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Carboxylic acids

A carboxylic acid is an organic compound whose functional group
Is the carboxyl group. What is a carboxyl group? A carboxyl group
Is a carbonyl group (C=0) with a hydroxyl group (—OH) bonded
to the carboxyl carbon atom. A general structural representation fit
a carboxyl group is RCOOH.
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Carboxylic group has 3 polar bonds as shown here

\O%

Ul
/C H
IUPAC Nomenclature for Carboxylic Acids

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

longest carbon chain which includes the carboxylic group. Use that



as the stem for the name, cross off the -e on the ending of the alkane

name and replace it with -oic acid.

| think you can see how that works, if you look at this example
(which is also shown in Example 1-a in your workbook). It gives
you, in this case (with a three-carbon-atom chain), the name

propanoic acid.

CH5;CH,COOH propionic acid

from  Propan + oic

As with aldehydes, it is not necessary to indicate where the acid
functional group is because it has to be at the end of the molecule,
on the #1 carbon. There is no way that this functional group can be
anywhere else. Therefore, if there is any numbering to be done, it
will be to show where additional alkyl groups or other groups are
attached to the carbon chain. The numbering starts from the

carboxylic group.
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CHs
Butanoic acid
3-methylbutanoic acid

COOH COOH

cyclopentanecarboxylic acid benzoic acid

Common Names for Carboxylic Acids

Carboxylic acids are another example of a situation where the
compounds were known and named long before anyone thought of
the IUPAC method of naming compounds. Consequently, many
carboxylic acids have their own common name which is distinct
from the IUPAC name. The two most important of these (and the
only two you will be held responsible for in this course) are shown

below. They are formic acid and acetic acid.

Here is the structural formula for formic acid (H-COOH) Its
IUPAC name is methanoic acid, using the meth stem because it

has one carbon atom and so on.



Structural
Formula

H—COOH
CH,—COOH
CH.—CH,—COOH
CH;—(CH,),—COOH
CH;—(CH,);—COOH
CH;—(CH,),—COOH

Latin or Greek
Root

form-
acet-
propion-
butyr-
valer-
capro-

Common
Name*

formic acid
acetic acid
propionic acid
butyric acid
valeric acid
caproic acid

For more details, you can see this table with translation.

Latin root
Formica Jodl (=i
Acetum JzJI (wisi

Proto ol (nisi
Butyrum 8. 3Jl (s
o)Wl 8y (nisi
Valere

Caper jelodl (s

Common Names
Formic acid
Acetic acid

Propionic acid

Butyric acid
Valeric acid

Caproic acid

Compound
HCOzH
CHsCOOH
CH3CH2COOH
CH3(CH2).COOH

CH3(CH2)sCOOH

CH3(CH2)4COOH

Carboxylic acid with long chain is called fatty acid for

example:

CH=(CH,);4COOH
Palmitic acid

Stearic acid

CH3(CHz)46 COOH CH,—(CH,); CH=—=CH-(CH,);"COOH
Oleic acid



Naming using Greek letters o, .7, 0 .... etc.

There are two ways to identify substituent carbons in carboxylic
acid: numbers or Greek letters. Using numbers, the carboxyl group

carbon is given the number one.
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When Greek letters are used, Greek letters are used to designate the
position of substituent relative to the carbon of the carboxyl group.
The carbon of the carboxyl group is NOT given a Greek letter. 6)
A special group of carboxylic acids are those that also have a keto

group. They are called alpha-keto carboxylic acid
Polyfunctional Carboxylic Acids

Dicarboxylic acids are organic compounds that are substituted with
two carboxylic acid functional groups. They are important

metabolic products of fatty acids when they undergo oxidation.
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oxalic acid / ethandioic . '
succinic acid Tartaric acid

Os__OH
0 Y o
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malonic acid
Citric acid
Br H COOH HOOC COOH
COOH — _
Hs;C
HOOC H H H
3-bromobutanoic acid Fumaric acid Maleic acid
HC=CH-COOH COOH COOH
COOH
3-phenylacrylic acid COOH
. . . Phthalic acid
Cinnamic acid Terephthalic acid
. o T E oL
CH;—CH—COOH CH;—C—COOH H;N—CH;~CH;—CH;~CO;H
a-Lactic acid o - Pyruvic acid V- Amino butyric acid

Physical Properties of Carboxylic Acids

Carboxyl groups exhibit very strong hydrogen bonding. A given
carboxylic acid molecule form two hydrogen bonds to another
carboxylic acid molecule, producing a “dimer”, a complex with a

mass twice that of a single molecule. Compounds with carboxyl



groups have higher boiling points than alcohols. This is because the

carboxyl groups hydrogen bond more strongly than alcohols.

