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REVIEW IN CARBOXYLIC ACIDS AND ITS DERIVATIVES
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ABSTRACT

Carboxylic acids are widespread in nature, oftemlmioed with other functional groups. Simple alkgtlzoxylic
acids, composed of four to ten carbon atoms, argds or low melting solids having very unpleasadors. Thdatty
acidsare important components of the bio molecules knaglipids, especially fats and oils. As shown in tledidwing
table, these long-chain carboxylic acids are uguallerred to by their common names, which in ntastes reflect their

sources. They occur widely in nature and have nirachystrial and pharmaceutical applications likegdru
KEYWORDS: Carboxyl, Acid, Test, Acid Derivatives
INTRODUCTION

Carboxylic acid is a class of organic compoundwliich a carbon (C) atom is bonded to an oxygenafoin by
a double bond and to a hydroxyl group (—-OH) byregle bond. A fourth bond links the carbon atom toydrogen (H)
atom or to some other univalent combining groupe Tarboxyl (COOH) group is so-named because ofdhigonyl group

(C=0) and hydroxyl group.

The IUPAC name of a carboxylic acid is derived frtrat of the longest carbon chain that containscrboxyl
group by dropping the final -e from the name of plagent alkane and adding the suffix -oic follovildthe word “acid.”
The chain is numbered beginning with the carbothefcarboxyl group. Because the carboxyl carbaméerstood to be
carbon 1, there is no need to give it a number.eéxample, the compound CH3CH2COOH has three caatmns and is
calledpropanoic acid, from propane, the name fdhrae-carbon chain, with -oic acid, the suffix fiis class of

compounds, appended.
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Properties of Carboxylic Acids

The solubility of carboxylic acids in water is slarito that of alcohols, aldehydes, and ketonesdsAwith fewer

than about five carbons dissolve in water.

Carboxylic acids have much higher boiling poin@rtthydrocarbons, alcohols, ethers, aldehydes, ton&e of

similar molecular weight due to H- bonding.
Acidity of Carboxylic Acidity (Inductive Effect)

In general, electron-withdrawing groups increasalipc by increasing the stability of the carboxgaion.
In contrast, electron-donating groups decreasetadigl destabilizing the carboxylate ion. For exdenphe methyl group,
—CH3, is generally regarded as electron-donatimgl, acetic acid, CH3 COOH, is about 10 times weasm@n acid
than formic acid, HCOOH. Similarly, chloroaceticidgc CICH2 COOH, in which the strongly electron-wvdtwing
chlorine replaces a hydrogen atom, is about 10@dirstronger as an acid than acetic acid, and aitegic acid,

NO2CH2 COOH, is even stronger. (The NO2 groupusrg strong electron-withdrawing groip
Preparation of Carboxylic Acids

There are many methods for preparation, like oldtiabf Alkyl Chain, or oxidation of aldehyde, oridation of

alcohols , or oxidation of alkene or alkyn
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And other Methods of Preparation: By Hydrolysis of cyanide compounds or by gringazegent
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+ H,0,

cat. amounts of H®

or cat. amounts of OH® O
R—C=N R—C—NH; ==
relatively fast
+ 2 H,0,

+ Hy0,
cat. amounts of H®
or cat. amounts of OH® C”)
""""""""" = R—C—0OH

relatively slowly

cat. amounts of H® or cat. amounts of OH®

relatively slowly

Hydrolysis of Nitriles
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Reactions of Carboxylic Acids
e Carboxylic Salt Formation

Carboxylic acids react with bases to form ionid¢ssal

RCOH | + | NaHCQ ====

RCQY Nd&” + CO, + H,0

RCOH | + | (CHy)sN:

RCQY) (CHg)sNH™

RCOH | + | AgOH

RCEY AP + H,0

e Substitution of the Hydroxyl Hydrogen

Through electrophilic substitution at oxygen, Ifs& strong electrophile:

| RCOZ—H + E+) | ————=—=—==

HzC a]
S, 47 MNaOH
2. HsC—C—C ———= HaC—L—C

HzC oOH HzC oM
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1. ] —_—— C CH=
\OH H2504 catalyst b s
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kS ether ™,

