyl-
keto butyrate » ethyly-chlorof3-ketobutyrate — ethyly-cyno{3-ketobutyrate » [3-
keto glutaric acid- 2, hydroxyl-1,2,3-tricarboxy acid.
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THS THQU THQCE N

Ha THQ Ho
COOC,Hs COOC,Hs COOC,Hs
THzcoo B H,COOH

H*, KCN

—0

HO— T—COOH
CH,COO~ CH,COOH

3. By Dunschmann and Pechmann synthesis (1891)his synthesis can be

represented as: Ethyl- chlorof3-ketobutyrate - ethyl{3-ketoglutarate —» ethyl{3-
cyno{3-hydroxy glutarate.

OOH TOOH
H,C=N
THQ |CH2
=0 HCN
T H—C|> =0 HO —T}— C=N
Ha
H2 THZ
COOC,H;5
COOC,Hs COOC,Hs

H,COOH
HCI / H,0

HO— T— COOCH
CH,COOH

4. By Reformatsky’ reaction: Citric acid is obtained by the reaction of ethylim

acetate with oxaloacetate in presence of zincvahb by hydrolysis.
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HQCOOCQHsl H2COOCQH5
THZCOOCQHs H,0O
| + Zn + (f:o — OZnBr—(]‘,—COOCZHs 2
r
COOC,Hs CH,COOCH5
Ethylbromo Zinc Ethyl oxaloacetate
acetate
H,COOH

HO—T—COOH + 3C,HsOH + ZnO + HBr

CH,COOH

Citric acid

5. From diethyl B-ketoglutarate: This synthesis is progress as: Dietsketoglutarate
- diethyl B-cynof3-hydroxy glutarate.

TooczH5 TooczH5

CH, CH, THZCOOH

| HCN, HCI | HCI/ H,0

T=o HO—T— C=N HO— C—COOH
H, H, CH,COOH

COOC,H; COOC,H;

Chemical reactions of citric acid:Citric acid undergo the following types of chemical
reactions

1. Citric acid forms three types of saltsCitric acid is a tricarboxylic acid therefore it

forms three series of salts on reaction with afieak.g., monopotassium citrate,
dipotassium citrate and tripotassium citrate.

H,COOK H,COOK H,COOK
(OH)COOH T(OH)COOH T(OH)COOK
CH,COOH CH,COOK CH,COOK
Monopotassium Dipotassium Tripotassium
citrate citrate citrate

2. Action of heat:On heating at 150 °C, citric acid undergoes dehiygras:
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H,COOH HCOOH
[o]
T(OH)COOH (y“,COOH
CH,COOH CH,COOH
Citric acid Aconitic acid

On heating with fuming sulphuric acid at 150 °Griciacid gives acetone dicarboxylic

acid.
H.COOH THZCOOH
Fuming H,SO,4
(OH)COOH =0
150°C
CH,COOH CH,COOH
Citric acid Acetone dicarboxylic
acid

3. Reaction with acetic anhydride:Citric acid produces monoacetyl derivatve

H,COOH H,COOH

(OH)COOH + (CH;CO0,)0 CH;COO— C—COOH
CH,COOH CH,COOH
Citric acid Acetic anhydride Monoacetyl citric acid

4. Reduction:In presence of hydrogen iodide citric acid reduaetticarballylic acid.

H,COOH H,COOH

T(OH)COOH + 2HI —— CHCOOH + H,0 + I,

CH,COOH CH,COOH
Citric acid Tricarballylic
acid

Uses:Citric acid is used:

As flavor compound in the preparation of synthétidt drinks.
As laxative in form of magnesium citrate.

As solvent in polymer synthesis.

As an iron supplement in the form of ferric ammanicitrate.

o M w N e

As mordant in printing and dying.
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6.12 SUMMARY

The unit containing organic compounds carboxylicisevith —OH and —COOH group
together can be summarized as: The carboxylic amidsknown as mono, di, tri, or
polycarboxylic acids according to number of cardaypups present in the molecule.
Long chain monocarboxylic acids are also known &y facids such as stearic acid,
palmitic acid, oleic acid etc. The carboxylic acam be represented by—RCOOH or —
RCGOH. In IUPAC system, monocarboxylic acids are narogdeplacing the suffix-=

e’ of the corresponding alkane withdic acid”, dicarboxylic acids named by add the
suffix —dioic acid to the name of the parent alkane containotly barboxylic groups.
Aromatic carboxylic acids are named by adding th#ixs "-carboxylic acid" to the
name of a parent hydride. The carboxylic carbom icarboxylic acid is bonded with
three functional groups, therefore the carboxyéithon is sphybridized and hence the
carboxylic group has a planer structure with bondles of approximately 120he
carboxylic acids are associated by hydrogen boniditogdimers (pairs of molecules) in
liquid state or gaseous state. Carboxylic acidsehaigher boiling points than other
hydrocarbons such as alcohols, ethers, aldehyddéstones of comparable molecular
weight. The G-C, members are more soluble in water. This is dubdability of the —
COOH group to form hydrogen bonds with water mdlesuThe G members are
partly soluble, and the higher carbon chain memi§€rs onwards) are insoluble in
water, but readily soluble in ethanol, ethers aedzene.The carboxylic acids are weak
acids, their acidic strength decreases with inereias molecular weight. Electron
withdrawing groups enhance the acid strength dueintvease the stability of
carboxylate anions through the delocalization ofjatwe charge by inductive or
resonance effects. However the electron releasirayupg reduce the acidity of
carboxylic acids. The carboxylic acidpKj 4-5) are stronger acids than alcohols
(pKa 16-18) because of delocalization of the negathvarge of the carboxylate anion
through resonance and the electron withdrawingatide effect of the carbonyl group.
The carboxylic acids can be prepared, by variouthous viz; by the oxidation of
primary alcohols and aldehydes with acidic KMrdD acidic KCr,O;. By alkenes on
treatment with carbon monoxide and steam in presaricphosphoric acid.By the
oxidation of alkyl benzene with i&r,O; or acidic or alkaline KMn@ By the reaction

of Grignard’'s reagents on carbon dioxide. By thelrbilysis of esters and other
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functional derivatives either in acidic or alkalimedium. The carboxylic acids undergo
halogenations with chlorine or bromine, are reducedlcohol with a suitable reducing
agent like lithium aluminium hydride (LiAlk} can be decarboxylated, undergo Kolbe’s
electrolysis, release hydrogen gas while reactimigh active metals such as K, Ca,
Mg.The carboxylic acids react with alkalis like aod hydroxide to form salts and
water.This unit also describe functional derivadiMéke acyl chlorides, esters and
amides, anhydrides and their methods of prepardfionarious methods along with
physical and chemical reactions. Hydroxy acids hkalic acid, tartaric acid and citric
acids are very important compounds. This unit atsdes the readers aware about the

methods of preparations, properties and uses séthgdroxyl acids.

6.13 TERMINAL QUESTIONS

Section-A
Q.1 Long answered questiodmswer the following questions

1. What are carboxylic acids? Describe the structak rmomenclature of aliphatic
and aromatic carboxylic compounds.

2. What are carboxylic acids? Give the general methotispreparation of
carboxylic acids.

3. Describe the reduction and decarboxylation reastafrcarboxylic acids.

4. What are halo acids? Give the general methods ebgration and chemical
properties of halo acids.

5. What are hydroxyl acids? Give the general methddsmaration and properties
of malic acid.

6. Describe the general methods of preparation, palyaitd chemical properties of
tartaric acid.

7. How is citric acid synthesized? Describe the imgarrtchemical properties of

citric acid.
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Section-B
Q.2 Short answered questions

How can you synthesize carboxylic acids from cyasid
Write a short note on the acid strength of carbioxatids.
Write the physical properties of carboxylic acids.

Why the monochloroacetic acid is stronger thaniaeeid?
Explain benzoic acid is more acidic than phenol.
Compare the acidic strength of acetic acid and &eaids.
Give the mechanism of Hell Volhard Zelinsky reaotio

How can you obtain halo acids from Hell Volhardidsky reaction?

© © N o g bk~ w DR

Give the mechanism of decarboxylation.

10.How can you synthesize esters and amides from xglib@cids?
11.How can you prepare succinic acid from tartaridaci

12.Give the method of preparation of hydroxyl acids.

13.How can you convert tartaric acid into oxalic a@dd tartaric acid into malic acid?

14.How will you obtained?

a. Carboxylic acids from acyl chlorides
b. Carboxylic acids from aldehydes

c. Carboxylic acids from alkyl benzene
d

. Carboxylic acids from nitriles

15.How can you convert?

a) Carboxylic acids into halo acids
b) Carboxylic acids into alcohols
c) Carboxylic acids into alkanes

d) Carboxylic acids into acid anhydrides
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Section-C
Q.3 Multiple choice questions(MCQ)

1. Which functional group is present in a carbaxgcid?

(a) -COOH (b) —NH
(c) -RCOOR’ (d) -OR’

2. Which one of the followings is a monocarboxyaid?
(a) Oxalic acid (b)Succinic acid
(c) Formic acid (d) Citric acid

3. What is the IUPAC name of HOOC (CHQK)OOH ?
(a)2-Hydroxypropionic acid (b) 2, 3Hydroxybutanedioic acid
(c) 2-Hydroxybutanedioic acid (d)tBnedioic acid

4. Carboxylic acids are more soluble in water thkohols and ethers due to
(a) Their high molecular weight  (b) Hydrogen bonding
(c) More reactive carboxyl carbon (detrhacidic charecter
5. Carboxylic acid and alcohols both are formedrbgdn bonding with water but why
carboxylic acids have higher boiling points thacoabls?
(a) Because acids are more reactive than alcohols
(b) Because carboxylic acids are weak acids.
(c) Because alcohols are not ionized completely.
(d) Because the two molecules of a carboxylic &mith two hydrogen bonds.

6. Which of the following is the strongest acid?

(a) CHCICOOH (b) GBICOOH

(c) CHLFCOOH (d) @8OOH
7. The weakest acid among the following is

(a) CkCCOOH (bCHCOOH

(c) CICH,COOH (d) GEDOH
8. Primary alcohols are oxidized with acidic KMniato

(a) Carboxylic acid (b) Amide

(c) Acid anhydride (d) Alcohols
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9. Derivatives of carboxylic acids are hydrolyzatbi

(a) Alcohols (b) Acyl chlorides

(c) Thioethers (d) Carboxylic acids
10. With LiAlIH,4 the carboxylic acid reduced to

(a) Acids (b) Alcohols

(c) Amines (d) Ketones

11. Anhydrides can be converted into carboxylic acigs b

(a) Oxidation (b) Ammonolysis
(c) Hydrolysis (d) Decarboxylation
12.Carboxylic acids react with SOl in presence of iodine to form
(a) Halo acids (b) Alcohols
(c) Hydroxy acids (d) Ketones
13. Carboxylic acids can be prepared by th& Sucleophilic substitution reaction of
(@) Alkyl halide with HI YAlkyl halide with CO
(c) Acid anhydrides with NaCN (d) Alkyalide with NaCN
14.Which of the following gives malic acid on reactith a-aminosuccinic acid?
(a) Hydrogen iodide b) Nitrous oxide
(c) Acidic KMnO, (d) Lithium alunnim hydride
15.The major product (?) of the reaction is an:
RCOONa —»Nao'1+ CO, L, 4 co,
(a) Alcohol (b) Amine
(c) Alkane (d) Ester

16.Malic acid on reduction with chromic acid produce

(a) Succinic acid (b) Tartaric acid

(c) Citric acid (d) Malonic acid
17.Malic acid can be reduced with HI into

(a) Succinic acid (b) Tartaric acid

(c) Citric acid (d) Malonic acid
18. Citric acid is

(a) Halo acid (b)a-Hydroxy acid

(c) p-Hydroxy acid (d) Miral acid
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19.0n reduction with strong oxidizing agent tartaredaforms

(a) Maleic acid (b) Succinic acid
(c) Oxalic acid (d) Citric acid
20.Formation ofa-chloropropionic acid ta-aminopropionic acid is an example of
(a) Electrophilic substitution ) dmmonolysis
(c) Friedel Craft acylation d) (Nucleophilic substitution

21. What is the reagent for the following reaction?

1.7
R-COOH R-CH,OH
2. HO* Alcohol
(a) LiAlH4 (b) KD,
(c) NaOH (d) HI

22. A primary alcohol can be oxidized to which loé following?

(&) An aldehyde (b) A ketone
(c) A carboxylic acid (d) A hemiacetal

23.a- bromination of carboxylic acid by a mixture of,Bmd PBs is called

(a) Michael reaction (b) Hell-Volhard Zelinskii reaction
(c) Friedel Craft acylation d) Claisen- condensation reaction

24. Which of the following acids is used in maklaking powder?

(a) Oxalic acid (b) Citric acid

(c) Tartaric acid (d) Lactic acid
25. Acid present in lemon is

(a) Oxalic acid (b) Citric acid

(c) Tartaric acid (d) Lactic acid
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6.14 ANSWERS (MCQ):

1. (a 2. (0 3. (b 4. (b) 5. (d)
6. (0) 7. (d) 8. (3 9. (0 10. (b)
11. (o) 12. (a) 13. (d) 14. (b) 15. (0
16. (d) 17. (a) 18. (b) 19. (o) 20. (d)
21. (a) 22. () 23. (b) 24. (o) 25. (b)
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UNIT-7 FUNCTIONAL DERIVATIVES OF
MONOCARBOXYLIC ACIDS

CONTENTS:

7.1 Objectives
7.2 Introduction

7.3 Structure and nomenclature of acid chlorides, sstanides and acidhydrides
7.4 Relative stability of acyl derivative

7.5 Physical properties

7.6 Preparation of carboxylic acid derivatives

7.7 Chemical reactions of carboxylic acid derivatives

7.8 Mechanism of esterification and hydrolysis (aciand basic)

7.9 Summary

7.10 Terminal Question

7.11 Answers (MCQ)

7.12 References

7.1 OBJECTIVES

The objectives of this unit are to study carboxglaid derivativewiz. acid halides, acid

anhydrides, esters and amides using IUPAC namisigsy Describe the structure; acid
strength and reactivity of carboxylic acid derivas.To synthesize carboxylic acid
derivatives: acyl halides, acid anhydrides, estars]l amides. Describe the physical
properties of carboxylic acid derivatives. To déserthe chemical properties of
carboxylic acid derivatives. To describe the me@rarof estrification, and acidic and

alkaline hydrolysis.

7.2 INTRODUCTION

The most important functional derivatives of candax acids are acyl chlorides
(RCOCI), acid anhydrides ((RC&D), esters (RCOOR’ where R and R’ may be same
or different), and amides (RCONHwhich are obtained by the replacement of -OH part
of carboxyl group of acids by —CI, -OCOR, -OR-NH, groups respectively.
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0]
-OH replaced by -ClI H
R—C—ClI
Acid chloride
o} (0]
-OH replaced by acyloxy H ”
0 R—C—0—C—R
” Acid anhydride
R— C—OH 0
Carboxylic acid -OH replaced by alkoxy H
R— C—OR’
Ester
0}
-OH replaced by -NH,
R— C— NH2
Amide

7.3 STRUCTURE AND NOMENCLATURE OF ACID
CHLORIDES, ACID ANHYDRIDES, ESTERS, AMIDES
AND ANHYDRIDES

A carboxylic group contains a carbonyl group (C=)d a hydroxyl group (-OH)
bonded to the carbonyl carbon. The structure diaaylic group is:

2
S
O g

Il
—C~OH

The carboxylic carbon in a carboxylic acid is boshdeith three functional groups,
therefore the carboxylic carbon iszstp/bridized and hence the carboxylic group has a
planer structure with bond angles of approximated®. Carboxylic acid derivatives
are the organic compounds that are synthesized ftwncarboxylic acids by the
replacement of —OH group of carboxyl groupH@l, -OCOR (acyloxy group), -OR’
(alkoxy group) or —NHgroups.

| ]
R—C—O—H D R—C—2Z
z
Carboxylic acid Carboxylic acid derivative
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Where, Z may be chlorine atom, acyloxy group, ajkgsoup or amidgroup.

The four important carboxylic acid derivatives aeid chlorides, acid anhydrides,
esters and amides. These acid derivatives arenglisshed from each other by the
group attached to the carbonyl carbon atom.
| I 1 |
R—C—Cl R—C—0—C—R R—C—OR R—C—NH,

Acid chloride Acid anhydride Ester Amide

Hence, the carboxylic acids and their derivativestain asp’ hybridized carbonyl
group which consists an O atom bonded to a C at@mawdouble bond in a planar
model with bond angles of approximately 120°. Imboaylic acids derivatives, the
hetero atom group (-Cl, N, or O) is connected ®daharbonyl carbon via@bond. The
resonance interaction of the carbonyl group witle fone pair of the adjacent

heteroatom has important implications on the rgagti

Polarity of carboxylic acid derivativesStructurally, the carboxylic acid and their
derivatives differ by only the substituent Z attadho the carboxylic carbon as shown
in their structures. Carboxylic acid and their datives have a common group., acyl

group (R-C=0). The chemical reactions of thosenigcompounds containing an acyl
group depend on the nature of bond (polar or n@arpbletween the carbonyl carbon of
acyl group and the substituent (Z) attached tdhe organic compounds containing an
acyl group are called acyl compounds. On the bafgmlarity, acyl compounds can be

classified into two types: nonpolar carbonyl commasiand polar acyl compounds.

Non polar bond Polar bond
0 0
I I
—Z

R—C R—C—2Z

Carbonyl compound Acyl compound

The carbonyl carbon of acyl group in carbonyl coomms is attached directly to a
hydrogen atom or any other carbon atom. The cadaoben bond and carbon-—

hydrogen bonds are non polar because the elecativiéigs of the carbon and
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hydrogen are almost same. For example, aldehytte&etones are nonpolar carbonyl

Non polar bond Non polar bond
0 0
I |
R—C—H

R—C—R

compounds.

Aldehyde Ketone

The carbonyl carbon in acyl compounds is attacheztitly to an oxygen, nitrogen, or
halogen atom. Such bonds, C-O, C-N, and C-haloges, polar because oxygen,
nitrogen and halogen are more electronegative tianof carbon. The carboxylic acid

and their derivatives are the examples of acyl cmmgs.

Polar bond Polar bond Polar bond Polar bond
(0] (0] (o) (0] (0]
|| / || || / || /
R—C—ClI R— C—OR' R—

I
R—C—O0—C—R C— NH,

Acid chloride Acid anhydride Ester Amide

IUPAC nomenclature of carboxylic acid derivatives

1. Acyl chlorides: In IUPAC system, acid chlorides are named by reptathe “e”
ending of the parent alkane Byl chloride” .

Structure Common name IUPAC name
HOCI formyl chloride methanoyl chloride
CHsCOCI acetyl chloride ethanoyl chloride
C,HsCOCI propionyl chloride propanoyl chloride
CsH,COCI butyryl chloride butanoyl chloride
C4HoCOCI valeryl chloride pentanoyl chloride

2. Acid anhydrides: Acid anhydrides are named by adding the warthydride” after
the IUPAC name of the acid.
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Structure Common name IUPAC name
CH3CO\
/o
CH5;CO acetic anhydride  ethanoic anhydride
CH,CO\
/O
CH,CO succinic butanedioic anhydride
anhydride
1
L
ﬁ/
0]
Phthalic 0-Benzenedioic anhydride
anhydride

3. Acid esters:In IUPAC system, esters are generally named by rimsning the alkyl
group followed by the name of the acid and changiedic” by “ate”.

Structure Common name IUPAC name
HCOOCH; methyl formate methyl methanoate
CH3COOGHs ethyl acetate ethyl ethanoate

C,HsCOOCH; methyl propionate  methyl propanoate
CH3COOGHs phenyl acetate phenyl ethanoate
CsHsCOOGHs  phenyl benzoate phenyl benzoate
CeHsCOO ChH methyl benzoate methyl benzoate

4. Amides: In IUPAC system, amides are named by replacingetiging“-e” of the
parent alkane bgmide

Structure Common name IUPAC name
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HCONH, formamide methanamide
CH3;CONH, acetamide ethanamide
C,HsCONH, propionamide propanamide
CsH7,CONH, butyramide butanamide
C4HoCONH, valeramide pentanamide

7.4 RELATIVE STABILITY OF ACYL DERIVATIVES

Acid derivatives can be listed in order of theiagtvity towards nucleophilic acyl

substitution as:

8- 8- 8- 8- 8-
I Ll I i
o+ cot 8+ S+ 5+
e T N 7 2N
R Cl R Os- R R OR' R NH,
Acyl chloride Acid anhydride Ester Amide

The magnitude of thé+ charge on the carbonyl carbon depends on theratec
releasing or electron attracting power of the stuestt. The substituent groups of acid
chlorides and anhydrides have an ability to withdr@lectrons from the carbonyl
carbon, making these derivatives more reactive taanoxylic acids. On the other hand
in esters and amides, the substituent (Z groumasel electrons onto the carbonyl
carbon which makes these derivatives less reactiMee reactivity of the carboxylic

acid derivatives can be explained in details as:

A. Acyl chlorides: The electron withdrawing inductive effect of arylchloride is not
stabilized by electron pair donation; the electmithdrawing inductive effect of
chlorine makes it more electrophilic and more reactowards nucleophilic acyl

substitution.
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|P

R—C—CI

T
e

‘|’

—C=Cr:

B. Acid anhydrides: In acid anhydrides, the carbonyl group is besibilized by
electron donation than acyl chlorides. Here electpair orbital (2p) of oxygen
overlap with the orbital of carbonyl group but thiesence of two carbonyl groups
create competition for the same electron pair. Thius extent of stabilization in

resonance is decreased.

