Substituted Carboxylic Acids.

The compounds formed by the replacement of one or more hydrogen atoms of the
hydrocarbon chain part of the carboxylic acids by atoms or groups such as X (halogen), OH or
NH,, are referred to as substituted acids.

For example, CH,CICOOH — ; CH,OHCOOH ;  CH,NH,COOH

Chloroacet ic acid Hydroxyace tic acid Aminoaceti ¢ acid

The position of the substituents on the carbon chain are indicated by Greek letters or numbers.
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C-C-C-C-C-COO0OH
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For example, CH,CHOHCOOH ; CH ;CHOHCH ,COOH
a-Hydroxypro pionic acid SB-Hydroxybut yric acid
2-Hydroxypro panoic acid 3-Hydroxybut anoic acid

Lactic Acid or a-hydroxy propionic acid or 2-hydroxy propanoic acid

It is the main constituent of sour milk. It is manufactured by fermentation of molasses by the
micro-organism (Bacterium acidi lactici-sour milk) in presence of CaCO, .

(1) Method of Preparation
From acetaldehyde: CH ; CHO+ HCN — CH ,CH(OH)CN —™22""_ cff . CHOHCOOH

Acetaldehy de Cyanohydri n Lactic acid

(2) Physical Properties
It is a colourless syrupy liquid having a sour taste and smell.
It is hygroscopic and very soluble in water. It is optically active and exists in three distinct forms.

(3) Chemical Properties:It gives reactions of secondary alcoholic group and a carboxylic group.

CH,CHOHCOONa CH ,CHOCOOH |
Lactide Sod. Lactate ‘
COOH
Acetyl lactic acid
CO+H,0
Heat NaOH CHsCOC
Conc. H,5Q,
CH,CHO + HCOOH Dil. H,S0, CH,CHOHCOOH CH,CH,COOH
Acetaldehyde Formic acid Heat130°C Lactic Acid Propionic acid
KMnO, " Fenton's reagent [O]
p :
CHCHO CH,CHCICOCI CH,COCOOH
or Lactyl chloride Pyruvic acid

CH,COOH



(4) Uses:lt is used in medicine as calcium and iron lactates, as mordant in dyeing, as acidulant in
beverages and candies, as a solvent (ethyl and butyl lactates) for cellulose nitrate.

Tartaric Acid. Or a,a'-Dihydroxy succinic acid or 2,3-Dihydroxy-Butane-1,4-Dioic acid

HO - ‘CH - COOH
HO-CH-COOH

It is found as free or potassium salt in grapes, tamarind, and berries.

(1) Methods of Preparation

(i) Argol which separates as a crust during fermentation of grape juice is impure potassium
hydrogen tartrate. Argol is boiled with limewater. Calcium tartrate is precipitated which is
filtered. The solution contains potassium tartrate which is also precipitated by addition of CaCl,.
The calcium salt is then decomposed with calculated quantity of dilute H,SO,. The precipitate
(CaSQ,) is filtered and the filtrate on concentration gives the crystals of tartaric acid.

CH(OH)COOK CH(OH)COOK  CH(OH)COO ~_
2 | + Ca(OH), — | + | P Ca
CH(OH)COOH CH(OH)COOK CH(OH)COO
Pot.hydrog en tartrate Pot.tartra te (Filtrate) Calcium tartrate (ppt.)
CUCIZ T
-2KCl
CH(OH)COO “ CH(OH)COOH
| Ca+H,S50 > CaSO , + |
CH(OH)COO CH(OH)COOH
Tartaric acid

(i) Synthetic method

‘ CH,CN
C+H, 2" sCH=CH—>CH,=CH,—2>CH,Br-CH,Br—** |
arc Acetylene  Pd/BaSO, Ethylene Ethylene bromide CH ) CN
oy CHCOOH . CHBrCOOH ..~ CHOHCOOH
- cLJL N _RelP | A0
CH,COOH " CHBrCOOH CHOHCOOH
Succinic acid a,a'- 1 rmggidsuccmlc artaric aci
CHO CH(OH)CN - CH(OH)COOH
(iii) From glyoxal cyanohydrin:|  —ZY | Lo,
CHO CH(OH)CN CH(OH)COOH

Glyoxal Glyoxal cyanohydri n Tartaric acid



(2) Physical Properties:lt is a colourless crystalline compound. It is soluble in water and alcohol
but insoluble in ether. It contains two asymmetric carbon atoms and thus shows optical
isomerism (four forms). Natural tartaric acid is the dextro variety. It contains two secondary
alcoholic groups and two carboxylic groups.

Optical Isomerism in tartaric acid

coo [ cooH 00H
\

H-C-OH | HO—-C— H H—C—OH
| ! | |

HO-C- | H- C-0 H-G-OH

co | \.COOH H

d+ g i
I-(Leavorotatory acid) Meso-Tartaric acid

Optical active

(i) d + Tartaric acid-Dextro-rotatory
Optical active

(i) | —Tartaric acid-Leavorotatory

(iii) Meso tartaric acid-optically inactive due to internal compensation.