OH 0-CHz

=
diazomethane, CHzMz has the structure: HoC=N=M

;
[ RCQ-E + H7 |
0—C—CHz
CHs
Hal ]
CHz-I I/
S 32 HSC—\C &
N Hat D-CHa

+ AgBr

=

e Substitution of the Hydroxyl Group

Reactions in which the hydroxyl group of a carbaxydcid is replaced by another nucleophilic group a

important for preparing functional derivatives aflgoxylic acids.
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* Ring Closure of Carboxylic Acid

Closing of carboxyl to formation lactone (cyclicder3
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2 BrH —— Ui et £ et
| —_— | 1 + ZH_ O
[ = D’ﬁCHO/CHK__‘R
a lactide
R(I:HC:H2C:C)C)H = ECH=—CHOOOCH + H,O
T an o, S-unsaturated acid
RCHCH,  CH OO —_— /& + H_ O
1 b= =) [
=2
a F-lactorne=
R(IIHC:H2C:H2C:H2CC)C)H EO— /El_,_ H o
O iz4 =) (o=
a d-lactore

Identification Test of Carboxylic Acid
» Sodium Bicarbonate Test:

To a small portion of the organic compound takem itest tube, a pinch of solid sodium bicarbonatadded.

Evolution of carbon dioxide with brisk effervescergshows the presence of carboxylic acid. Alcoholsat give this test.

lo]

+ NaHCOg _—
FI'JJ\OH
o
+ Ho O + cOg iy
FI')J\O_ Na'

A few drops or a few crystals of the unknown sangskedissolved in 1mL of methanol and slowly adtteti mL

of a saturated solution of sodium bicarbonate.
Positive Test

Evolution of a carbon dioxide gas is a positive fes the presence of the carboxylic acid and @endenols

listed in the Complications section.
Complications

Negatively substituted phenols such as nitro pleraitiehyde , phenols, and poly halo phenols difeisntly
acidic to dissolve in 5% sodium bicarbonate.

 Ester Test

In this test, the compound to be tested is warmé&t wmall quantity of ethyl alcohol and 2-3 dropfé o

concentrated sulphuric acid. The formation of sveee¢lling vapours indicates the presences of sa@ri®gylic acid. The
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sweet smelling vapours are due to the formatiosoafie ester by reaction between the acid and dttotal.
e Litmus Test
Carboxylic acids turn blue litmus rt
Carboxylic Acid Derivatives

The most important of which are acyl halides, asiflydrides esters, and amides

1 I
RCX RCOCE' RCOR’ RCNRS,
an acyl halide an acid anhydride an ester an amide
(X =F CLBr, I

Nomenclature of Carboxylic Acids and
Their Derivatives
class of i e . it gdd to root*
d
Crp D ” prefix suffix
o
Carboxylic acid —CH -ic acid
Salt — Ok {metal) metal -ate
Acyl halide — 2t —F, ek -yl chloride (bromide, etc.)
Anhydride —OCZOR —ic anhydride
Carboxylic ester —OR', DAx alkyl, aryl -ate
Amide —HNH; —amide
Armide —NHE’ M=alkyl —amide
Amide —MNE: M A -dialkyl -amide
Hydrazide —MNHNH; -hydrazide
Hydroxamic acid —NHCH -ohydroxamic acid
Azide —M; -yl azide
Feroxy acid —O0OH per- or —-ic acid
peroxy-
Mitrile E—C=HN —anitrile
Amidine R_ﬁ_NHg —amidine
HH
— 1l
[ > ax o R—C
el hadlicd e
cx
- i H 1l
- T o F—1= — Pz
= - P |
':I_—I:' m —=
= —= — [
— KM 1
i ——— - o — OO
Eslters
e
= Ik 1]
— = = — Lo = =
- ﬁ' = Aol s Peypeddriclie
L

Acyl Halide
The general formula for such an acyl halide can beten RCOX, where R may be, for example alkyl group,
CO is the carbonyl group, and represents the halide, such chloride.Acyl chloride:are the most commonly

encountered acyl halides
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Physical Properties of Acyl Halides:

Acyl halides do not dissolvin water because they react (often violently) viftto produce carboxylic acids a
hydrogen halides (e.g. HCI). it domst form hydrogen bonds. Its boiling point is therefbighel than analkane of similar
size (which has no permanent dipo such as ethaneThe most commonly performed reaction with acyl dedi ancthe

example reaction is known asicleophilic acyl substitution

o ]
i A
CHs;-C + X-H —_— CHg-Cm + H-Cl
R
Cl X

Preparation of Acyl Halide
The hydroxyl group of carboxylic acid like that @fohols are easily replaced by chlorine atom aatihg with

PCk, PCk or SOC}.

