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Chapter 17 FE X FHFE

. : : : _ NTU & hemisTry
Carboxylic acids and their derivatives

O
)k carboxylic acid (22 i)
R OH
O Qg O O
RkCI R/MOJ\R RJKOR'
acyl chloride acid anhydride ester (fia)
(acid chloride; fii# ) (2 75
O
R—C=N nitrile (%) RJKN/R" amide (fi’=)



s Carboxylic acids

3 1% FOHLTF &

NTU & hemistry —7 _q_é

© Nomenclature

\/k/\)ci
5 3 1 OH

4 2

5-methylheptanoic acid

Common names:

O O
HJkOH H3C)kOH
formic acetic acid

acid

O

WOH

trans-4-hexenoic acid

O O

\AOH MOH

propionic butyric acid
acid



© Properties
polar, soluble in water when small

Intermolecular hydrogen bonding:

O|||||H—O

R—( )—R

O—H|||||O



© Acidity of carboxylic acids

(||) (||) H*
R—C—-OH R-C-O

i resonance stabilized

Cl)_

R0
l

O6  The negative charge is
R‘<\ delocalized over the two
O&  oxygens



I
CICH,—C—OH

0
Cl,CH—C—OH

Q
Cl,C—C—OH

0
C—OH
0

[
C&N—{C:j}—C—OH

pKa

4.75

2.85

1.48

0.70

4.19

3.41

0
[
CICH,CH,—C—OH 398

iInductive effect is distance dependent

!

Cl o Inductively
<+ Cl—Cc-C-0" * stabilized by

Cl the EWGs

{

i P
Ol — Ok

benzene ring not participated in resonance
behaves as an EWG (sp?)



Inductive effect is transmitted
through resonance

@ O

)J\ + NaOH —— J\ + H,O
R OH R ONa

O @

.+ NaHCO; —— I + H0
R OH R ONa

water soluble



© Dicarboxylic acids

IUPAC: alkanedioic acid

O

HO)S]/OH ethanedioic acid

O
O O

HOMOH

O

OH

O
O O

HOWOH

O

OH

O

common name

oxalic acid

malonic acid

succinic acid

glutaric acid

adipic acid

PKa1
1.2

2.9

4.2

4.3

4.4

PKa2
4.2

5.7

5.6

5.4

5.6



CO,H HO,C

(

maleic acid fumaric acid

CO,H
@[ HOZC—@COZH
CO,H

phthalic acid terephthalic acid

1

CO,H CO,H



3 1% FOHLTF &

NTU & _hemistry
¢ Esters | |

0
CHa—C—OCH,CHs ethyl ethanoate (ethyl acetate)

T
CH3CH,—~C~0~C—CHj t-butyl propanoate
CH,

AO/\ ethenyl ethanoate (vinyl acetate)

EtOMOEt diethyl malonate

v" Polar, but with no intermolecular hydrogen bonding

v With pleasant ordor 0 &)\ isopentyl acetate
)J\o (banana flavor)



FE I HLFR

. . & _hemistry M
% Carboxylic anhydrides gl | =é

O
O O
)ko)k ‘ O
acetic anhydride O
(ethanoic anhydride) maleic anhydride



% Acid chlorides

FE I HLFR

NTU & hemistry

ic =2 vl

O

CHg)J\CI

acetyl chloride
(ethanoyl chloride)

O

M

R Cl

7
-2

benzoyl chloride

acyl chloride
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NTU & hemistry

< Amides
% L O
NH,, AN CNR:
acetamide H benzamide
(ethanamide)

N-phenyl-N-propylacetamide

v" Amides can form intermolecular hydrogen bonding



3 1% FOHLTF &

3% Nitriles U @ hemistay j—é
—(C = = CN
CH;—C=N CH3;CH,CH,—C=N 7
ethanenitrile butanenitrile acrylonitrile

(acetonitrile)

benzenecarbonitrile cyclohexanecarbonitrile
(benzonitrile)

-g—CEN cyano group



% Spectroscopic properties

3 1% FOHLTF &

NTU & hemistry

v IR
O O
RXCI RJKOR
1780-1850 i
o
R&OR
+
1730

O

J

R™ “NH,

strong amide

1 — fesonance

IS

R NH
N2

1650-1680

Increases single
bond character
of C=0

i
— 11
— M



@) O O~

D DN e
1710 1550-1630
(hydrogen bonded)
i i Lacct)one. ]
0
R S0 "R . | /
1820, 1760 —0
1735 1770 1840
Lactam: ') o 5 o
SN G L= G
—NH —NH
_|_
1670 1700 1745 too strain

R—C=N 2250



0 0
)fkoa ACI
170.7 170.3

v IH NMR

0
H)LK}CH3\

| __twos

O O O

ANHZ Aok R—(AZEN

172.6 166.9 117.4

C-N has double bond character
- hindered rotation
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3% Preparation of carboxylic acids U A :—é
v" Oxidation of alkenes
1) KMnO,, OH", A
RCH=CHR' —Ln% » RCO,H + R'CO,H

2) H,O"
v Oxidation of aldehydes or primary alcohols
1) Ag,O or Ag(NH,),” "OH

RCHO -~ RCO,H
2) H,0"

or Jones, KMnO, ...