C. Esters: The carbonyl group of esters is stabilized mofeatively by the electron
pair of oxygen than acid anhydride. Because, onky carbonyl group is present in
esters, this increases the stability of carbonyguprof ester and decreases the

reactivity towards nucleophilic substitution thamdaanhydrides.

D il

R—C—OR === R—C=—O0OR

D. Amides: Acid amides are less reactive towards nucleopBilibstitution. This is
due to the positive charge on acyl carbon atom,clwvhs so necessary for
nucleophilic substitution. They are at least 10 emless reactive than acyl

chlorides.

o:

\P

R—C—NH, == R—

T
G

Py
|
@)
I
Z+
S

7.5 PHYSICAL PROPERTIES

A. Acyl chlorides: The lower members are colorless, volatile liquidihg irritating
smell. Higher members are colorless liquids. Thidirgppoints of acid derivatives are
lower than that of carboxylic acids due to the abseof intermolecular hydrogen

bonding. They also fume in moist air.
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B. Acid anhydrides: Acid anhydrides are colorless liquids or solidshwitritating
smell. They are soluble in organic solvents, algiothe lower members are readily
soluble in water. They have higher boiling poirttart parent acids due to their larger

size.

C. Esters of acids:Esters are colorless liquids or solids having yrait flowery odor.
Low molecular weight esters are soluble in watdre Bolubility of esters decreases
with increase the molecular weight. All esters acduble in organic solvents like
benzene, ethers etc. Ester do not form hydrogedibgnso they have lower melting
and boiling points than corresponding carboxyliclacBoiling points of normal chain

esters are higher than those of branched chaireisom

D. Acid amides: Expect formamide (HCONHwhich is a liquid), all amides are
colorless crystalline solids. The intermoleculardiogen bonding is associated in
amides, so their melting points are much highen tharent carboxylic acids. Lower

members of amides homologous series are waterlsolub

7.6 PREPARATION OF CARBOXYLIC ACID DERIVATIVES

(A) ACYL CHLORIDE: Acid chlorides are also known as acyl chloridesehthe
general formula R-COCI. They are obtained by theaemement of a —OH group by a -
Cl atom. They can be formed by heating carboxylads or their salts with
phosphorous trichloride (P£}] phosphorus penta chloride (BClor thionyl chloride
(SOCW).

1. From acids: Acyl chlorides are prepared by heating carboxylmds with
phosphorous trichloride (P§}) phosphorus penta chloride (BClor thionyl chloride
(SOCW).

3CH;COOH + PCl; — 3CH,COCI + H3PO5 + HCI

Acetic acid Acetyl chloride

CH3;COOH + PCls; — CH3COCI + POCI; + HCI

Acetic acid Acetyl chloride

CH3;COOH + SOCI, — CH3COCI + SO, + HCI
Acetic acid Acetyl chloride
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0
.
©/C __PCl, ©/ ¢ 4 poH),

Benzoic acid Benzoyl chloride
| 1
—OH C—Cl
©/C PCls ©/ + POCI; + HCI
Benzoic acid Benzoyl chloride
| ]
—OH socl, cC—Cl
E—— + SO, + HCI
Benzoic acid Benzoyl chloride

2. From salts: Acyl chlorides are prepared by the treatment ofilsndsalts of

carboxylic acids with phosphorous trichloride (B@Ir thionyl chloride (SOG).

3CH3COONa + PCl; — 3CH3COCI + NasPO;

Sodium acetate Acetyl chloride
(CH3C0O0).,Ca + SOCI, — 2CH3COCI + CaSO,
Calcium acetate Acetyl chloride

(B) ACID ANHYDRIDE: Acid anhydrides are formed by the dehydration of
carboxylic acids. They are obtained by the elimorabf one water molecule from the
two molecules of monocarboxylic acids. Ethanoicyainide is the most common acid
anhydride. They can be prepared by the followingegal methods:

1. Dehydration of anhydrous acids:Acid anhydride can be obtained by heating
anhydrous acids in presence of a dehydrating diggen®,Os.

P05 A RCO~_
2RCOOH o
-H,O RCO /
Acid anhydride
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P,0s A CHSCO\
2CH;COOH /0
~Hz0 CH,CO
Acetic anhydride

2. By heating acid chlorides with anhydrous salts foacid: Acid anhydride can be

prepared by heating an acid chloride with anhydsmdium salts of a carboxylic acid.

CH;CO

CH;COCI + NaOOCCH; — O + NaCl
CH;CO

Acid chloride Sodium acetate Acetic anhydride

3. By heating sodium salts of carboxylic acids witlcetic anhydride: Anhydrides of

higher acids can be obtained by heating sodiuns sdilcarboxylic acids with acetic

anhydride.
A RCO
2RCOONa + (CHsC0O),0 —= /O + 2CH;COOH
RCO
Sodium salt Acetic Acid anhydride

of acid anhydride
4. By the reaction of excess amount of anhydrous diam salts of acid with
phosphorus oxy-chloride or thionyl chloride Acid anhydrides are synthesized by
treating sodium salt of carboxylic acid with P@QGt SOC},
3CH3;COONa + POCI; — 3CHZCOCI + NazPO,

CH;CO
CH5;COCI + NaOCOCH3 /O + NaCl
CH;CO
Acid Sodium salt Acetic anhydride
chloride of acid
RCO
2RCOONa + SOCl, — /O + SO, + 2NaCl
RCO
Acid anhydride

(C) ESTERS OF ACIDS: Esters are carboxylic acid derivatives which amentd by
the replacement of hydroxyl (-OH) part of —-COOH ypdoy an alkoxy group (-OR).
They are found naturally in several plants, fraitel flowers. Orange, banana, apple,

pineapple, mango etc. are the chief source of ®steils, fats and waxes are also
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composed by the esters of higher fatty acids ltkarsc acid, palmitic acid, oleic acid

and cerotic acid etc. Esters can be formed bydhewing general methods:

1. By direct esterification: When an alcohol interacts with an acid in presewica

suitable acid catalyst, esters are formed by thmirtion of a water molecule. This
process is known as esterification

H+
RCOOH + ROH — = RCOOR' + H,0
Carboxylic Alcohol Ester
acid
H+

CH;COOH + OHC,Hs

— CH3COOCzH5 + Hzo
Acetic acid Ethanol Ethyl acetate

+

H
CHsCOOH + CgHsOH ——= CH;COOCeHs + H,0

Acetic acid Phenol Phenyl acetate

2. By the action of alcohols on acid chlorides orrdnydrides: Esters are prepared by

the nucleophilic substitution of acid chloridesaord anhydrides with alcohols.

RCOCI + ROH —— RCOOR' + HCI
Acid chloride  Alcohol Ester Hydrochloric
acid
CH3C0C| + C2H5OH — CH3COOC2H5 + HCI

Ethanoyl Ethanol Ethyl ethanoate
chloride

(RCO),0 + ROH —— RCOOR' + RCOOH

Acid Alcohol Ester Acid
anhydride

(CH3CO)20 + CQHsoH—> CH3COOCzH5 + CHSCOOH

Ethanoic Ethanol Ethyl ethanoate ~ Acetic acid
anhydride

3. By heating silver salts of carboxylic acids witlalkyl halides : Esters are prepared
by the reaction of silver salt of acids on alkylithes.
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RCOOAg + RX —= RCOOR' + AgX

Silver salt Alkyl Ester
of acid halide

CHsCOOAg + CoHsBr ——= CH,COOC,Hs + AgBr

Silver acetate Ethyl bromide Ethyl acetate

4. By the action of diazomethane on carboxylic acéd Methyl esters are prepared by

the action of the ethereal solution of diazomethamearboxylic acid.

Ether
CH3;COOH + CHyN, - CH3COOCH3 + N,

Acetic acid Diazomethane Methyl acetate

COOH COOCH;

ether
+ CH2N2 _— > + N2

benzoic aciddiazomethane

5. From ethers and carbon monoxideWhen ether interacts with carbon monoxide at
125-180 °C under 500 atmospheric pressure in presafboron trifluoride catalyst, an

ester is formed.

R—O—R + CO —2~ RCOOR
Ether Ester
@]
heat

[l

(D) ACID AMIDES: Amides are regarded as carboxylic acid derivatimeshich the
hydroxyl group (-OH) is replaced by an amino grdu§H,). For example, the most
common amides are methanamide (HCQNEnd ethanamide (GGONH,). They
have the general formula R-COMHhe acid amides can be prepared by the following
general methods:

1. Action of ammonia on acyl chloride, acid anhydude or ester:Acid amides can be

prepared by the acylation of ammonia with acyl obies, acid anhydrides or esters.
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CHZCOOCI + 2NH; —— CH3CONH, + NH,CI

Acetyl chloride Acetamide

(CH3CO),0 + NH3 — CH3;CONH, + CH;COOH

Acetic anhydride Acetamide Acetic acid

CH;COOC,Hs + NH; —— CH3;CONH, + C,HsOH
Ethyl acetate Acetamide Ethanol

2. By heating ammonium salts of fatty acidsThe ammonium salts of carboxylic

acids on heating give amides.

CH3COOH + NH; —=  CH;COONH,

Acetic acid
Heat

H,O + CHyCONH,

Acetamide

3. Partial hydrolysis of cyanides: The partial hydrolysis of cyanides with
concentrated hydrochloric acid, polyphosphoric amidalkaline peroxide produces

amides.

Alkaline

CH;CN + HO 5 CH3;CONH,
Acetonitrile 2¥2 Acetamide

4. Reaction of an acid chloride with an amine Acid chlorides are converted into
primary, secondary and tertiary amides by the reaavith ammonia, primary amines

and secondary amines respectively.

R-COCI + NH; —— R-CONH, + HCI

Acid chloride Ammonia 1° Amide

CH,;COCI + NH3 — CH3CONH, + HCI

Acetyl chloride Acetamide
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cocl CONH,

+ NHy ———> @ + HCl

benzoic acid

R-COCI + R'NH, —— R-CONHR' + HCI
Acid chloride  1° Amine 2° Amide

CH3COC| + CQHSNHQ — CH3CONHC2H5 + HCI
Acetyl chloride N-Ethyl acetamide

R-COCI + R,NH —— R-CONR';, + HCI
Acid chloride  2° Amine 3° Amide

7.7 CHEMICAL REACTIONS OF CARBOXYLIC ACID
DERIVATIVES

(A) ACYL CHLORIDE: Acyl chlorides are most reactive derivatives ofboaaylic

acids. They easily undergo nucleophilc acyl subtstibs to form acid anhydrides,
esters and amides. The most common acyl chloriceesnathanoyl chloride (CHOCI)
and ethanoyl chloride (GEOCI). The acyl chlorides give the following chealic

properties:

1. Basic character:Acyl chlorides are very much less basic becauselh@ine atom

is not effective at stabilizing a positive charge.

2. Reduction: Acid chlorides get reduced to aldehydes by theoactif hydrogen in
presence of Pd/BaS0

Pd/BaSO,
CH,COCI + H,

Acetyl chloride

CH5CHO + HCI
Xylene Acetaldehyde
3. Hydrolysis: Acid chlorides are hydrolyzed with water to pareatboxylic acids.

CH;COCI + H, O — CH3COOH + HCI

Acetyl chloride Acetic acid

UTTARAKHAND OPEN UNIVERSITY Page 242



ORGANIC CHEMISTRY-II BCHCH-202
cocl COOH

+ HO ———— > + HCI

benzoic acid

4. Action with ammonia: Acid chlorides react with ammonia to form acid aesd

CH;COCI + NH3 —> CH3CONH, + HCI

Acetyl chloride Acetamide

COCl CONH,

+NHy —» + HCl

5. Action of amines:Acid chlorides on reaction with primary and secaydamines

give acid amides.

CH;COCI + CoHsNH,  ——  CH3;CONHC,Hs + HCI
Acetyl chloride N-Ethyl acetamide

cocl COCH,CHz

+ CHaCHNH, — 5 @

6. Formation of acid anhydride: Acid chlorides by treating with sodium salts oftyat

acids produce anhydrides.

CH5COCI + NaOOCCH; — (CH5C0),0 + NaCl

Acetyl Sodium Acetic
chloride acetate anhydride
O O
cocl C—O— C—CH3
+ CHsCOONa ____ @
benzoyl chloride methylphenyl anhydride
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7. Action of hydrazine: On treatment with hydrazine acid chlorides formudayites.

RCOCI + H;N.NH, —— RCONH.NH, + HCI

Acid Hydrazine Hydrazide
chloride

CHsCOCl+ NHo.NH, ——» CHsCONHNH, + HCI

cocl CONH.NH,

+ NH2.NH; _>© .
+

phenyl hydrazine

8. Action of hydroxyl amine: On reaction with hydroxyl amine the acid chloridesn

hydroxamic acid.

RCOCI + H,NOH — RCONH.OH + HCI

Acid Hydroxyl Hydroxamic
chloride amine acid

CH3COCI+ NH,OH ———» CH3CONHOH + HCI

COClI CONHOH

* NHon e @ + HCI

9. Action of ethers: Acid chlorides on reaction with diethyl ether irepence of zinc

chloride form esters.

ZnCl,
CH3COC| + CQHs_O_CQHs —_— CH3COOCzH5 + CQHsol
Acid chloride Diethyl ether Ethyl acetate Ethyl chloride
COcCl COOGHs

¥ CHsOGHs — @ + CoHsCl
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10. Action of potassium cyanideAcid chlorides react with potassium cyanide to form

acetyl cyanide which on acid catalyzed hydrolysieg pyruvic acid.

-KClI H,O
CH5COCN

CH4COCI + KCN CH5;COCOOH

H+
Pyruvic acid

11. Reaction with Grignard’ reagent: Acid chlorides on reaction with Grignard’s

reagent give tertiary alcohols.

CH;COCI + CIMgCH; ——> CH;COCH; +MgCl,

Acetyl  Methyl magnisium Acetone
chloride chloride
CHs
CHaCOCI + CHaMGBr — > CHy« HOH ]
3 Hg—Cll—OMgBI‘ ——> CHy—C—CH,
Cl —Mg(Br)CI

12. Action with halogens:Acid chlorides react with chlorine to form monoatdacetic

acid.

CH4CH,COCI + Cl, — CH5CHCICOCI + HCI

Propionyl Chloropropionyl
chloride chloride

13. Reaction with carboxy acid:Acid chlorides react with carboxylic acids in prese

of pyridine to form acid anhydrides.

Pyridine
CH;COCI + CH3;COOH (CH3C0),0 + HCI
Acetyl chloride Acetic anhydride
CocCl COOCOCH

+ CHyCOOH — N » @ + HC
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14. Friedel Craft’s reaction: Acyl chlorides on reaction with aromatic hydrocarban

presence of Lewis acid (Alg}lin Friedel Craft acylation form aromatic ketones.

Anhydride COCH,
+ CH5COCI + HCI
AlCl

Acetophenone

Uses: Acyl chlorides are used in the preparation of @&catihydride, acetamide and
acetanilide, and as acetylating agents in manyticzec They are also used in the
detection and determination of —OH, -NH>NH and functional groups in a

molecule.

(B) ACID ANHYDRIDES: Acid anhydrides are less reactive than acyl chéwrid
towards nucleophilic substitution. The most commacid anhydride is acetic
anhydride. The important chemical reactions ofia@athydride are:
1. Hydrolysis: Acid anhydrides are hydrolyzed with water to acids.
(CH;C0),0 + H,O —— 2CH;COOH
Acetic anhydride Acetic acid
2. Alcoholysis:Acid anhydrides react with ethyl alcohol to prodesgers.
(CH5CO),0 + CoHsOH — CH3COOC,H5 + CH3COOH
Acetic anhydride Ethyl alcohol Ethyl acetate Acetic acid
3. Ammonolysis:Ammonia rapidly reacts with acetic anhydrides twegacetamide.
(CH3CO),0 + NH; —— CHZ;CONH, + CH3;COOH
Acetic anhydride Acetamide Acetic acid
4. Action with primary amines: Primary amines react with acid anhydride to form
amides.
(CH3C0O),0 + CyHsNH, — CH3CONHC,Hs + CH,COOH

Acetic Ethyl N-Ethyl Acetic acid
anhydride amine acetamide

5. Reduction: On reduction with LiAIH, or Na and alcohol, acetic anhydrides produce

alcohols.

LiAIH,
(CHsCO)0 + g[H] 2C,HsOH + H,0
Acetic or, Na/Alcohol
anhydride
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6. Friedel Craft acylation: Acitic anhydrides on treatment with benzene in eneg of

anhydrous AIG form aromatic ketones.

COCH
Anhydrous 8
+ (CH;C0),0 —— + CH;COOH
AICl;

Benzene Acetic Acetophenone Acetic acid
anhydride

7. Action with phosphorous pentachloride:Acetic anhydride reacts with phosphorous
pentachloride to form acetyl chloride and phosphsroxy-trichloride.
(CH3CO)0 + PCls — 2CH;COCI  + POCI,

Acetic Acetyl chloride ~ Phosphorous
anhydride oxytrichloride

8. Action of chlorine: Acid anhydride reacts with chlorine to form acetlyloride and
monochloroacetic acid.
(CH3CO),0 + Cl, — CH3COCI + CICH,COOH

Acetip Chlorine Acetyl Monohloro-
anhydride chloride acetic acid

9. Action with dry hydrogen chloride: On reaction with dry hydrogen chloride, acetic
anhydride forms acetyl chloride and acetic acid.

CH3C0.0.COCH; + HCI — CH,COCI + CH;COOH

Acetic anhydride Acetyl chloride
Uses:Acid anhydrides are used in the preparation of aacgtate, aspirin, dyes also

acetate rayon. They are also used as acetylateng.ag

(C) Esters: Esters are less reactive than acyl chloride and aohydrides. Methyl
methanoate (HCOOGH and ethyl ethanoate (GEHOOGHs) are the most common
esters. They can be converted into carboxylic &sidacid or base hydrolysis, into

amides with ammonia and can be reduced into alsokivh LiAIH 4.

1. Hydrolysis: Esters are hydrolyzed to carboxylic acids in presesf an acid whereas

in presence of an alkali they produce sodium sdltarboxylic acids.

Acid hydrolysis:
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H+
CH;COOCyHs + H,O =—= CH3;COOH + C,H;OH
Ethyl acetate Acetic acid Ethanol

Alkaline hydrolysis:
CH3;CO0C,Hs + NaOH — CHZCOONa + C,H;OH
Ethyl acetate Sodium acetate Ethanol
2. Action of ammonia: Esters slowly react with ammonia to form amides aledhols.

This process is calle@mmonolysis.

CH3COOC2H5 + NH3 - CH3CONH2 + C2H50H
Ethyl acetate Acetamide Ethanol

Mechanism:

:O: 0
@|/\ . u
NH; — CHa—C|>—NH3 —> CH;C—NH, + C,HsOH
OCQH5 *OC2Hs
Ethyl acetate Acetamide Ethanol

3. Reduction: On reduction with LiAlH or Na and alcohol, esters produce alcohols.

LiAIH,
CH4COOC,Hs

2C,HsOH
or, Na/Alcohol
Ethyl acetate Ethanol
4. Halogenation: Esters on reaction with chlorine or bromine in pree of red

phosphorous give thee-halogenated estersl¢ll Volhard Zelinsky reactign

Red P
CH;COOC,Hs + Bro ——— > CH,BrCOOC,Hs + HBr
Ethyl acetate a—Bromoethyl
acetate

5. Claisen condensationOne molecule of an ester combines with second mteeaf
that ester in presence of sodium alkoxide to gimeadlehyde or an ketone. This

reaction is known as Claisen condensation
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CH3COOCHCH; + CHgCOOCHCH;

C2H5ONal —C,HsOH

[l [l
CH3—C—CH,—C—OCH,CH3
ethylacetoacetate

6. Action of phosphorous pentachloride or thionyl bloride: On reaction with
phosphorous pentachloride or thionyl chloride, msére converted into acid chlorides

and alkyl halides.

RCOOR' + PCls; — RCOCI + POCI3 + R'Cl
Ester Acid chloride
CH3COOCzH5 + SOC|2 I CH3COC| + C2H50| + SOQ

Ethyl ethanoate Acetyl Ethyl
chloride chloride

CH3COOC,Hs + PCls — CH3COCI + C,H:Cl + POCl,

Ethyl ethanoate Acetyl Ethyl
chloride chloride

COOCH, cocl

+ PCp ——> @ + CHsCl + POCk

7. Trans-estrification: Trans-esterification is the conversion of a carthoxgcid ester
into a different carboxylic acid ester. When arees treated with the excess amount of

an alcohol in presence of either an acid or a lizse can be an exchange of alkoxy

groups.
Acid
RCOOR' + R"OH ——— RCOOR" + R'OH
or alkali
H+
CH3COOC,Hs + C4HyOH === CH3COOC4Hy + C,HsOH
Ethyl acetate Butyl Butyl acetate Ethanol
alcohol

8. Reaction with hydrazine:Esters react with hydrazine to form acid hydrazides
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RCOOR' + NH,NH, — RCONH.NH, + R'OH

Ester Hydrazine Acid hydrazide

Uses: Esters are used as solvent in perfumes, plastGizgims, resins, cellulose,
paints, varnishes, oils and fats. They are comrakyaised in making artificial flavors

and essence.