RCOOH + PCle —» RCOCI + POCl5 +HCI
3RCOOH + PClg — »3RCOCI + Hg P4

RCOOH + SOCl ———=RCOCI + S05 +HCI

Of the three, thionythloride is preferred because the other produgsgaseous and excess from the reac
mixture, which makes the purification of the achlaride easier. AqQueous halogen acids are not ustdcarboxylic

acids because the acyl chloride is easily hlyzed by water.
Reactions of Acyl Halide

* The reaction involving cleavage of a bcof amine compounds and formatiothel compounds likemide.

R — cO[Cl+ HNHz ————» RCONHz + HCI

RCO N—CzHs ———* RGDhll—CzHg + HCI
I

H H
Primary amide M-ethyl acylamide

RCO N(CzHs)z — R —CON— (CzHs)z + HCl
Secondary amine
Tertiary amines do not react with acyl chlorit

» Acyl chlorides react with alcohols and phenolsiti@esters.

RCO O Cz2Hs ——» RCOOCzHs + HCl

Acyl acetate

e Acyl chlorides react with salts of carboxylic tafia anhydrides.
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(9]
Il
R—C— —0—C—CH3——* R—C— O —C— CHa + NaCl
{!& Sodium acetate g‘ g

Acyl anhydride

Note : Aliphatic acyl chloride are very reactive acylatingents. Aromatic acyl chlorides like benzoyl cidel

are less reactive.

e Acid chlorides acylate aromatic hydrocarbons in firesence of anhydrous in the presence of anhy

aluminium chloride to yield aromatketones This is called Friedel Craft's acylation reactic

Anhydrous COR
RCOCI + @ —a @—' + HCI

This is a good method for preparation of aromadtones. This reaction however fails when electrotiavawing
group is present on the aromatic rin

O,
e O L N Anted. APCE; _ﬁ-l-m_x + FCE
] [

™ Aowewl clvioriss ATt s

CONCL L
L e .:—"'H-FJ-\--\'
AT s N SRS C o
(Y] weass L)
o Hlor Beronphesn ne

* Reduction of Acyl halides

Acyl halides are reduced to primary alcohols witAlH , and NaBH.

RCOC! +LiAH 4 (or NaBH4) — RCHoOH

Pd/BasSo 4

Quinoline
sulphur

RCOC + Hz RCHOD + HCI

Acetyl Chloride Test
Identification Test of Acyl Halide

By silver nitrate This reagent is useful for classifying campds known to contain halogen. Add 1 drop ¢
couple of crystals of the unknown to 2 mL of the #anolic silver nitrate solution. If no reactisrobserved after 5
standing at room teperature, heat the solution to boiling and note frecipitate is formed. If there is a precipitatete
its color. Add 2 drops of 5% nitric acid, and ndt¢he precipitate dissolves. Silver halides argoiable in dilute nitic
acid; silver salts obrganic acids are soluble. Positive Test alkylde- Production of solid silver halide salt is a pos

test. acyl halide Production of solid silver carboxylate salt is asitige test. This solid should re dissolve in dilutitric
acid.

www.iaset.us editor@iaset.us



56 Nagham Mahmood Aljamali

Alkyl Halide
RK  +  ASONOs — 3  AgH(s)] + RONOs

Acyl Halide

=)
—
R Cl

R TOH

In hood Add drop by drop 0.2 mL of acetyl chloride to Ot or 0.2 g of the unknown. Allow the mixture
stand for a minute or two and then pour it caulipugo 1 mL of water. Positive Test Evolution oédt and HCI gas or
precipitate is a positive teshlcohols and phenols produce esters indicated byfdhmation of a top layer in the flas
Primary and secondary amines form amides whichigtate. Complications Moisture present in the umkn will give

positive test.

