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_earning Outcomes

At the end of this lesson, students will be able to describe
Carboxylic acids and Nitriles

O Methods for the preparation of Carboxylic acids
 Reactions of Carboxylic acids

 Preparation of Nitriles

1 Reactions of Nitriles

O Spectroscopy of Carboxylic acids and Nitriles



Objective

The objective of this course Is to give to the
students of pharmacy the basic knowledge about

the organic chemistry.



Methods for the preparation of
Carboxylic acids (R-COOH)

1. Oxidation of primary alcohols

2. Oxidation of alkyl benzenes

3. Carbonation of Grignard reagents
4. Hydrolysis of nitriles

5. Malonic ester synthesis

6. Special methods for phenolic acids



1. Oxidation of primary alcohols

RCH,0H =M%, RCOOH

CH; -'.;_‘H;
EH,I'.':I-IZ(E,‘HC'HIGH LMol . CH,CH,CHCOOH
2-Methyl-1-butancl 2-Methylbutanoic acid

CH, CH,

| |
CH,CHCH,0H -EM"%, CH,CHCOOH
Isobutyl alcohol Isobutyric acid



2. Oxidation of alkyl benzenes

“.lﬂlnq. ar K ;Crls

Ar—R T s * Ar—COOH
Cry0y. hes
HEH@CHJ RaCrOn Hi20u 200, ﬂ;H@EGDH
p-Hitrotoluene p-Nitrobenzoic acid

CH; EM=a0, 0H CO0OH
Br hent Br

o-Bromotoluens o-Bromobenzoic acid



. Carbonation of Grignard reagents

RX —%, RMgX —2» RCOOMgX —— RCOOH
(or ArX) (or ArCOOH)
Br MgBr COOMgBr COOH
§= &= &= &
CH;"'L]-'.-H CHy— CHy—CH CH3—l’§‘H
CaHs 2Hs CzH; CaHs
Bromo-sec- . 4
ﬁtj Pﬂfﬂﬂéﬂﬂm
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3 3 H,

tert-Pen Ethyldimethylacetic
dﬂui:ﬂi acid

(2,2-Dimethylbutanoic
acid)



4. Hydrolysis of nitriles

R—C=N R—COOH
or + H;p focbee, or  + NH;
Ar—C=NM Ar—CO0OH
@CH;EI NaCN @cn;cm 70%; H;50, reflax @L HiCOOH o,
Benzyl chloride Phenylacetonitrile Phenylacetic acid
nCiHgBr ———» pCyHCN DS TROIMERR e HCO0- + NH,
a-Butyl bromide n-Valeranitrile lﬂ,
(Pentanenitrile)
n-CyHgCOOH + NH,*
n-Yaleric acid
(Pemtanoic acid)
M
. um salt C 73% H;S0, 150-160", COOH + NHg*
Driazon CH; CH;

o-Tolunitrile g=Toluic acid



5. Malonic ester synthesis

RCH(COOC,Hy), 0.O0H7.hewt pCH(COO-); ' RCH(COOH),
A monoalkylmalonic ester

‘I‘ Psat, 1407

RCH;COOH + CO,

A monosubstituted
acetic acid

RR'C(COOC Hy), —22.0H .hewt, RR'C(COO-); —» RR'C(COOH);

A dialkylmalonic ester l heat, 140°

RR'CHCOOH + C0O;,

A disubstituted
acetic acid

__U One of the most valuable methods of preparing carboxylic acids
makes use of diethyl malonate (malonic ester), CH,(COOC,H:),
and is called the malonic ester synthesis.

 This synthesis depends upon the high acidity of the a-hydrogens
of malonic ester, and In the extreme ease with which malonic acid
and substituted malonic acids undergo decarboxylation



5. Malonic ester synthesis: Mechanism

Step-1: Treatment of sodium ethoxide in absolute ethanol, malonic
ester iIs converted into its salt (sodium malonic ester).