Hydrogen bond

e

()— ---- H— ()

C—CH;
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Hydrogen bond

Carboxyl groups make molecules very soluble in water because the

group can strongly hydrogen bond with water.

Physical Properties of carboxylic acids derivatives

Depending upon the substituent replacing -OH of the carboxylic
functional group the physical properties could change. However,

they have lower boiling and melting points than parent acid.

Preparation of Carboxylic Acids

1- By Oxidation:

A) Oxidation of Primary alcohols or aldehydes:

Carboxylic acids are easily by oxidation of primary alcohols and
aldehydes. When the oxidation process begins with an alcohol it is

difficult to stop at the aldehyde stage of oxidation.

0O
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R-CH,~OH —— = R-{—1 — 4> r-&_oH




Oxidation using basic [Ag(NHs)2]": A basic [Ag(NHs).]" in
agueous ammonia reduces to metallic silver (mirror) with aldehyde

oxidized to carboxylic acid.

Tollens’ Test

o)

I + 2[Ag(NH,),I0H° + HO —
R—C—H
Aldehyde diaminesilver(l) hydroxide Water

0
R—C—OH + 2Ag + 4NH, + 2HO <—
Carboxylic acid Silver Ammonia Water

The commercial manufacture of silver mirrors uses a similar

process.

B) Oxidation of Alkenes: using K,Cr,O7or Os

Hy [O
Hg,c:/\/C 3 Ol 56H,cooH

2- By Hydrolysis:

A) Hydrolysis of esters -COO-: In acidic or basic catalyst



X i
NaOH
H,e” Y07 CHy ——— 29 H3C)J\0Na + CH3CH,0H
I
‘ H,OMH* j\
g HsC~ “OH

This is very important reaction because it can prepare fatty acids
from fats or oils.

Base-catalysed hydrolysis is often called saponification
(soap-making) saponification is irreversible because a carboxylate
salt is formed. Saponification of triglycerides and action of soap in
the emulsification of grease and oils. Soap has been around for
hundreds of years. In its simplest form, soap is made by heating fat
in boiling water that also has sodium hydroxide (NaOH) or
potassium hydroxide (KOH) ions in it. Each fat molecule breaks
down into three molecules of fatty acids. The molecules of fatty
acids then react with the sodium or potassium ions to form soap

molecules and glycerine.

0

I
CH,—0-C-R CH2—0-H
9 0
CH—O-C-R * 3NaOH ——> R-C-ONa + CH—O-H
‘ 0 Soap
CH,—0-C-R CH2—0-H




| o NaOH . NG O
HC-OJ\/\/\/\A/\/W H0H 3 eo)\/\/\/\/a/\/\/\/

Glyceryl Trioleate

(Major Triglyceride in Olive Oil) Qlycerol SotlitOlsate

B) Hydrolysis of Acid halide RCOX:

1 o i
R)]\CI — RJ\OH + HC
0 0
HOH
H3C)J\CI — H3C)J\OH + HCl
C) Hydrolysis of Nitriles RCN:

H,O / H* i Hs0*

_ 2 3

HC~CN ———— H3C)J\NH2 T HzC” TOH

Reactions of Carboxylic Acid

1- Reaction with bases to form acid salts (Acidity).

Carboxylic acids are weak acids

O 0
4 . /
R—CG +H0 o 7% R—C  +HO*

0—H o
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CH3;COOH + NaOH —»  CH3COONa + H,O

CH3COOH + NaOH — > CH3COONa + CO, + H,0O

Naming carboxylic acid follows certain pattern for example the
structural formula for the compound. Since this sodium salt of
propanoic acid (CH3CH2COONa) so start from propanoic acid is
a three-carbon acid with no carbon-carbon double bonds and this
negative ion without the H* atom is called propanoate. There this

salt is named: sodium propanoate.

When the carboxylic acids form salts, the hydrogen in the -COOH

group is replaced by a metal. Sodium alkanoate (propan-oate).
2- Ester formation:

Ester can be formed from reaction of carboxylic acids with alcohols

in the presence of acidic catalyst as follow:

O

0
H H
H3C/\OCH3 — H3C/\O)J\CH3 + HOH

Also, Ester can be formed from reaction of acid halide or acid

anhydride with alcohols in the presence of acidic catalyst as follow:

o 0

R)J\‘{Q’:I—;HQO/R‘ — RJ\OR‘ + HCI

11



O O 0
N H*
HsC™ "OH + H3C)J\OJ\CH3 - HgC)J\O/\CHQ,*' CH3COOH

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

this reaction.

