2. Conversion into functional derivatives
(Carboxvlic acid derivatives)

o o
Va Z
R—C__ —> R—C[ (Z = —Cl, —OR’, —NH>)

OH Z

(&) Conversion into acid chlorides.

o SOOI o
R—Ci -+ o e I — = R—C<
OEx PCis <1

AAocid chloride

@coon i PCls —2, @cocn + POCl; + HCI

Benzoic acid Benzoyl chloride




Nomenclature of acid chlorides

| Acid chlorides are named by replacing the -ic acid ending with -yl choride or
| replacing the carboxylic acid ending with -carbonyl chloride.

~ T N
CHCH.CH.CH=C-CI - CHCH,CH-C-C <:>—{ @_{
0 0

Pentanoyf chloride 2- Bromobutanoyi chlonide |
Cyclohexanecarbonyl Benzoyl chlonde
chionde

)




b- Conversion into esters.

0 ' 0
H* V.
R_Ci +ROH —— R-C: + H,0 Reactivity of ROH: 1°> 2° (> 39)
OH OR'’
An ester
0 0 O
Vs ’
. R—C: soch, R—cf ROH_ R_Cf:
OH Cl OR’
An acid chloride An ester

H+
CH;COOH + @CH;;OH P— CH;CODCH;@ 1+ H50

Acetic acid Benzyl alcohol Benzyl acetate




Nomenclature of esters

* The mechanism of esterification is necessarily the exact
reverse of the mechanism of hydrolysis of esters.

Reactivity in esterification

. (CH30H > 1 > 2> 3)
HCOOH > CH3COOH > RCH2COOH > R2CHCOOH > R3CCOOH

Nomenclature of esters

The first word of the name comes from the alkyl group of the alcohol, and
the second part comes from the carboxylate group of the carboxylic acid

used.




Nomenclature of esters

! 1 1

HC-C-0-CH,  HC-C-O-CHCH,  H,C-C-O-CHCH,CH,

Methyl acetate Ethyl acetate Propyl acetate
Methylethanoate Ethylethanoate Propylethanoate

i A cyclic ester is called a lactone, and the IUPAC names of lactones are derived
by adding the term lactone at the end of the name of the parent carboxylic acid.

<l:::l'
O
—
4-Hydroxybutanoic acid lactone




(c) Conversion into amides.

O i N
Aan acid chloride Aan amide
CsHsCH,CO0H =% CHCH,COCl —> C,HCH,CONH,

Phenylacetic acid Phenylacetyl chloride Phenylacetamide




Nomenclature of amides Tt

Amides are named by replacing the -oic acid or -ic acid suffix of the parent carboxylic
acids with the suffix -amide, or by replacing the -carboxylic acid ending with -
carboxamide.

Alkyl groups on nitrogen atoms are named as substituents, and are prefaced by N-or

N N asia | 11 ] 2 VARRN YR | ~H ] JASSAN
,LN—, 1O1IOWCU L)y LI1C IldIIlCKb) Ol LUIC dlel gruup\b).

H,C—C—NHCH,CH, H—{:, Ull_NH U NH,
N-Ethylethanamide N .I'".I'-Dlmethylfnrm:amlde

DMF Cyclohexanecarboxamide  Benzamide




Preparation of acid anhydrides

Only one monocarboxylic acid anhydride iIs encountered very
often: acetic anhydride

CH,COOH -2

> CH,COOH
700"

H,0 + CH,—=C=0 - (CH;I,CO];O
Ketenc Acetic anhydride

Ketene Is made In the laboratory by pyrolysis of acetone, and
ordinarily used as soon as it made

CH,COCH, XY, CH, + CH;=C=0
Ketene




Preparation of acid anhydrides

* Dicarboxylic acids yield anhydrides on simple heating: in those cases where a five-
or six-membered ring

L
I 'ﬁ’
L <~
- TTox . Hoc T S
> | O +— H O
X
-E:I) >
Succinic
anhyvdride
L@
X
COOH 200° ~
- [ —+- H->O
COOH - ~
(ﬁ: Water
O
Phthalic

anhydride




Nomenclature of acid anhydrides

Replacing the -acid suffix of the parent carboxylic acids with the word
anhydride.

Mixed anhydrides that consist of two different acid-derived parts are
named using the names of the two individual acids with an alphabetical

. CH,CH;—C—0-C—CH_CH, CH,CH;:—"C—0O-C—CH,CH,CH,
Propanoic anhydride Butanoic propanoic anhydride
O {D )
= L SIA®
fﬂ"
O O
Butanedioicanhydnde 2-Butenediocic anhydride Benzoic anhydrnde
Succinic anhydnde Maleic anhydride




1-Reaction of acid chloride

1-Conversion into acid and acid derivative.