Aldcohol
=) =
D e & © o
ol “OR
Phenol
= =
2O -+ )J\ —_— e /JJ\ -+ HCl(g )
[t} “Or
1° amine
=) =
M -+ )J\ —_— )J\ o HCIe 3
ol TR
2° amine
1 —
RazMH - )J\ e lL - HTl{o
- <l T T iR

Anhydrides

Acid anhydrides are called symmetrical when the tegl groups are identical when the two acyl groaps

identical and if the two acyl groups are differit is said to be unsymmetrical.

Symmetrical anhydrides of unsubstituted carboxgtids arederived from the names of the carboxylic acids

replacing the word acid with anhydri

fi:l" 'ﬁ]' Common namse: Acetic anhydride
CHz3—C —0O—C—CHa IUPAC name: Ethanoic anhydride

Symmetrical anhydrides of substituted carboxylicia@re named by adding the prefix bis to the ntwmedicate

that two identical acyl groups are pres

0 ﬁ' Common narme - bis {Chloro acetic anhydride)

Il
CICHz —C —O—C—CH2Cl IUPAC name - bis {Chloro ethanoic anhydride)

Unsymmetrical anhydrides are named by writing the nawfethe two acids alphabetically before the w
anhydride.

o O Common name: Acetic benzoic anhydride

| [
CH3—C —0O—C—CgHs IUPAC name: Benzoic ethanoic anhydride
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| |
CH3 COCCHg

A cetic anhydride

]

cocC

Benzoic anhydride

—

Succinic
anhydride

===

Phthalic
anhydride

M aleic
anhydride

Preparation of Anhydride

Acid anhydrides are considered to be derived franbaxylic acids by the removal of a molecule ofevdtom
two molecules of acid. So acid anhydrides can lepamed by heating carboxylic acid in the presenc®,0s in
dehydrating agent.

o o
Heat Il

I
2R —C—0OH —7555:—1FIQ-—-CF——f}——-CJ——f? + Hz0O
- Acid anhydride

o
|

Industrially, acetic anhydride is prepared by heaticetic acid to 1073 K.

quartz tube

2CHy COOH (CHa COY O+ Ho O

porecelain chips
1073 K

Acetic anhydride is a dehydrating agent
Symmetrical anhydrides are prepared from acidsgusidehydrating agent like®s.

Asymmetrical and symmetrical anhydrides can be gnexp by the reaction of acyl chlorides with sodisaits of

carboxylic acids in the presence of pyridine.

R—C0CI+ NaOC—R' g RC—0—C—R'+ NaCl
|| ke .

0 0
0]
I . R rQ
CH3CCl + Na "ocC —>CH3COC—© + Na*Cl -
Acetyl Sodium Acetic benzoic
chloride benzoate anhydride

Reactions of Anhydride

» They form esters with alcohols and phenols.

R—C—0O—C—R—]59Y o RCOOR + BCOOH
|| || Ester
o o

e They form amides with ammonia and amines.
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R—C—O—C—R + RNHz ———* RCONHR' + RCOOH

I Il Substituted
O o amide

R—C—O—C—R+NHy —* R CONHz + RCOOH
I +|:|} Amide

» Friedel Craft's acylation reaction

R—C—0—C— R + CgHs —2 5. C4hs COR'+ RCOOH

| I Ketone
0 0
(i} LiAlH4
R—!lfl-—D—llfl.—R — > RCHz0H
(i} HzO Alcohal
o o Reduction

Anhydrides are on the whole less reactive than eluygrides.

Esters

RCOOR' are named after the corresponding carboxadids by replacing the ending -ic acid with -atel a
preceding this with the name of the alkyl or amdup attached to the oxygen atom.

Common narme IUPAC name

H—C — QO CzHs Ethwl formate
L

Ethyl methanoate

1
CHz —C —OCgHs Phenyl acetate Phenyl ethanoate

CHa Common narme IUPAC name
T
- P-tolyl acetate d4-methyl phenyl
© c CHs ethanoate
O =—C— O Cz2Hs

_ Ethyl 4-chloro
benzoate

L]

Preparation of Ester
Esters are prepared by the acylation of alcohofhenols.

R'OH + RCOOH —=20% o R — C— OR' + H20
Al HaSOe ||
cobhol

o

R'OH + RCOCI ————» R—C— OR' + HCI

o
Il
R'OH + R—rlzl—cr—:l:l—R —— =R —C—OR + RCOOH
(o] (o]
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The formation of esters is known as esterification.