1) KMnO,, OH ", A
RCH,OH ) : > RCO,H
2) H,O"

or Jones



v' Side-chain oxidation of aromatic compounds
1) KMnO,, OH", A
CH3 > COZH
2) H,0"

v' Hydrolysis of nitriles

OH™ (high conc.), H,O H*
R—C=N ( gA A RCO,~ ——= RCO,H




v From Grignard reagent

CO, O
RX + Mg — RMgX > )k
[0=C=0] R™ "OMgX
|+
O
RLOH
Applications:
CHs Mg CHj 1) CO, CHs
H3C—C~—Cl >~  H;C—C—MgCl 7> H3C—C-CO,H
CHa ether (|:H3 2) H30 CH,

(e o
ether @ 2) H;O" QCOZH
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NTU &k
°% Nucleophilic substitution at acyl carbon e

1 lh:" - “

¥

0 e HNu OH
+ Nu —
RLR' 'E%NU %%\Nu
addition product
With a better LVG )
i ™ 0
P N % — .+ e
R Nu
R™ “LVG e Ny
a tetrahedral T

intermediate overall substitution

*This Is an example of addition followed by elimination

Rus g@ . O) Not a direct
LVG;Q 0 AN displacement

“Nu



v Acyl chloride

o) Oj+
+ HO =—= H .
e S
v Acid anhydride
O O,
o [0 1
+ ROH =— D)
Sk ¥ B R
- H ¥R
~H Ho + H
O @) + O O~
H
a2 T7)
RJ\O)O“R R)\'(?i\R
\R, \Rl

_|_
R™ o7+ Cl
H
ino
T H.O"
+
RJ\OH ’
o
| O : O
o T e
________ R.
!
_H* O O
RJ\OH * R'O)kR



v Relative reactivity

o) O O O O
R)ku ” RJ\OXR " RXOR' ” R)kNHZ
. - Q — N -
LVG: Cl _OXR OR NH;
basicity

Reacivity parallels leaving group ability

It is possible to convert the one with higher reactivity to
a lower one but not the reverse

Note: O O
Nu  —x—> -
RLH + u RXNU + H
o o very bad LVG
e N e + R

R’ R R' Nu
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: NTU & hemistry j
%< Acyl chloride =
© Preparation
O O
. o+ soc, —— + SO, + HCI
R™ "OH R™ ~Cl

thionyl chloride

PCl;  phosphorous trichloride
PCl;  phosphorous pentachloride
Mechanism:

4 @) @)
O 9) O )+ I

0
o S, R T RjJ\O/S\CI

S
R OU Cl R cll_)léhcl ’
CI”

O O
7 - f\;§
SO, + HCl + N
2 R)k cl R o (|'_)|+ Cl






© Reactions of acyl chlorides

Reacts with water easily

O @)
+ H-O — + HCI
R)kCI i RXOH
i i HCI
+ ROH —— +
RJ\CI RXOR'
ester
@) @) O O
+ =<
RJ\CI R')J\OH RXO)&R'
anhydride
i i NH,CI
+ 2NH; — +
RXCI ’ RXNHZ )

amide

base such as
Et;N or

' pyridine can
be added to

+ HCI '’

remove HCI



3 1% FOHLTF &

o . NTU &€ hemistry =
3% Carboxylic acid anhydrides e .
© Synthesis
0 0 S O O [
+ + — + ~
RJ\OH R')J\CI e RXOXR- m+ or
0 0 B \®
+ B NG + NaCl
RJ\ONa R')J\CI R)ko)kR'

For cyclic anhydrides (five- or six-membered ring)

O

O
OH 300°C
¢OH o * RO

O O



© Reactions

R'OH

R'R"NH

eXCess

H,0

OH"

H>0



FEFXFWNEF R

¢ Esters NTU & hemistry

© Preparation
v From acid chloride

0
Q_{ + EtOH
Cl

v From carboxylic acid anhydrides

AL D=
@igo . 110°C i oJv

()
N/

o) A
< >_/< o
OEt N+

H Cl




v' Fischer esterification
o) H* O

)y + ROH =—= Py + Hy0

R~ OH R OR

To drive the equilibrium to the right

-> remove water
ex.. azeotropically remove water with benzene
or use drying reagent such as CuSO,