(iv) Racemic tartaric acid (Equimolar mixture of d+, |-forms). Optically inactive due to external
compensation

(3) Chemical Properties

CHCOOH With alkalies and alcohols,
”CCOOH it forms three series of salts
\ and esters, respectively
CH,COOH
Aconitic acid Heat, 150°C
CH,COOH CH,COOH
| |
‘C(OH YCOOH CH;ICC(I?C/ ‘C(OCOCH 3)COOH
CH,COOH CH,COOH
Citric acid Mono acelyderiv ative
Fuming H,SO, HI
reduction
v N
CH,COOH
| CH,COOH
co |
| CHCOOH
CH,COOH |
Acetone diartboxyl ic CH,COOH
acid Tricarballytic acid



(4) Uses: It is used in carbonated beverages and effervescent tablets, in making baking powder
(cream of tartar) and mordant in dyeing (potassium hydrogen tartrate), in preparing Fehling's
solution (sodium potassium tartrate—Rochelle salt), in medicine as emetic, dyeing and calico-
printing (tartar emetic-potassium antimonyl tartrate) and silver mirroring.

(5) Tests

(i) When heated strongly, tartaric acid chars readily giving a smell of burnt sugar to produce free
carbon and pyruvic acid.

(i) With AgNOs: A neutral solution of tartaric acid gives a white ppt. which is soluble in
ammonia. A silver mirror is obtained on warming the ammonical silver nitrate solution (Tollen's
reagent).

(iii) With Fenton's reagent: (H,O, containing a little of ferrous salt) and caustic soda, It gives a
violet colour.

(iv) With Resorcinol and conc. H,SO,: It gives blue colour.

Citric Acid Or 2-Hydroxypropane Or 1,2,3-Tri Carboxylic Acid Or B-Hydroxy Tricarballylic
Acid

It occurs in the juice of citrus fruits such as lemon, galgal, orange, lime, etc. Lemon juice contains
6-10% of citric acid.

(1) Methods of Preparation

(i) By Fermentation: Citric acid is obtained by carrying fermentation of dilute solution of
molasses with micro-organism, Aspergillus nigar, at 26-28°C for 7 to 10 days. The resulting
solution is neutralized with Ca(OH), to form insoluble precipitate, calcium citrate. It is

decomposed by dilute 7,50, . The CaSO , is filtered off and the solution is concentrated under

vacuum to get crystals of citric acid.

(ii) By Lemon juice: It is also obtained from lemon juice. The juice is boiled to coagulate
proteins. From clear solution, citric acid is obtained as calcium salt with Ca(OH), as described in

the above method.



(iii) By synthetic method:

CH ,OH CH ,CI CH,CI CH ,CI CH ,CN
‘CHOH HCI(g) ‘CHOH dil. HNO ‘CO HCN ‘C ' OH oy ‘C _~OH
\  heat | [0 \  O\CN I O\CN
CH ,0OH (inacetic acid) CH  C] CH,CI CH ,CI CH,CN
Glycerol

CH,COOH

. \

M)‘C(OH)COOH

CH ,COOH

(2) Physical Properties: It is a colorless crystalline compound. It possesses one water molecule
as water of crystallization. It is soluble in water and alcohol but less soluble in ether. It is not
optically active compound. It is nontoxic in nature. It behaves as an alcohol and tribasic acid.

(3) Chemical Properties

Pot. acid tartrate Potassium tartrate
CHOHCOOK d CHOHCOOK
| an | C(OH)COOH
CHOHCOOH CHOHCOOK I
It forms two series of salts C(OH)COOH
CH,COCOOH / Dihydroxy meleic acid
Pyruvic acid
Heat [O] Fe**/H,0,
Fenton' s reagent
CHBrCOOH ‘CHOHCOOH
‘CHBrCOOH < CHOHCOOH > Taitronic acid + Sliver mirror
a,a'-Dibromo succinic acid Tartaric acid

CH(OH)COOH COOH
e [0]
B —
ICOOH KaCra07/H2504 |COOH
CH,COOH = CHOHCOOH
\ —— CH(OH)COOH COOH
CH,COOH " CH,COOH , | ©rn —o,
Complex formation COOH COOH
NaOOCCH -0~ _O~-HC-COONa
\ \
NaOOCCH -0~ >

O—-HC - COONa



(4) Uses:It finds use in making lemonades, as acidulant in food and soft drinks and makes the
lemon sour, as mordant in dyeing and calico printing. Ferric ammonium citrate, magnesium
citrate (as an antacid and laxative), sodium or potassium citrate are used in medicine. Ferric
ammonium citrate finds use in making blue prints.