Naming Esters:

1. ldentify the alkyl group that is attached to the oxygen atom

2. Number according to the end closest to the -CO- group

regardless of where alkyl substituents are.

3. Determine the alkane that links the carbon atoms together. If
there is a separation of a continuous link of carbon atoms due to the
oxygen atom, individually name the two alkanes before and after
the oxygen atom. The longer structural alkane is the one that should
contain the carbonyl atom.

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

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

Example: CH;COOC;Hs ----> Ethyl ethanoate or Ethyl acetate

12
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Ethyl formate
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Phenyl cyclohexanecarboxylate

0]

)J\O/CHch3

Ethyl acetate

H3C

0O O

_CH,CH
H3CMO Ea

Ethyl 3-oxobutanoate
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(0] @)

Thionyl Chloride

X i
R OH + PC|3 —_— R)J\Cl + H3PO3

0]

R OH R™ CI

O
)J\ + PCly —— )J\ + HCI + POCly

4- Acid anhydride formation:

2 )o]\ heat R%

R™OH o . «O

(0]
5 )]\ heat H3C‘<

HoC” SOH o O
“H2 HyC—(

| o)
5- Amide formation:
| I w 1.
/’/ H\ /R A R
R oH *+..- N RN
-~ - H |l|
0 0

He o~ A
7 H |_||

N-ethylacetamide

N" "CH; —— H3C)J\N/\CH3 + HOH

6- Reduction of carboxylic acids:

14



By using reducing agents like LiAIH,.

1) LIAIH, , Et,0

2) H;0*
6-heptenoic acid 6-hepten-1-ol

Hzc:CH_(CH2)4COOH H2C:CH_(CH2)4CH20H

( Monocarboxylic acids W

15
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In this part we will focus on monocarboxylic acids.

HCOOH Methanoic

Synthesis:

1- In industry:

H,SO4
NaOH + CO — HCOONa ————> 2HCOOH + Na,SO,

2- Oxidation of methyl alcohol or formaldehyde:

(0) (0)
CHOH -~ » HCHO ——» HCOOH

3- Hydrolysis of hydrogen cyanide:

[H—CN + 2H,O0 + HCI HCOOH + NH4CI]

16



4- Heating of oxalic acid in the presence of glycerol:

COOH 120 °C
——————> HCOOH + CO,

COOH Glycerol

Reactions:

Formic acid has free hydrogen atom with COOH group, that's

mean it react some time as acid or an aldehyde.

0
1 Il 1 .
“—20 H—C—0oH H-C—OH oal>
1- Oxidation:
I (O) I
H-C-OH ——— HO-C-OH -~~~""--- > HyO + CO,
2- Conversion to oxalic acid:
HCOONa  39040¢ COONa \ ~ Hcl GOOH
—_—— 2—»
HCOONa COONa COOH

3- Salt formation:

‘HCOOH + NaOH HCOONa + HZO}

17



5- Ester formation:

+

HCOOH + CH3OH

HCOOCH; + H,0

6- Reaction with PCls:

HCOOH + PCly; — HCOCI + POCI; + HCI

l

HCI + CO

7- Reaction with ammonia:

HCOOH + NH; — > HCOONH, —=— > HCONH, + HZO]

8- Elimination of COOH:

(o]
HcooH —92C _ v, + co,

18



CHsCOOH Acetic acid

Synthesis:

1- In industry: from acetylene

HC=CH
HgSO4

H,0 / H,SO,

OH
- )

HC=

[O]
CH, CHsCHO — CH,COOH

2- From ethene:

A
H,C=CH, + H-OSOs3H ——> CHj3-CH,-OSO3H
80 °C

/I A
CH3'CH2,-OSO3H + HZO —_— CH3-CH2-OH + H2804

gy o] Ol 48

110 °C
l[O]

Reactions:

It reacts like we discussed in reactions of carboxylic acids

previous lecture.