7]
o) H* O

IS + EtOH Py + HO

R~ OH R OEt

T

Used as solvent
-> equilibrium shifts to the right
Not practical for expensive alcohol




Mechanism: two possibilities

_|_
<]1> ROH + H" == ROH,
O + i i .+ HyO'
+ ROH, = + Rt HO =— IR 3
RJKOH ? R™ ™0 R™ "0
L .
o) H. Y
<> | +w = 9
R OH RJKOH
Ho + OH OH
T L s A
R~ NOH R/o\OH R”"OH,
H ¥ R “R'
OH H\O+ 0. .
- _— + HO —= i .+ H30
— 1 2 —_— ! /R 3
R 5 OH2 R)kO/R R)%O



Q: How can we differentiate the two?
Solution: perform a labeling experiment

O

|C|) HY 1IN
@C—OH +  HyC—P0-H QC@—*@—CHS + HO

The second mechanism
IS correct

Note: the reverse reaction of Fischer esterification is
acid catalyzed hydrolysis of ester



v Transesterification

O H @)
+ R"OH Y + R'OH
R™ OR' R OR

To drive the equilibrium:
* Use excess R"OH
e In case of a volatile R'OH, use distillation to remove it

Mechanism:
O H\O+
L t 10—
R OR' RJ\OR.
H. + HO




© Reactions

v’ Saponification (& it ¥ )
base promoted ester hydrolysis
(more popular method for ester hydrolysis)

i + H,0 " i + R'OH
R OR’ R ONa
v
ji§
o R OH
O NaOH O

H3C)kOEt H3C)kONa



Mechanism?
two possibilities

<1>
2 /\ O OH
s CH,CHy + OH  ——= o
H3C)k0 aticaak ch)ko CH2CHs
<2>
i i1 b
+ OH - /CH2CH3 —_—
HgCJkO/CHZCHs H,C OI\_IQ H,C~ “OH
+
O ~ CH3CH,O™
CH3CH,OH + L

H,C™ YO



Experiment:

@ O
)J\ + H,0 1) NaOH _ )J\

CH3CH;™  "*OCH,CHj3 2) H;0" CH;CH,~ “OH

Answer: acyl substitution

*Other evidence:

S LI A
VAR 'IllRll _— + "||R"
R OMH A Kis HO™ 3,
\\P\\ retention
@) R'
RJ\OH ' "R';j\OH

invertion

+

H*OCH,CH3



© Lactones ( fig)
O

3 al
HOCH,CH,CH,COH = g (:o + H0
Y B«
vy-hydroxy acid v-lactone
(cyclizes very easily) o
i H'
HOCH,CH,CH,CH,COH = - o + HxXO
5
o-lactone
Q - OH
o NaOH _ )%ONa 1 equiv. H _ )\/\WOH
H,O0 Ph Ph
@) @)

Ph
control of the amt.of H* is critical

otherwise cyclizes back
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. : NTU & hemistry
< Amides =é
© Preparation
v From acyl chlorides
O ®
+ 2NH; — + NH,CI
ka R)kNHZ
Mechanism: o) 0O
P ) N
REXCE R™ "NHg
l NH,
O
J + "NH,

R™ “NH,



R™ Cl R™ N
R" H CI
O O H,O O
.+ RN =3 s + R'3NHCI
R™ ~Cl R84 R™ “OH
T

T

3% amine does not react
—> can be used as a base to remove acid



v' From anhydrides

o O R P HANRR
R)ko)kR + 2 R'R"NH RLNR'R" + R)ko_ 2
P
0
RJ\OH

Cyclic anhydride = imide

0 O 0
H,O H;O"
O + 2NHs NH; > NH;
A O "NH4 OH
0 o y

o ASO-lGO °C

phthalimide @NH + HO

O



v From esters

O
)J\ + 2R'R'NH —>

R “OR™ R

7|

OEt
O

H,0
0-5°C
v From carboxylic acids

O O

Loyt e — L

R OH R O

M r + R"OH

N
Rll

NH,
CI” %+ EtoH
O

+ H,0



¥ DCC method

*This Is a neutral way to prepare amides N,N"-dicyclohexylurea

Mechanism:

H+
h o)
Orwsn D — Oep O~ 2
&» (o H R™ “NHR
o/ H

s O

NH,R'
R H H
NTN
(T O



© Reactions
v Hydrolysis

/\ Acidic condition:

O

Py + H,0

R™ “NH,

O
T S
R OH
C|)H /|-| Ol-l /
_I_ I
—'—O\ R . O



/\ Basic condition:

0 NaOH, H,0

)k >

R™ “NH, A R
R

Mechanism:

© ,/?O_ D o
i M. 3-
RJ\NHZ

NHg + OH™ <~——

@]
)kONa

PH

O
M

OH

+ NHj



© Hydrolysis of nitriles

H*, H,0 O .
R—C=N - )k + *NH,
R™ "OH
NaOH, H,0 O
R—C=N -l + NHs
A R~ "ONa
Mechanism:
+ H
+ HZO H\ /H \O
vV RRC=EN + H =— RC=N-H —— ¢ — qt H*
W) /g
R™ ~NH R™ ~NH
tautomerization ﬂ
O O
P v NH, - L
R OH H+’ HZO R NH2
- o . 2
- OH
HO H,0 OH
R/gN RKNH R)kNHZ

- + NHj



© Lactams: cyclic amides

%O i O
—NH ﬂ'\'“ Cmi

B-lactam y-lactam o-lactam

The B-lactam antibiotics

@)
M gy
PhCH;” '\ - s Penicillin G — peham
DD
o IR 1770-1780 cm-1

CO,H
cf. o)

% 1745 cmL

—NH




RNH— <~
JN_A__o Cephalosporins ~ <— cepham

CO,H O
Biologically:

)LNHH )LNHH

f O HN_
c:o2 F

j NH

Enzyme’ CO,H
Enzyme-NH, Inactive enzyme
T

Essential for bacterial
cell wall synthesis



3 1% FOHLTF &

. : : : . NTU & hemisTry
s Carbonic acid derivatives
O . .
)k carbonic acid (H,CO,)
HO OH
© Dialkyl carbonate
@ O
+ Z2E@H(| "% + 2 HCI
CI)J\CI EtO)kOEt
carbonyl dichloride diethyl carbonate
(phosgene)
© Urea
@) @
+ 4 NH3 — > + 2 NH4C|
Cl)kCI HZNJ\NHZ

urea

:
s—1 11
— ",



© Alkyl chloroformate

O O
v ROH + — + HCI
Cl)k Cl RO)&CI
alkyl chloroformate
H o o
PhCH,OH + 52 + HC
CI*CI PhCHZO)kCI
benzyl chloroformate
© Carbamate
O OH" O
J o+ RNH, M
RO™ (I RO NHR'
carbamate

or urethane



% Carbamate used as a protecting group for amines

X 2
RNH, + = RNHCBz
2 PhCH,O~ ClI RNHJ\OCHZPh
. a CBz protected amine
Deprotection:
O H,/Pd O
PIS - T — > RNH, + CO,
RNH™ “~OCH,Ph RNH™ “OH
HBr + toluene
AcOH

+
RNH; + CO, + PhCH,Br

Mechanism:

H\ +
(ji mr_
RNH ’O\/CHZPh



v From isocyanate

ROH + Ph-N=C=0 ——
phenyl isocyanate

o

CH3'N:C:O + Hzo —

CH3NH

O

A

O

PN

PhNH OR

OH

— > CH3NH2 + C02

O

OH
CH3NHkO
CH3-N=C=0 + Oo —



3 1% FOHLTF &

. : : : NTU & hemistry ., 3
°< Decarboxylation of carboxylic acids -
O
M — H0 + co,
HO™ “OH
O
O
. |
RO)KOH ROH + CO,
O
M, —= NH;+CO,
H,N~ “OH
But
O decarboxylation
)J\ > RH + COZ
R™ “OH

usually difficult



© Decarboxylation of B-keto acids

o 0 100-150 °C O
P - I+ co
R OH R™ “CHs
a B-keto acid
Mechanism:
H.
R0 IEN
\agood LVG
v T 100-150 °C o =
R R R

v’ Catalyzed by acid: H_=+



3 1% FOHLTF &

NTU & hemistry 8
> Step growth polymer o __.é
© Polyamides
@) @) O
o | oy ' Also called
H2N ! H}2N : HZN .
WR)JNOH L)LOH- EAOH condensation polymer

|
SEBA i lypeptid
: ~~._-N A olypeptiae
Wﬁgﬁw polypep

O

o)
n M + n|—|2N{c:H2}6NH2 ISHEiOrT
HO OH

4 hexamethylenediamine

HMCH }J&H
/

O O
+ (2n-1) H,0
NHgN

H H



g-caprolactam

Y

H,O
_ )LMNH?)
@)

250 °C

NH



© Polyester
O O

n HO'CH2CH2-OH + n HO_&@&_OH

terephthalic acid
l H*, A
O O |

| | | |
-—OCHZCHZ—O—C@C——
n

Poly (ethylene terephthalate)
(Dacron or PET)




© Polyurethanes

HOCH,-polymer-CH,OH + |
CH,

toluene 2,4-diisocyanate

H O O

\\©iNCOCHZ-ponmer-CHZO-C-NH-
CH;

Formation of foams:

R-N=C=0 + H,0 —> R-NH, + CO,}
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