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Carboxylic Acid Derivatives
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Carboxylic Acid Derivatives
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Anhydrides and Amides

Types of anhydrides:
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Two R's are the same. Two R’s are different.
symmetrical anhydride mixed anhydride cyclic anhydride
Types of amides:
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1° amide 2° amide 3° amide
1 C—N bond 2 C—N bonds 3 C—N bonds
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Lactones, Lactams and Nitriles

Cyclic esters and amides:

Copyright © The McGraw-Hil Companies, Inc. Pemission requined for reproduction or display.

Lactones—Cyclic esters Lactams—Cyclic amides
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e e | o 10
i N—CH
B ~——ycarbon B < § carbon o s carbon A car?)on
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y-lactone -lactone p-lactam y-lactam

Nitriles:
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General structure—Nitriles o
I
R—C=N R—C=N R’C‘Z
Cyans giotip Both compounds have one carbon atom
with three bonds to electronegative atoms.

Structural Features of the Carbonyl Group

The two most important features of the carbonyl group
are:
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sp? hybridized
P .8 &
20 P-@ = o=

trigonal planar  electrophilic carbon
* The carbonyl carbon is sz hybridized and trigonal planar, making it relatively uncrowded.

* The electronegative oxygen atom polarizes the carbonyl group, making the carbonyl
carbon electrophilic.

STUDENTS-HUB.com Uploaded By: Mariam Qadah3


https://students-hub.com

Resonance of Carboxylic Acid Derivatives
* Three resonance structures stabilize carboxylic acid
derivatives (RCOZ) by delocalizing electron density.

* The more resonance structures 2 and 3 contribute to the
resonance hybrid, the more stable RCOZ is:

Cogyrght © Tha MoGraw il Comparios, Inc. Porm
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1 2 3 hybrid

The basicity of Z determines how much
this structure contributes to the hybrid.

* The more basic Z is, the more it donates its electron pair, and the more resonance
structure 3 contributes to the hybrid.
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Trends in
basicity Cr RCOO™ “OH “OR' “NR';
weakest base T— similar—T strongest base
Increasing basicity 7

Stability of Carboxylic Acid Derivatives

» Because the basicity of Z determines the relative stability of
the carboxylic acid derivatives, the following stability order

results:
Copyright & The McGraw-Hill Companies, Inc. Permission required for reproduction or display
least stabilized 9 9 ? ? |c|) (|:|} most stabilized
by resonance R’C“CI R’C\O/C“R R/C\OH = H’C“OR‘ H’C\NR‘Q by resonance
acid chlorides anhydrides carboxylic acids  esters amides

similar

Increasing stability

* In summary, as the basicity of Z increases, the stability of
RCOZ increases because of added resonance stabilization.
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Table 22.1 pK, Values of the Conjugate Acids (HZ) for Common Z Groups of Acyl
Compounds (RCOZ)

Structure Leaving group (Z) Conjugate acid (HZ) pK,
RCOCI cr HCI -7
acid chloride
N N
s (RCO),0 RCOO™ RCOOH 3-5 _:E
hydrid 9
%‘ anhydride =
‘@ _ 38
= RCOQH . OH H.,0 15.7 S
E’ carboxylic acid @
] E
g RCOOR' “OR' R'OH 15.5-18 o
£ ester E
RCONR', “NR', R'sNH 38-40
amide

Resonance of Carboxylic Acid Derivatives

* The structure and bonding of nitriles is very different from
that of other carboxylic acid derivatives, and resembles the
C—C triple bond of alkynes.
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o 180°

CHy~C=N: = @ @0
T Jo 5+ 5
sp hybridized

Nucleophiles attack here.

* The carbon atom on the C=N group is sp hybridized, making
it linear with a bond angle of 180°.

* The triple bond consists of one ¢ and two n bonds.
10
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Nomenclature—Acid Chlorides

* For acyclic acid chlorides: change the suffix —ic acid of the
parent carboxylic acid to the suffix —y/ chloride; or

* When the —COCI group is bonded to a ring: change the suffix
—carboxylic acid to —carbonyl chloride.

Copyright © The McGraw-Hill Companies, Inc. Permissi
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Naming
acid chlorides
o (|? cz ?
Il
C c C
CHy Cl ol CH3CH2c|:H’ el
— CHy
derived from Y——" Y
acetic acid derived from derived from

acetyl chloride

cyclohexanecarboxylic acid

cyclohexanecarbonyl chloride

2-methylbutanoic acid

2-methylbutanoyl chloride

Nomenclature—Anhydrides

+ Symmetrical anhydrides are named by changing the acid ending
of the carboxylic acid to the word anhydride.

* Mixed anhydrides, which are derived from two different
carboxylic acids, are named by alphabetizing the names for both
acids and replacing the word acid with the word anhydride.
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Symmetrical anhydride Mixed anhydride
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C C C C
CH; O "CH, CH; O~
derived from acetic acid

derived from acetic acid

acetic anhydride : 4
and benzoic acid

acetic benzoic anhydride
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Composition of Anhydrides

* Anhydride means without water.

* Removing one molecule of water from two molecules of
carboxylic acid forms an anhydride.

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

9 @
C + c
R "OH HO™ "R

anhydride

13
Nomenclature—Esters
Copyright & The MeGraw-Hil Companies, Inc. Permission required for reproduction or display
How To Name an Ester (RCO,R") Using the IUPAC System
Example Give a systematic name for each ester:
¢ E‘? CH,
¢ e
8 ony O ocH,CH, b J/ 0O—GC—CHj,
SN CHs
Step[1] Name the R' group bonded to the oxygen atom as an alkyl group.
* The name of the alkyl group, ending in the suffix -yi, becomes the first part of the ester name.
(o] (o}
Il 1] CHy ,—
L, ¥ ethyl group C. tert-butyl group
CHy” “OCH,CHy 0-C—CHj
CH,
Step [2] Name the acyl group (RCO-) by changing the -ic acid ending of the parent carboxylic acid to the suffix -ate.
+ The name of the acyl group becomes the second part of the name.
(o]
g i,
.C I
CHy” “OCH,CH, To-C—CH,
— CHy
derived from St
aceticacid ---- acetate derived from
cyclohexanecarboxylic acid - - - cyclohexanecarboxylate
Answer: ethyl acetate Answer: tert-butyl cyclohexanecarboxylate
14
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Nomenclature—Amides

« All 1° amides are named by replacing the -ic acid, -oic acid,
or -ylic acid ending with the suffix amide.