Esterification of carboxylic acids with alcoholgjtéres a mineral acid such as concentratg®lQg or HCI gas a

catalyst.

(Fischer Esterification)

+

RCOOH +R'OH —— RCOOR' +H,0

Mechanism of Esterification of Carboxylic Acids
The esterification of carboxylic acids with alcohidd a kind of nucleophilic acyl substitution.

The first step is the protonation of the carbonggen, which activates the carbonyl group towandaeophilic

addition of the alcohol.

o + Ton /S o i
R_.C’?ff _H- R_.C’?ff &PR—C—D—R'
“~OH |

OoH H
Tetrahedral
intermediate

+
The tetrahedral intermediate, which is formed tiarssa proton converting the hydroxyl group i, ddoup.

+
This species-) His a better leaving group and is eliminated agatmal water molecule.

OH SO +OH
I - Protan | - H=O Py
R—C—O0O —PR —/—— R—C—0OR —— R_C\ Proneted
| | Transfer | OR! ester
% e e
e
rR—CF
~o—pR

Ester

The protonated ester finally losses a proton te gfive ester.

The above mechanism is supported by the usinggimtlly labeled methanol (GJ@'®H) with acetic acid to give

methyl acetate (having labeled oxygen) and watécaotaining any isotopic oxygen.

0 0
18 Hr |18
CH3—C—0OH + CH3—OH —= CH3—C—0CH3 + Hz20

Esters of phenols are prepared by reversible acylatf phenols with acyl chloride or anhydridesheatthan the
reaction with carboxylic acid in which all the stegre reversible.

Reactions of Esters

Esters undergo typical nucleophilic acyl substitmtireactions but are less reactive than acyl aldgriand

anhydrides.
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e Hydrolysis:

Esters hydrolyzed by boiling water slowly to carplix acids and phenols. The hydrolysis is acceéatan the

presence of mineral acid on alkali.

L]

4
H I
R—C—OR"+ H20 ——=—= R—C— OH + R'OH

{I‘_I} Excess

R—C—OR "+ MNaOH — R—glzl',_{:}maq. R'OH
Sodium salt

of carbaxwlic
acicl

The alkaline hydrolysis is known as saponificatidhis is because esters with high molecular mags-(C;7)
give soap on hydrolysis with a base. Soap on hydi®iwith a base. Soaps are sodium or potassiuis sgaCarboxylic
acids with high molecular mass (G C,;;). The carboxylic acid is obtained by acidificatiohthe salt with mineral acid
(H,SO, or HCI).

R—{l:l—DNEl +HCl ———» R—-[ljl—'DH + NaCl
O o

» Alcoholysis

Esters react with alcohols in the presence of & @atalyst to undergo exchange of alcohol residesalkoxy
parts. The equilibrium mixture consists of the taats and a new ester and a new alcohol. The osaativolves

nucleophilic acyl substitution of the alkoxy groapthe ester with the alkoxy group of the alcohadl as known as trans

esterification.
Q + 8]
H—f_';’j} I ROH # H—G;’? I ROH
“OR' “OR"

¢ Esters React with Ammonia and Amines to Form Amides

RCOOR + NHy —sRCONH, +R OH
Amide

RCOOR +R MHy — sRCOMHR +R OH
Substituted amide

* Reactions of Esters with Grignard's Reagent givesértiary Alcohols:

First a ketone is formed which reacts further v@ttignard reagent to give the tertiary alcohol.
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COrag I
11 CHsMal ~CaHsOMgT
CHz—C —OCzHs ————» | CHzaz—C — OQCzHis
cH
2 CHa —C — O
H
*:IZJH OragI ©Hs
CHz—C — CHz - CHz —C — CH= =HSTIST
| | -
CHa CHa

Tert-Butyl aloobual

* The Acyl Group of the Ester is Reduced with LiAlIH, (but not with NaBH,) to a Primary Alcohol

a/ C2Hs0OH .
R—C—OR" ——» RCH20H + R'OH
Il or LiAalHg
O

Catalytic hydrogenation of esters to alcohols i$ @asy unlike that of aldehydes and ketones. Thetign
requires high temperature and pressure. The catadgsl is a mixture of oxides known as copper cliterihe alkoxy

part of the ester gives the corresponding alcofidlyaproduct.
Amides

Acid amides may be regarded as the derivativesdfaxylic acids in which -OH part of the carboxyijooup is

replaced by the -Nfgroup.