CH(COOC:H:): + Na*-0C:H, <" CH{COOC:H:): " Na®™ + HOC:Hq
Stronger acid Sodiomalonic ester Weaker acid

Step-2: Reaction of this salt with an alkyl halide yields a substituted
malonic ester, an ethyl alkylmalonate, often called an alkylmalonic
_____ester.

CH{COOC ;He):"Na® + RX —— RCH(COOC:H:): + Ma't X"
Ethyl alkylmalonate
Alkyimalonie ester
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5. Malonic ester synthesis: Mechanism

Step-3: The alkylmalonic ester still contains one ionizable hydrogen,
and on treatment with sodium ethoxide it, too, can be converted into
Its salt; this salt can react with an alkyl halide which may be same
as, or different from, the first alkyl halide to yield a dialkylmalonic
ester.

RCH(COOC;Hs); + MNa*"0C;H, — RCCOOC:H), Ma* + CiHLOH

l RX

RR'CICOOC;H;); + Na*X-~

Dialkylmalonic ester

Step-4: The monoalkylmalonic ester or the dialkylmalonic ester are
readily converted Into monocarboxylic acids by hydrolysis,
acidification, and heat.
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5. Malonic ester synthesis: Mechanism

RCH(COOC,H,), o0.OH7.het prHiCOO-), 2 RCH(COOH),
A monoalkylmalonic ester .l,""t .

RCH,COOH + CO,

A monosubstituted
acetic acid

RR'C(COOC;H,), 2OH-.heni, pR'CICOO"); ——» RR'C(COOH);

A dialkylmalonic ester l heat, 140

RR'CHCOOH + €0,

A disubstituted
acetic acid
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6. Special methods for phenolic acids

ONa

t:u_
@ . Lh 125, 47 aum @C‘Gﬂﬂn M+ c‘mH

Sodium salicylate Salmylm acid
Chief procuct
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Reactions of Carboxylic acids (R-COOH)

1. Conversion into functional derivatives of

Carboxylic acids

2. Reduction
3. Substitution in alkyl or aryl group

14



1. Conversion into functional derivatives of
Carboxylic acids

General Reaction

] 8]
& # ,

R—C_ — R—C_ (Z = —Cl, —OR’, —NH;)
OH s

. Conversion to acid chlorides

R—(‘ { 1 — R—c"
o

PCI J
Acid hln ide
Examples:
@cmﬂ i pcls 2, @cocu + POCl; + HCI
Benzoic acid Benzoyl chloride:

EHHCGDH+SDCI --u—h m-CyHyC0OCI + S0; + HCI
Stearic ac iid ‘I:}ld:,: Stearoyl chloride

ICH,CO0H + PCl; —X» 3CH,COCI + H,PO,

Acetic acid Acetyl chloride
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1. Conversion into functional derivatives of
Carboxylic acids

1. Conversion to acid esters

a?ﬂ _— . 0
R—C + R'OH — E.-C! + H:0 Reactivity of R'OH: 17> 2" (> 37
L ,
OH ORr’
An ester
0 ] O
R—Ci soch, n—{:i LW R—Cf
OH Cl OR’
An acid chloride An ester
Examp

fes:
@cmﬁ + CH;OH e= = @CDEHT‘H; + Hy0

Benzoic acid Methanol Methyl benzoate

H+
CHy;COOH | @EH;DH e EH;CGG{IHE@ 1+ Hi0D

Acetic acid Benzyl alcohol Benzyl acetate

(CH,,CCOOH —2£ . (CH,),cco0l =221 . (CH,),CCO0C;H, ‘

Trimethylacetic acid Ethyl irimethylacetate
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1. Conversion into functional derivatives of
Carboxylic acids

I11. Conversion to amides

0 0 0
R—Cff 500k, R-_ci M, R—cf
OH Cl MNH:
An acid chloride An amide

Example: ) :
CeHCH,CO0H U, CHOH.COC0 —% O HCH,CONH,
Phenylacetic acid Phenylacetyl chloride Phenylacetamide
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2. Reduction of Carboxylic acids

Lithium aluminum hydride is the strong reducing agent that

reduces the acid to alcohol.
This reaction involves the formation of an alkoxide 1on which

undergoes hydrolysis to yield the final product alcohol.