Copynght © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

. o]
Naming I
1° amides (I'? C. CZ\CHS ?
/C\ NH2 ~
CH; NH, NH,
;Y_J
derived from — _
acetic acid derived from derived from
benzoic acid 2-methylcyclopentanecarboxyilic acid
acetamide benzamide 2-methylcyclopentanecarboxamide

15
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How To Name a 2° or 3° Amide
Example Give a systematic name for each amide:
[e]
g ¢ CH.
a. H” " “NHCH,CH, b. SN
CHgy
Step[1] Name the alkyl group (or groups) bonded to the N atom of the amide. Use the prefix “N-" preceding the name of
each alkyl group.
* The names of the alkyl groups form the first part of each amide name.
+ For 3° amides, use the prefix di- if the two alkyl groups on N are the same. If the two alkyl groups are different,
alphabetize their names. One “N-" is needed for each alkyl group, even if both R groups are identical.
o
a. é‘; " ethyl group * The compound is a 2° amide with one ethyl group — N-ethyl.
H”™ " "NHCH,CH;
2
C. _CH* ™
b. \T/ 4 twomethyl  * The compound is a 3° amide with two methyl groups.
CH, ‘_/' groups * Use the prefix di- and two “N-" to begin the name — N,N-dimethyl.
Step[2] Name the acyl group (RCO-) with the suffix -amide.
it
a. C. * Change the -ic acid or -oic acid suffix of the parent carboxylic acid to the suffix
H™ " "NHCH,CH,4 “arich
— ide.
derived from * Put the two parts of the name together.
formic acid —— ——— » formamide  « Answer: N-ethylformamide
2
Oy ~CHs ; :
b. | N = Change benzoic acid to benzamide.
= CHy « Put the two parts of the name together.
pe o * Answer: N,N-dimethylbenzamide
derived from 16
benzoic acid - - -+ benzamide
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Nomenclature—Nitriles

* In contrast to the carboxylic acid derivatives, nitriles are
named as alkane derivatives.

* Find the longest chain that contains the CN and add the word
nitrile to the name of parent alkane.

* Number the chain to put CN at C1, but omit this number from
the name.

« Common names of nitriles are derived from the names of the
carboxylic acid having the same number of carbon atoms by
replacing the -ic acid ending of the carboxylic acid with the
suffix —onitrile.

* When the CN is named as a substituent it is called a cyano
group.

Nomenclature—Nitriles

* CH;CH,CH,CN is butanenitrile, not propanenitrile.

Figure 22.1
Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display
c2 C1 a1
H 1 CH;—C=N | _cooH
g chic Mo

CHGCHQ—(lJ—CN derived from

CHj acetic acid T CN
butane + nitrile Rosoniiche c2
(4 C’s)

2-cyanocyclohexanecarboxylic acid
2-methylbutanenitrile
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Table 22.2 Summary: Nomenclature of Carboxylic Acid Derivatives and Nitriles

Compound Name ending Example Name
2
acid chloride -yl chloride or > o benzoyl chloride
CegHs CI

-carbonyl chloride

o] o}
Il 1]
anhydride anhydride C.__.C benzoic anhydride
Y CeHZ 707 TGy v
i
ester -ate sl ethyl benzoate
CgHs OCH,CH3
(IZI)
amide -amide 5 o N-methylbenzamide
CeHs  NHCH;
nitrile -nitrile or -onitrile CgHs—C=N benzonitrile

Intermolecular Attractions

* Nitriles also have dipole-dipole interactions, because they
have a polar C=N group.

* Because they contain one or two N-H bonds, 1° and 2°
amides are capable of intermolecular hydrogen bonding and
will have substantially higher melting and boiling points.

Figure 22.2  copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Intermolecular hydrogen 9
bonding between two a
amide molecules CH, -9 N /H

/C=Q - . - J—— —@ — H—N\c o
H—N: I —CH,

-~ — 4

H @ o @ 0

- . "

hydrogen bond

20
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Table 22.3 Physical Properties of Carboxylic Acid Derivatives

Observation

Boiling point and melting peint * Primary (1°) and 2° amides have higher boiling points and melting points than
compounds of comparable molecular weight
= The boiling points and melting points of other carboxylic acid derivatives are similar
to those of other polar compounds of comparable size and shape.

9 q g b
G, G _C., .
CHY el CH3  ~OCH,4 CH5 “CH,CHy CHLCH3" “NH,
MW =78.5 MW =74 MW =72 MW =73
bp 52 °C ~ bp 58 °C ~ bp 80 °C < bp 213°C
|
similar boiling points higher boiling point
1° amide
Solubility + Carboxylic acid derivatives are soluble in organic solvents regardless of size.

* Most carboxylic acid derivatives having < 5 C’s are H,0 soluble because they can
hydrogen bond with H.O (Section 3.4C).

+ Carboxylic acid derivatives having > 5 C's are H,O insoluble because the nonpolar
alkyl portion is too large to dissolve in the polar H,O solvent.

Key: MW = molecular weight

21

Spectroscopic Properties—IR

» Like all carbonyl compounds, carboxylic acid derivatives
have a strong C=0 absorption between 1600 and 1850 cm™".

« Primary (1°) and 2° amides have two additional absorptions
due to N-H bonds:

1. One or two N-H stretching peaks at 3200—-3400 cm™".
2. An N-H bending absorption at ~1640 cm™1.

 As the carbonyl 1 bond becomes more delocalized, the
C=0 absorption shifts to lower frequency.

* Conjugation shifts a carbonyl absorption to Ilower
frequencies.

* For cyclic carboxylic acid derivatives, decreasing ring size
shifts a carbonyl absorption to higher frequencies.

22
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Table 22.4 IR Absorptions for the Carbonyl Group of Carboxylic Acid Derivatives

Compound type Structure (RCOZ) Carbonyl absorption (V)

o]
acid chloride g ~1800
C.,
A7 el
N =
5 0 2
2 anhydride . 1820 and 1760 (2 peaks) 5
& 2SO g
n L2
8 b
o
v 2 >
a ester ol 1735-1745 >
8 R OR =
= 3
(o] o
I =
amide RO R, 1630-1680
R'=H or alkyl
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Spectroscopic Properties—NMR

* Protons on the a carbon to the carbonyl absorb at 2-2.5
ppm.

« The N-H protons of 1° and 2° amides absorb at 7.5-8.5
ppm.

« In their 3C NMR spectra, carboxylic acid derivatives give a
highly deshielded peak at 160-180 ppm due to the carbonyl
carbon.

* This is somewhat upfield from the carbonyl absorption of
aldehydes and ketones, which occurs at 190—215 ppm.

« Nitriles give a peak at 115-120 ppm in their '*C NMR
spectrum due to the sp hybridized carbon.
* This is further downfield than the signal due to the sp
hybridized carbon of an alkyne which occurs at 65-100
ppm.

24
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Interesting Esters and Amides

* Many low molecular weight esters have pleasant and very
characteristic odors.

Copyright © The McGraw-Hill Companies, Inc. Permission required fof reproduction of display

CH3COOCH,CH,CH(CH3), CH3CH,CH,COOCH,CHj4 CH3CH,CH(CH3)CO,CH5
Qo Y ]
@ q Y
o 9 9 @ Ny . o * o
™y @ - @ ] L J L ] % P
& & & o =3 = & @
isoamyl acetate ethyl butanoate methyl 2-methylbutanoate
odor of banana odor of mango odor of pineapple
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Biologically Active Esters

+ Vitamin C (ascorbic acid) is a water-soluble vitamin that
contains a five-membered lactone ring.