Esters are derivatives of the carboxylic acids Imcl the -OH part of the carboxylic group has besglaced by -
OR group where R may be alkyl or aryl group.

Acid anhydrides are considered to be derived franbaxylic acids by the removal of a molecule of evdtom

the two molecules of the acid.

RCONH, are named in the trivial system by replacing theirg -ic acid from the name of the correspondicig a
with - amide. The IUPAC names are derived by raptache ending -oic acid with -amide or carboxyéicid with

carboxamide. The position of the substituent anilregen atom, if any, is indicated by the lefter

Examples
Common name IUPAC name
0
H—C — MNH2 Form amide Methan amide
0
CH3—C— N(CHa)z - M, MN-dimethyl acetamide
CHE‘_CDTH - N methyl ethanamide
CHa

Amides are classified as primary, secondary artthtgramides depending on whether none, one oratlyg or

aryl groups at attached to the nitrogen atom
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RCONH, - Primary
RCONHR' - Secondary

RCONR'R" — Tertiary

CH4C cH &N H gN’CHg
H3CNH> H,C-N -C-
3 \CH3 \CH3
Acetamide N-Methylacetamide N,N-Dimethyl-
(a1°amide) (a2° amide) formamide (DM F)
(a 3° amide)
0
O (0]
S uccinim ide P hth alim ide

Preparation of Amides

Amides are generally prepared by the reaction gif @dorides or anhydrides with ammonia or amines.

RCOC|I + MNH; ———= RCOMNH: + HC

(RCO) O + 2MNHy —s RCOONH, +RCOMH,

Carboxylic amines give ammonium carboxylates, whiekd to heated to high temperatures gives amides

this method is not useful for laboratory prepamatd amides. It is however used in the industriaparation of amides.

RCOCH +NHy —— RO NH, 183 RCONHy +Hy0

Reactions of Amides
e Amphoteric Character

Amides are feeble bases. The lone pair of electoonthe nitrogen atom is responsible for the bakm@racter.
This lone pair of electrons on nitrogen atom isoired in resonance with the carbonyl group (stectil). Thus the

electron pair of nitrogen is not easily availalde ffrotonation. Consequently the basic characteonisiderably decreased.

:Ej:
- . | .
R— o —MHz2 — R C=—=—MrHz
Il
= {Structure TL)

({=btructurs 1)

The basic character of the amide is illustratethenfollowing reaction with hydrochloric acid (acid) to form a

salt.
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PRCOMHs; + HZ ——= RCOMNHs  HC
(Ba=ze) [acid) Zalt

However, under suitable conditions, amides can aldubit feeble acidic character. The amide (aciimghe

capacity of a acid) reacts with mercuric oxide &ad) to form mercury salt and water.

RCONMHs + HgO — s (RCONH) Hg + HoO
[acid) MeErcuric Salt Wiater

oxide
(base)

Thus amides are said to be amphoteric in natutieegsexhibit both acidic and basic character.

 Amides are Hydrolyzed by aqueous solutions of mineral acids or alkaligive carboxylic acids.

Ho50 4

RCONH 5 +Hol RCOOH + NH 4 HSO 4

RCONH 5 +NaoH —122 . RCOONa + NH4

* Primary Amides Get Dehydrated with phosphorous pentoxide to give nitriles.

RCOMHs — 4210 pe N4 HoO
heat

* On Treatment with Nitrous Acid: primary amides give carboxylic acid and nitroggas. The volume of

nitrogen can be measured to determine the amidatitptavely.

RCONH o +HNGy ——sRCOOH + Ny +Ha0

 When Primary Amides are Treated with Bromine in the presence of an alkali, a primary aminet@ioing one

carbon less than the amide is formed.
RCONH, + 4NalH + Bro ——sRNHo + 2MNaBr+ Nap CO5 + 2Ho0
primary amin e

The reaction involves molecular management in wlatiyl or aryl group migrates from the acyl carbimn
nitrogen. This reaction is known as Hofmann Bronaemieaction and is useful for descending of seémespreparing a

lower homologue from a higher one.
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 Amides are Reduced to Amines with LiAIH.