(D) ACID AMIDES: Amides are least reactive derivatives of carboxghads. They
are also converted into carboxylic acid by acidatkaline hydrolysis. They can be

dehydrated into nitriles. The important chemicalateons of acid amides are:

1. Amphoteric character: Amides are weak acids as well as weak base. Thesnast
basic than other derivatives because nitrogen isféective donor of electrons in

comparison to oxygen. They are neutral to litmus.

(a) Basic propertyAcetamide behaves as a base and reacts with hydriecacid to

produce a salt (acetamide hydrochloride).

CHsCONH, + HCI —> CH;CONH,HCI

Acetamide Acetamide
hydrochloride
CONH, CONH,.HCI
@ +HCl ———> @
benzamide benzamide hydrochloride

(b) Acidic property:Acetamide as an acid reacts with sodium (Na) ocargroxide

(HgO) to form corresponding salts.
2CH3CONH,; + 2Na —> 2CH4CONHNa + H,

Acetamide Sodium acetamide
2. Hydrolysis: Acid amides are not easily hydrolyzed with waten, kydrolyzed easily

on heating with dilute acids or alkalies.

Acid hydrolysis
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i I
|| H*

R—C—NH, + HO ——= R—C—OH + NH;
Amide Carboxylic acid

] 1
|| - |

CHy——C——NH, + H,0 ~— = CHy —C~——OH + NH

Acetamide Acetic acid
CONH, COOH
@ + H)O ——> @ + NHj3
benzamide benzoic acid
Mechanism
0] OH OH
(H\ea . | @
R-C ‘NH,+H —— R le +tHO-H —» R-C-0H,
9 | 2
NH, NH,
(@]

I
4, R-C-OH+NH, ——> RCOONH,

Alkaline hydrolysis
0 o]

[ 5 I

R— C—NH, + NaOH > R—™ C—ONa + NH;

T N

CH;—C—NH, + NaOH — = CHz7—/—C—ONa + NH3

Mechanism

0 Qo
" o \
R-CENH, 25 R-C-O-H——— RCOO +NH,
|
NH,
3. Reduction: Acid amides are reduced to primary amines with HAbr Na and

alcohol.
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LiAIH,4
CH3;CONH, CH3CH,NH,
or Na/Alcohol
Acetamide Ethyl amine
CONH, CHoNH,

LiAIH 4

+ ’

benzamide

4. Dehydration: On heating with phosphorous pentaoxide, amides mseater

molecule to produce cyanides or nitriles.

P205
CH3CONH2 CH3CN + H20
Acetamide Methyl cynide
CONH, CN
P2Os
+t — + Hzo
benzamide

5. Action of nitrous acid: On treatment with nitrous acid, amides form acidih \the

evolution of nitrogen gas.

CH3CONH2 + HNO2 — CH3COOH + N2 + Hzo

Acetamide Acetic acid
CONH, COOH
@ +HNOZ_>© + HO + N
benzamide
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6. Hoffmann’s bromamide or Hoffmann’s degradation reaction: Amides on
reaction with bromine and alcoholic potassium hydfe form primary amines. This

reaction is known aloffmann bromamide or Hoffmann degradation reaction

RCONH, + Br, + 4KOH — RNH, + K,CO; + 2KBr + 2H,0
Amide Amine

CH3CONH2 + Br, + 4KOH — CH3NH2 + K2CO3 + 2KBr + 2H20
Acetamide Methylamine

Uses: Amides are used as a solvent for several organit iaorganic compounds,
wetting agent, plasticizer in cloths etc. They al® used in making explosives and

leather tanning.

7.8 MECHANISM OF ESTRIFICATION AND HYDROLYSIS
(ACIDIC AND BASIC)

(a) ESTERIFICATION: When a carboxylic acid is treated with an alcohgbiesence
of an acid catalyst, an ester is formed along wititer. This reaction is known as
Fischer esterification.
H*
CH3COOH + OHC,Hs === CHzCOOC,H5 + H,O
Acetic acid Ethanol Ethyl acetate

Mechanism: The sequential mechanism ofesterification undediactondition is as

under:
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H
qo HO | OH H

‘ H+ ‘ : O I C2H5 | ‘
CH;—C === |CH;—C" = | CHs—C—0—CyH;

| ‘ (Ethanol) | "

OH OH OH
Acetic acid

_ H+

(_‘OH

HO + CHy—C—0—CyHy === | CH—C—0—C,Hs

I |

Ethyl acetate

(b) HYDROLYSIS: Esters are not hydrolyzed easily with water, bwutirblyzed
rapidly in acidic or alkaline medium. Both acid hglysis and alkaline hydrolysis are
the examples of acyl nucleophilic substitution timaus.

I. Acid hydrolysis:When esters are boiled with water in presence sif@ang acid like
sulphuric acid or hydrochloric acid then carboxyids and alcohols are produced.

H+
CH3COOCZH5 + Hzo — CH3COOH + CzH5OH

Ethyl acetate Acetic acid Ethanol

ii. Alkaline hydrolysisWhen esters are boiled with an aqueous soluti@astfong base
like sodium hydroxide then sodium salts of carbixgtids and alcohols are formed.
This reaction is known asaponification reaction

CH;COOC,Hs + NaOH —— CHZCOONa + C,H;OH

Ethyl acetate Sodium acetate Ethanol

(i) Mechanism of acid hydrolysisThe esters are hydrolysed in following steps.
Step 1:Protonation of the ester carbonyl makes it moeetaebphilic.

Step 2: The ‘O’ atom of wateracts as a nucleophile whiatiacks on the
electrophilic C in the C=0 group, with the elecgamoving towards the oxonium ion,

creating the tetrahedral intermediate.
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Step 3: Deprotonate the oxygen that came from the watdecnte to neutralize the

charge.

Step 4: The —OR group converts into a good leaving group by pratmm, and ROH

is eliminated.

Step 5: Deprotonation of the oxonium ion reveals the cagh&=0 group in the

carboxylic acid product and regenerates the adadlysi.

0] OH OH
H* H>O
R—C— OR' R—C—OR R—C— OR'
Ester LOH,
(0] OH OH
H* | -RoH |,
R—C—OH =— R—C|+ — R—C|—|OR'
Carboxylic acid OH OH H

(i) Mechanism of alkaline hydrolysisin alkaline medium esters are hydrolysed in

following sequential steps.

Step 1: The hydroxide nucleophile attacks at the electitmptarbon of the ester C=0,

and breaks the bond to create a tetrahedral intermediate.

Step 2: This intermediate collapses to reform the C=0O baadults the loss of

alkoxide (RO) group.

Step 3: A very rapid equilibrium coexist where the alkoxihn (RO) acts as a base for

deprotonating the carboxylic acid.
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(o] o]

o I s | s [
OH + C—OR = | HO-""C---OR' | =— HO_T + :OR'
R R R

Ester Transition state Fast

7.9 SUMMARY

In continuation to unit 6 carboxylic acids, thisitumake aware the readers about the
most important functional derivatives of carboxydicids like acyl chlorides (RCOCI),
acid anhydrides ((RCQD), esters (RCOOR’ where R and R’ may be same or
different), and amides (RCONMHwhich are obtained by the replacement of -OH phrt
carboxyl group of acids by —CI, -OCOR, -OR' or -NHyroups respectively. This unit
describes the methos of preparation, physical dren@al properties of functional
derivatives of carboxylic acids, viz; a cyl chlagl can be prepared by by heating
carboxylic acids with phosphorous trichloride (BCbhosphorus penta chloride (BCI

or thionyl chloride (SOG),by the reaction of sodium salts of carboxylicdascivith
phosphorous trichloride (P£Ior thionyl chloride (SOG). Acid anhydride can be
obtained by the dehydration of carboxylic acids,H®ating an acid chloride with a
carboxylate salt,by heating sodium salts of carboxagcids with acetic anhydride,by
the reaction of excess amount of anhydrous ammomsits of acid with phosphorus
oxy-chloride or thionyl chloride etdEsters can be prepared by the interaction of an
alcohol with an acid in presence of a suitable azadalyst, by the nucleophilic
substitution of acid chlorides or acid anhydridethwalcohols, by the reaction of silver
salt of acids on alkyl halides, by the action & #thereal solution of diazomethane on
carboxylic acid, by the interaction of an etherhwitarbon monoxideetc. Similarly
amides are formed by the acylation of ammonia/asiméh acyl chlorides, acid

anhydrides or esters,by heating the ammonium séltarboxylic acids,by the partial
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hydrolysis of cyanides with concentrated hydrodblacid, polyphosphoric acid or
alkaline peroxide.This unit also describes the dbahproperties of carboxylic acids
derivatives, like hydrolysis, oxidation, reductioreactions with hydrazine and its
derivatives, reactions with,8s, PCk, NH,OH, diazomethane,ammonia,amines, actin

of heat etc.The uses of function derivatives oboaylic acids has also been included.

7.10 TERMINAL QUESTIONS

Section-A
Q.1 Long answered questions

1. Describe the general methods of preparation, palysiod chemical properties of
acyl chlorides.

2. Give the preparation, physical and chemical progedf acid anhydrides.

3. How are acid esters prepared? Describe the impartemical properties of esters.

4. Describe the general methods of preparation, paysind chemical properties of
amides.

5. Describe the mechanism of the acid and alkalinediysis of esters.

Section-B
Q.2 Short answered questions

1. Explain the followings:
a) Acetyl chloride has lower boiling point than acediid.
b) Acetyl chloride is more reactive than acetic anigelr
2. Compare the reactivity of carboxylic acid derivasvtowards nucleophilic
substitution.
3. How can you prepare acetyl chloride from carboxgtitds?
4. How can you prepare esters from silver salts di@aylic acids?
5. How can you synthesize amides from cyanides?
6. Give the mechanism of esterification.
7. How can you convert:

a) Acyl chlorides into esters
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b) Esters into amides

c) Amides into amines

d) Amides into carboxylic acids

8. How will you obtained:

a) Amides from acetyl chloride

b) Tertiary alcohol from acetyl chloride
c) Alcohols from acetic anhydrides

d) Acyl chlorides from esters

Section-C
Multiple choice questions (MCQ)

1. Which functional group is present in a carboxylo®

(a) -COOH (b) -NQ
(c) C-O-C (d)-SH
2. Which one of the followings is an ester?
a) RCOCI (b) RCOOR’
(c) RCOOH (d) RCONH
3. What is the IUPAC name of the given compound?
1
CL >
C/
\(I)
(a) o-Benzenedioic anhydride (b) Butanedambydride
(c) Ethanoic anhydride (d) Phthalic anhydride

4.  The given structure is for

CHyCON
o
CH3CO/
(a) Succinic anhydride (b) Diethyl ether
(c) Acetic anhydride (d) Acetone
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10.

11.

12.

13.

Acyl chloride can be obtained

(a) By direct estrification.

(b) By the dehydration of acids.

(c) From cynohydrin reaction.

(d) From carboxylic acids.

Acyl chlorides are more reactive than other carlioxacid derivatives
(a) Because their boiling points are higher.

(b) Because they are heavier than water.

(c) Because they have a pleasant odor.

d) Due to electron withdrawing inductive effectabilorine atom.

On reaction with NHacid chloride forms

(a) Carboxylic acid (b) Amide

(c) Acid anhydride (d) Alcohols
Esters undergo acid-hydrolysis form

(a) Carboxylic acids (b) Acyl chlorides
(c) Thioethers (d) Alcohols
With LiAIH 4 amides reduced to

(a) Acids (b) Alcohols

(c) Primary amines (d) None of these

Anhydrides can be converted into esters with tletren of

(a) Acids (b) Alcohols

(c) Amines (d) Thionyl chloride
Reduction of acetyl chloride with Pd/Bap@ll produce
(a) Alcohols (b)Ketones

(c) Acid (d) Acetaldehyde
Amide reacts with nitrous acid (HNDto form

(@) Acids (b) Alcohols

(c) Amines (d) Ketones

Esters can be prepared by the nucleophilistgution of
(a) Thiols (b) Amides
(c) Acid anhydrides (d) Acid chlorides
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14. Which of the following gives a ketone on reawctwith benzene?

(a) Tertiary amine (b) Acetyl chloride
(c) Alcohol (d) Esters
15. The major product (?) of the reaction is:
CH3;COOC,Hs + Bra Rl ? 4+ HBr
(a) CHCOOGHSs=Br (b) GI@HBrCOOGHs
(c) CHBrCOOGHs (d) CH;BrCOOGHSs

16. Esters on reduction with alkali produce
(a) Carboxylic acids (b) Primary amines
(c) Sodium salts of carboxylic acidgd) Amides

17. Which one of the followings derivatives is mostaiae towards nucleophilic

substitution
(@) Acyl chloride (b) Acid anhydride
(c) Ester (d) Amide

18. Acid amides can be obtained by the
(a) Estrification (b) Partial hydrolysis of cyanides
(c) Reduction of Acetyl chloride  (d) Hydrolysis of acyl chlorides
19. On reduction with LiAlH acetic anhydride produces

(a) Acids (b) Amides
(c) Alcohols (d) Ketones
20. On reation with thionyl chloride (SOg) esters are converted into
(a) Acid anhydrides (b) Alcohols
(c) Amines (d) Acid chlorides

7.11 ANSWERS (MCQ):

26. (a) 27. (b) 28. (a) 29. () 30. (d)
31, (d) 32. (b) 33. (a) 34. () 35. (b)
36. (d) 37. (b) 38. (d) 39. (b) 40. (0)
41. (0) 42. (a) 43. (b) 44. (C) 45. (d)
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8.1 OBJECTIVES

The main objectives of this unit are: To make thedents aware about the organic
compounds containing nitrogen particularly the faific and aromatic nitro compounds,
chemical properties of nitroalkanes, mechanism oicleophilic substitution in

nitroarenes.To explain the reduction of nitroareinedifferent media and to describe the

preparation, chemical properties and uses of pauid.

8.2 INTRODUCTION

Nitro-compounds are those organic compounds whicttain at least one nitro (-NO2)
functional group in the molecule. These compoundsabtained by replacing one or
more hydrogen in the hydrocarbon with nitro (-Nl@roup. Nitro-compounds may be
aliphatic or aromatic according to the nitro groafpached to an alkyl or aryl group.
The organic compounds where nitro group (N@ directly attached to the carbon of
hydrocarbon chain are known as aliphatic nitro coumglse.g. nitromethane (CENO,),
nitroethane (€HsNOy), 1-nitropropane (N@CH,CH,CHs), whereas the compounds
where nitro group (-Ng) is directly attached to an aromatic ring are kn@g aromatic
nitro compounds or nitroarenes such as nitrobent€gtesNO,), m-dinitrobenzene, 2
nitroethylbenzenep-nitrotoluene,o-nitroaniline, 2,4,6-trinitrophenol etc. The alipicat
nitro compounds may be further classified into @uiyp secondary or tertiary nitro

compounds as the nitro group is attached to prirsggondary or tertiary carbon atom

respectively.
H R R
R— c‘: —NO, R— % —NO, R— % —NO,
H H R
Primary Secondary Tertiary

Nitro compounds are found naturally in plants amimals, and can be synthesized.
These compounds are associated in many hormorntesying, and amino acids and
proteins. These compounds possess wide chemiadivigaand used in the synthesis of

several important products like drugs, agrochersjcaglolymers (nylon), dyes and
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explosives. There are many functional groups, whmftain one or more nitrogen atoms

includes nitro compounds, amines, cyanides, isadgandiazo compounds etc.

8.3 STRUCTURE OF NITRO COMPOUNDS

The nitro group is an ambident group and is capablgetting attached to carbon chain

through nitrogen as well as through oxygen (-O-8)=atom.

The compound in which the -N@roup is linked to the alkyl or aryl group through
oxygen atom are called nitrites. Nitrites are isdmevith nitro compounds. These
compounds are also known as alkyl esters of nitamics The general formula of an alkyl

nitrile is as:
R—O—N—/0O

O

“N=0
CHz—O—N=0

The nitrogen is trigongllanar with a bond angles of 120°, there are tvgomance forms

so implying that the two oxygen’s are equivalent.

+ /O + /O
R—N R—N\
\O_ \O

oo
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8.4 NOMENCLATURE OF NITRO COMPOUNDS

In IUPAC system, nitro compounds are named by yirgji "nitro" before the name of
hydrocarbon in which the nitro group is substitut&chbic numerals are used to indicate

the position of nitro group and other substitufesnly.

Aliphatic nitro compounds:

COMPOUNDS IUPAC NAME

CHNO, nitromethane

CH3CH,NO, nitroethane

CH3CH,CH,NO, 1 nitropropane
o

CHy— CH—CH; 2_ nitropropane
o

CHz— Cli— CHs  2_ methyl—2- nitropropane
CHs

Aromatic nitro compounds

COMPOUNDS IUPAC NAME
NO,

nitrobenzene

NO,

m— nitrobenzene
NO,
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COMPOUNDS IUPAC NAME

l l

p— nitrotoluene

0— nitroaniline

CHs
NO,
NH»
i NO,
NO,
@\ m - dinitrobenzene
NO,
OH
OoN NO,
2, 4 6- trinitrophenol
NO,

CH,CH;
NO,
2 _ nitroethylbenzene

8.5 NITROARENES

Nitroarenes are organic compounds consist at least—NQ group attached to an
aromatic ring e.g. nitrobenzene,o-nitrotoluene, p-nitrotoluene, 4-nitrophenol, 2,6-
dinitrotoluene, 2,4,6-trinitrotoluene, 1,3,5-trmmbenzene etc. These compounds are

mainly included:
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1. One or two nitrated fused ring (N\r) compoundsé€.g.nitrobenzene)
2. Nitrated polycyclic aromatic hydrocarbons (MBAH) (e.g.1-nitropyrene)

3. Nitrated heterocyclic compounds.g.nitrofuran, nitropyridine etc.)

NO,
T
0 Oy O~ ¢
O ~
N NO,

nitrobenzene 1- nitropyrene nitrofuran nitropyridine

Nitroarenes are mainly exhausted in the atmospfrera combustion sources by the
incomplete combustion of fossil fuels. Nitroareries/e been detected in particulate
matter from diesel engine emissions, gasoline engimissions, kerosene heaters, gas
burners, motor oils, coal fly ash, extracts of coken emissions, carbon black, cigarette
smoke and grilled chicken. Nitroarenes have atsnidfound in the indoor environment
in particulate emissions from kerosene heaters,ehbeaters, gas burners and wood
burning stoves used for cooking. Recent studiesveticdhat several nitrated polycyclic
aromatic hydrocarbons causes carcer.1-nitronagtbal 2-nitronaphthaleneN-
hydroxy-2-acetyl amino fluorene, 2-nitro fluoreng;nitropyrene, 1&linitropyrene;

nitroarenes have been reported as carcinogens.

CHs

1- nitronaphthalene  2-nitronaphthalene N -hydroxy 2- acetyl amino fluorene

NO, NO,
0.0 - ‘ I . “
2-nitrofluorene 1 - nitropyrene

1, 8 - dinitropyrene
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8.6 PREPARATION OF NITROARENES

Nitroarenes can be prepared by the following gémeedhods:

1. By the nitration of aromatics: The aromatic nitro compounds can be prepared by the
direct nitration of aromatics. The formation ofradrene depends upon the temperature,
nature of the nitrated aromatic compound and natdreesagent used-or example,
nitrobenzene is prepared by the direct nitratiobarizene using concentrated HN\#hd
H.SOy at about 30-40°C.

NO, NO,
© Conc. HNO; Conc. HNO;
Conc. H,S0, Conc. H,S0, NO,
30-40°C 90-100°C
Benzene Nitrobenzene m-Dinitrobenzene

The nitrophenol is prepared by the nitration of pdlen presence of HNQand HO at

20°C.
__HNO, _ (5/
H20

20°C

-Nitro henol o-Nitrophenol
Phenol p 60&) o

Nitrotoluene can be prepared by the nitration ¢fidne with concentrated HNGand
H,SQO, at about 20-30°C.

CH, CH, CH;
NO
H,SO,
20-30°C
NO
Toluene p-Nitrotoluene o-Nitrotoluene
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2. By the oxidation of amino group to nitro group: p-dinitrobenzene can be prepared
by the oxidation of amino group into nitro groughvper-acids such as persulphuric acid
(H2S:03) and peroxy trifluoroacetic acod (gFO;H).

NO, NH, NO
CF;CO3H H;,5,04
NO, NO, NO,
p-Dinitrobenzene p-Nitroaniline p-Nitronitrosobenzene
(85%)

3. By the replacement of amino group by nitro group The —NH, group in aromatic

group can bereplaced by treating the compound MétNO,/HBF, as follow

+ —
NH, N,BF, NO,
NaNO, NaNO,
HBF, Cu
N02 N02 N02
p-Nitroaniline p-Dinitrobenzene

8.7 PHYSICAL PROPERTIES OF NITROALKANES

The nitroalkanesposses following physical propsrtie

1. Most nitro compounds are yellow crystalline solifisy are pale yellow liquidse(g.
nitrobenzene) with strong characteristic odor, ehsr nitro-alkanes are colorless
oily liquids with pleasant smell.

2. Nitro compounds are insoluble in water but solublerganic solvents.

3. The density of nitro compounds is greater thanh&rdfore they are heavier than
water.

4. Nitro compounds have high boiling points than thaarresponding hydrocarbons
due to high polarity. Their melting and boiling pts increase with the number of
nitro groups present. For example, the boiling pah nitrobenzene is 211°C
whereas the boiling point ofi-dinitrobenzene is 303°C.
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5. Aromatic nitro compounds are used as a solventanynmnorganic reactions.
6. Aromatic nitro compounds such as 2,4,6-trinitrogole (TNT), 1,3,5-trinitrobenzene
(TNB), Research and development explosive (RDX)tdaghly toxic and used as

explosives.