+ Vitamin C is synthesized in plants.

* Humans do not have the necessary enzymes to make it,
so we must obtain it from our diet.

« Cocaine is an addictive stimulant obtained from the leaves
of the coca plant.

Copyright @ The McGraw-Hill Companies. Inc. Permission required for repraduction or display

Ha
e (0]
4 OH N

’):\:Sifo OCHS
H: _
HO
HO  OH Q
vitamin C cocaine
(@]
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Proteins—Polyamides

Proteins are an important group of naturally occurring amides,
consisting of polymers of amino acids joined together by
amide linkages.

Copynght © The MeGGranw-Hill Compases, Inc. Permission required for reproduction or display.

Portion of a o R '? ? R '?
protein molecule % N N The R groups come from amino acids
PIJ I?I § joined together to form the protein.
R H o] R H o]
[Amide bonds are shown in red.]
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SCH, g @ ?
HO’ " P "
met-enkephalin Pl 3-D structure 9
[The four amide bonds are shown in red.] « = 4
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Useful Drugs Containing Lactams

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

General structure—Penicillin

VIO OV O T

b
et ﬁlamam H ‘cooH H “COOH
penicillin G amoxicillin
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General structure—Cephalosporin
NH,

NS Nag 18
0 j;h‘l// : g i
g T R (e}
COOH cephalexin ~ COOH
p-lactam Trade name: Keflex

28
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Nucleophilic Acyl Substitution

* Nucleophilic acyl substitutions is the characteristic reaction
of carboxylic acid derivatives.

* This reaction occurs with both negatively charged
nucleophiles and neutral nucleophiles.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Nucleophilic substitution Nu replaces Z.

Il ‘Nu™ 9

_—
PN

C + Zi
R™ Z or R™ "Nu or leaving group
HNu: H—Z>

nucleophile

+ Carboxylic acid derivatives (RCOZ) react with nucleophiles because they contain an
electrophilic, unhindered carbonyl carbon.

* Substitution occurs, not addition, because carboxylic acid derivatives (RCOZ) have a
leaving group Z on the carbonyl carbon.

29

Mechanism of Nucleophilic Acyl Substitution

Copyright © The McGraw-Hill C: . Inc. P required for © o display

{ -{-\) Mechanism 22.1 General Mechanism—Nucleophilic Acyl Substitution
oy

08 o:
]| = & B
('é\ + Z: '+ InStep [1], the nucleophile attacks the carbonyl group,

L, —— R-Ctz —
{ -~
Ry 2 [1] r“lu“‘ [2] R Nu cleaving the m bond, and forming a tetrahedral intermediate with a

[
Nu ’ tetrahedral { substitution new C—Nu bond.
Imermediate product * In Step [2], elimination of the leaving group forms the
nucleophilic attack loss of a leaving group substitution product.

[Z=Cl, OCOR, OH, OR', NR';]

» Other nucleophiles that participate in this reaction include:

Copyright © The MeGraw-Hill Companies, Inc. Permission required for reproduction or display

Oxygen nucleophiles Nitrogen nucleophiles
. " y ~ Ny " N
:0H H,0: ROH R-C NH, RNH, RoNH
100

30
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Drawing Products of Nucleophilic Acyl Substitution

[1] Find the sp? hybridized carbon with the leaving group.
[2] Identify the nucleophile.

[3] Substitute the nucleophile for the leaving group. With a neutral
nucleophile, the proton must be lost to obtain a neutral
substitution product.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

nucleophile product by-product
' ' '
@ NHq 2
Lo —_— g oy + HCI
CH; ¢l CH; 'NH,
1° amide
o} (0]
! !
~ ~
HOH, H* H
@f OH  CHgOH, ©/ Ot o
ester 31

Reactivity Related to Leaving Group Ability

Copyright & The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Increasing leaving group ability
Leaving group

h “NH ~“OH “OR' RCOO~ cr
bil 2
Y t—similar —*
(o] o} 0] o O o]
Order of g (‘3 _ él; (‘l‘ él; 1l
reactivity R \NHZ R OH R oR a0 R R el
least reactive most reactive

Increasing reactivity

* Based on this order of reactivity, more reactive compounds
can be converted into less reactive ones.

* The reverse is not usually true.

32
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Comparing Leaving Group and Nucleophile

* Nucleophilic addition to a carbonyl forms a tetrahedral
intermediate with two possible leaving groups, Z or Nu.

* Whichever group is a better leaving group will be eliminated.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

e For a reaction to occur, Z must be
Z(I? CI) a better leaving group than Nu.

[\lju ;two possible leaving groups

nucleophilic attack

33

General Reactions of Acid Chlorides

* Since acid chlorides have the best leaving group of acid
derivatives, they react readily with a wide range of
nucleophiles to form nucleophilic substitution products.

* HCl is usually formed as a by-product.

* A weak base like pyridine is added to the reaction mixture to
remove the strong acid (HCI), forming an ammonium salt.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

2 (0] 0]
General reaction Ml I
Cr + H-Nu —— _Cg + H—CI
Cl R Nu by-product
S
I;NureplacesCI. 4T |—> @
+ 2
= N
- | or
N H
pyridine

34
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Reactions of Acid Chlorides and Oxygen
Nucleophiles

* Acid chlorides react with oxygen nucleophiles to form
anhydrides, carboxylic acids, and esters.

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

nucleophile product
Q i o @
1 S + _C.,6A ——— + CI anhydrides
0 g 0" R a0 R
carboxylate anion
(0]
i +  HO c ] -
[2] _.C B —_— P + carboxylic acids
R™ “cl pyridine R™ TOH 7
H CIr
Q o]
I i I =
B _C. ~+ ROH = Cp + esters
R Cl pyridine R™ TOR' Kj/
H CI
35

Reactions of Acid Chlorides and Amines

» Acid chlorides also react with ammonia, and 1° and 2° amines
to form 1°, 2° and 3° amides, respectively.

+ Two equivalents of NH; or amine are used.
* One equivalent acts as the nucleophile to replace CI, while

the other reacts as a base with the HCI by-product to form an
ammonium salt.

Copyright © The Companies, Inc. required for display.

nucleophile product
v I
2 T
I
M _.c< + NHy —— _.C¢ + Hal
] NH +
R™Cl (2 equiv) R 2 LNHs _ (nH, cr
1° amide
i —_— {l(?: + HCI
2] _.C + RNH, aCFamR :
R c (2 equiv) RNH: R, oF
2° amide
0 Q
I
B __C. + R.NH —— _CEe=ml + HO
; R™ TNR :
R™ Cl (2 equiv) : 2 R'5NH H'Z&Hz or
3° amide 36

STUDENTS-HUB.com Uploaded By: Mariam Qadah8


https://students-hub.com

Amide Formation

* As an example, reaction of an acid chloride with diethylamine
forms the 3° amide N,N-diethyl-m-toluamide, popularly known
as DEET.

