Part 1
Carboxylic acid



Some carboxylic acid
containing Drugs

O O

H4C H4C

OH OH CHjs

O~ _OH OH
o o ® Y
T F

0 H,C. .. .CH,

.ClHI I
CHs CHa
Aspirin .
Ibuprofen Flurbiprofen Naproxen

0 Cl COOH
> X
N - NH NH
/ 3 Cl Cl CH,
OH
0 CHj
Indomethacin Diclofenac Mefenamic acid




CO2zH

|
H—C—0OH 0 CO2H —CO2H
I RN
CHz e ’u\co ] B HO——CO2H
CO2H ? & N —CO5H
malic acid pyruvic acid niacin citric acid
(various fruits) (a metabolic intermediate) a vitamin (from citrus fruits)
H
N
5 =0
HO-C N % \
: SSh HO™
biotin abietic acid cholic acid
(a cell growth factor) (pine resin) (from bile)

CHE2202, Chapter 20
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Structure and Properties of Carboxylic Acids

5+ &
O—H---O
S

CHE2202, Chapter 20
Learn, 4



[EE=——————————
l1l. Acidity of Carboxylic Acids

- Weak acids (pK, ~ 4-5)

. Stronger than alcohols i S W e . W s

. ; ¢ R 3 b gl
because conjugate base is TR T
resonance-stabilized Ethanol Ethoxide ion

(localized charge)

OH I {w }- I
Il
O/ 1 INe Ot
CH3CH,0H CH3COH HCI . -

H H
Ho H
pKy =16 pKy =9.89 pK, =4.76 pKy =-7 Il b
H\C/ \a/H 2 H3O+ +
T Oy (W 7

H H rrg=
e

Acetic acid :
H\Q/C%

dN
H H

Acetate ion
(delocalized charge)




Substituent Effects on Acidity

n n n
C OH C OH i OH
/7 \ N F %
H H H H F F
pK, = 4.76 pK, = 3.83 pK, = —0.23
I L W
CICH,CH,CH,COH CH3CHCH,COH CH3CH,CHCOH
pK, = 4.52 pK, = 4.05 pK, = 2.86

Oy

Learn, 6



[EE=——————————
l1l. Acidity of Carboxylic Acids

« Substituted benzoic acids
; E0 7 —NO, —CHO —Cl —H —CH,; —OHM
&
OH pPK, 3.4 3.8 4.0 4.2 4.3 4.5

. If Z = electron-donating group, acid is weaker
« |f Z = electron-withdrawing group, acid is stronger

0 O 0
" : :
o
CH3;0” 0,N
p-Methoxybenzoic acid Benzoic acid p-Nitrobenzoic acid
(pK, = 4.46) (pK, = 4.19) (pK, = 3.41)

T s Dy



Effect of intramolecular hydrogen
bonding on pKa1 and pKaz2 in
Dicarboxylic acid

H H HOOC H

\.

C=—=C %,

Sy

HOOC COOH O, COOH

< L

.
Intra molecular forces are more

Maleic acid g, Fumaric acid
%
mp = 130°C mp = 286°C
pKa1 1.9 3.0
pKa2 6.5 4.5

CHE2202, Chapter 20
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Discuss the values of pKa1 and pKa2 for the
following two isomeric dicarboxylic acids

CO,H
CO,H
CO,H
CO,H
Phthalic acid Terephthalic acid
pKal 2.9 3.5

pKa2 5.4 4.3

CHE2202, Chapter 20
Learn, 9



Preparing Carboxylic Acids

1- Oxidation of benzylic C-H
0

KM |
20,

p-Nitrotoluene p-Nitrobenzoic acid (88%)

2- Oxidative cleavage of alkynes

1) KMnO 4 / HO

2)H,0" ? 0
R—C=C—R R/LOH * HO/M\R.

internal 1) O,

2) H,0

1) KMnO , / HO

2)H,0" 0
R—C=C—H . LOH + CO;