8.8 CHEMICAL PROPERTIES OF NITROALKANES

0 O

/

0 CHs— N\O

Nitroalkanes are nitro derivatives of alkanes at®diby the replacement of a hydrogen
atom by a nitro group. They are isomeric with alkittiles. Nitroalkanes are named by
prefixing ‘nitro’ to the name of the parent hydrdoan e.g., C;HsNO, (nitroethane),

CsH/NO; (nitropropane) etc.

Nitroalkanes may be primary, secondary or terteagording the nitro group attached to
a primary, secondary and tertiary carbon. They amerless liquids having pleasant
odor. Nitromethane is sparingly soluble in wateila/higher nitroalkanes are insoluble
in water but soluble in organic solvents. They hhigh boiling points. They are highly

polar organic compounds.

1. Acidic character: The nitroalkanes are containimghydrogen atoms exhibit acidic

character due to electron withdrawing nature abrgroup.

Co 5 -
= 0 OH -+ 0
H:.C—N H.C—N H,C—NZ
> N 3 N 2
0 o o
+ (@]
H2C=N<
o)

Nitroalkanes containing-hydrogen react with a strong alkali to form salts.
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R—CH,NO, + NaOH —— [R-CHNO,]| + Na" + H,0

2. Reduction: Nitro compounds can be reduced to primary amineteua variety of
conditions. Various reduction stages of the nitrougp are given belowThe final

product depends upon the pH of the reaction medindhnature of the reducing agent.

() Reduction in acidic medium: Nitroalkanes can be reduced to the corresponding
primary amines by a combination of active metals, (Ee or Sn) and concentrated
hydrochloric acid (HCI).

R—NO, + 6[H] —F</HC

RNH, + 2H,0

Fe/HCI
CH3CH,CH,NOy, — > CH3CH,CHoNH»
(i) Reduction in neutral medium: Reduction with zinc dust and ammonium chloride
solution in neutral medium nitroalkanes are converted into correspondiNg

alkyl hydroxyl amines.

Zn/NH,CI
R—NO, + 4[H] 22247, RNH.OH + H,0

Nitromethane on reduction with zinc dust and ammonchloride solution in neutral
medium converted intBl-methylhydroxy amine.

CHy—NO, + 4] ZYMNHCl oy —NHOH  + 1,0

Nitromethane N-Methylhydroxy amine

(iif) Catalytic reduction: The nitro group of an aliphatic and aromatic nitmmpound
is easily reduced to corresponding primary aminigl taydrogen using raney Ni, Pt or
Pd catalyst.

Raney Ni
R—NO, + 3H, ——=——> RNH, + 2H,0

Nitroalkane Primary amine
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The nitroethane is reduced to ethylamine with Rtliacatalyst.

CH;CH,NO, + 3H, — N CH.CH,NH, + 2H,0

Nitroethane Ethylamine

(iv) Reduction with metal hydrides: Nitroalkanes are easily reduced to corresponding

primary amines with LiAlH.

LiAlH,
Ether

CH;—NO,
Nitromethane

CH3_NH2
Methylamine

3. Hydrolysis: When primary nitroalkanes are heated with boilingCIHor
H.SOy undergo hydrolysis to form carboxylic acid andresponding salt of hydroxyl

amine. This reaction is used for the manufactuoinigydroxylamine.

HCI

CH3;CH,NO, + H,O CH;COOH + NH,OH
Nitroethane Acetic acid Hydroxylamine

Secondary nitroalkanes hydrolyze with boiling H&bive ketones and nitrous oxide.

HCI
2R2CHN02 2R2CO + N2O +H2O
Nitroalkane Ketone

Tertiary nitroalkanes, however do not generallyamgd hydrolysis with hydrochloric

acid.

4. Tautomerism: Nitroalkanes containing-hydrogen atoms,i.e., primary and
secondary nitroalkanes, show tautomerism. For el@gmptromethane exists in two

tautomeric forms, nitro form and isonitro form.

H O O
| }
Nitromethane Nitronic acid
(Nitro form or pseudo acid form) (Aci form or isonitro form)

The nitro form is often callegdseudo acid forrwhereas the aci-form is callegronic

acid. Similarly, nitroethane, 1-nitropropane, 2-nitropane, show tautomerism whereas
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aromatic nitro compounds like nitrobenzemedinitrobenzene etc., and tertiary nitro
compounds do not show tautomerism due to the absefw-hydrogen atom orm-

carbon atom.

5. Halogenation: Primary and secondary nitroalkanes on treatmenh wvidlogen
(chlorine or bromine) in presence of alkali forndmtroalkanes. During this reaction,

all three hydrogen atoms of nitroalkanes are reqldxy the halogen atoms.

CH;NO, + c1, MO ¢ No,
Nitromethane Chloropicrin

CH;CH,NO, + Br, _NaOH CH3$HN02 + HBr
Br

a-Bromonitroethane

r
CH3$HN02 + Br, _NaOH CH3T—N02 + HBr
CH3 CH3

2-Bromo-2-nitropropane

6. Reaction with aldehydesNitroalkanes havingi-hydrogen can undergo nucleophilic

addition reaction with aldehydes similar to aldqie addition reaction.
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OH /N ?p

NO,CH, + R—C—H

!
Nitromethane
H

H+

OH

R_$ - CH2N02
H

7. Action with nitrous acid: Nitroalkanes on reaction with nitrous acid givefeliént

products depending upon the type of nitro compound.

Primary nitroalkanes on reaction with nitrous agide nitrolic acids which dissolve in

alkalies to form a red solution.

NO
CH;CH,NO, + O=NOH — CH;C—NO, + H,0

Nitroethane Nitrous acid Nitrolic acid

Whereas, secondary nitroalkanes on reaction witbus acid give blue colored pseudo-

nitroles which do not dissolve in alkali.

R NO
R2CHNO2 + O:NOH - \C/ + Hzo
AN
R NO,
Nitroalkane Nitrous acid Psuedonitrol

Tertiary nitroalkanes do not react with nitrousdasince they do not hawe-hydrogen

atom.

Uses of nitro compounds: Nitroalkanes e.g. nitromethane, nitroethane etc. and

nitrobenzene are extensively used as solvent usinygl

1. Nitroarenes are important intermediates in the rfanture of polymers detergents,

dyes and pharmaceuticals.
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2. Nitroarenes are also used for the preparation gbloswes such as 2,4,6-
trinitrotoluene (TNT), 1,3,5-trinitrobenzene (TNB)esearch and development
explosive (RDX).

3. Chloropicrin is used as an insecticide.

8.9 MECHANISM OF NUCLEOPHILIC SUBSTITUTION IN
NITROARENES

Nucleophilic aromatic substitution occurs with arigy of strong nucleophiles,
including —OH, —OR, —Nk —SR, and neutral nucleophiles such ag Biktl RNH. The
mechanism of nucleophilic aromatic substitution as addidtion-elimination type;

therefore the mechanism of these reactions hagtyortant steps:

1. Addition of the nucleophile to form a resonastabilized carbanion
2. Elimination of hydrogen or halogen leaving group

For example: 1. Nucleophilic aromatic substitution nitrobenzene

Nitrobenzene reacts with —OH nucleophile to forediitrophenol ang-nitrophenol.

NO, NO, NO,
@ o @OH
- +
-H
OH
Nitrobenzene o-Nitrophenol p-Nitrophenol

Mechanism:The mechanism for the formation pfitrophenol from nitrobenzene is as

follows:
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NO,

OH

2. Addition elimination mechanism of nitrochlorobe@ne: The nitro substituted aryl
halides undergo reaction with nucleophiles suchramonia and hydroxide, where the
chlorine is eliminated/substitutea.g. p-chloronitrobenzene reacts with sodium

methoxide at 85 °C to form thgenitroanisole.

Cl OCH;
CH;0H
+  NaOCH;4 + NaCl
80°C
N02 N02
p-Chloronitrobenzene Sodium methoxide p-Nitroanisole
(92%)

The mechanism of the formation pf nitroanisole fromp-chloronitrobenzene is as

follows:
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S o %
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CH,
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%
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8.10 REDUCTION OF NITROARENES

CONDITIONS

IN DIFFERENT

The nitroarenes give different products while reztuén different reaction conditions

such as nature of reducing agents and the pH attmtion medium as follow

(i) Reduction of nitroarenes in acidic medium:Nitroarenes can be easily reduced to

corresponding primary aryl amines by tin metal aAgdrochloric acid. For example, the

reduction of nitrobenzene with tin metal and hydiodc acid gives aniline.

Safe e d

Nitrosobenzene

Nitrobenzene

Mechanism:

NHOH

Phenylhydroxylamine
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1. The reduction of nitrobenzene to aniline is maneple of oxidation reduction reaction
in which the SR is oxidized to stannic ion $hby the donation of four electrons to

substrate to form an intermediate.
2. This intermediate radical is then ion protonatbd protons are provided by the acid.

3. The oxygen atom from the nitro group is remoasdvater molecule. The scheme of

this reaction mechanism is as:

T i .

C()HS_he_ — CeHs—N—OH — CgHs—N—OH ——
B 3H

.
C4H:— NH,; CH—NH,

(i) Reduction of nitroarenes in neutral medium: With iron and steam a nitro

compound gets reduced to nitroso compounds.

NO, NO

Fe/H,O
+ 2H

+ 2H,0
Nitrobenzene Nitrosobenzene
The reduction of nitrobenzene with zinc metal amdnmonium chloride or calcium

chloride gives onlyN-phenylhydroxylamine. The hydroxylamines are redgcagents

and can reduce€ollen’s reagent.
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NO, NHOH

+ 2Zn + 4NH,Cl — © + 27nCl, + 4NH, + H,0

Nitrobenzene Phenylhydroxylamine

(iif) Reduction of nitroarenes in alkaline medium: Whilst acidic and neutral reduction
result in the formation of mono-nuclear compoumdagction in alkaline medium yields a
variety of binuclear compounds due to the intecerctof nitroso- and hydroxylamine
derivatives formed during the reduction. The reducbf nitrobenzene yields different
products depending upon the nature of reducingtageed. The scheme of alkaline

reduction is given below:

NO, NO NHOH
O
o . oir N
—H20
Nitrobenzene Nitrosobenzene Phenylhydroxylamine Azoxybenzene

@

e G e G O

Azobenzene Hydrazobenzene

(I (IIT)

(i) The product-1, azoxybenzene is formed by thduation of nitrobenzene with alkaline
sodium arsenite (NAsOs/NaOH).

(i) The product-1l, azobenzene is formed, whemafienzene is reduced with zinc dust

and methanolic caustic soda solution, or by alkaditannite.

(iif) The product-1ll, hydrazobenzene is obtaingdrbduction of nitrobenzene with zinc

dust and agueous sodium hydroxide (Zn/NaOH).
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(iv) Electrolytic reduction: Electrolytic reduction of nitrobenzene in weaklyidhc
medium gives aniline but in strongly acidic mediutngives p-aminophenol obviously

through the acid catalyzed rearrangement of ihjtlarmed phenyl hydroxyl amine.

NO, NH,

Electrolytic reduction

Weak acidic medium
Nitrobenzene Aniline

NO, HOH NH,

Electrolytic reduction Rearrange

Strong acidic medium

OH

Nitrobenzene Phenylhydroxy p-Aminophenol
amine

(v) Selective reduction:If two or more nitro groups are present in the lesezring, it is
possible to reduce one of them without affecting éthers. Such reductions are called
selective reductions. For example, reduction nedinitrobenzene with sodium or
ammonium sulphide givesn-itroaniline. This reduction of nitro compounds hwit

sulphides and polysulphides is call&din reduction.

NO, NH,

+ 3(NH4)2SO4 - @\ + 6NH3 +3S + 2H20
N02 NO2

m-Dinitrobenzene m-Dinitroaniline

(vi) Catalytic reduction: Nitrobenzene is reduced to aniline with hydrogemgi$t or
Ni catalyst.

NO, NH,

+o3m, TvorNi + 2H,0

Nitrobenzene Aniline
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(vii) Reduction with metal hydride: Aromatic nitro compounds on reduction w

LiAIH 4, give azo compound

NO,
LiAIH ,
E—— N—N— + 2H,0
Nitrobenzene Azobenzene

8.11 PICRIC ACID (2, 4, ¢ TRINITROPHENOL)

Picric acid is the chemical compound formally c@l 4, «trinitrophenol (TNP). It ha
a chemical formula g43NsO;. Its name comes from a Greek wpidrosmeans "bitter"
reflecting the bitter taste of picracid.
OH
N,O NO,

NO,

picric acid
(TNP)
Preparation of picric acid: TNP can be synthesized by various methoc

1. From phenol: Picric acid can be prepared from phenol by sulptiondollowed by

the nitration.

OH OH OH
S05H Q05N NO,
Cone.H,SO, conc. HNO4
—_— ——
phenol SO4H NO,
phenol-2,4-disulphonic acid 2 4 B-trinitrophenol
(Picric acid)
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2. From chlorobenzene:Picric acid can be obtained by the reactid nitric acid

followed by hydrolysis and followed by nitratic

OH

Cl cl OH
NO NO o NO
@ HNO3 + H2S04 @/ ® Na2C0s + H20 2 NO3+ HesOs O 2
- > —_— -
NO2

NO2 NO2

3. From trinitro benzene: Picric acid can be prepared by the oxidation of -

trinitrobenzene with potassium ferricyani

OH
OzN N02 OZN NOZ
[O]
KsFe(CN)
NO, NO,
Trinitrobenzer Picric acid

8.12 PHYSICAL PROPERTIES OIPICRIC ACID

Picric acid is a yellow crystalline solid and orfettie most acidic phenols. It is volati
flammable, highly toxic and bitter in taste. Its Itimg point is 122°C. It is sparing
soluble in water, but soluble in hot water, alcehahd ethes. It is explosive when di
and forms picrates when exposed with metals. Piadid is especially hazardo

because it is volatile and slowly sublimes everoatn temperatur

8.13 CHEMICAL PROPERTIES OFPICRIC ACID:

1. Picric acid is much stronger aic than phenol due to —NQunctional group. Picri
acid reacts with NaHC£o liberate C(,.
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H Na
O,N NO, O)N NO,
+ NaHCO; + CO, + H,O
NO, NO,
Picric acid Sodium picrate

2. Picric acid on reaction with phosphorus pentaate forms picryl chloride.

OH2 Cl NH,
O,N NO O,N NO O,N NO
—_— —_—
NO, NO, NO;

Picric acid Picryl chloride Picramide

3. On reduction with sodium sulphide (38 in presence of water, picric acid gives

picramic acid.
H H
O:N NO: + NS Reduction O:N N
NO, NO,
Picric acid Picramic acid

Uses: Picric acid is used in electric batteries, leatimetustry, dyes, pigments, inks,
paints, manufacture of colored glass, textile motsleas a laboratory reagent, in

matches and explosives.
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8.14 SUMMARY

This unit reveals the knowledge of organic compaumdwhich nitrogen is covalently
attachedwith carbon like alkyl or aryl groups. Erapis has been given particularly to
aware the readers about organic compounds whictaicoat least one nitro functional
group in the molecule generally known as nitro-coormls. These compounds may be
aliphatic or aromatic according to the nitro groaftached to alkyl or aryl group.
Aromatic nitro compounds, also called nitroarertes/ing —NQ group ono, m or p
position of a benzene ring.g. nitrobenzene,o-nitrotoluene, p-nitrotoluene, 4-
nitrophenol, 2,6- dinitrotoluene, 2,4,6-trinitrateine, 1,3,5-trinitrobenzene etc.These
compounds can be prepared by the direct nitratibmromatic compounds, by the
oxidation of amino group to nitro, by the replacemef amino group by nitro etc.The
aliphatic nitro compounds can be primary, seconaartertiary types depending upon
the nature of carbon with which —N@roup is attached.The primary and secondary
aliphatic nitro compounds-hydrogen containing are acidic due to electromeriawing
nature of nitro group. The nitro compounds are lgasiduced with various reducing
agents in different mediums. The final product fedmepends on the nature of reducing
agent and the pH of the medium.This unit also dessrthe individual nitro compound
picric acid (2, 4, 6-trinitrophenol) which can bbtained by the sulphonation of phenol
followed by the nitration, by the reaction of rnitracid followed by hydrolysis and
followed by nitration, by the oxidation of trinitbenzene with potassium ferricyanide.
The physical, chemical properties alongwith thesusé picric acid has also been

described in this unit.

8.15 TERMINAL QUESTIONS

Section-A
Long answered questions
1.What are nitro compounds? Describe the nomenelaiimd general methods of

preparation of nitroarenes.

2. Describe the chemical properties of nitroalkanes
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3.How can you prepare nitroarenes from: (i) theatitn of aromatics (ii) fronp-

nitrobenzene (iii) fronp-nitroaniline?

4. Describe the mechanism of
a) Nucleophilic aromatic substitution in nitroarenes.

b) Reduction of nitrobenzene in acidic medium.

5. Describe the general methods of preparatioamatal properties and uses of picric

acid.

Section-B
Short answered questions
What are nitro compounds? Explain the structuneitod compounds.
How can you distinguish between alkyl and arylomi@ompounds?

Write a short note on nitroarenes.

1
2
3
4. Write the physical properties of nitro compounds.
5 Describe the reduction of nitrobenzene in acidatral and alkaline medium.
6 Give the mechanism of nucleophilic substitutiomimmoarenes.

7 Explain the followings:

(@) Acidic character of nitroalkanes

(b) Halogenation of nitroalkanes

8. How can you convert?

(@) Primary nitroalkanes into carboxylic acids

(b) Secondary nitroalkanes into ketones

(c) Nitroalkane into primary amine

(d)  Nitromethane to chloropicrin

9. How will you obtained:

(@) Nitrobenzene from benzene

(b)  p-Nitronitrosobenzene fromp-dinitrobenzene
(c) Picric acid from chlorobenzene

(d)  Picramide from picric acid
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Section-C
Multiple choice questions (MCQ)
1. Which functional group is present in a nitro compas(?

(a) -COOH (b) -NQ
(c) C-0-C (d) -SH

2. Which one of the followings is a nitroalkane?
(a) CHSH ) ®H;OH
(c) CHCH:NO; (d) GBCH

3. What is the IUPAC name of the given compound?

1
CH3 % - CH3
CH;
(@) 2-Methyl-2-nitropropane (b) Ethanethiol
(c) Triethyl nitro (d) Ethyl hydrogen sulphide

4. What is the IUPAC name of the given nitroarene?

CH,CH;

NO,
(@) 2-Methyl-2-nitropropane (b) 2-Nitroethyl benzene
(c)p-Nitrotoluene @Nitroethyl toluene

5. The given structure is for
H
O,N, NO,
NO,

(@) Asprin (b) RDX
(c) Picric acid (d) Trinitrotoluene
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6.

10.

11.

12.

13.

14.

Nitroarenes can be obtained

(a) By heating haloalkanes with potassium sulphide

(b) By the oxidation of alcohols with KMnQO

(c) By heating alkyl halide with alcoholic AgNO

d) By the nitration of benzene.

Nitroalkanes are more acidic than correspondingdoatbons
(a) Because their boiling points are higher.

(b) Because they are heavier than water.

(c) Because they have a pleasant odor.

(d) Due to the electron withdrawing nature ofmigroup.