* DEET is the active ingredient in the most widely used insect
repellents, and is effective against mosquitoes, fleas, and

ticks.
O opynght © The MeGraw-Hill Companies, Inc. Permission required fof reproduction of display.
1 i
~cl C\N/CHECH3 5
+  H—N(CH,CHg), —> | +  (CHZCHy)pNH,
CH,CHg
diethylamine -
CH, (excess) CH, G

N,N-diethyl-m-toluamide
(DEET)

37

Mechanisms of Acid Chloride Substitutions

Copyright & The McGraw-Hill Companies, Inc. Permission required for reproduction or display

{ EJ Mechanism 22.2 Conversion of Acid Chlorides to Anhydrides

0 = In Step [1], nucleophilic addition of R'COO~
S & + &7 forms a tetrahedral intermediate.
2) R T oen Step [2], elimination of the leaving group
tetrahedral anhydride (CI) forms the substitution product, an
intermediate anhydride.
nucleophilic attack loss of a leaving group

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

{ E) Mechanism 22.3 Conversion of Acid Chlorides to Carboxylic Acids

0 :0: = In Step [1], nucleophilic attack by H,0 forms
f('_.‘ & a tetrahedral intermediate.
R7 ¢l 1] B R QH + Removal of a proton followed by elimination
H;O= carboxylic of the leaving group, CI” (Steps [2]-[3]), forms.
acid the substitution product, a carboxylic acid.
+ G

38
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General Reaction of Anhydrides

* Anhydrides are somewhat less reactive than acid chlorides,
but still readily react with most nucleophiles.

* Nucleophilic attack occurs at one carbonyl group, while the
second carbonyl becomes part of the leaving group.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

General reaction 9 (I? (|? ?
+ H—Nu: —— L + e

cGcH G
R™ 07 R R™ "Nu HO™ TR

by-product
|— Nu replaces RCOO. 1

39

Reactions of Anhydrides

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

nucleophile product
v
2 R R ?
A C\ + HO — /C + /C\
RT0TTR : R™ TOH HO™ R
carboxylic acid by-product
? 9 i i1
.C._C.  + ROH —" Lr + C
R (@] R R OR' HO R
ester by-product
T 9 i
/C\ /C\ o NH3 - /C\ + HCOO_ NH4+
R @) R (2 equiv) R NH,
1° amide by-product

Replacing NH; with a 1° or 2° amine forms a 2° or 3° amide, respectively.

40
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Mechanism of Anhydride Substitution
* Besides the usual steps for nucleophilic addition and
elimination of the leaving group, the mechanism involves an

additional proton transfer.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

( 3-\ Mechanism 22.4 Conversion of an Anhydride to an Amide
y
W0e L ol 0
Zil Il Hed 1l [l |
_C....Co, I ] — — G, + O
RFOTR 1 RCOTR [Bl R NHy QR
NH; H;N::J —, 1° amide
WH,

* In Step [1], nucleophilic attack by NH; forms a tetrahedral intermediate.
« Removal of a proton followed by elimination of the leaving group, RCOO™ (Steps [2]-[3]), forms the substitution product, a
1° amide.

41

Anhydrides Use in Acetylation Reactions

* Reactions that result in the transfer of an acetyl group are
known as acetylations.

Copyright © The MoGraw-+il Campanies, Inc. Parmission required for raproduction or display

OH
@ 0. _.CHq
COOH 'ﬁ acetylsalicylic acid
O (aspirin)
COOH
O

H
CH; 07 "CH, N, CHy i
(o acetaminophen
":') (active ingredient in Tylenol)

NH,
e
HO

Copyright © The McGraw-+il Companies, Inc. Pemission required for reproduction or display

0O=0
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General Reactions of Carboxylic Acids

* Nucleophiles that are also strong bases react with carboxylic
acids by removing a proton first, before any nucleophilic
substitution reaction can take place.

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Two possible reactions of carboxylic acids

Acid-base [y 1 - o = — T
i Colf) —_— Co... + H—Nu is reaction is faster wit
it RBH + N R0 many nucleophiles.
& o
-0t ol
Nucleophilic . i i
attack R ol :Niw — R—C-Nu
R 5* OH |
Q OH
43

Acyl Substitution Reactions of Carboxylic Acids

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Figure 22.3
9 S0Cl, 2 ‘
] F{/C\OH —_— B (Section 22.10A)
acid chloride
G o
OH A
S ection 22.
[2] o 0 (Section 22.10B)
o}
cyclic anhydride
9 R'OH IC\)
_C. —_— Co, (Section 22.10C)
Bl R"SOH H:80, R OR
ester
Q [1] NH, 2
4 __Co e R 0
R OH [2]A R NH,
amide (Section 22.10D)
o] ‘ o]
5] I R'NH, I
R™ TOH DCC R™ TNHR'
amide
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Formation of Acyl Halides

» Treatment of a carboxylic acid with thionyl chloride (SOCI,)
affords an acid chloride.

* This is possible because thionyl chloride converts the OH
group of the acid into a better leaving group, and because it
provides the nucleophile (CI) to displace the leaving group.

Copyright © The McGraw-Hill C iies, Inc. P ion required for or display.
0
General reaction Il SOCl, (l?
—_—
““~OH R/C\Cl + SO, + HCI
Example ﬁ? ﬁ
C C
“OH SOCl ~cl
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-( E) Mechanism 22.5 Conversion of Carboxylic Acids to Acid Chlorides
Steps [1] and [2] Conversion of the OH group into a good leaving group
0: cl 00 Gl 04 Gl = Reaction of the OH group with SOCI; forms
g 7T “B=p ] ‘CII = ‘S [2] & \ i + Ho anintermediate that loses a proton in Step
R™OH o> F 0 o RO o [2]. This two-step process converts the OH
,l, Fop - group into OSOCI, a good leaving group.
HeH good leaving group

+ Nucleophilic attack by CI” and loss of
the leaving group (SO, + CI') forms the
..+ 80, + CI acid chloride.

tetrahedral acid chloride
intermediate
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Dehydration of Carboxylic Acids

* Although carboxylic acids cannot readily be converted into
anhydrides, dicarboxylic acids can be converted to cyclic
anhydrides by heating to high temperatures.

* This is a dehydration reaction because a water molecule is
lost from the diacid.

Copyright © The McGraw-Hil Companies, Inc. Permission required for reproduction or display.
o 0 o o)
OH A OH 4
LN 0 + H0 4, 0O + H0
OH OH
o} o 0 (0]
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Fischer Esterification of Carboxylic Acids

* Treatment of a carboxylic acid with an alcohol in the presence
of an acid catalyst forms an ester.

* This reaction is called a Fischer esterification.

* The reaction is an equilibrium, so it is driven to the right by
using excess alcohol or by removing water as it is formed.