LiAlH .
RCOOH ~» RCH,0OH Also rediced via esters
1* alcohol
4RCOOH + JLiAIH, — 4H, + 2LiAIO,; + (RCH,O)AILI —"» 4RCH,0H

17 alcohol
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3. Substitution in alkyl or aryl group

A. a-halogenation of aliphatic acids:
Hell-Volhard-Zelinsky reaction

RCH,COOH + X; — Ri.l’fHE{}ﬂH + HX X, = Cl,, Bri
X
An a-haloacwd
Examples:
cHycoon 2P cicH,cooH 22E o,cHcoon 2R QL,CODOH.
Acehic Chloroacetic Dictloroaretic Trichloroacetic
acid acid acid acid
CH, CH,
I |
CH,CHCH,CO0H *F, CH,CHCHCOOH
Isovaleric acid Ilir

a- Bromoisovaleric acid
19



3. Substitution in alkyl or aryl group

B. Ring substitution in aromatic acid

—{{O0OH ; deactivates, and directs mera in electrophilic substitution.

Example:
COOH COOH

C} [ HNO,, H 504, heat
MO

Benzoue acid m=-Mirobenzme acid
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Preparation of Nitriles

Nitriles and carboxylic acids both have a carbon atom with three
bonds to an electronegative atom, and both contain a ©-bond

and are electrophiles. Vi
R—C=N R—C
\
OH
A nitrile—three An acid—three
bonds to nitrogen bonds to two oxygens

©2004 Thomson/Brooks

Nitriles can be prepared by dehydration amides using
primary amides (RCONH,) with SOCI, or POClI,

O
” SOCL,, ber

CH3CH2CHZCHQ(IJI—IC—.\IH.: — CH,,CI—IZCHZCHz(llHCEN + S0, + 2 HCI

CH,CH, CH,CHjg

o T%;g‘sg}oyk!bogxanamide 2-Ethvlhexanenitrile (94%)
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Preparation of Nitriles: Mechanism

Nucleophilic amide oxygen atom attacks SOCI, followed by
deprotonation and elimination.

O 9 @)
T i / ‘/ -~
1" 7 "€l O Cl ;\() Cl
0 / —— | A == 9 - R—C=N + S0,
[ ¢ % ;o C o
~ " T
R N R” N
NN N
R NH
H H
© 2004 Thomson/Brooks Cole
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Reaction of Nitriles: Hydrolysis

Nitriles can be hydrolyzed with acid or base catalyst to a
carboxylic acid and ammonia or an amine.

O
or NaOH, H»,O > /C
. R

R—C=N

© 2004 Thomson/Brooks Cole

+ NH,
~OH
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Reaction of Nitriles: Hydrolysis: Mechanism

Nucleophilic addition of

nydroxide to C=N bond |
Protonation gives a 1 T
nydroxy |

Imine, which ;
tautomerizes RSy B oF
to an amide. 2 e

A second hydroxide adds =~ « ¢ ;5
—— to the amide carbonyl R

group

and loss of a proton gives |

a dianion, R0

Expulsion of NH,— gives

the carboxylate.




Reaction of Nitriles: Reduction

Reduction of a nitrile with LIAIH, gives a primary amine.

C=N CH,NH,
1. LiAlH,, ether
2. H,O

CH,

o-Methylbenzonitrile o-Methylbenzylamine
(88%)

2004 Thomson/Brooks Cole

Mechanlsm Nucleophilic addition of hydride ion to the polar C=N

bond, yields an imine anion.
The C=N bond undergoes a second nucleophilic addition of hydride

to give a dianion, which is protonated by water.

Nitrile Imine anion Dianion
© 2004 Thomson/Brooks Cole
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Reaction of Nitriles with organometallic
reagents

Grignard reagents add to give an intermediate imine
anion that iIs hydrolyzed by addition of water to yield
a ketone.