19




CH3CH:COOH Propionic or propanoic acid

Synthesis:

1- Hydrolysis of ethyl cyanide (propenonitrile):

—y H20
CHy~CH,~CEN —22 = CH,-CH,~C—NH, —2 > CH,CH,COONa

H,O

propiononitrile
_'*,
CH5;CH,COOH

2- Oxidation of propanol:

K,Cr,0
CH3CH,CH,OH 2727 _  CH4CH,COOH

3- Reduction of lactic acid:

OH

|
CHyCHoooH  cone-Hl

CH3CH,COOH + HOH

20



4- Reaction of ethanol with CO:

CHiCH,0H + co —S3% _ GH,CH,COOH

CH3CH.CH.COOH Butanoic acid

9
H3C
»—COOH Hyc™ >~ COOH
H5C
isobutyric acid butyric acid
HsC ~ OH 0] HaC
— ——  )—COOH
HyC HyC
Hs HaC, HsC,
»—OH ML i KEN —cN
H3 H3C H3C
HsC H* / H,0
)—COOH
HaC

21



Pentanoic acid / Valeric acid

Y

22




( Dicarboxylic acids 1




Nomenclature:

The corresponding alkane + dioic

Common
Structure formula IUPAC n
name
HO O
ethandioic Oxalic acid 0
o OH
O O . . . .
propandioic  Malonic acid 1
HO OH
0
HONOH butandioic Succinic acid 2
0
O O . . . .
N pentandioic  Glutaric acid 3
HO OH
o)
HOMOH hexandioic Adipicacid 4
o)
Synthesis:
1) From alkenes and glycols:
R_I(I:H Br, R-CH-Br kcN R-CH-CN  Hgj R—(|3H—COOH
R-CH R-CH-Br R-CH-CN H,0 R-CH-COOH
Alkene Alkyl dihalide

R=H or any alkyl

23



R—C|:H—OH HBr R-CH-Br KcN R—ClH—CN Hcl  R—CH-COOH
R-CH-OH R-CH-Br R—-CH-CN H,O R-CH-COOH
R=H Ethylene glycol

R=H or any alkyl

NaCN H,O

cl” >COOoH NC~ “COOH HOOC”~ “COOH
Chloroacetic acid Malonic acid

2) Oxidation of dihydroxy alcohols:

CH,~OH o COOH

CH,—OH COOH

Properties:

Solid - soluble in water — acidic effect on litmus paper.

24



Oxalic acid

1) In industry:
360 °C
2 HCOONa (COONa), + H,
H (@)
\O'_H _z_o\ /H
7 o= WS
H o .
Oxalic acid

1- Cracking with heating

COOH A
o CO, + CO + H,0
COOH conc. Hy,SO,

2- Oxidation:

COOH (0)

2CO, + H,0
COOH

3- It cannot form anhydrides

25



4- Ester formation:

COOH COOEt
+ 2 CH3CH,OH
COOH COOEt

+ 2H,0

5- Ethyl oxalate reacts with ammonia to form oxamide.

COOEt NH CONH;

— 3 ~ + 2 EtOH
COOEt CONH,
Ethyl oxalate Oxamide

The main uses in industry

e Cleaning or bleaching, especially to remove rust.

e Oxalic acid is also an important reagent in chemistry -
the lanthanides.

e Oxalic acid is used to restore old wood.

e Okxalic acid is rubbed on marble statues to increase

luster

Oxalic is also used in the manufacture of ink and salts with

antimony used in dyeing and printing.

26



Synthesis:

Malonic acid

1) From chloroacetic acid:

-

N

-

cHy,cooH 2. ci—cH,cooH KEN, Ne-cH,cook
HOOC-CH,COOH <121
HCl
2) Oxidation of malic acid:
OH o)

[O]

|
HOOC-CH,CH-COOH ——

2-hydroxysuccinic acid

Malic acid

I
HOOC-CH,-C—COOH

l [O]

HOOC-CH,-COOH

J

Physical properties:

Solid — m.p 135.5 °C — Soluble in water and alcohol.

27



Chemical properties:

1- By heating at 130-150 °C in H2SOu4: to give acetic acid and
CO:

{ HOOC-CH,-COOH A» CH;COOH + COQ]

2- Heating in P20Os

HOOG-CH,~COOH F295_ G_c-c=c=0 + 2H,0

Carbon suboxide

3- Ester malonate formation:

COOK EtOH COOEt

CN H,SO4 COOEt

Ethyl malonate

There are to form for ethyl malonate (keto and enol form).

9 Q OH O
Eto)%(U\OEt - EtOMOEt
H
Keto form Enol-form

1) J>lwsesS Jelai: knoevenagel reaction

28



It is condensation reaction between the aldehyde and active
compounds containing active methylene like ethyl malonate

in week basic catalyst like pyridine.

EtO o)
H >:
__________ o) . >—0Et
/ ' Pyridine
Hsc/g;(_)___f___lj_zc fyndine =G + H,0
=0 HaC OEt
EtO o)

Also, glutaric acid can be formed by reaction of

formaldehyde with diethyl malonate.