Copyright © The McGraw-Hill Companies, Inc. P required for r 1 or display.

o} 0
ol i ¢ +  CHaCH,0H 1004 ¢ H,0
CH; “OH e CH; OCH,CH, z
ethyl acetate

(@]
I H,S0,

(0]

Il
C + CH,OH —/7— C + H.O
O/ “~OH 3 ©/ \OCHE 2

methyl benzoate
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Copyright ® The MeGraw-Hill Companies, Inc. Permission required for reproduction or display
{ 2) Mechanism 22.6 Fischer Esterification—Acid-Catalyzed Conversion of Carboxylic Acids to Esters

Part [1] Addition of the nucleophile R'OH

N Y x « Protonation in Step [1] makes the carbony!
o THE e 2] H il group more electrophilic.
ch‘in g’,-c‘;jH I H_C:QH R_Q_QH * Nucleophilic addition of R'OH forms a
h L I RI-C.-ITH £ g RO: tetrahedral intermediate, and loss of a
RQH + :A- i + H-A proton forms the neutral addition product
nucleophilic addition (Steps [2](3)).
Part [2] Elimination of the leaving group H,O
7 P 5 U T * Protonation of an OH group in Step [4] forms
BH ~ L} ~BH Ol A 0 I
[ HA i s 't a good leaving group that is eliminated in
R-C-0H == RCOH, == _C.. +— _C.._  Step[s]
s 4] o sl R OR ) R OR ;
R'Q: R'Q: ] ester * Loss of a proton in Step [6] forms the ester.
A T + Hy0:

+ H—A * Only one resonance structure is drawn for
loss of H,0 the resonance-stabilized cations formed in
Steps [1] and [5]
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No Base Catalysis of Fischer Esterification

* Esterification of a carboxylic acid occurs in the presence of
acid but not in the presence of base.

+ Base removes a proton from the carboxylic acid, forming the
carboxylate anion, which does not react with an electron-rich
nucleophile.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Both species are electron rich.

:(I?: :(”): .. :lcl):
o | T e ¥ c,X R ¢
RTO-H + :0H —— R 0 —>— R 0OR
T +
20"

~OH acts as a base,
not a nucleophile.

50

STUDENTS-HUB.com Uploaded By: Mariam Qada?5


https://students-hub.com

Intramolecular Fischer Esterification

* Intramolecular esterification of y- and 3-hydroxy carboxylic
acids forms five- and six-membered lactones.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

0 o o] o]
OH  H,SO, OH H,S0, O
— O + HO — + H,0
OH
f T OH
ycarbon y-lactone 8 carbon d-lactone
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Amide Formation from Carboxylic Acids

» Carboxylic acids cannot be converted into amides by reaction
with NH; or an amine because amines are bases, and undergo
an acid-base reaction to form an ammonium salt before
nucleophilic substitution occurs.

* However, heating the ammonium salt at high temperature
(>100°C) dehydrates the resulting ammonium salt of the
carboxylate anion to form an amide, although the yield can be

low.
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
ROt W T e o e T m S, OO
acid base { ammonium salt of a I 1° amide
carboxylate anion

acid-base reaction dehydration

52

STUDENTS-HUB.com Uploaded By: Mariam Qada?6


https://students-hub.com

Amide Formation from Carboxylic Acids

* The overall conversion of RCOOH to RCONH, requires two
steps:
[1] Acid-base reaction of RCOOH with NH; to form an
ammonium salit.

[2] Dehydration at high temperature (>100°C).

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

0] @)
Il I

2 G
SOH  [1]1NHg “NH,
— + H,0
[2] A

53

DCC in Amide Formation

» A carboxylic acid and an amine readily react to form an amide
in the presence of dicyclohexylcarbodimide (DCC), which is
converted to the by-product dicyclohexylurea by the course
of the reaction.

Copyright & The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

o}
Amide formation (ﬁ“' (\;l
i + ANH, ——
using DCC H’C\OH > R NHR'
amide

+ +
(0]
N=C=N )L <—H,0 has been added.
N N
H H

dicyclohexylcarbodiimide
bpcc dicyclohexylurea
a dehydrating agent
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DCC in Amide Formation

* DCC is a dehydrating agent.
* The dicyclohexylurea by-product is formed by adding the
elements of H,0 to DCC.

* DCC promotes amide formation by converting the carboxy
group OH group into a better leaving group.

Copynght & The McGraw-Hill Companies, Inc. Parmission required for raproduction of display.

(o] (o]
Example I DCC I o]
o + CHNH, —— o +
CH4sCH, OH CH4sCH,  NHCHg N i

H H
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( -{\) Mechanism 22.7 Conversion of Carboxylic Acids to Amides with DCC
Part [1] Conversion of OH into a better leaving group
« The first part of the mechanism
consists of two steps that
y o N

i e, N 2 e convert the carboxy OH group
— Ol N — L G into a better leaving group.

Y Cs

= Ke} : R0

N 0 ;p;mﬂf: + This process activates the
[j et carboxy group towards

nucleophilic attack in Part [2].

Part [2] Addition of the nucleophile and loss of the leaving group

/O :NfO + In Steps [3] and [4], nucleophilic
o N 1) Eo. 4] o . H attack of the amine on the
50 o 0 o — NH —t L.  + Q=C activated carboxy group,
RZ 1@ HH t RNH H _NHH iNH followed by elimination of
R'NH, M amide dicyclohexylurea as the leaving
group, forms the amide.
nucleophilic attack proton transfer

and elimination leaving group
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Reactions of Esters

» Esters are hydrolyzed with water in the presence of either
acid or base to form carboxylic acids or carboxylate anions,

respectively.
Copynght © The McGraw-Hill Companies, Inc. Permission required 1of reproduction or display.
Ester hydrolysis ? H,O (I? 9
oy — Ce, or _C. + ROH
R OR' (H*orOH) R OH R
carboxylic acid  carboxylate
(in acid) anion
(in base)

+ Esters react with NH; and amines to form 1°, 2°, or 3° amides.