O
H,0

_ ~:R'~ *MgX -
R_C:L?I. 52 s s R/C\l«"+ NH,
Nitrile ) )

Imine anion Ketone

© 2004 Thomson/Brooks Cole
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Spectroscopy of Carboxylic acids and
Nitriles

IR Spectroscopy

O-H bond of the carboxyl group gives a very broad absorption
2500 to 3300 cm

C=0 bond absorbs sharply between 1710 and 1760 cm
Free carboxyl groups absorb at 1760 cm1

Commonly encountered dimeric carboxyl groups absorb in a
broad band centered around 1710 cm—

— Nitriles show an intense C=N bond absorption near 2250 cm~!
for saturated compounds and 2230 cm-! for aromatic and

conjugated molecules.
This is highly diagnostic peak for nitriles.
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'H-NMR Spectroscopy of Carboxylic acids

The acidic -CO,H proton is a singlet near 6 12 ppm

When D,0 Is added to the sample the -CO,H proton is
replaced by Deuterium causing the absorptlon to
disappear from the NMR spectrum.

1205 | |
|

0
[

| ~_ _ CH,—C—OH _[IMS

Intensity

6 5 4 3 2 1 0 ppm
Chemical shift (5)
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13C-NMR Spectroscopy of Carboxylic
acids

The Carboxyl 13COOH signals appear at 6165 to 6185
ppm.

Aromatic and o,B-unsaturated acids are near ¢ 165 ppm
and saturated aliphatic acids are near 6185 ppm.

13C = N signal appears at 6 115 to 6 130 ppm.

29



REFERENCES

Textbooks:

Organic Chemistry, 9™ Edition, 2015, Author: John E. McMurry,
Publisher: Cengage Learning, ISBN: 978-1305080485.

Organic Chemistry, 7t Edition, 2010, Authors: Saibal Kanti
Bhattacharjee, Robert Thornton Morrison, Robert Neilson Boyd,
Publisher: Pearson India, ISBN: 978-0199270293.

Textbook of Organic Chemistry, 22" Edition, 2022, Authors: Arun Bahl
& B S Bahl, Publisher: S Chand, ISBN: 978-9352531967.

Supplementary book:

Organic Chemistry, 11t Edition, 2015, Authors: Francis Carey Robert
Giuliano Neil Allison Susan Bane, Publisher: McGraw Hill, ISBN: 978-
1260148923.



	Slide 1: Carboxylic acids and Nitriles
	Slide 2
	Slide 3
	Slide 4: Methods for the preparation of  Carboxylic acids (R-COOH)
	Slide 5: 1. Oxidation of primary alcohols
	Slide 6: 2. Oxidation of alkyl benzenes
	Slide 7: 3. Carbonation of Grignard reagents
	Slide 8: 4. Hydrolysis of nitriles
	Slide 9: 5. Malonic ester synthesis
	Slide 10: 5. Malonic ester synthesis: Mechanism 
	Slide 11: 5. Malonic ester synthesis: Mechanism 
	Slide 12: 5. Malonic ester synthesis: Mechanism 
	Slide 13: 6. Special methods for phenolic acids
	Slide 14: Reactions of Carboxylic acids (R-COOH)
	Slide 15: 1. Conversion into functional derivatives of     Carboxylic acids
	Slide 16: 1. Conversion into functional derivatives of     Carboxylic acids
	Slide 17: 1. Conversion into functional derivatives of     Carboxylic acids
	Slide 18: 2. Reduction of Carboxylic acids
	Slide 19: 3. Substitution in alkyl or aryl group
	Slide 20: 3. Substitution in alkyl or aryl group
	Slide 21: Preparation of Nitriles 
	Slide 22: Preparation of Nitriles: Mechanism 
	Slide 23: Reaction of Nitriles: Hydrolysis
	Slide 24: Reaction of Nitriles: Hydrolysis: Mechanism
	Slide 25: Reaction of Nitriles: Reduction
	Slide 26: Reaction of Nitriles with organometallic reagents
	Slide 27: Spectroscopy of Carboxylic acids and Nitriles
	Slide 28: 1H-NMR Spectroscopy of Carboxylic acids
	Slide 29: 13C-NMR Spectroscopy of Carboxylic acids
	Slide 30: REFERENCES