R.COMH o CidLislH g

RCHZ MNHS
fiinHzO" Amine

Identification Test of Acid Derivatives

Preliminary Test: Dissolve a drop or a few cryste#lshe compound to be tested in 1 mL of 95% ethand add
1 mL of 1 M hydrochloric acid. Note the color pragd when 1 drop of 5% ferric chloride solution @ded to the
solution. If a definite orange, red, blue, or viadelor is produced, the following test for the bgyoup is not applicable
and should be omitted. Too much hydrochloric ac&lents the development of colored complexes ofynpdrenols and

all enols.

Acid Anhydride

T R e =

Acyl Halide

I| i P i
il = [ ¥ T Tt |

.I ' Bl H 08
S oe B 1o ]

Heat to boiling a mixture of 1 drop or about 40 mofythe compound, 1 mL of 0.5 M hydroxylamine
hydrochloride in 95% ethanol, and 0.2 mL of 6 Misod hydroxide. After the solution has cooled slightautiously add
2 mL of 1 M hydrochloric acid. Anhydrides, acyl lis, and esters would have undergone the reaetitin the
hydroxylamine to form the hydroxamic acid, as imdéd in the above equations. If the solution isidig add 2 mL of
95% ethanol. Observe the color produced when oo off 5% ferric chloride solution is added. If tt@or caused by the
drop of ferric chloride solution does not persggintinue to add the ferric chloride solution drogevuntil the observed
color permeates the entire test solution. Complagecblor with that produced in the preliminary td3bsitive Test A
distinct burgundy or magenta color of the ferridioxamate complex is a positive test. Compare thar of this solution
with the yellow observed when the original compoimdested with ferric chloride in the presenceaoid to assure the
color is due to the formation of ferric hydroxamatamplex. Complications Some acids will give a pesitest. Primary
and secondary nitro compounds, imides, some amidest nitriles, -hydrogens give a positive teahd aldehydes (with

no)

CONCLUSIONS

Structure of Functional Group in Carboxylic Acid Derivatives

The structure of the functional groups in acyl #@jiacid anhydride, ester and amide are similahao of the
carboxyl group. Due to the presence of lone pairslectrons at the halogen, oxygen and nitrogemataesonance is

possible in these derivatives just like that inbcaaylic acids.
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o o

[L = X (halogen), O-COR", OR", NHz]
The nature of the L group determines the relatleetsphilic nature of the carbonyl carbon and tthesrelative
reactivity of the acyl derivatives.
All acid derivatives are polar molecules.
Physical Properties

Being polar in nature, the acid derivatives hawghér boiling points than hydrocarbons of comparabdgecular

masses.

Acid chlorides, anhydrides and esters have nedwy dame boiling points as the aldehydes and ketohes
comparable molecular masses. Their boiling poimés lawer than that of carboxylic acids of compaeabtolecular

masses, due to the absence of hydrogen bondirgdmearivatives.

Primary amides have quite high melting points awiling points because they form strong intermolacul

hydrogen bonds.

I
I
I
3
N—H-—-=--0, _N—H----

Esters and amides of low molecular masses arg feiflble in water due to formation of hydrogen d®mnvith
water. The solubility in water decreases with iasiag molecular mass and is negligible for compswwhtaining more

than six carbon atoms.

All acid derivatives are soluble in usual orgarotvents. Volatile esters have pleasant fruity smftlyl halides

and anhydrides have sharp irritating odors andastgymatory (tear producing).
Reactivity of Acid Derivatives

The reactions of carboxylic acids and their deiixeet involve substitution of the group L with nugjsiles and

are known as nucleophilic acyl substitution reactio

R — oL + My — FPOCOMMO + L

nucleaphilic
acyl substitution

S- -
i i T
-1
R—C— L + tMNu ————————— H—:?ﬂl_ — =R —C + L
e
\__// [t [} Wt ]
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Order of Reactivity of the Acid Derivatives is

RCOX = RCOOCOR » RCOOR > RCONHS
acyl halide Anbydride Ester Amide

Carboxylic acids and their derivatives can be istrverted by nucleophilic acyl substitution reacs
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