‘Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Reaction with nitrogen 0 —h— 0 0 o}
nucleophiles /”\ | /é';\ & /él;\ 5 /('-".\ + ROH
R™ TOR' R™TNH, R™ TNHR" R™ TNR,
(with NH3) (with R"NH,) (with R",NH)
1° amide 2° amide 3° amide
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{ 2) Mechanism 22.8 Acid-Catalyzed Hydrolysis of an Ester to a Carboxylic Acid

Part [1] Addition of the nucleophile H;O
* Protonation in Step [1] makes the carbonyl

~. .M\ .
‘? H_L- ,'_:ﬁ’H o group more electrophilic.
R™OR M HT'G\‘GR‘ TN » Nucleophilic addition of H,0 forms a
H.B: tetrahedral intermediate, and loss of a proton
A T forms the neutral addition product (Steps

nucleophilic addition

[2-3])-

Part [2] Elimination of the leaving group R'OH

N

5 —=HLA - o\
OH <OH o4
A T | i
R-C-OR =— R-CZOR =—= __C..
[ o) R™OH
:OH 0H H &
+ A ROH

loss of R'OH

STUDENTS-HUB.com

+ Protonation of the OR' group in Step [4] forms

0 a good leaving group (R'OH) that is
/":':\._ eliminated in Step [5].
OH * Loss of a proton in Step [6] forms the
carboxylic carboxylic acid.
acid
+ H—A

58

Uploaded By: Mariam Qada@9


https://students-hub.com

Base Hydrolysis of Esters

» Basic hydrolysis of an ester is also called saponification.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

i 2) Mechanism 22.9 Base-Promoted Hydrolysis of an Ester to a Carboxylic Acid
208 o e} 20
iy m noow@m T [ Q
C.. +=—= RCOR =— CAH »r D — __Cu
R OR' R O-H + :OR' R [e3
Sl 10H = b =
:OH Ly carboxylate
) tetrahedral anion
intermediate + R'OH
nucleophilic addition loss of RO~ proton transfer

* Steps [1] and [2] result in addition of the nucleophile, "OH, followed by elimination of the leaving group, "OR'.
These two steps, which form the carboxylic acid, are reversible, because the stability of the reactants and products is
comparable.

* Next, the carboxylic acid is a strong organic acid and the leaving group (OR) is a strong base, so an acid-base reaction
occurs in Step [3] to form the carboxylate anion.

* Hydrolysis is base promoted, not base catalyzed, because the
base (OH-) is the nucleophile that adds to the ester and forms
part of the product.

* It participates in the reaction and is not regenerated Iater.59

Basic Hydrolysis of Esters

* The carboxylate anion is resonance stabilized, and this drives
the equilibrium in its favor.

* Once the reaction is complete and the anion is formed, it can
be protonated with strong acid to form the neutral carboxylic

acid.
"0 et e} :0:
Il “OH Il I strong I )
L= iy, > Cs —_— C... + |ROjH
R OR' H,0 R O: R o: acid R OH
resonance-stabilized anion T
This bond One O atom comes from ~OH.
is cleaved.
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Lipid Hydrolysis

Copyright © The McGraw-Hill Gompanies, Inc. Permission required for reproduction or display.

» Each triacylglycerol is a triester, containing three long hydrocarbon side chains.

* Unsaturated triacylglycerols have one or more double bonds in their long hydrocarbon
chains, whereas saturated triacylglycerols have none.

O
s
o]
OA{ R groups have 11-19 C's.
R' [Three ester groups are labeled in red.)
O\[/R"
(0]

triacylglycerol
the most common type of lipid

61

Structure of a Saturated Triacylglycerol

Figure 22.4

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display

-.Q.'g‘-!‘9‘4

v @ - d

»
.
-

+ This triacylglycerol has no double bonds in the three R groups (each with 11 C’s) bonded to the
ester carbonyls, making it a saturated fat.
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Lipid Hydrolysis

* The first step in the metabolism of a triacylglycerol is
hydrolysis of the ester bonds to form glycerol and three fatty
acids.

* The three bonds of the triacylglycerol drawn in red are
cleaved in hydrolysis.

* In cells, this reaction is catalyzed by lipases.

* The fatty acids produced on hydrolysis are then oxidized,
ultimately yielding CO, and H,0, as well as nearly twice as
much energy as an equal amount of carbohydrate.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

o
O)LH OH
o} o} o} o
H,0 1l I 1l
0—{ — OH + HO/C‘H + Ho,c\ . Ho/c\ -
[=1 lipase
0. R" OH Three fatty acids containing
Y glycerol 12-20 C's are formed as products.
o]

: 63
triacylglycerol

Fat Substitutes

* One recent attempt to reduce calories in common snack
foods has been to substitute “fake fats” such as olestra for

triacylglycerols.
Copyright & The McGraw-Hill Companies, Inc. Permissicn required for reproduction or display.
Olestra
=
RCO, Rco,. RCO: X
2 -
Q \;_‘ \.vDECR X 3-D structure of olestra
RCOy " e T e
0 0,CR - ELE
A X &
é /i 4 o W q
RCO, 0,CR K ¥ ) - . ::. 4
a polyester of sucrose P s" pe 2 L& .
a synthetic fat . & ‘l} .
[R groups contain 11-19 C's.] % d - -; 7L
-~ P 1 .
e s P Yy
b & &9, aetd L Ceal
o ’ 5 ) :‘.'” i o
HO OH - oo ) S A S
O, OH " i Dl WX,
—0 3 i 4 7 °
B ¥ ., ol "%
HOu o e " J
o OH e
e The ester groups are so crowded that
HO OH . hydrolysis does not readily take place.
sucrose
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Soap Formation

+ Soap is prepared by the basic hydrolysis or saponification of
a triacylglycerol.

* Heating an animal fat or vegetable oil with aqueous base
hydrolyzes the three esters to form glycerol and sodium salts

of three fatty acids.
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display,
o]
/j\ Soaps—Salts of long-chain fatty acids
O R OH
2 NaOH ‘C‘J “:lj \c\)
o% i1 I OH + .G + B ..
R RO Na* 0" R Na* -0~ R’ Na* 0" "R
O. R" OH
\J/ glycerol For example:
© (o]
N J‘K/\/\/\/\/\/\/\/\
Na*T‘O T
polar head nonpolar tail

' L
e® S, 0 8 8 8 s,
: ..‘ -.f : s F L Ff P
3-D structure

N
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Reactions of Amides

« Amides are the least reactive of the carboxylic acid
derivatives.

* Amides are hydrolyzed in acid or base to form carboxylic
acids or carboxylate anions.

Copyright © The McGraw-+il Companies, Inc. Parmission required for reproduction or dispiay.

Amide hydrolysis H*+ '|:\) +
o —— __C. +  RS,NH,
i H;0 R OH
R™ONR, -OH 9
R' = H or alkyl T g FORSH

* In acid, the amine by-product is protonated as an ammonium
ion, whereas in base, a neutral amine forms.

Copyright © The McGraw- Ine. Permission disploy

o
Examples 1 Hy0* é .
N S R +
CHz  'NH; CH; “OH 2

T 2

c e
“NHCH, _ HD O™ 4+ CHaNH,
“OH 66
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Amide Hydrolysis

* The mechanism of amide hydrolysis in acid is exactly the
same as the mechanism of ester hydrolysis in acid.

* The mechanism of amide hydrolysis in base has the usual
two steps in the general mechanism for nucleophilic acyl
substitution, plus an additional proton transfer.