The reduction nitroalkanes with Fe and concentret€tigive
(a) Hydroazobenzene (b) Primary amines
(c) Hydroxylamine (d) Azobenzene
Secondary nitroalkanes undergo hydrolysis withibgiHCI give
(a) Ketones (b) Carboxylic acids
(c) Thioethers (d) Alcohols
Reduction in which the nitroalkanes are reducedctoresponding N-alkyl
hydroxyl amines with zinc dust and ammonium chlerslution is conducted in
(a) Acidic medium (b) Alkaline medium
(c) Neutral medium (d) None of these

Nitrobenzene is converted into azobenzene by remuatith

(a) Alkaline sodium stannite

(b) Alkaline sodium arsenite

(c) Zinc and ammonium chloride

(d Zinc metal and aqueous sodium hydroxide

Reduction of nitrobenzene with LiAlfvill produce

(a) Azoxybenzene (b) p-Aminophenol
(c) m-Dinitrobenzene (d)ikre
Nitroethane reacts with nitrous acid (H)@o form
(a) Nitrolic acid (b) Nitrous oxide
(c) Hydroxylamine (d) Ethanamide

Tertiary nitroalkanes cannot tautomerise becausg th
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(a) Are stable (b) Are not stable
(c) Are saturated hydrocarbons (d) Do not contair-hydrogen
15.  Which of the following gives a ketone when boiletthaconcentrated HCI?
(a) Primary nitroalkanes (b) Secondary nitroalkanes
(c) Tertiary nitroalkanes (d) All of the above
16. The major product (X) of the reaction is:
NO,

é +57Zn + 10NaOH—— (X)  +5NayZnO, + 4H,0

Nitrobenzene
(a) @NH—NH@ (b) HO—@ NH;
hydrazobenzene p_aminophenol
O
© O 0O
azobenzene
azoxybenzene
17. Nitromethane on reduction with Zn and MH gives:
(a) Methanamide (b) Ethylamine
(c) N-Methylhydroxy amine (d) Methylara
18. Which compound is obtained at the end of the falhmweaction?
CH;CH,NO, + H,0 Hel ? + NH,OH
Nitroethane Hydroxylamine
(a) Acetic acid (b) Formaldehyde
(c) Methanethiol (d) Methyl chloride
19. Chloropicrin is formed by the halogenation of nitrethane with
(a) Bromine (b) Chlorobenzene
(c) Chlorine (d) Toluene
20. The reduction of nitrobenzene with zinc and sodhymroxide gives
(a) Azobenzene (b) Azoxybenzene
(c) Nitrosobenzene (d) Hydrazobenzene

21. Picric acid can be obtained from
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(a) Hydrolysis of picryl chloride
(b) Phenol by sulphonation followed by the nitati
(c) Nitration of benzoic acid
(d) Nitration of toluene
22.  On reduction with NaHC®picric acid gives
(a) Picramide (b)n-Dinitrobenzene
(c) Sodium picrate (d) Picramic acid

23. The reduction of picric acid with sodium sulphideéaS) in presence of water

gives
(a) Picramic acid (b) Picramide
(c) Sodium picrate (d) Trichlorobenzene

24. The reduction of nitrobenzene with Sn and HCI gives
(a) Azoxybenzene (b) Hydroazobenzene
(c) Primary aryl amines (d)p-Aminophenol

25. Primary nitroalkanes are upon hydrolysis with coriged hydrochloric acid

gives
(@) Primary amines (b) Ketones
(c) Alcohols (d) Carboxylic acids

8. 16 ANSWER (MCQs)

1. ® |2 @© |3 (@ 4. (b) 5 (0
6. ) | 7. @ |8 (b 9. (a) 10. (c)
11. (@ | 12. @) | 13. (a) 14. (d) 15. (b)
16. (@ | 17. () | 18. (a) 19. (0) 20. (d)
21. () | 22. () | 23. (a) 24. (C) 25. (d)
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9.1 OBJECTIVES

In continuation to unit 8 (organic compounds camtag nitrogen) the aim of this unit is
to describe amines as derivatives of ammonia hasimyramidal structure, classify
them as primary, secondary and tertiary aminestiiest¢heir common and IUPAC
names. To explain that how we can distinguish betwgimary, secondary and tertiary
amines? To describe some of the important methddgreparation of amines, to
explain their physical and chemical properties amdstudy the mechanism of the
reductive amination of aldehydes and ketonic compeu Gabriel's phthalimide

synthesis and Hofmann’s bromamide reaction etc.

9.2 INTRODUCTION

Aminesare aliphatic and aromatic derivatives of ammoniactv are obtained by the
replacement of one, two or all three hydrogen atamihsmmonia by alkyl or aryl
groups. Amines are described as primafy, decondary (2 or tertiary (8) depending
on how many alkyl or aryl substituents are attadioetthe nitrogen atom. The tetra alkyl
derivatives of ammonium salts are known as quatgrreanmonium saltse.g.,

tetramethyl ammonium chloride, (GlaN'CI".

R— N—H R—N—H R—N—R
Primary amine Secondary amine Tertiary amine

Primary amines:Primary amines are obtained by the replacementnef foydrogen
atom of ammonia by an alkyl or aryl group. For epéanMethyl amine, ethyl amine,

phenyl amine etc.

CHsNH, CH3CH,NH; @CHZNHZ

methylamine ethylamine benzylamine

UTTARAKHAND OPEN UNIVERSITY Page 292



ORGANIC CHEMISTRY-II BCHCH-202

Secondary aminesSecondary amines are obtained by the replaceménbdydrogen
atoms of ammonia by the two alkyl or aryl groupst Example: Dimethyl amine, ethyl

methyl amine, methyl phenyl amine, diphenyl amite e

o
CHz- NlH CH3CH,— NlH @NH @NH
CHs

CH,CHs

Tertiary amines:Tertiary amines are obtained by the replacemeatl dhree hydrogen
atoms of ammonia by the three alkyl or aryl groupsr example: Trimethyl amine, tri

ethyl amine, ethyl methyl phenyl amine, triphenyliae etc.

<|3H3 CHZCH3
CHg CH20H3 CHZCH3
The characteristic functional groups for primagcaendary and tertiary amines are:
\ \
—NH; NH —N
/ /
primary secondary tertiary

Aromatic amino compounds are of two types, arylr@siand arylalkyl amines. Aryl
amines are those compounds in which the »NFbup is directly attached to the
nucleuse.g., aniline, p-tolidine etc. whereas in arylalkyl amines the -Ngtoup is

attached to a carbon atom of the side clagnbenzylaminep-phenylethylamine etc.

Q 2 r@NHz OCHZNHz @—NHCHZCHg
| |

aryl amines arylalkylamine |
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9.3 STRUCTURE OF AMINO COMPOUNDS

Amines are ammonia derivatives; the shape of arfunetional group is similar to its
parent molecule ammonia. The nitrogen in ammonian$othreec bonds and also
carries one lone pair of electrons. The nitrogeammonia as well as aliphatic amines
is sp’ hybridized. Therefore the shape of ammonia istrig pyramidal which can be

represented as
i\i\ /N\
/ \>H H <A H
H 107° H

The amino compounds are obtained by replacing lygiroatom by alkyl or aryl
groups, their shape can be represented as:

2 . .
sp* hybridized N
A\ Neh
CH CHs o™
CHs cp, s 1080~

The bond angle between H-N-H in ammonia is 1078, lond angle in amine is

assumed almost same as in ammonia.

9.4lUPAC NOMENCLATURE OF ALIPHATIC AMINES

Usually amines are named after the alkyl groupch#d to the nitrogen atom.
In IUPAC nomenclature, the primary amines are named as afkanges; secondary

amines are named Blsalkylaminoalkanes and tertiary as dialkylaminoat&n
Compound Common name IUPAC name

Primary amines

CHsNH; methyl amine aminomethane
CH3CH;NH, ethyl amine aminoethane
CH3CH,CH;NH, propyl amine aminopropane
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CH; — CH— NH, isopropyl amine 2-methylaminoethane

CH;3

Secondary amines

CH3NHCH; dimethyl amine N-methylaminomethane
CHsNHC,Hs ethyl methyl amine n-methylaminoethane
CH3NHC3H~ methyl propyl amine N-methylaminopropane

Tertiary amines

CH;— l|\l—CH3 trimethyl amine N,N-dimethylaminomethane
CHs

CH;— 'l‘l_ CoHs diethyl methyl amine  N-ethyl-N-methyl
CoHs aminoethane

9.5:IUPAC NOMENCLATURE OF AROMATIC AMINES:

The simplest member of aromatic amines is aminai@zaniline). Amines containing
a —NH group, firstly identified the position of the amigroup and count this position
as position-1 of the ring. Then give numbersltgasitions (as 2, 3, 4, 5, 6 etc.) in
clockwise direction. They are named@sn or psubstituted. The next position to the
amino group isortho (0), the third position to the amino group rigeta (m) and the

vertically opposite position to the amino group@sa (p).

NH,
Ortho Ortho

Meta Meta

Para
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Compound Common name IUPAC name

aniline aminobenzene
o-toluidine 2-methyl aniline
m-oluidine 3-methyl aniline
p-toluidine 4-methyl aniline

p-phenylene diamine p-iaminobenzene

anisidine p-methoxy aniline

NH,
NH,

@CHS

CH,
NH,
CH,
NH,
NH,
NH,

OCH,
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@ NH@ diphenyl amine N-phenyl amine

9.6 PHYSICAL PROPERTIES OF AMINES

1. Physical state:Lower amines are combustible gases at room temperat-C;;
members of amines are volatile liquids, while tighbr amines are solids. The lower

members of amines have fishi ammoniacal odour,

2. Hydrogen bonding: Amines are polar compounds and both primary andretsry
amines form intermolecular hydrogen bonds. Theimmilpoints and solubility of
amines are associated with the intermolecular lgeftobonding involved in these

molecules.

hydrogen bonding

3. Boling points: An N-H---N hydrogen bond is weaker than O-H---O rogkn bond

because the electronegativity difference betwe#&mogen and hydrogen (0.9) is less
than between oxygen and hydrogen (1.4). Thereforiees have lower boiling points
than the corresponding alcohols. Tertiary aminesioaform hydrogen bond because
they have no hydrogen therefore the boiling pofriediary amines will be even lower

than primary or secondary amines.

4. Solubility of amines: Primary and secondary amines form hydrogen bonds wi
water and are more soluble in water than hydrocebof comparable molecular
weight. Low molecular weight amines are completedyuble in water while higher

molecular weight amines are moderately solubl@soluble in water.
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9.7 STEREOCHEMISTRY OF AMINES

Amines are classified into primary, secondary aedigry based on the number of
hydrogen atom (s) are replaced by the alkyl or grgups. Tertiary amines have three
different groups.e. R', R?, and R attached to the nitrogen atom, they are asymmetric
or chiral, and therefore they do not form superisgisde mirror image. Tertiary amines
exist in two enantiomeric forms. This is due to tim@bility of unshared pair of

electrons present in fourth %prbital of nitrogen to serves as a fourth grougkéep

configuration.
N No, N,
R'] \ H 1 / H ’ / \ " R3
H R R2 R R2
1° amine 2° amine 3°amine

In contrast, quaternary ammonium salts, in whiahrnfirogen atom is attached to four
different groups. In quaternary ammonium salts,gteeips may also be chiral and able
to show enatiomerism as well as optical activithisTis because the nitrogen in these

salts is tetrahedral and all its*spbitals are involved in the bond formation.

Amines display different characteristic infrarecaitption peaks based on the degree of

amines.

a) Primary amines contain two N-H bonds which displap peaks around 3300 ¢m
The shape of IR peak is similar to the molar tebimce also known as *“ molar
peak”

b) Secondary aminesontain one N-H bond which displays a single peakiad 3300

cm*

c) Tertiary amines contain no N-H bonds and do nowsihp in infrared spectroscopy.

9.8 SEPARATION OF A MIXTURE OF PRIMARY,
SECONDARY AND TERTIARY AMINES

There are two methods which are used to distingdisine primary, secondary and

tertiary amines.e. Hinsberg,s method and Hofmann's method.
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1. Hinsberg,s method: The Hinsberg’s reagentis benzene sulphonyl chdorid
(CeHsSOLCI). The primary, secondary and tertiary amines dam separated
by Hinsberg’s reagent test. Primary amine reactd Winsberg’'s reagent to form a

precipitate oN-alkyl benzene sulphonamide which is soluble inrggralkali like KOH.

KOH
RNH2 + CGHSSOQCI RNHSOQCGHS — RN K+ SOQCGHS (Soluble)

Primary amine Monoalkyl sulphonamide Potassium salt

SOCI SO,HNCH; SOK* NCH;z

KOH
CH3NH2 +

Secondary amine reacts with Hinsberg’'s reagenbitm fa precipitate oN,N-dialkyl

benzene sulphonamide which is insoluble in alkali.

KOH
R2NH + C6H5802C| R2N50206H5 —_— |nSO|ub|e
Secondary amine Dalkyl sulphonamide
CH
SOLI SOZN CHs
KOH
CHg—NH Insoluble

Tertiary amines do not react with Hinsberg'’s reagen

RsN + CgHs5SO,CI No reaction
SO.CI
T
CH3_'|\| * —— > No reaction
CH;
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2. Hofmann's method: The mixture of three amines is treated with dietiwdlate. The
primary amine forms a solid oxamide; a secondarjnargives a liquid oxamic ester

while tertiary amine does not react.

COOC;,H;5 HNHR -2C,H5OH CONHR
+
COOC, Hg HNHR CONHR
Diethyl oxalate Primary amine Dialkyl oxamide

(Solid)

COOC,Hs ~C,HsOH CONR,

+ HNRZ
COOC,Hs COOC2Hs
Diethyl oxalate Secondary amine Dialkyl oxamic ester

(Liquid)

Now, the mixture containing primary, secondary d@ediary amines is subjected to
fractional distillation, when tertiary amine, whidh highly volatile, distils over. The
remaining residue mixture containing solid oxamialed liquid oxamic ester are
separated by the simple filtration. Both solid ox@nand liquid oxamic ester are

separately treated with a strong alkali like KOH recover and purified by the

distillation.
CONHR HOK COOK
+ + 2RNH,
CONHR HOK COOK
Dialkyl oxamide Potassium  Primary
(Solid) oxalate amine
CONRj HOK COOK
+ > | + R2NH + C2H50H
COOC,Hs HOK COOK
Dialkyl oxamic ester Potassium Secondary
(Liquid) oxalate amine

UTTARAKHAND OPEN UNIVERSITY Page 300



ORGANIC CHEMISTRY-II BCHCH-202

9.9 STRUCTURAL FEATURES EFFECTING BASICITY OF
AMINES

Amines, like ammonia are weak basks £ 10* to 10°). The basicity of amines is due
to the presence of unshared pair of electrons ttog@n atom which can share with
other atoms. This unshared pair of electrons cseate electron density around the
nitrogen atom. The greater the electron density,ntore basic is the amine. Electron
releasing groups (e.g., methyl, ethyl, and oth&ylajroups) increase the basicity of
aromatic amines whereas electron withdrawing grdiepg., halogen, nitro, carbonyl
groups) decrease the basicity of aromatic aminkess,Tthe basicity of aliphatic amines

increases with increases alkyl substitutions asrghelow:

CHs

CHg—%J > CHs—lTIH > CHsNH, > NH3
CHs CHs
However, in aqueous solutions, the order of basatinges.
CHs
CH3NH, > CHg—ll\IH > CH3—I$I > NH
Chs CHs

The differences in the basicity order in the gaasghand aqueous solutions are the

result of solvation effects. Amines in water santexist as ammonium ions.

.. + -

R— NH2 + H20 RHNH3OH

1° Amine 1° Ammonium salts
. —+ —_

R— NHR + H,0 RNH,ROH

2° Amine 2° Ammonium salts
.o + -

R— NR2 + H20 RNHR2OH

3°Amine 3° Ammonium salts

In water, the ammonium salts of primary and secpnd@anines undergo solvation

effects (due to hydrogen bonding) to a much gred¢égree than ammonium salts of
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tertiary amines. These solvation effects incredme dlectron density on the amine

nitrogen to a greater degree than the inductivecefsf alkyl groups.

Amines act as nucleophiles in most circumtances;uhshared pair of electrons on

nitrogen forms a new covalent bond with hydrogea @displaces hydroxide ion.

H H

Methvlamine Methvlammoniun hvdroxide

=y g
CH:—N% + HLO0_H =—= CH;—N-H :0—H
i |\_/7 o -

The equilibrium constant for this reaction is aofes:

K [CH_:H‘I_:_] [OH]
=
[CH_:)H H:] I H:( }l]

The base ionization constang K Keq [H20]. The value of I§ for methylamine is 4.37 x
10* (pK;, = 3.36).

[CH;NH; ] [OH]]
[CH3;NH;]

Ky =k, [H,0F

Amines are basic in nature (Lewis base) the basmngth in term of their pKvalues

are being given in table 1. The smaller pig value stronger is the base.

Table -1: Basic strength of amines K

Compound Structure pKp

ammonia NH 4.74

Primary amines

methylamine ChNH, 3.36

ethylamine CHCH.NH» 3.34
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n-propyl amine CHCH,CH>NH, 3.42
Secondary amines
dimethylamine (CH):NH 3.29
diethylamine (CHCHy).NH 3.02
dipropylamine (CHCH,CH,),NH 3.1
Tertiary amines
triethylamine (CH)3N 4.3
triethylamine (CHCH,)sN 3.26
Aromatic amines
aniline NH> 9.38
N-methylaniline NHCH; 9.15
N, N-dimethylaniline N(CH3), 8.95
diphenyl aniline 13.15
Heterocyclic aromatic amines
pyrrole {/ \§ ~14
N
H
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pyridine | A ~8.7
N/

piperidine O 2.7
N
H

All aliphatic amines have about the same base gitiepKy, 3.0 - 4.0 and are slightly
stronger bases than ammonia. The increase in tyas@mnpared with ammonia can be
attributed to the greater stability of an alkyl aomium ion, as for example, RGNH;3",
compared with the ammonium ion, WHThis greater stability arises from the electron
releasing effect of alkyl groups and the resulfoagtial delocalization of the positive

charge from nitrogen onto carbon in the alkyl amimonion.

Aromatic amines are weaker bases than ammonia lgotehtic amine. The less basic

character of anilines can be explained on theietig bases:

1. Delocalization of the unshared electron pair omitrogen atom: The resonance
stabilization of the free base form of aromatic mesi For aniline and other aryl
amines, this resonance stabilization is a resulintdraction of the unshared pair on
nitrogen with ther- system of the aromatic ring. Due to this inte@acthe electron pair
on nitrogen is less available for reaction withdadilo such resonance stabilization is
possible for alkyl amines and therefore the electpair on the nitrogen of an alkyl

amine is more available for reaction with acid;yhlkmines are stronger bases than aryl

amines.
i i H.o H H& H H® _H
*N—H (NH N I
s
Iiteraction ofthe electron
III pair on nitrogen with the pi
IN—H svstem of the aromaric fing.

No resonance possible

with allovlarines
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2. Substituent effect: The second factor contributing to the decreasedcibasf
aromatic amines is the electron withdrawing effsfcthe sp-hybridized carbons of the
aromatic ring compared with thep-hybridized carbons of aliphatic amines. The
unshared pair of electrons on nitrogen in an armraahine is pulled toward the ring

and, therefore, less available for protonatiorotoifthe conjugate acid of the amine.

Electron releasing groups (e.g., methyl, ethyl, anbder alkyl groups) increase the
basicity of aromatic amines whereas electron wietwdng groups (e.g., halogen, nitro,

carbonyl groups) decrease the basicity of aromaitignes.

The decrease in basicity on halogen substitutioduis to the electron withdrawing
inductive effect of the electronegative halogene Tdecrease in basicity on nitro
substitution is due to a combination of inductivel aesonance effects, as can be seen
by comparing the base ionization constants of ®aitiline pK, 11.53 and 4-
nitroaniline pK, 13.0. Note that the conjugate acid of 4-nitroanilinpK{ 1.0) is a
stronger acid than phosphorous acpKy 2.0. Heterocyclic aromatic amines are
weaker bases than aliphatic amines. When a nitraggen is incorporated directly into
an aromatic ring, its basicity depends on the bumdontext. For example, In pyridine
ring, the nitrogen lone pair occupies s orbital which is not a part of the aromatic

sextet.

oo
- |
+ - e + )
|+ mo N OH
N |
H
This electron pair Ar omaticity 1s
is not part of the maintained. even
aromatic sextet when protonated

Proton transfer from water or other acid to pyradoes not involve the electrons of the
aromatic sextet. Pyridine is a weaker base thanhaitic amines because the unshared
pair of electrons of the pyridine nitrogen liessigf hybrid orbital, whereas in aliphatic
amine, the unshared pair lies $p° orbital. Electrons insg? hybrid orbital (33% s
character) are held more tightly by the nucleus tactrons irsp® hybrid orbital (25%
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s character). It is this effect that decreasesbiscity of the electron pair os;p2

hybridized nitrogen compared with that spt hybridized nitrogen.

This electron pair
is not part of the
aromatic sextet

/QFB o

&
[ . o
I

( H H
This electron pair is Aromaticity is
part of the aromatic maintained, even
sextet when protonated

There are two nitrogen atoms in imidazole, each ait unshared pair of electrons. One
shared pair lies in ap2orbital and is an integral part of the (4n+2) [@o#rons of the
aromatic system. The other unshared pair lies ispgahybrid orbital and is not part of
the aromatic sextet. It is the pair of electronspart of the pi system that functions as

the proton acceptor.

In pyridine the unshared pair of electrons fundtignas the proton acceptor and in
imidazole lies insp? hybrid orbital and has decreased basicity compavid an
unshared pair of electron 8p’ hybrid orbital. The positive charge on the imidazu
ion is delocalized on both nitrogen atoms of thegrand, therefore, imidazole is a

stronger base than pyridine.

9.10 PREPARATION OF ALKYL AND ARYL AMINES

The alkylation of ammonia, Gabriel's phthalimidentfyesis, Hofmann’s bromamide
synthesis, reduction of nitriles, reduction of ogsnand acid amides, reduction of
nitroarenes, and reductive amination of aldehydeklka&tones are methods commonly
used for preparing amines.

A. Methods for the preparation of all three types 6 amine along with quaternary

ammonium salts.
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1. From alkyl halides (Hoffmann method): When alkyl halides are heated with an
aqueous or alcoholic solution of ammonia in a dossction vessel at about 100°C, a
mixture of primary, secondary and tertiary aminks@ with a quaternary ammonium
salt is obtained. The primary amin€)(is obtained by the replacement of halogen as
halide by ammonia. Now this primary amine acts asi@deophile and attaches itself to
the alkyl halide molecule to produce the secondamyne (2). Again this secondary
amine acts as a nucleophile and attaches itseétfet@lkyl halide molecule to give the
tertiary amine (3. At last, the tertiary amine attaches itselftte ailkyl halide molecule

to form the quaternary ammonium salt®(Fhe process is as:

NH3 RX RX RX o
RX —> RNH, — R;NH —— R3NH ——— R,N*HX

(19 (2°) (39 (4°)

NH CHz Br CH3 Br (|:H3CH Br T °
3 3
CHzBr % o CHNH, —° % CHy—NH kb CHe—N  ——>|CHy—N—Chs| o
CHa CHs CHs

2. By the action of ammonia on alcohol (Sabatier ah Mailhe method): When
alcohol vapours with ammonia are passed over abatbO;, W,03, ThG; or silica gel

at about 360°C, a mixture of amines along with glo@ternary ammonium salt are

obtained.
Al,O, C,HsOH
Co,HsOH + NHj3 CoHs5NH, (CoHs)oNH
360 °C _ -H,0
~H,0 Ethylamine Diethylamine
-H,0 | C,Hs0OH
(C2Hs)sN

Triethylamine

This method yields a mixture of,12°, 3”amines along with%salts which are
separated from each other by means of Hinsbergtadeor Hofmann’s method.