- _CH (COOEt),
HCHO + 2CHyCOOEY, —~Y1dne ¢
- H,0 CH (COOEY),
H+ Hzo
_CH,COOH
o HC
Glutaric acid CH,COOH

2) Addition of alkyl group in ester compound:

29



O O O O
H )J\ H 0 H o
Py EtONa . RB
EtO (I) OEt ———» EtO)J\C)J\OEt A Eto)l\(lz)J\OEt
=, ]
H Na R
diethyl malonate ‘
EtONa
H H,0
R—(IJ—COOH
Complete

Succinic acid can be formed by reaction of ethyl malonate

with Io.
(0]
OEt
Mo e EtOOC, ~ .COOEt H,0  CH,~COOH
+ oy — ,CH—CH —
o EtOOC COOEt A CH2—COOH
EtO Succinic acid

30



Succinic acid / Butanedioic

Synthesis:

1) From ethyl bromide:

CHBr  kcN  CH,CN  H. o CH,-COOH
CHy-Br CH,-CN CH,-COOH
Succinic acid

2) From ester malonate with I as discussed previously.

3) By reduction of malic acid:

HO-CH—COOH Pt CH,-COOH
| + 2HI _— | + |2 + Hzo
CH,-COOH CH,-COOH

Malic caid

4) Or by reduction of maleic acid

r N

[COOH Ni (|3H2-COOH
COOH H, CH,-COOH
maleic acid
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Physical properties:
Whit crystals — m.p 185 °C — soluble in water and alcohol.
Chemical properties:

1) Anhydride formation by heating:

0

/1

(lle-COOH A CH,-C_

CH,-COOH CHZ—C\:\/

0]

2) Condensation with aldehydes:

R-CHO CH,-COOH  _oHy.0 R-HC=C—COOH -2CO R-HC=CH
+ ] 2 2

R-CHO CH,-COOH R-HC=C—COOH R—-HC=CH
Diene

3) Succinic anhydride reacts with ammonia to form

succinimide.
o)
NH
o) 3 NH + H,0
A
o)
succinimid

32



Pentanedioic acid / Glutaric acid

Synthesis:

1- From hydrolysis of related cyanide.
2- From condensation of formaldehyde with ester
malonate.

3- From ethyl malonate with methylene iodide

+ -,COOEt EtOOC_ ,LCOOEt

CH2|2 + 2 Na HC\ —_— /CH_CHQ\H
COOEt EtOOC COOEt

AlH*/HZO

HOOC—CH,-CH,—CH,—COOH

glutaric acid

Glutaric acid has all acid properties, it can form

anhydride, esters, and amides ,,,,,,, ect.

33



Hexanedioic acid / Adipic acid

Synthesis:

Additional to previous methods, it prepared in industry by
reaction of tetrahydrofuran with carbon monoxide and water

as shown:

adipic acid

Physical properties: White crystals — mp 150 °C

Chemical properties:

Nylon formation: It is the most important reaction:

Condensation of adipic acid with hexamethylenediamine

34



HOOC/\/\/COOH H2N/\/\/\/NH2

(0]
H
e~ N (CHp)s~COTNH-(CHy)s- NH
HOOG N \n/( 2)6 (CH2)s 2
H

0
Nylon

Unsaturated dicarboxylic acids

HOOC  COOH H :COOH
H H HOOC  H
Maleic Fumaric

Synthesis of maleic acid:

HOOC~ COOH .06,  HOOC  COOH
--------- oo =

{HO H | -H20 H H

___________

Malic Maleic
2-hydroxysuccinic acid
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HOOC COOH HOOC COOH

P W m >:< + KBr + HZO
(Br H! H H
2-bromoscuccinic acid Maleic acid

1) Oxidation of 2-butene with vanadium oxide.

O
_ V5,05
H;C-CH=CH-CH; + 30, ——— || O + 3H0
450 °C
2-butene 0

CH-COONa CH-COOH
| 0 + 2NaOH A» [l ﬂ, 1
CH-COONa CH-COOH

(0]
(IDOOH
H—Cl:l—COOH KMNO, HO-C—H _ _
H—C—COOH - HO—é)—-I-—i meso-tartaric acid
maleic acid COOH
CIZOOH (FOOH
H-C—COOH KMNO, HO-C—-H H—-C-OH
[l E—— + |
HOOC-C—H H—(ID—OH HO—(IZ—H
fumaric acid COOH COOH
Racemic tartaric acid

el & 5\Wg d Wlii daluuSgyasgll yolosVl
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2-hydroxysuccinic acid / Malic acid o]l j00l>

2,3-Dihydroxybutanedioic acid / <l ,byhll jool>

Tartaric acid

Citricacid / ¢yl jool>

JP PN
D < HO L OH
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