Copyright © The McGraw-Hill Companies, Ine. Permission required for reproduetion or display

-I ‘;J Mechanism 22.10 Amide Hydrolysis in Base
1 3 He 3 Ho * Steps [1] and [2] result in addition of
i
a _m, H—CI:—NHZ A, Lo, — N oo the nucleophile, “OH, followed by
R "NHy '(I)H R™ O-H iNH, t R™ O elimination of the leaving group,
i “NH,.
O tetrahedral + NH, * "
intermediate * Because the carboxylic acid is a
nucleophilic addition loss of "NH, proton transfer strong organic acid and tha lsaving

group ("NH;) is a strong base, an
acid-base reaction occurs in Step
[3] to form the carboxylate anion.
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p-Lactam Antibiotics

* Penicillin and related p-lactams kill bacteria by a nucleophilic
acyl substitution reaction.

* All penicillins have an unreacted side chain and a very
reactive amide that is part of a B-lactam.

* The B-lactam is more reactive than other amides because it is
part of a strained, four membered ring that is readily opened
with nucleophiles.

Copyright © The McGraw: Hil Companies, Inc. Femmission requited for reproductian of display.

a “regular” amide

\HH
R Na

H
YOI
(0] N\_><
(0] -
COOH
a strained amide

penicillin
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The Mechanism of Action of B-Lactam Antibiotics

» Bacterial cell walls are composed of carbohydrates linked
together by peptide chains containing amide linkages formed
by the enzyme glycopeptide transpeptidase.

* A nucleophilic OH group of the glycopeptide transpeptidase
enzyme cleaves the f-lactam ring of penicillin by a
nucleophilic acyl substitution reaction.

* The reaction causes covalent modification of the enzyme,
thus inactivating it and halting cell wall construction killing
the bacterium.

‘Coppight © Tho Mot Hll Componies, ne: Pusmissicn recpsvee fos regeoduction o despiy

opening of the

nucleophilic attack B-lactam ring

HHH
My: =

iz l R N : = l
DO YL o V- B
0 ~7z—N—, 03 P\>< proton OO—fj\ HN\><
~ 51 coo ~ o oo " ~ el
= H = COOH
- E -
active enzyme ’ enzyme ’ inactive enzyme ’

The enzyme is now inactive. 69
Cell wall construction stops.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Table 22.5 Summary of the Nucleophilic Substitution Reactions of Carboxylic Acids
and Their Derivatives

Product

Starting I

material RCOCI (RCO),0 RCOOH RCOOR' RCONR',
[]RCOCI - - v v v v
[2] (RCO)L,O — X - v v v
[B]RCOOH — v v - v v
[4] RCOOR — X X v - v
[5] RCONR; — X x v X -

Table key: « = A reaction occurs.
X = No reaction occurs.
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Natural Fibers

* Natural fibers are obtained from either plant or animal
sources

» Fibers like wool and silk are proteins obtained from animals.

+ Cotton and linen are derived from carbohydrates having the
general structure of cellulose.

Fig ure 22.4 Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Wool and silk—Proteins with many amide bonds

O R lv o] R |I| o} R 'I'
% N N N R groups contain C, H, and functional
"V N l‘|~| § groups like NH,, COOH, OH, and SH.
R H (o] R H o] R H o]

Cotton and linen—Carbohydrates like cellulose
Okt OH
HO O Ho o Q " o %
OH OH HO HO o—
OH OH
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Synthetic Fibers: Nylon—A Polyamide

* There are a number of synthetic polyamides (nylons), but the
most well known is nylon 6,6.

* Nylon 6,6 can be synthesized from two six-carbon monomers
which react together to form new amide bonds.

* Nylon is a condensation polymer because a small molecule
(in this case, HCI) is eliminated during its synthesis.

Copyright © The McGraw-Hill Companies, Inc. Pemission required for reproduction of display

O o]

HZN\/\/\/\NHQ + Clwcw + HEN\/W\NHZ i C'Mm

o) l 0

nylon 6,6
Three new amide bonds are shown.
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Synthetic Fibers: Polyesters

* The most common polyester is polyethylene terephthalate
(PET), which is sold under a variety of trade names (Dacron,
Terylene, and Mylar), depending on its use.

Copyright © The MeGraw-Hill Companias, Inc. Permission required fof reproduction of display.

Polyethylene terephthalate
PET

o o] (Dacron, Terylene, and Mylar)
Q o)
Iaba s (L o
ST O
o 0]

Ester bonds (in red) join the carbon skeleton together.
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Synthesis of Polyesters

* One method of synthesizing a polyester is by acid-catalyzed
esterification of a diacid with a diol (Fischer esterification).

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Synthesis of PET | HC o -
+ HO/\/ <«—— two monomers needed
o OH for PET synthesis

terephthalic acid ethylene glycol

acid catalyst

o 0 o]
SO =~ s
o o—/_>—©—< + 3H,0
d A

Three new ester bonds are shown.
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Biological Acylations

* In cells, acylations occur with the sulfur analogue of an ester

(a thioester).

* The most common ester is acetyl coenzyme A (acetyl CoA).

Copyright & The McGraw-Hill Companies, Inc. Permssion required for raprodudtion ar display.

SR' group—the leaving group

NH,
(o] HO
NP ON NN
O e S e
- - o
acetyl o o o O
group acetyl coenzyme A H
or
acetyl CoA ? o
O=?=O
o -
Il O
PN
CH; SCoA

abbreviated structure

Acyl Transfer Reactions

75

+ An example of a biological acyl transfer reaction is the formation
of the neurotransmitter acetylcholine from choline and acetyl

CoA. B ——
T CHy 0
% + HOCH,CHy—N-CH; —— ¢ GHs
CHz SCoA ,CHy éH ] oHS \OCHZCHzfr?ILCHa
3
acetyl CoA choline acyl transfer CHy
reaction -
acetylcholine

(neurotransmitter)

+ “SCoA

» Other important acyl transfer reactions include the reaction of
thioesters of fatty acids with cholesterol, forming cholesteryl

esters.

* These esters are the principal form in which cholesterol is stored

and transported in the body.

* It is carried in the blood stream in particles that
proteins and phospholipids.

* These particles are classified by their density:

also contain

low density

lipoproteins (LDL) and high density lipoproteins (HDL). 76
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Cholesteryl Esters and LDL Particles

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Figure 22.6

red blood cell
atherosclerotic
unesterified pate
cholesterol Plaque, deposited on the inside wall of an artery, 77
lipoprotein particle is composed largely of cholesterol and its esters.

Structure and Formation of Nitriles

* Nitriles have the general structural formula RC=N.
* Two useful biologically active nitriles are letrozole and

anastrozole. i
Copight © Tho McGcreHil Comparios, nc. Ronrission rcuared for eprodction ordisplay.
[YEN
N 1 N
' & Nt
N\N
NC CN
Generic name: letrozole Generic name: anastrozole
Trade name: Femara Trade name: Arimidex

* Nitriles are prepared by S\2 reactions of unhindered methyl
and 1° alkyl halides with CN.

Capyright © The MeGraw-Hill Companies, Inc. Permission raquired for reproduction or display.