However, primary amines can be prepared in godd ¥ig using excess of ammonia.
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3. From carbonyl compounds: On heating with an acidic solution of ammonia or
amine, carbonyl compounds are converted into amines

H,/Ni
CH;CH=0 + NH; — CHsCH==NH —— CH3CH,NH,

Imine Amine

This reaction is called theeductive amination of aldehydesUsing this reductive

amination the 1° amine to 2° amines can be formed.

CH4CH,CH=0 + NH,CH,CH; ——> CHyCH,CH==NCH,CHj
(1° amine)

l Ho/Ni
CH3CH,CH,NHCH,CH,

(2° amine)

4. By the reduction of amidesAmides yield primary amines on reduction by lithium
aluminum hydride, while N-substituted andN, N-disubstituted amides produce

secondary and tertiary amines, respectively.

1. LiAlH,
CH3;CONH, CH3;CH,NH,
. 2. H;0* .
Acetamide Ethanamine
1. LiAIH,4
CH3CONHCH;z CH3;CH,NHCH;,
2. H;0* 2
N-methyl N-methyl
acetamide ethylamine
1. LiAlH,
CH3;CON(CH3), CH3CH,N(CH3),
+
N, N-dimethy| 2.H0 N, N-dimethy|
acetamide ethylamine

B. Additional methods for the preparation of primary amines:

1. By the reduction of nitroarenes:Aromatic amines are normally prepared by the
reduction of corresponding nitroarenes in presesideydrogen and Raney nickel, tin
and hydrochloric acid, iron and hydrochloric actc and acetic acid, or ammonium

hydrogen sulphide.
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(i) Catalytic reduction:Nitro compounds are reduced to amines with hydraggsin

presence of powdered nickel.

NOQ NH2
Ni
+ 3H, ——— + 2H,0
Nitrobenzene Aniline

(i) Reduction with Sn/HCI, or Fe/HCI, or Zn/CHCOOH: Nitro compounds are also
reduced with metal and concentrated hydrochloric dike Sn/HCI, Fe/HCI, or
Zn/CH;COOH into amines.

NO, NH,
Sn/HCI
+ 3H ——— + 2H,0
6[H]
Nitrobenzene Aniline

(i) Partial reduction with NH4HS : By partial reduction, one of two nitro groups in a
dinitro compound is reduced into amino group byr\gsammonium hydrogen sulphide

as reducing agent.

NOQ N02

NH,HS

—_—

NO, NH,
m-Dinitro benzene m-Nitro aniline
2. By the reduction of nitriles or cyanides:The carbon-nitrogen triple bond in a nitrile

or cyanide can be reduced by the reaction of hyrogas in presence of a metal

catalyst like nickel, palladium or lithium alumimuhydroxide.

For example, methyl nitrile is reduced by hydroged nickel to ethyl amine.

Ni
CHsCN + 2H, ——=  CH4CH,NH
s > 433K s

Methyl nitrile Ethyl amine
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Phenyl methyl cyanide is reduced by hydrogen am#tehior by lithium aluminium
hydroxide to phenyl ethyl amine.

CH,CN CH,CH,NH,
Ni
+ 2H, ——
433 K
Phenyl methylcyanide Phenyl ethylamine

3. By the action of ammonia on phenolMono aryl amines are prepared by the

reaction of ammonia on phenols in presence of aaride at 300 °C.

H NH,
ZnCI2
+ NH; — + H,0
300°C
Phenol Aniline

4. By Schmidt reaction:Aromatic amines can be obtained by the treatmeat@hatic
carboxylic acid in concentrated sulphuric acid withloroform solution of hydrazoic

acid.
OOH

NH,
+ NgH —— + Ny + CO,

Ben;oic Aniline
acid

5. By the reduction of oximes Oximes yield primary amines on reduction by sodium

and ethanol or by lithium aluminium hydroxide (LH).

Na
CH3CH=— NOH + 4[H] ———> CH3;CH,NH, +H,0
Alcohol

Acetaldoxime Ethanamine
CHs, CH

~ Na 3

/C= NOH + 4[H] \CHNHQ +H,0

CH, Alcohol CH3/
Acetone oxime Isopropyl amine
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6. By the action of chloramine with Grignard’s reagnt: The primary amines can be

obtained by the action of chloramines on Grignardagent.

For example, methyl amine is prepared by the actbrchloramines on methyl

magnesium bromide.

Cl
CH3MgBr + CINH; —— CHgNH, + Mg
Br
Methyl Magnesium
amine chloro bromide

(CHs)sCMgl + CINH, — = (CHg)sCNH, + Mg~

Tertiary butyl Cl
amine

7. By the decarboxylation of amino acids:When an amino acid is heated with

Ba(OH), it loses CQ@to form a primary amine. For example:

Ba(OH),

H,NCH,COOH H,NCH;
Glycine Methylamine

8. By Hofmann’s bromamide synthesis:Hofmann bromination reaction is an organic
reaction used to convert a primary amide to a pymanine using bromine in an

aqueous or ethanolic solution of sodium hydroxid@s reaction is as:
i

R—CNH, + Br, + 4KOH — RNH, + K,CO; + 2KBr + 2H,0
Amide Amine

For example, acetamide reacts with bromine andspotan hydroxide to form methyl

amine.
(0]
|

CH3_CONH2 + Br2 + 4KOH — CH3NH2 + K2003 +2KBr + 2H2O
Acetamide Methylamine
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Similarly,
CONH, NH;
+ Bry + 4KOH — © + KoCO3 +2KBr + 2H,0
Benzamide Phenyl amine

Mechanism: The reaction mechanism involves several steps:

1. The hypobromite ion OBr- anion is produced by t&ction of alkali with bromine.

2. The anion reacts with amide to give bromamide.

3. Base abstraction of the remaining amide protonsgé&veromoamide anion.

4. The bromoamide anion rearranges as the R grouphatato the carbonyl carbon
migrates to nitrogen at the same time the bronodeléaves, giving an isocyanate
(step 4 and 5).

5. The isocyanate adds water in a nucleophilic additstep to yield a carbamic
acid after that carbamic acid spontaneously los@st€yield amine.

Step(1) 2KOH + Br, ——> 2KBr + KBrO + H,O

© V
Step (2) R—C/ + OBr —— R—C/ + OH™
AN .
NH, -l|\l—H
Br
Amide Bromamide
@) @)
YV - YV
Step (3) R—C/ + OH —_— R—C/ + H)O
N N
Tj—@ :I‘\l:
Br Br
Bromamide Bromamide anion
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0)

/ 0
Step (4) R—C —_— R— C/ + Br
\- Y \ o
°N: N:
(&
Bromamide anion Acyl nitrene
O
4
Step (5) R— C\r?. —_— R—N=—=C=—0
bN :
Acyl nitrene Isocyanate

Step (6) R—N=C=—=O0 + 20H R—NH, + CO52~

Isocyanate Amine

9. By Gabriel's phthalimide reaction: This method is used for the preparation of
primary amines. Phthalimide on reaction with eth@&nopotassium hydroxide
gives potassium salt of phthalimide, which on heatwith alkyl halide followed by

alkaline hydrolysis forms the corresponding primanyine.

0]

| |
KOH C\ -+ RX

O = 1w

C -KX

| |

0} 0]
Phthalimide Poassium salt of phthalimide

O

0}
| I

C R C— OH
H*, H,0
©i >NR 2 @( + RNH,
c

C—OH Primary amine

) )

N-Alkyl phthalimide Phthalic acid
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Aromatic primary amines cannot be prepared by miéthocbecause aryl halidedo

not undergo nucleophilic substitution wthe anion formed by phthalimic

10. By Wurtz reaction: Primary amines can be obtained by the hydrolysisafynide

or isocyanate.

. HCI
CH3—N=—=C + 2H,0 — CH3NH, + HCOOH

Methyl isocyanide Methylamine

CH3 =" N==C==0 + 2KOH —>  CHgNH, + K,CO,

Methyl isocyanate Methylamine

11. By Qurtius reaction: Acid chlorides on reaction with sodium azides ¢

isocyanate which is decomposed with water into as

O 0

I Il o =
R-C-Cl + MNaM2 SR-C-N-N=N
Acid chlorides Sodium Acyl azides
azides
A
COF +RNH: 22" R_N=C=0+N,
Hz0 Isocynate

12. Lossen reaction: Lossen rearrangement is aecsion of hydroxamic acid 1
isocyanate through the formation of- acyl sulphayl or phosphoryl intermedia
hydroxamic acid Qderivative. This rearrangement is used for thelsgis of priman

amines from hydroxamic ac

o o CHs
Hpon | L —
S frg —_—
I?I/OH v R ,l\l/O\ R. N=C=0
) ! 2 \\O alkyl isocyanate
hydroxamic acid intermediate HOH
Aco, + RNH,
8H primary amine
CHs—N=C=0 _HOH
CHLCONHOH —— — —— CHa\H, + Aco,
S methylamine
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C. Additional methods for the preparation of secondry amines

1. By reduction of alkyl isocyanide or isocyanatestsocyanide or isocyanates are

reduced to secondary amines with hydrogen gaseisepice of Na/fHsOH.

Na/C,Hs0OH
R—NC + 2H, ——— = R-NHCHj3
Alkyl Methyl alkyl
isocynide amine
Na/GHs0OH

CHNC + Hy ——= 2" 5 CH3NHCH,

2. By reduction of N-substituted amides:Secondary amides can be reduced to amines
by a strong oxidizing agent like lithium aluminiudmgdroxide by the conversion of C=0

group to —CH. Amides cannot be reduced by the less reactiveHyaB

LiAIH,
CH3;CONHCH;4 CH3;CH,NHCHS4
N-methyl Ethyl methyl
acetaminde amine

3. By heating phenol with aniline:Secondary aromatic amines are prepared by heating

phenol with aniline in presence of anhydrous zinlokgde at 200 °C.

ek Nene

henol
pheno aniline diphenylamine

D. Additional methods for the preparation of tertiary amines

1. By reduction of N,N-disubstituted amides:N, N-disubstituted amides yield tertiary

amines on reduction by lithium aluminum hydride.
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O
| _~CHs LiAIH4 _~CHs
CH3_CH2_ _N\ CH3_CH2_CH2_N\
CHs H0* CH,
N, N-Dimethylpropanamide N, N-Dimethylpropanamine

2. From Grignard’s reagent: Grignard reaction can be used to synthesise tertiar

amines as follow

R' ~R
RMgCl + cNC  ——= R—N{__ + MgCl
R’

Tertiary amine

CH CHs cl
CHMBI - Nei CHN o g
CHz |C|_|3 \CI
3. By the decomposition of tetra alkyl ammonium hydbxide: A quaternary
ammonium salt is hydrolyzed with moist silver oxidgo quaternary ammonium

hydroxide which on strong heating gives tertiaryirean

(CQH5)4N+|_ + AgOH e (CQH5)4N+OH- + Agl

Tetraethyl ammonium Tetraethyl ammonium
iodide hydroxide
Heat

(CoHs)sN + CH,==CH, + H,0

Triethyl amine

4. By Ullmann’s reaction: Tertiary aromatic amines are obtained by heatipiahyl

amine with iodobenzene, potassium carbonate anagl amount of copper as catalyst
in nitrobenzene solution.

2 NH + 2 + K,CO3 —»CU 2 N©+2K| +CO2+ H,0

diphenyl amine iodobenzene triphenylamine
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9.11 REDUCTIVE AMINATION OF ALDEHYDIC AND
KETONIC COMPOUNDS

Aldehydes and ketones can be converted into prineggondary and tertiary amines
using reductive amination in presence of ammonianoine. The reaction is completed
in two steps. The first step is the nucleophiidiadn of the carbonyl group to form an
imine. The second step is the reduction of thenémio an amine using a reducing
agent. A reducing agent employed commonly includgsogen and a catalyst such as
Ni, NaBH;CN (sodium cyanoborohydride), LIiBE&N (liyhium cyanoborohydride) etc.
The general reductive reactions of aldehydes atahke are as:

R R

NH; AN [H] N
C—o0 C—NH —— H— C—NH
/ / / 2
R' R' R'
R'= H or Alkyl group Imine Amine

Conversion of aldehyde or ketone into primary amine

R R
NH;
/C= 0 _— H—/C — NH,
R'= H or Alkyl group Primary amine

For example, methyl ethyl ketone is reduced by amam presence of nickel into 2-
amino butane.

NH,
H,, NHj
CH3CHchCH3 - CH3CH3CH - CH3
Ni
Methyl ethyl ketone I 2- Amino butane

Similarly, benzaldehyde is reduced with ammonigresence of hydrogen and nickel

into benzylamine.
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CHO CH,NH,
H21 NH3
Ni

Benzaldehyde Benzylamine

Conversion of aldehyde or ketone into secondarynami

R R
NHR"
R'= H or Alkyl group Secondary amine

Conversion of aldehyde or ketone into tertiary amin

R R "
NHR", AN _R
0 men TN
Rl NaBH3CN R' R"
R'=H or Alkyl group Tertiary amine

MechanismThe sequential mechanism is as follow:
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RN ¥ LN

.. Two

/C:vp’ + HoN—R" R— C—NHR" /C:NR"
R steps ‘ R
OH
Aldehyde or 1° Amine Hemiaminal Imine

ketone | |

(H]

=
|

R— CH—NHR"

2° Amine

9.12IMPORTANT REACTIONS OF AMINES

As we know that amines are important class of aggammpounds containing nitrogen
as one of the element in their composition. Thenasiare synthesized in pilot scale in
industries for many purposes i.e. as starting natér synthesis of other molecules,
synthesis of drug molecules, textile dyes, solvesits Both aliphatic and aromatic
amines undergo variety of chemical reactions. Thosgme has been described in
above, however some of the important reactionseasgbconsolidately presented as

follow.

Reactions of aliphatic aminesSome of the important reactions of primary and
secondary amines like acylation,alkylation,formatiof salts,sulphonation, reaction
with nitrous acid, reaction with carbondisulphigagction withGrignard reagent,

reaction with HOCI,oxidation reactions is beingegivas follow:

+ HC| — CH3CH2C|

-HBr
+ CH3Br 8—>CH3CH2NHCH3 RSB CH.CHN(CH),
H
CHaCH,NH, l CH3Br
CH3CH2N+(CH3)2BI'

* CH3COCH——> CH3CH,NHCOCH; + HCI
N - ethylactamide
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+

S0LCl SONHCH,CHs OZNCHZCHg

N - ethylbenzenesulphonamide
* HONO  ——— CH3CH,0OH + N4 + H,0

+ RCHO — CH3CH,—N=CH—R
aldimine

HgCl
*CS —— CH3CH2NHCSSHL> CH3CH,N=CS
dithiocarbamic acid  ethylisothiocyanate

CH3CH,NH,
2HCI + HgS
HOCI
+ HOCI SR CHsCH,NHCI _H>CH3(;H2NC|2
N - chloethylamine N N dichloroethylamine
+ RMgx Ether
gX ——> RH + CH3CH,NHMgX
alkane
heat
+ CHCl3 +2KOH —=> CH3CH,—N=C +3KCl + 3H,0
KMnO +
# [0] ——» CHCH=NH —HOR_ o, 5
aldamine 3 acetaldehyde
CH
+ HCIl —> NH,*Cl
cH
dimethylammonium chloride
CHg_
NH— CH
/ ©0H EN CH3Br ]
CH3 FCHBr R N—CHs —— » (CHa)N'Bf
CH4
+ cHicocl . CHs

I
N—C—CHs + HCI

CHs3 N, N dimethylacetamide
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SO.CI SOr—N

— > NaOH ]
— No reaction

N dimethylbenzene
sulphonamide
(insoluble in NaOH)

CHg,

* HONO ——» N—N=0 H250, green
HO s | NaoH
deep blue/ violet
CHy T
+ R.CHCOR —>  'N—C=CR,
/ .
CH CH3 enamine
3
VA CHy
CH4 ENE] HgCl, _
+ C — N—C—SH ——> No reaction
/
CH3
dithiocarbamic acid
8 CHx
+ HOCl| —— > N—CI
cH{

N - chlorodimethylamine

CH3\

R'MgX ——> R'H + N—MgX
/
CH3

+

CH CHs
3\N—N/ + H,0
/ \
CH3 CHs
tetramethylhydrazine

KMnO4
—

+

[O]

Reactions of aromatic amines:aromatic amines undergo two types of reactions
namely reactions due to amine group and reactiaestal aromatic ring.The important

reactions due to both group are given below byntakine example of aniline
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N"HCl N'=NCl
¢ HOl ——» HONO -
ﬁc’ benzene
diazonium chloride

anilinium chloride

NAOH NH=CHs j chy
+ CHyl 29T ii NaOH
e

T
N—CHs

N - methylaniline N, N- dimethylaniline

+
N"H3Cl NH
* heat + NH,CI
—
pressure

diphenylamine

NH2 = | f‘l)
S NH—C— CHs
—+ CHycocl N5 + NaCl + H,0
or NaOH actanilide

i

SOCI

+ @ Base @NH |5|_©
@]

N - phenylbenzenesulphonamide

OH
+ HONO —>©/ + Nz + H,O
CHO

benzylideneaniline

+ CHClz + 3 KOH M@—Néa 3KCl +3H,0

phenylisocyanate

S
[l
+ @—NHZ + CS ﬂ» NH_C—NH@

thiocarbanilide

UTTARAKHAND OPEN UNIVERSITY Page 322



ORGANIC CHEMISTRY-II BCHCH-202

NH,

phenyl isocyanate

N2"Cl N=N—NH
. NaOH B * HCl
¢
diazoaminobenzene

O

. o] KaCroO/HaS0s | |

O
p- benzoquinone

Reaction in aromatic amines due to benzene rend.he aromatic amines undergo

substitution reactions in its ring part

NH.

NH,
Br Br
+ 3Br, _H2O, \©/ + 3HBr
Br

2 4 6-tribromoaniline

NH* NH
+ HNOj3 HoSOy @\ ag NaOH @\

m- nitroaniline

heat NH-
ea
+ H,SOp —>

SOH

p- aminobenzenesulphonic acid
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The tertiary and aromatic diamines give some ofrtijgortant reactions as:

CHa..~CHs CHy

N—CHj
+ COCb + 2
CHa.. CHs N—CH

michler's ketone

— CH3\ used to make dyes

heat
pressure
N, Cl

+ HNOJ/HCI — » @\
NH,
NH
NH, N,CI
. N=N NH> + HCl
+ coupllng

NH,

NH,
NH,

monoazo dye
(brown)

coupling _

+ HNO/HCI i two molecules

of phenylenediamine Il
N NH,

NHZ  diazo dye

(bismark brown)
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9.13SUMMARY

After studying this unit it can be summarized ttia$ unit educate us aboualiphatic
and aromatic derivatives of ammonia known as amimed are obtained by the
replacement of one, two or all three hydrogen atamihsmmonia by alkyl or aryl
groups. Classification of amines as primary, seaondnd tertiary amines based on the
number of hydrogens replaced by alkyl or aryl ggoWye learned about aromatic amino
compounds their types as aryl amines and aryladkylnes. Aryl amines are those
compounds in which the —NHjroup is directly attached to the nucleus e.gliren p-
tolidine etc. whereas in arylalkyl amines the -Njfbup is attached to a carbon atom of
the side chain e.g., benzylaming;phenylethylamine etc.We studied IUPAC
nomenclature of amines, physical and chemical pt@seof aliphatic and aromatic
amines in detail. As amines posses basic charabisrunit also tells us about basic
characters pKvalues indicating the basic strength and stereowdiey of amines.We
also studied various methods of preparation of @grymsecondary and tertiary amines.
The consolidated chemical reactions of aliphatid aromatic reactions have also been

described in this unit.

9.14TERMINAL QUESTIONS

Section -A
Q.1 Long answered questions:

5. What are amines? Describe the general methodsepfamtion of alkyl and aryl
amines.

6. Give the preparation, physical and chemical progedf acid anhydrides.

7. How can you prepared primary amines from: (i) Galtwiphthalimide reaction (ii)
Wurtz reaction (iii) Hofmann’s bromamide method) (@urtius reaction.

8. Describe the general methods of preparation, palysiod chemical properties of
amides.

9. Describe the mechanism of the acid and alkalinedtysis of esters.
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Section -B
Q.2 Sort answered questions

10. How can you distinguish between primary, secondaiy tertiary amines?

11. Why amines are basic in nature? Explain the rolsusistituents on the basicity
of amines.

12. Compare the reactivity of carboxylic acid derivasvtowards nucleophilic
substitution.

13. How can you prepare secondary amines from isocgflide

14. How can you prepare tertiary amines from tetralakymonium hydroxide?

15. How can you synthesize primary and secondary antige®ductive amination
of aldehydes?

16. Give the mechanism of reductive amination of aldiehgnd ketones.

17. Explain the followings:

(c) Acetyl chloride has lower boiling point thacetic acid

(d) Acetyl chloride is more reactive than acetic anigelr

18. How can you convert?

(e) Acyl chlorides into esters

(f) Esters into amides

() Amides into amines

(h)  Amides into carboxylic acids

19. How will you obtained:

(e)  Primary amine from primary amide
(f) Primary amine from phthalimide

(9) Benzylamine from benzaldehyde

(h)  Methylamine from methylisocyanate
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Section —C

Q.3 Multiple choice questions (MCQs)

26.