(a) Conversion into acids. Hydrolysis

@COCI + H,0 —> @coon - HCI

Benzoyl chloride Benzoic acid

(b) Conversion into amides. Ammonolysis

@COCI + 2NH3 — @CONH: + NH*C]

Benzoyl chloride Benzamide

T TE——— —— . " P — T



(c) Conversion into esters. Alcoholysis

@COCi -~ C2HsOH ~— @COOCJH:. + HCI

Benzoyl chloride Ethyl Ethyl benzoate

L alcohol

2. Formation of ketones. Friedel-Crafts acylation.

O
R—c” + AtH —2% . R_C—Ar + HQO
\ or other
Cl Lawis acid

A ketone




RCOCI or ArCOCI LAHOB: . RCHO or ArCHO
Aldehyde

2-Reaction of amide

' 1. Hydrolysis
@CONHg - Hp804 + HO —-> @COOH  NH, HS0,

Benzamide Benzoic acid

CH,CH,CH,CONH, + NaOH + H,0 —> CH;CH,CH,COO~Na* + NH;
Butyramide Sodium butyrate : R




2-Reacation of ester

m @COOH + CyHsOH
. @COOC:HS - Hyf0 —— Benzoic acid  Ethyl alcohol

Ethyl benzoate M @COO‘Na*‘ 1 CyHsOH

(b) Conversion into amides. Ammonolysis

CH,COOC;Hs; + NHy; ——> CH;CONH,; + C;H;OH
Ethyl acetate Acetamide Ethyl alcohol




dCIU OF DAse

RCOOR + R'OH ————= RCOOR" + R'OH
CH,—~0—C—R RCOOCH; CH,OH

A +
= (L-I O—C—R’ + CHiOH acdorbae R'COOCH; + CHOH

=

H,—0—C—R’ R°"COOCH; CH,OH
g Mixture of  Glycerol
methyl esters
A glyceride

(A fat) =



3-Reaction of acid anhydrides

1. Conversion into acids and acid derivatives

(RCO),0 + HZ —> RCOZ + RCOOH

(e siConyversiont intosacidsss Hidrolvisas

. (CH,(CO),0 + H,O — 2CH;COOH
Acetic anhydride Acetic acid

(b) Conversion i1nto amides. Ammonolysis

(CH,CO),0 + 2NH; ——> CH;CONH,; + CH;COO-NH,*
Acetic anhydride Acetamide Ammonium acetate




3. Reduction

One of the few reducing agents capable of reducing an acid
directly to an alcohol is lithium aluminum hydride, LIAIH,

RCOOH 2, RCH,OH

1° alcohol

C OO i >C>HE
C 5 Land = £

rrr—T oxlzric mcidcd rr—-Phfethywilibemnzywl alcobhol




4 >l

bstitution 1n alkyl or aryl group

a- Alpha-halogenation of aliphatic acids. Hell-Volhard-

Zelinsky reaction

P

RCH,COOH + X; —— RCHCOOH + HX X, = Cl;, Bri

CH,

|
X

An a-haloacid
CH,

| |
CH,CHCH,COOH 22F, CH,CHCHCOOH
Isovaleric acid Br

x-Bromoisowvaleric acid
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supstitution)
(-COOH is deactivating and meta- directing) COLH

HNO5, H-SO,4

—

NO5

coOoOsH

HoSO,4,SO4

CO-5H
SOzH
CO-5H
benzoic acid Bro,Fe
Br

CHsCIL,AICIS




Dicarboxylic acids

If the substituent is a second carboxyl group, we have a dicarboxylic acid. For

example:
HOOCCH,COOH  HOOC(CH,),COOH,  HOOC(CH,),COOH
Malonic acid Succinic acid Adipic acid
. Propanedioic acid Butanedioic acid Hexanedioic acid .
* Table 2 Dicarboxylic acid
Name Formula
Oxalic HOOC—COOH
Malonic HOOCCHCOOH
Succinic HOOC(CH2)>COOH
Glutaric HOOC(CH3);COOH
. Adipic HOOC(CH2)sCOOH
7 Maleic cis-HOOCCH==CHCOOH _—

Fumaric trans-HOOCCH—CHCOOH



Preparation of Dicarboxylic acid

COOH
H,0. H* ?Hz + NH,*
0O~ Na+ COOH
CICH,COO™ Na+ ——— iin — Malonic acid
Sodium CN COOC .?.HS
T pkm, N oon e
COOC;Hj

Ethyl malonate




SPCCUHOSCOPY

o IR—COOH—O—Hstretch 2500=36000cm&th)—————
C=0 stretch 1680 — 1725 (s)

.- nmr: -COOH  10.5-12 ppm
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NMR Spectrum of p-toluic acid
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