N
General reaction R—X + TC=N: —=5~ R7C=N: + X
) S\2 t
new C—C bond
'/'_—_1\ ‘
— “C=N: —C=N: o 78
Example CHaUCI + TiC=N: m» CH;—C=N: + CI
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Reactions of Nitriles

* Nitriles will react with water, hydride and organometallics.

Copyright ® The McGraw-Hill C Inc. Permission required for or display

H,0 1 0
1] R—C=N _ W2 o i
(1 H* or OH Fl/C\OH or R/C\O* hydrolysis
carboxylic acid  carboxylate anion
[1] LiAIH, A—CH.NH
Sl amirfe ’
[2] R—C=N — 5 reduction
[1] DIBAL-H g
e ——
(2] H;0 R H
aldehyde
[1] RMgX or R'Li ?
[3] RRC=N @ ——7-—7—— o reaction with R'-M
[2] HO R R'
ketone
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Hydrolysis of Nitriles

* Nitriles are hydrolyzed with water in the presence of acid or
base to yield carboxylic acids or carboxylate anions.

* In this reaction, the three C-N bonds are replaced by three

C-0 bonds.
Copynght © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Hydrolysis of nitriles H,0O CH) ?
—C= 2 or
AN oo R %on T o
carboxylic acid carboxylate anion
(with acid) (with base)

0]
Examples H,0, H* 1l

CH;—C=N —— Co

CH; ©OH

o]
Il

- C

80
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Amide Tautomers

* The mechanism of this reaction involves formation of an
amide tautomer.

* Two tautomers can be drawn for any carbonyl compound, and
those for a 1° amide are as follows:

Copyright & The McGraw-Hill Companies, Inc. Permission required for reproduction of display

Amide tautomers \‘/H
o “OH or H* O

|
G P o3 \;H more stable form
R NH R N
H
«C=N «C=0
* O—H bond * N—H bond
imidic acid tautomer amide tautomer

* The amide form is the more stable tautomer, having a C=0 and an N- H bond.
+ The imidic acid tautomer is the less stable form, having a C=N and an O- H bond.

81

Keto-Enol Tautomers

* The imidic acid and amide tautomers are interconverted by
treatment with acid or base, analogous to keto-enol
tautomers of other carbonyl compounds.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Ketone tautomers \*/H &
(Section 11.9) L -OH or H* T
A —— C. \;H more stable form
R CH, R CH5
*C=C «C=0
* O—H bond + C—H bond
enol tautomer keto tautomer
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{ 2) Mechanism 22.11 Hydrolysis of a Nitrile in Base

Part [1] Addition of the nucleophile ("OH) to form an imidic acid

(1 HO HOBH 2 H'C‘iz
Ls” —— Gy + 0H * Nucleophilic attack of “OH followed by
t gl Rl protonation forms an imidic acid.
nucleophilic addition e acd
Part [2] Tautomerization of the imidic acid to an amide
éiH‘ . .OH :?:
_Cs, o £e ?ﬁH * Tautomerization occurs by a two-step
ARTNH [ R™NH, sequence—deprotonation followed by
resonance-stabilized anion amide protonation.
+ Hy0s
Part [3] Hydrolysis of the 1° amide to a carboxylate anion
0r B e . .
(‘é H.0, "OH I + HH, « Conversion of the amide to the carboxylate
R™NH, severalsteps  g7GE : anion occurs by the multistep sequence
amide  (SeCON2213) oy iate detailed in Section 22.13.
anion
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Reduction of Nitriles

* Treatment of a nitrile with LiAIH, followed by H,O adds two
equivalents of H, across the triple bond, forming a 1° amine.

Copyright © Tha MctGraw-Hill Companies, Inc. Permission raquired for reproduction or display.

- . [1] LiAIH, addition of two
General reaction RECEN oo~ R CHNHz “ cquivalents of H,
- 1° amine
m— L WIUAH
xample H —C=N —— H. —CH;NH
ple = (CHa)q 210 (CHg) 2NH;

* Treatment of a nitrile with a milder reducing agent such as
DIBAL-H followed by water forms an aldehyde.

Copynght © The MeGraw-Hill Companies, Inc. Permission required for reproduction or display

o}
. o [1] DIBAL-H Il addition of one
General reaction R—C=N W H’C\H‘ equivalent of H,

aldehyde

O
Example oy [DIBALH 1
[2]H,0 @/ “H

84
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Nitrile Reduction Mechanisms

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

{ {\) Mechanism 22.12 Reduction of a Nitrile with LiAlH,
Part [1] Addition of one equivalent of hydride
2 R ¥ o R + Addition of one equivalent of H:™ from LiAIH, forms an
R Ci[\‘j: — \C,N:’ +  AHy \C=N' -AlH, intermediate that complexes with the AlH; also formed
f m @y during addition (Steps [1]-2]).

HaAI-H

Part [2] Addition of a second equivalent of hydride

~ ~AlHz H H * Addition of a second equivalent of H:™ and complexation
\ciN—R\HJ R—é—N—A\HJ 2H,0 R—C—fiH, with AIH1_ yield a dianion with two new G- H bonds.
HT 13] I [4] + Hydrolysis with water forms the 1° amine in Step [4].
\ H AHg H
HaAlI=H
+ AlH, + 2H,AIOH

* With LiAlH,, two equivalents of hydride are sequentially
added to yield a dianion which is then protonated with H,O to
form an amine.
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Nitrile Reduction Mechanisms
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{ 'F) Mechanism 22.13 Reduction of a Nitrile with DIBAL-H
HOG-H
G it R H.O R
(v Ay PO A\ . 2! AY ..
R-C=N: —=  C=M{ —— C=hH ————— =0
w ] W [2] W severalsteps |/
[ (Section 21.12)
DIBAL-H = RZAILH imine
+ 0H

* With DIBAL-H, nucleophilic addition of one equivalent of
hydride forms an anion which is protonated with water to
generate an imine.

» The imine is then hydrolyzed in water to form an aldehyde.
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Reduction of Nitriles with Organometallics

* Both Grignard and organolithium reagents react with nitriles
to form ketones with a new C—-C bond.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

o New C—C bond
[1]1 R'MgX or R'Li I
General reaction R—-C=N ——7— Cu
[2] H,O R R'
ketone

[1] CH3CH,;MgBr ?
—_—

Example C=N C..
2] H,0 ©/ CH,CH,4
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Organometallic Reduction Mechanism

Copyright © The McGraw-Hill Companies, Inc. Permission required for repraduction or display

{ '{\\ echanism 22.14 Addition of Grignard and Organolithium Reagents (R-M) to Nitriles
3 s

s
T
H\ i e H\ . H0 R oan
o 2] SN eralstops £
RN 3 (Section 21.12) *
imine

+ OH

R-C=N:
R“M
M=MgXorli | new C-C bond

* The reaction occurs by nucleophilic addition of the
organometallic reagent to the polarized C-N triple bond to
form an anion, which is protonated with water to form an
imine.

* Water then hydrolyzes the imine, replacing the C=N with C=0.

* The final product is a ketone with a new C-C bond.
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