27.

28.

29.

30.

31.

UTTARAKHAND OPEN UNIVERSITY

Which functional group is present in a primary aefin

(a) -COCH (b) —-NH

(c) C-O-C (d) -SH
Which one of the followings is an amino compound?
a) CHSH ) BHsNHC,Hs
(c) CHCH:NO; (d) GBCHs

What is the IUPAC name of the given compound?

CH3 — N— CH3

CH,

(@) N, N-Dimethylaminomethane (b) N-ethyl-N-methyl aminoethane

(c) Triethyl nitro (d) N- methylaminopropane
The given structure is for
NH,
OCH,4
(a) p-Toluidine b) o-Toluidine
(c) p-Methoxyaniline (ohDiaminobenzene

All three amines can be obtained

(a) By Hofmann’s bromamide method.

(b) By Curtius reaction.

(c) By the decarboxylation of amines.

(d) By reductive amination of aldehydes and kesone
Amines are weak bases

(a) Because their boiling points are higher.

(b) Because lower members are water soluble.

Page 327

BCHCH-202



ORGANIC CHEMISTRY-II BCHCH-202

32.

33.

34.

35.

36.

37.

38.

39.

(c) Because they are volatile.

(d) Due to the presence of unshared pair of easton nitrogen atom.

The reduction of nitroalkane with Sn/HCI gives

(a) Tertiary amines (b) Primary amines

(c) Secondary amines (d) All of these

All three amines can be prepared by the reductiveation of

(a) Aldehydes anketones (b) Carboxylic acids

(c) Ethers and thioethers (d) Alcohols and thiols

Aromatic amines are less basic than ammonia apHatlc amines because
(a) They have (4n+2) electrons.

(b) They are more reactive.

(c) The lone pair of electrons on nitrogen is ipilyt shared with benzene ring.
(d) Nitrogen does not have lone pair of electiorsromatic amines.
Aromatic primary amines cannot be prepared by @Hbrphthalimide synthesis
because

(a) Aryl halides do not undergo nucleophilic sithbn with anion formed by
phthalimide.

(b) Aromatic amines are less basic than aliphatic asnine

(c) Aryl halides are decomposed with phthalimide.

(d) None of the above.

Reduction of nitrobenzene with Nill produce

(a) Azoxybenzene (b) p-Aminophenol

(c) m-Dinitrobenzene (d)ikre

Hofmann’s bromamide reaction is used to convert

(a) Primary amide to primary amines

(b) Alkyl halide to primary amine

(c) Aldehyde to primary amines

(d) Glycine to primary amines

Tertiary amines cannot form hydrogen bonding beediusy

(a) Are stable (b) Are unstable

(c) Are saturated hydrocarbons (d) Do not have hydrogen

Which of the following gives a tertiary amine wheeated with AQOH?
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(a) N-Methyl acetamide b) Tetraethyl ammonium iodide
(c) Acetone oxime (d) Phenyl methylcynide

40. The major product (X) of the reaction is:

0
I

R—CNH, + Br, + 4KOH — (X) + K,CO3 + 2KBr + 2H,0

Amide
~
(2) RNH, () "
>N
(©) — (d) (CHs)N"CI

16. Methanol has the higher boiling point than mketimine because

(&) Methylamine is more basic than methan

(b) Methylamine does not show hydrogendiog.

(c) Hydrogen bonding is stronger in matiiahan in methylamine.

(d) An unshared pair of electrons is preé®n nitrogen atom in amines.
17. Amines which are bonded in one alkyl group are

(a) Primary amine (b) Secondary amine
(c) Tertiary amine (d) Quaternary amines

18. Aniline reacts with phenol in presence withcziiloride at 200°C to form

(a) Primary amine (b) Secondary amine
(c) Tertiary amine (d) Quaternary amines

19. Chloramine reacts with methyl magnesium bronad®rm

(a) Tertiary butyl amine (b) Ethyl methyl amine
(c) Acyl amides (d) Methyl amine

20. Quaternary ammonium salts on hydrolysis witlshsdver produce

(a) Primary amine (b) Secondary amine

(c) Tertiary amine (d) Azo compounds
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9.15ANSWERS (MCQs)

26. (b) 27. (b) 28. (a) 29. (c) 30. (d)

31. (d) 32. (b) 33. (a) 34. (o) 35. (a)

36. (d) 37. (@) 38. (d) 39. (b) 40. (a)

41. (o) 42. (a) 43. (b) 44. (d) 45. (o)
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UNIT-10 ORGANOSULPHUR AND
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10.18 Answers(MCQs)
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10.1 OBJECTIVES

The learning objective of this important unit anestudy the organosulphur compounds
like thiols/mercaptans, thioethers and organophmsghcompounds like phosphine,
phosphorane, phosphine oxides, their preparatibgsipal properties and chemical
reactions. Because of the importance of sulphurgma$phorus for living system, the
aim of this unit is also to study the biologicalleroof organosulphur and

organophosphorus compounds.

UTTARAKHAND OPEN UNIVERSITY Page 331



ORGANIC CHEMISTRY-II BCHCH-202

10.2INTRODUCTION

The organosulphus and organophosphorus compoumdsesy important class of
organic compounds. These compounds are found irylmianng things in the form of
amino acids, nucleotides, co-enzymes etc. Thesssada of compounds can be

introduced separately as follow:

A. Organosulphur compounds:Organosulfur compounds are organic compounds that
contain sulphur. They are found in all living systein the form of certain essential
amino acids €.g., cystine, methionine), peptides.§., glutathione), coenzymee.gQ.,
coenzyme-A, lipoic acid), vitaminge (., thiamine, biotin), and hormones. They also
include various bioactive synthetic compounds suash sulpha drugs, antibiotics
(penicillin’s, cephalosporins, bacitracin, gliotoxietc.), alkaloids, insecticides,
fungicides, poisons (sulphur mustard) and varidasses of dyes. Fossil fuels like coal,
crude oil and natural gas contain organosulphurpmamds. Organosulphur compounds
may have a sulphur-hydrogen, sulphur-oxygen, suipiitogen, or a sulphur-halogen

bond. The sulphur atom in these compounds may b2,ir4, and +6 oxidation states.
There are three main classes of organosulphur congso

1. The first class of organosulphur compounds ¢ostsulphur atom in the -2 oxidation
state. They include mercaptans (thiols, R-SH), dtiiers (R-S-RB, thiophenols (Ar-
SH), thioaldehydes (R-CH=S), and thioketones (RROS- disulphides and
polysulphides (R-SR'), and sulphonium salts (RRX’, where X is a halogen ion).

2. The second class of organosulphur compoundsiosgulphur atom in +4 oxidation
statee.g.,sulphinic acids (R-S&, or R-SO(OH)) and sulphoxides (R-SQR

3. The third class of organosulphur compounds @asisulfur atom in the +6 oxidation

statee.g,sulphonic acids (R-Sfl) and sulphones (R-S&R').

B. Organophosphorus compounds: Organophosphorus compounds are organic
derivatives of phosphorus which usually contain hogphoryl (P=0O) or a
thiophosphoryl (P=S) bond. These compounds arellysaaters, amides, or thiol

derivatives of phosphoric, phosphonic, phosphimc,thiophosphoric acids. These
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compounds are potentially toxic and commonly usedesticides.g., parathion is
highly toxic to mammals and birds used in agria@tand in residential areas to control
pests and mosquitoes. Generally, organophosphormpaunds are classified into three
main classes according to the number of P-C baailllgt phospines (R-P-§), dialkyl
phospines (RP-H) and trialkyl phospines ¢HP). Organophosphorus compounds can
also be classified according to the nature of phosgs as phosphines, phosphine oxide
(RsPO), phosphine sulphides £R-S), phosphine imines {RNR), methylene
phosphenes @R=CRR") and phophonium compounds 4fRX’). Organophosphorus
acids containing oxygen are phosphonous acid gRPOphosphinous acidgROH),
phosphonic acid (RP{#.), and phosphinic acid @RO,H), and various organic
derivatives such as hypophosphorous acigP®), phosphorous acid @RO;),
phosphoric acid (KPQy) etc.

10.3 PREPARATION OF ORGANOSULPHUR COMPOUNDS

The organosulphur compounds can be synthesizedhéytreatment of elemental
sulphur or inorganic sulphur compounds like;8lar K.S, KSH or NaSH, SGISO;,
SG; and HSO, with organic compounds.

1. From alkyl halides: Alkyl halides on reaction with KSH or NaSH give dls (R-
SH), while on heating with potassium sulphide odism sulphide, they produce
thioethers (R-S-R).

Na,S
R—S—R 2 rRx  —aSH e sH
Thioether Alkyl halide Thiol
Na,S
3 CH3CH,—S— CH,CH3
CHoCH,Br — thioether
NaSH
—PCchstH
thiol
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2. From Grignard’s reagent: Grignard’s reagent on treatment with elemental lrulp
and followed by the hydrolysis in presence of aid goves the corresponding thiols (R-
SH), whereas on reaction with sulphur and followgdhe reaction with haloalkanes, it

produces thioethers (R-S)RThe reactions are as follows:

+

H/H,0
R-MgX + S — R-SMgX R-SH + MgX(OH)

Grignard Thiol
reagent
R'X
R-MgX + S R-S-MgX R-S-R' + MgX,
Grignard Thioether
reagent
CH3CH;MgB H'/H,0
CHMgBr + S —» CH3CH,SMgBr —— > CH3CH,SH+ Mg(OH)Br
thiol

CH3CH)MgBr + S 5 CH3CH28MgBrCHLBr> CH3CH,SCH; + MgBr;
thioether

The sulphinic (R-SgH) and sulphonic acids (R-SB) can be obtained by the reaction
of SO, or SQ on Grignard reagent, respectively.

SO
R-SO,H RMgX 3 R-SO;H
Sulphinic acid Sulphonic acid

SO, SG;
CH3CH,SOH <— CH3CH,MgBr —> CH3CH,SO3H

sulphinic acid sulphonic acid

3. From the sulphonization of benzeneThe simple aromatic sulphur compound is

obtained by the reaction of concentrated sulprasid on benzene.
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SO;H
© + Conc. H,SO, — ©
Benzene Benzene

sulphonic acid

10.4 THIOLS AND THIOETHERS

A. Thiols: Thiols are the sulfur analogue of alcohols whicle d&rmed by the
replacement of oxygen by sulphur atom from alcaohbie —SH functional group itself
is referred to as either a thiol group or a sulmmly group. Thiols are sometimes
referred to as mercaptans. The term mercaptan mesduced in 1832 by William
Christopher Zeise and is derived from the Latinangum captans (meaning mercury
capturing) because the thiolate group bonds vepngly with mercury compounds.

Thiols react with mercury to form mercaptidB®menclature

In IUPAC system, thiols are named by adding thésufhiol after the name of parent

alkane. Therefore, the name becomes alkaneffadil¢-10.)

Table-10.1: IUPAC nomenclature of thiols

Compound Common name IUPAC name
CH3SH methyl mercaptan methanethiol
CH3CH,SH ethyl mercaptan ethanethiol
CH3CH,CH,SH n-propyl mercaptan propane-1-thiol
CH3CH(SH)CH; isopropyl mercaptan propane-2-thiol
CH3CH,CH,CH,SH  n-butyl mercatan 1-butanethiol

B. Thioethers: Thioethers, also called sulphides are the sulphatogues of ethers.
They have the general formula R-S-R', where R andr® alkyl groups. These alkyl
groups may be identical or different. The functiogr@up in thioether is —S-.

Thioether

group
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Thioethers are colorless oily liquids having unpkea smell. Mustard gas is a thioether

which is prepared by the ethane.

Nomenclature: In IUPAC system, symmetrical thioethers are nanasd dialkyl
sulphides Table-10.2, beloyv

Table 10.2 Symmetrical thioethers

Compound Common name IUPAC name
CH3-S-CHs dimethyl sulphide methyl thiomethane
CH3CH,-S-CH.CH;  diethyl sulphide ethyl thioethane

Similarly the un-symmetrical thioethers, both algybups should be written before the
suffix sulphide Table-10.3, beloyv

Table 10.3 Symmetrical thioethers

Compound Common name IUPAC name
CH3CHx-S-CH ethyl methyl sulphide methyl thioethane
CH3-S-CH,CH,CHs methyl-n-propyl sulphide 1-methyl thiopropane
CsHs-S-CHg methyl phenyl sulphide thioanisole

10.5 PREPARATION OF THIOLS AND THIOETHERS

A. General methods for preparation of thiols: Thiols can be obtained by the
following general methods:
1. From alcohols: Thiols can be prepared by heating alcohols withsphorous

pentasulphide. The general reaction is as follows:

A
SR'OH + PZSS - SR-SH + P205

Alcohol Thiol

5CHyCH,OH + PpSs 118 5oy gy P,05
thiol
For example, when ethyl alcohol is heated with phosous pentasulphide, the

ethanethiol is obtained.
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SCH;CH,OH + P,S; —~~ SCH,CH,SH + P,Os
Ethyl alcohol Ethanethiol

Thiols can also be prepared by heating alcohols aytdrogen sulphide in the presence
of ThO; (thoria) catalyst.

ThO,
R-OH + H,S R-SH
2 673 K * HO
Alcohol Thiol
For example,
ThO,
C,HOH + H,S C,H;SH +
oHs 2 73K oHs H0
Ethyl alcohol Ethanethiol

2. From alkyl halides: Thiols are prepared by usingSreactions of KSH or NaSH
with primary or secondary alkyl halides.

A
R-X + NaSH —— R-SH + KX
Alkyl halide  (Excess) Thiol

For example, ethyl bromide reacts with the excessumt of sodium hydrosulphide in

alcoholic medium undergoes nucleophilic substitutm produce ethanethiol.

A
(jH_g(szBl~ + NaSH —— CH3CH2$H + NaBr
Ethyl bromide (Excess) Ethanethiol

3. From alkyl disulphides: Alkyl disulphides with zinc in the presence of aosdluced
into thiols.
ZH/H2804
R-S-S-R 2R-S-H
Alkyl disulphide Thiol

For example, dimethyl disulphide with zinc dust @i reduced into methanethiol.

Zn/H2SO4
CH;-S-S-CH, 2CH,-S-H

Methyl disulphide Methylthiol
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4. From Grignard’'s reagents: Grignard’s reagent on treatment with sulphur and
followed by the hydrolysis in presence of an adikg the corresponding thiols. The

general equation is as:

+

R-MgX + S —— R-SMgX R-SH + MgX(OH)
Grignard Thiol
reagent

For example, ethyl magnesium bromide on treatmetit sulphur and followed by the

hydrolysis in presence of an acid gives ethanethiol

HsMgBr + S C,Hs5-S-MgBr —2 . C,Hs-SH + Mg(OH)Br

Ethyl magnesium Ethanethiol
bromide

B. General methods for preparation of thioethersThioethers can be prepared by the

following general methods.

1. From ethers: Thiothers can be prepared by heating ethers withsgiorous
pentasulphide. For example, dimethyl ether on hgaiiith phosphorous pentasulphide
forms dimethyl sulphide.

5CH;0CH; + P,Ss N 5CH;SCH; + P,0O5

Dimethyl Dimethyl
ether sulphide

Similarly, ethyl methyl ether on heating with phbepous pentasulphide produces ethyl

methyl sulphide.
A

5C,HsOCH; + P,Ss —— 5C,H;SCH; + P,Os
Ethyl methyl Ethyl methyl
ether sulphide

2. From thiols: Thioethers can be obtained by the treatment ofsthwith olefins in the
presence of peroxides. For example, methanethiolreaction with propylene in
presence of peroxide forms methyl-n-propyl sulphide

Peroxide
CH;SH + CH;CH=—CH, ——— CH;CH,CH,.S.CH;
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Thioethers can also be prepared by passing obhdtwer a mixture of alumina and zinc
chloride at 300 °C. For example, when ethanetligassed over a mixture of alumina
and zinc chloride at 300 °C, diethyl sulphide isagied.

AI203 /7ZnS
300 °C

2CH;CH,SH CH;CH,SCH,CH; + H,S
3. From alkyl halides: Alkyl halides on heating with potassium sulphidesodium
mercaptide produce thioethers. For example, etlyhime on heating with potassium
sulphide forms diethyl sulphide.

2CH;CH,Br + K,8 —— CH;CH, S.CH,CH; + 2KBr

Ethyl bromide Diethyl sulphide

Similarly, 1-bromopropane on reaction with sodiutinye mercaptide produces ethyl-n-

propyl sulphide.

CH3CH2CH2BF + CH3CstNa — CH3CH2CH2$CH2CH3 + NaBr

1-Bromopropane  Sodiul ethyl Ethyl-n-propyl sulphide
mercaptide

4. From Grignard's reagent: Grignard's reagent on reaction with sulphur and
followed by the reaction with haloalkanes resutlie formation of thioethers. The

general reaction is as:

'

R-MgX + S R-S-MgX R-S-R' + MgX,
For example, the reaction of sulphur with ethyl megjum iodide (Grignard’s reagent)
followed by the reaction with methyl iodide resuttee formation of ethyl methyl

sulphide.

CH,l
CszMgI + S CZHS'S'MgI C2H5-S-CH3 +Mg12

Ethyl magnesium Ethyl methyl
iodide sulphide

Similarly, methyl phenyl thioether is obtained bket reaction of sulphur with

Phenylmagnesium bromide (Grignard’s reagent) irptiesence of methyl iodide.
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r gBr MgBr —CH;4
Mg S Powder CH;l
Dry ether - MgBrl

Bromobenzene Methyl phenyl
thioether

10.6 PHYSICAL PROPERTIES OF THIOLS AND
THIOETHERS

A. Physical properties of thiols:Except methanethiol which is a gas, the higherghio
are volatile liquids having extremely unpleasanbrsd as garlic and rotten eggs.
Methanthiol or ethanethiol is purposely added t&Ldylinders and natural gas in order
to reveal leaks. Thiols, unlike alcohols, do natridhydrogen bonds (S-H bonds are less
polar than O-H bonds), therefore they have lowelingppoints than to corresponding
alcohols Table-10.4. Thiols are insoluble in water due to the abseoicéydrogen
bonding with water, but readily soluble in orgasatvents like ether and alcohol. They
are more easily oxidized than alcohols; oxidatakes place at sulphur. ThiolsKa =

7) are more acidic than alcoholsK@a = 16), and their proton can be removed by the

reaction with base.
Table 10.4: Boiling points of thiols and corresponithg alcohols

Thiols / alcohols Boiling points (°C)

CHsSH 6

CH3OH 56
CoHsSH 35
C,HsOH 78
CsH7SH 68
C3H;OH 98

B. Physical properties of thioethers:Thioethers are colourless, oily liquids having an
unpleasant order. The boiling points of thioethaes more than those of corresponding

ethers. The boiling point of dimethyl thioether38°C, whereas the boiling point of
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diethyl thioether is 92°C. Thioethers are insolulslewater, but soluble in organic

solvents like ether and alcohol.

10.7 CHEMICAL PROPERTIES OF THIOLS AND
THIOETHERS

Both thiols (mercaptans) and thioethers underg@ouartypes of chemical reactions.

Some of the important reactions of thiols and tthieeare being discussed as follow
A. Chemical properties of thiols

1. Reaction with acids and acid anhydride:Thiols on reaction with acids, acid
chlorides or acid anhydrides give thioesters. F@ngple, ethanethiol on reaction with

acetic acid gives ethyl thioacetate.

P 0

CH;CH,-SH + CH;-C-OH H CH;-C-S-CH,CH; + H,O
Ethanethiol Acetic acid Ethyl thioacetate

Ethanethiol on reaction with acetyl chloride giedlyl thioacetate.

I

CH;CH,-SH + CH;-C-CI —— CH;-C-S-CH,CH; + HCI
Ethanethiol ~Acetyl chloride Ethyl thioacetate

Similarly, ethanetiol on reaction with acetic anhigid produce ethyl thioacetate.
|

A
CH3CH2-SH + CH3-C-O-C-CH3 — CH3-C-S-CH2CH3 + CH3COOH
Ethanethiol Acetic anhydride Ethyl thioacetate

2. Reaction with aldehydes and ketone€On reaction with aldehyde or ketones in the
presence of an acid, thiols form mercaptals anccaptols respectively. For examples,
ethanethiol on treatment with acetaldehyde in preseof hydrochloric acid produces

diethyl methyl marcaptal.
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H+ SCH2CH3
2CH;CH,SH + CH,CH=0 CH3CHC + H,0
SCH,CH;
Ethanethiol Acetaldehyde Diethyl methyl marcaptal

Similarly, reaction of ethanethiol with acetonepiresence of hydrochloric acid results

the formation of diethyl methyl mercaptol.

SC,H;5
HCI |
2C,HsSH + CHy—C—CH;4 CH3_T_CH3 + H,O
SC,H;
Ethanethiol Acetone Diethyl methyl mercaptol

3. Reactions with alkali metals and alkali:On reaction with alkali metals, thiols form

mercaptides with the evolution of hydrogen gas.

2C,HsSH + Na 2C,HsS"Na" + H,1

Ethanethiol Sodium ethyl
mercaptide

4. Reactions with metal salts and metallic oxidesThiols on reaction with metal

oxides and other metal salts form the followingssal

2C,HsSH + (CH3CO0),Pb ——— (C,H;S),Pb  + 2CH,COOH
Lead acetate Lead diethyl
mercaptide

Mercuric Mercury diethyl
oxide mercaptide

Ethanethiol reacts with mercuric chloride to formpeecipitate of mercury diethyl
mercaptide. This reaction is used to distinguistwben ethane thiol and ethyl alcohol,

ethyl alcohol does not give this reaction.

2C2H5SH + HgClZ I—— (CZHSSZ)Hg + 2HC1

Mercuric Mercury diethyl
chloride mercaptide
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5. Desulphurization: Thiols undergo desulphurization with Raney nickel form

ethane.

Raney Ni .
C2H5-SH —_— C2H6 + NiS
Heat
6. Oxidation with mild oxidizing agents: With mild oxidizing agents like hydrogen
peroxide, cupric chloride or iodine sodium hypocito results in the formation of

disulphides. For example, ethanethiol on oxidatuh H,O, forms diethyl disulphide.

2C2H5SH + H202 —_— CzHS-S-S-CzHS + 2H2O
Diethyl disulphide
7. Oxidation with strong oxidizing agents: When oxidized with strong oxidizing
agents, like concentrated nitric acid or potasspgmmanganate, thiols can be oxidized

to corresponding sulphonic acids.

[O] [O] ﬂ)
2C,HSH — > C,H;SOH ———> (,H;-S-OH
Ethane sulphenic Ethane sulphinic
acid acid

[O] ﬁ)

— Csz-ﬂ-O-H

Ethane s(l)lehonic
acid
B. Chemical properties of thioethers
1. Reaction with alkyl halides: Alkyl halides on reaction with thioethers resulle t
formation of sulphonium salts. These suphoniumdealion reaction with moist silver
oxide form sulphonium hydroxides which on heatireg@mnposed into thioethers and

alkenes.

UTTARAKHAND OPEN UNIVERSITY Page 343



ORGANIC CHEMISTRY-II BCHCH-202

© AgOH

CoHs-S-CHs + C,Hyl —  |CoHs— T—Csz I
Diethyl sulphide C,H;

Triethyl sulphonium
iodide

@

- Qe H
C,Hs f CHs| o © S8 e € Hg-S-CyH; + CH,—CH, + H,0
H . .

C,H; Diethyl sulphide
Triethyl sulphonium
hydroxide
2. Reaction with halogensThioethers on treatment with halogens form corradpw

thioether dihalides. For example, diethyl sulphimle reaction with bromine gives

]‘Sr

Csz'S'CzHS + Br2 e Csz—f_Csz

diethyl sulphide dibromide.

Br
Diethyl sulphide Diethyl sulphide dibromide

3. Reaction with metal salts:Thioethers on reaction with metal salts form inb&du

coordination compounds.

HgClz

CH;CH,SH CH;CH,SCH,CH;
Ethanethiol Diethyl sulphide

4. Hydrolysis: Thioethers on boiling with alkali undergo hydrolysto produce
alcohols. For example, ethyl methylsulphide is bjgred with sodium hydroxide to

ethyl alcohol.

CoHsSGHs + H,0 —2M . 20 H0H + s

Diethyl sulphide Ethyl alcohol
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5. Oxidation with mild oxidizing agents: With mild oxidizing agents like chlorine,

hydrogen peroxides, the thioethers are oxidized sulphoxides. For example, the

dimethyl sulphide oxidized with hydrogen peroxid&i dimethyl sulphoxide.
CH;-S-CH; + H,0, — CH3-ﬁ-CH3 + H,0

o
Dimethyl Dimethyl
sulphide sulphoxide

6. Oxidation with strong oxidizing agents: When oxidized with strong oxidizing
agents, like concentrated nitric or potassium pegaaate, thioethers are converted
into sulphones. For example, dimethyl sulphide isdiaed by the KMnQ into
dimethyl sulphone.

0O
KMHO4 H
CH3'S'CH3 CH3_ﬁ_ CH3
0
Dimethyl sulphide Dimethyl sulphone

10.8 BIOLOGICAL ROLE OF SULPHUR COMPOUNDS

Organosulphur compounds such as diallyl disulfitiallyl trisulfide and S-ally cysteine
are used as therapeutics. They can be used asitonhilof polymerization and
oxidation, stabilizers of polymer materials, andsasvents. The sulphonic acids and
their salts are used an intermediates in heavynagynthesis and as surfactants. Most
organosuphur compounds are highly toxic and ard aseinsecticides, fungicides and
poisons. Vitamin B plays an important role, as a co-enzyme in thautexylation of
pyruvate and also in the formation of another coyare the co-enzyme A which is a
key enzyme for the degradation of glucose. Bedidissmany drugs contain sulphur as
one of the element in their structure. The sulphmsl are widely used as anti-bacterial
agents by mimicking p-aminobenzoic acid. The comrdorgs in use are as follow.

Penicillin is also a sulphur containing drug.

UTTARAKHAND OPEN UNIVERSITY Page 345



ORGANIC CHEMISTRY-II BCHCH-202

i N= i
NHZ—®7|§|)— NH—<\ :/> NH ﬁ—NH—|C:NH
o) N o) NH,
sulphadiazine sulphaguanidine

(used in dysentery)

T
CHoCH,CHz N— CHs

O HO- QLD

S Chlorpromazine
p p— diaminodiphenylsulphone (tranquilizer)

10.9PREPARATION OF ORGANOPHOSPHORUS
COMPOUNDS

The Organo phosphorus compounds can be prepared lglknveing general methods:

1. By Arbuzov reaction: Arbuzov reaction is a chemical reaction of a tiyalk

phosphate and an alkyl halide to form a phosphonate

EtO OEt e
N Q W
P + Br \)J\ > \)J\
‘ OR

\ N P
| OR Et0"" /
EtO EtO
Trialkyl phosphate Phosphonate

2. By the reaction of phosphorous trichloride with benzene:
Dichlorophenylphosphin is obtained by heating plhaspus trichloride with benzene.

PCl,
A
© + PCl;, —— © + HCI
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3. By Michaelis Becker reaction Michaelis Becker reaction is the reaction of a
hydrogen phosphonate with a base, followed by #&eopbilic substitution of

phosphorus on an haloalkane, to produce an alloggtonate.

(RO),PONa + R'X —= R'PO(OR), + NaX

O
[l
(CH3CH20)2PONa+ CH3C| e CHg—Il:’—OCH2CH3 + NacCl
OCH,CHs
4. By the reaction of phosphorous trichloride withalcohols: Phosphorous trichloride

directly reacts with alcohols to form dialkyl phbsmates.

PCl; + 3ROH — (RO),PH + RCI + 2HCI

O
PCk + 3CH;CH,OH —— CHZCH3—|F|’—H + CHsCl + 2HC|
C|:HZCH3
5. By the reaction of phosphorus pentachloride withstyrene: 3-Styrylphosphonic
acid can be obtained by the addition of phosphopmrgachloride to styrene followed
by the hydrolysis.

Cl

_ |
CH=CH, CH—CH,PCl,.PCk

+ 5PCk >

l7H20

CH=CHPO(OH})

HsPO, + 10HCI +
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6. From phosphorus halides:Phosphprus halids when treated with an excess of

Grignard reagent as follow:-

SRMgX + PC —» R,P + 3MgX(Cl)

C|ZH2CH3
3CH3CHoMgBr + PCly ——» CHyCHz—P—CH,CH3 + 3Mg(Br)Cl

Pk @P—@ + 3MgX(C)
O
+ PC —>

Alternatively, triarylphosphines can be preparedrbgting a mixture of halobenzene

MgX

MgBr

and PCJ with sodium metal.

X

Br

3 *6Na + PCh —» @@ +3NaCl +3NaBr
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7. From phosphonium salt: The organophosphorus compounds can be synthesized

from phosphonium salt as follow.

RI + PHI" + ZnO — RPH, + Znl, *+ H,0

CHsl + PHyl +ZnO —— CH3PH+ Znl, + H,0

2CH3PH; +2CHgl +ZnO ——» 2(:H3—||:>—H + Znl, + H,0
CHs
8. From metal phosphidesMetal phosphides obtained by treatingsRid RPH, when
reacted with alkyl halides results in the formatoinprimary, secondary anf tertiary

phosphines.
Na PH; or RPH

in lig. NH3
NazP +3RX —» RsP + 3NaX

» NagP or NaPH or NaPHR

NaPH, + RX ——> RPH, + NaX

NaPHR+R'X —— RR'PH+ NaX

NasP +3CH3CHBr — » CH,CH,—P— CH,CH3 +3NaBr
C|3H2CH3

NaPH, +CH3Br —— CHgPH, +NaBr

NaPHCH+ CH3CH,Cl ——» CH3—I|3—H + NaBr
CHyCHs

10.10NOMENCLATURE OF ORGANOPHOSPHORUS
COMPOUNDS

The trivalent phosphorous trihydrides are calledgpiine, pentahydride are known as
phophorane and oxygen derivatives are are calledgstine oxide. Compounds having
P-X and P-N bonds are named as acid halides addaaudes when all the OH groups

are replaced The suffix acid is retained even & e@H is still present as follow:-
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Structure and name
of the parent compound

l l

Structure and name of the compounds derived from i

H— ll:’— H phosphine CHg— ||:>_ H methyl phosphine
H H
@ p_@ triphenyl phosphine
CHLCH,
CHs— F|’+— HBr methylethylphosphonium bromide
1 "
H—p_pH Phosphorane prl Ph
,|_| Ph— F/— Ph pentaphenylphosphorane
Ph
(GHg)sP—ChH, methylenetriphenylphosphorane
H
H-P=0 e o CHC - o
H/ = phosphine oxide CH,CH,—P=0 triethylphosphine oxide
CHCH,
OH cl

| I methyl phosphorus chloride
H—P—OH phosphorus acid CHs—P—Cl

ChHg

H [ . . .
He lP—OH phosphinous acid ~ CHg—P—Cl dimethylphosphinous chloride

0 NH
H—Illl’—OH phosphonic acid H— ||3_ NH—CgHs NN diphenylmethyl phosphonic diamide

OH GeHs

0 i D
H— ||3—OH phosphinic acid CH,CHz— IF’—CHZCH3 diethyl phosphonateCHz— IP_CI

H H CHs

dimethylphosphinic chloride
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10.11PHYSICAL PROPERTIES OF ORGANOPHOSPHORUS
COMPOUNDS

Alkyl phosphines, except GRH (methyl phosphine) which is agas, mostly cokess|
bad smelling liquids. Few alkylphonphines are loelting solids.

10.12CHEMICAL PROPERTIES OF ORGANOPHOSPHORUS
COMPOUNDS

The organophosphorus posses following chemicalgtigs.

1. Basic character:Like amines, the alkyl and ary phosphines are webhkses and

form adduct while treated with acids.

RsP + HX —— RyPHX

o s
CH3—|P +HCl —— CH3—||°+<':|
CHj CHs

Phosphines are weaker base than amines, howeverdieis: 3> 2 > 1°

2. Nucleophilicity: Though phosphines are weaker base than amines. arbelyetter

nucleophile viz;

R3P: + RX —— R3PR'X

CHs C|:H3
CHz—P—CH3 + CH3Br —> CHs— ||:)+CH38-I'

CHs

salt

The greater nucleophilicity of phosphines is duéhtofact that the lone pair of electron
in the outer shell of phosphorus is less firmlydhahd is more polarizable than that of

nitrogen.
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3. Electrophilicity: Trivalent phosphorous compounds having electranegatoms
like halogen or oxygen with phosphorous are attddke nucleophiles, this is because

of positive charge on phosphorous which make ttedehilic in nature.

HO + R2P+C| —— > R,PO'H, + Cl

o)
Rt 1 <— RoPOH
|

R
RO + RpP'Cl — » ROPR -+

RMgX + R,P'CI —> RPR, + MgXCl

10.13 PENTAVALENT PHOSPHORUS COMPOUNDS

Phosphine oxide: These compounds are prepared by the oxidation ialkyt or

triarylphosphines by nitric acid or,B,

CHs
[O] |
ReP == CHg—P=0
CHs

OO0 = OO0

Alternatively they can be synthesized by heatitfagdkylohosphonium hydroxide or

by the action of Grignadr reagent on POCI3
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i
heat
R4POH —>CH3—I|3=O + RH
CH;
CHs CHa
L heat |
CH3—FT—OH — CH3—||3=O + CHy
CHs CHs

3CHMgBr + pocp — CH3—I|3=O + 3Mg(BnCl
CHs

These are most stable organo phosphorous compounds

10.14 ORGANOPHOSPHORANE, PHOSPHORUS YLIDS:
WITTIG REAGENT

These compounds are prepared in two steps as:

A. The nucleophilic triphenylphosphine is treated witimary or secondary alkyl

halides to obtain phosphonium salt.

B. the phosphonium salt formed in step A is treatetth wirong base, which abstract
hydrogen and produce dialkylidene triphenylphospher(ylid) commonaly known as

Wittig reagent. Because of negative charge on cagtom the Wittig reagent possess
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sufficient basicity and nucleophilicity and add iy with carbonyl group and form the

basis of Wittig synthesis of alkenes

Li "CH,CH,CH,CH;

Ph
CH; O_P/\Ph
CH,
oF . &

alkene
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10.15 BIOLOGICAL ROLE OF PHOSPHORUS
COMPOUNDS

The organophosphorus compounds have several irdusagricultural, medicinal
properties; they are used in synthesis of alkeneghe Witting reaction and as
anthelmintics. They are potentially toxic and uasdnsecticides, fungicides, herbicides
in agriculture worldwide.The organophosphate grisuihhe largest group of insecticide
among agrochemicals. The O.P. insecticides arelatgtegradable like malathion and
parathion. Organophosphorus compoueds neguvon, ruelene, dioxathion, diazinon
etc. are used in veterinary medicine for contr@ #nimal disease.g. ticks. These
organic phosphorous compounds such as sarin and &ab developed as nerves agents
that are most dangerous and may be used as chemaidale agents.These compounds
block activity of acetulcholinesterase. Phospharasipounds play key role in living
system. They are essential for energy transfer (ADP + E), DNA, the genetic
material is made up of nucleotide which containegpiorus as one of the element in

its structural framework.

0
CHg\ T CHg\ (”)
CH=O—P—F N—O—P—C=N
Chs CHs cHy OCH,CHs
sarin tabun

S
I I
H3CO— |F’—S—|CH— C—0—CHxCHs CH3CH20—|F|>—O—©— NO,
|
OCH; CHZ_ﬁ_O_CHZCHs OCH,CHg
O

malathion .
parathion
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10.16 SUMMARY

At the end of this unit it can be summarized thhaé torganophosphorus and
organosulphur compounds find very important platernganic chemistry. Regarding
these compounds the present unit educates us abgamic compounds containing
sulphur like thiols, the sulphur analogue of aldsHwaving —SH functional group. The
—SH functional group is known as sulfhydral or nago group. Examples are ¢¥H
(methanethiol), eHsSH (ethanethiol), CECH,CH,SH (propane-1-thiol),
CH3CHSHCH; (propane-2-thiol). Thioethers the sulphur analogtiethers with the
genral formula R-S-R'. Some examples of thioetheesCHSCH; (dimethyl sulphide),
C,HsSCH; (ethyl methylsulphide), £1sSGHs (diethyl sulphide) etc.We learned about
method of preparation, physical and chemical reacéilonwith the biological role of
organosulphur compounds. This unit also descrilbes greparation, nomenclature,
physical and chemical properties of organophosghoampounds with their biological
role.

10.17 TERMINAL QUESTIONS

Section -A
Q.1. Long answered questions

10.What are thiols? Describe the general methods efpgration and chemical
properties of thiols.

2 What are thioethers? Describe the general methbgdweparation, physical and
chemical properties of thioethers.

3 What are organophosphorus compounds? Discuss nsefloodthe synthesis of
organophosphorus compounds.

4 Discuss biological role of organophosphorus andamogulphur compounds with
some examples

5 Discuss nomenclature of organosulphur and orgarsgstusus compounds.

Section -B
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Q.2. Sort answered questions

20. Write a short note on organosulphur and organogiarsig compounds.
21.What are organophosphorous compounds? How carsymglyesize?
22.How can you prepare thiols from (i) alcohols (iikyd halides (iii) alkyl
disulphides?
23. How can you prepare thioethers :
0] ethers
(i) (i) thiols
(i) (i) Grignard reagent?
(&) Explain the followings:
(e) Thiols have lower boiling points than correspondahcphols.
(f)  Thioethers have higher boiling point than corresiog ethers.

(g) Thiols and thioethers are insoluble in water.

24. How can you convert?
()  Thiols into thioethers
()  Thiols into thioesters

(k)  Thioethers into alcohols

25. How will you obtained:
(i)  Thiols from Grignard reagent
()  Thioethers from thiols
(k)  Thioethers from alkyl halides

()  Sulphonic acid from thiols

Section —C

Q.3.Multiple choice questions (MCQ)

1. Which functional group is present in an organosutgifompounds?
(a)-COOH (b) -COOCOR
(c) C-O-C (d) Cc-s-C

2. Which class of organic compounds can be reptedeas R-S-R'?
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(a) Esters (b) Thiols
c) Thioether (d) Alcohols
3. Which one of the following is a thiol?
(a) CHSH (b) CHCOOH
(c) CHOH (d) CHSCHs
4. What is the IUPAC name of GBH,SH compound?
(a) Ethyl sulphide (b) Ethanethiol
(c) Ethyl thioether (d) Ethyl hydrogen sulphide

5. Thios can be obtained

(a) By heating haloalkanes with potassautphide.

(b) By the oxidation of alcohols with KI®,.

(c) By heating alkyl halide with alcolmRgNO:..

(d) By heating alcohols with phosphapesitasulphide.

6. Which compound is a thioether?

(@) CBCHCH,SH (b) @EH,SCH,CHs
(c) CHCH,Br (d) CHCH,SCHCHO
7. Which functional group is present in thiols?
(a) R-O-R' (b) -SCN
(c) -SH (d) —NK
8. Thioethers are
(a) Sulphur analogues of ethers (b) Nitrogen analogues of ethers
(c) Sulphur analogues of alcohols (d) Sulphur analogues of alcohols

9. Which property is generally characteristic of thiwas?

a. Their boiling points are lower than correspondititees.
b Their boiling points are higher than correspondtigers.
C. They are colourless.

d They have unpleasant order.

10. Which of the following statement regarding orgarpBur is false?

UTTARAKHAND OPEN UNIVERSITY Page 358



ORGANIC CHEMISTRY-II BCHCH-202

a. Thiols are more nucleophilic than alcohols.
b. Dialkyl sulphide can act as a nucleophile.
c. Thiols are more acidic than alcohols.

(d) Thiols are good oxidizing agents

11. Thiols are produced by heating sulphur with..
(a) Grignard’s reagent (b) Millon reagent
(c) Tollen’s reagent (d) Fehling solution
12. On reaction with aldehydes and ketons in the prsehHCI, thiols produce
(a) Sulphone (b) Sulphinic acid
(c) Thioacetal (d) Diethyl sulphoxide
13.  Which compound will yield alcohol when hydrolyzed?
(a) Ethanamide (b) Ethane sulphonic acid
(c) Ethylamine (d) Diethyl sulphide
14. Which is the main product of the following reactfon
R-MgX + § —— R-SMgX H/H0
(a) Thioethers (b) Acyl halides
(c) Thiols (d) Ethanamine
15.  Which is the main product of the following reactfon
R-MgX + S R-S-MgX ? + MgX,
(a) Thioethers (b) Amine
(c) Halo acids (d) Thiols
16. What is the main product obtained by the oxidatibthioethers with KMnQ@
(a) Sulphide (b) Sulphone
(c) Sulphoxide (d) Thioacetals
17. Thioesters are formed by the reaction of thioth
(a) Acid chlorides (b) Carboxylic acids
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(c) Acid anhydrides (d) All of these

On reaction with hydrogen peroxide thioethers gives

18.
(a) Sulphones (b) Sulphoxides
(c) Disulphides (d) Sulphinic acid
19. Thiols undergo desulphurization with Raney nickeeg
(a) Ethane (b) Hydrogen peroxide
(c) Methane (d) Thioethers
20. Thioethers are hydrolyzed with boiling sodium hydde into

(b) Carboxylic acids

(a) Mercatols
(d) Alcohols

(c) Thioethers

21. The organophosphorus compounds are prepared by:
(a) Arbusov reaction (b) krereaction

(c) Wittig reaction
22. Pentahydride of phosphorus is known as

(d) All of them

(b) Phophorane

(a) Phosphine
(d) phosphinic acid

(c) Phosphine oxide
23. Which is phosphorus containing compound?
(a) Diethyl thioether
(c) Malathion

(b) ATP
(d) both b and c

24. Penicillin is a;
(a) Organic compound containing phospsoru

(b) Organic compound containing aluminium
(c) Organic compound containing Sn
(d) None of them

25. Wittig reagent is:
(a) Phosphorus containing organic comgdoun

(b) Nitrogen containing organic compound
(c) Sulphur containing organic compound
(d) Both sulphus and nitrogen contairéngipound
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10.18 ANSWERS (MCQs)

1. (d) 2. (o) 3. (a 4. (b) 5 (d)
6. (@) 7. (¢ 8. (@ 9. (b 10. (d)
11. (a) 12. (c) 13. (d) 14. (c) 15. (a)
16. (b) 17. (d) 18. (b) 19. (a) 20. (d)
21. (a) 22. (b) 23. (d) 24. (a) 25. (a)
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