1) 0,

terminal

2) H,0 CHE2202, Chapter 20
Learn, 10



Preparing Carboxylic Acids

3- Acidic or alkaline hydrolysis of nitriles

N
/i
Cl H H E
\C/ \C/
N S
@ CH3  NaCN /L/@/ CHj
1.N80H,H20
2. H30*
@)
A\
H C—OH
N A
C

Ibuprofen CHE2202, Chapter 20
Learn, 11



Preparing Carboxylic Acids

5- Oxidation of a primary alcohol or an aldehyde vields a carboxylic acid

o T R
CrO
CHz3CHCHSCHSCHS,OH T ro?,_ > CHz3CHCHSCHSCOH
3
4-Methyl-1-pentanol 4-Methylpentanoic acid
@) O
I CrO, I
CH3CH,CHSCHSCHSCH T : CH3CH,CHSCHSCHSCOH
3
Hexanal Hexanoic acid

5- Carboxylation of Grignard Reagents

" I | I
MgBr O c C
¥ ||> \O_ +ME]BI’ H30+ \OH
{ B — e
|
0O L J
Phenylmagnesium Benzoic acid

bromide

CHE2202, Chapter 20
Learn, 12



Limitation of Grignard Reagents
1) Mg(dry ether)

2) CO, X

/O/CH,_Br 3) H;0" /O/CH:CO,».H
G G

1) NaCN \/
I ———
2) H,0"

G = Acidic group such; SO;H, CO,H, OH, SH

1) Mg(dry ether)

2) (‘0: X CQO‘PH
3) H.O" 2

1) NaCN \/
——————  ’§
2) H,O™

CO,H
Cl

CO,H

CHE2202, Chapter 20

Learn, 13



Part 2

Derivatives of Carboxylic
Acid

1- Acid halide

CHE2202, Chapter 20
Learn, 14



0
I

C

< Son

R

Carboxylic acid

O
H
50

R~ ONH,

Amide

© 2004 Thomson/Brooks Cole

Carboxylic Acid Derivatives

O O O O
| il i
C
R™ X i il R~ OR
Acid halide Acid anhydride Ester
(X = Cl, Br)
O O O
| |
R™ SR’ B e | o
O~
Thioester Acyl phosphate
RC——N

Nitrile

: 15
CHE2202, Chapter 20
Learn, 15



Carboxylic acid derivatives
1-Chemistry of Acid halides

There are three main methods to prepare acid halide

COOH COCl
SOCL, " @
Thionyl chloride
CH,COOH Cl CH,COCL
Oxalyl chloride @
COOH COBr

PBr
—— é
Tribromophosphine

CHE2202, Chapter 20
Learn, 16



Reaction of acid halide
(common reactions for all derivatives”

H,O

HydronS|s )j\OH
ROH )1\0
- R

/ Alcoholysis
O
i,
—— - H,
Aminolysis
H
\ LislH - %H
Reduction
R

RMgX - d\OH
Reduction CHEZ2202, Chapter 20

learn, 17



Nucleophilic Acyl Substitution

General mechanism of Nucleophilic Acyl Substitution

©

O O:
J G S R
R1W R1 Nu

R{7 X 14 CX

‘Nu
Tetrahedral
intermediate

18
CHE2202, Chapter 20
Learn, 18



Relative Reactivity of Carboxylic Acid Derivatives toward
Nu Acyl Sub

More
reactive

Less
reactive

Cole

© 2004

O O O O O
i I I I
e e =
Amide Ester Acid anhydride Acid chloride

o [ Reactivity e
reactive reactive

@ 2004 Thomson/Brooks Cole



1] Hydrolysis of acid halides
“yields carboxylic acid”

()

_-C

R

e

Acid halide

é!
R Nci.
Acid halide

- - +

O
I{\\‘) =
— =6k

:OH,

- @ )

I
.
R NOH
Carboxylic acid

g

7
I‘
C

R ‘\\CL

I/.jili .

H,O
>
Water

$C):
(I:I
R™SOH

Carboxylic acid

ok

y oy
I'(O\H

cr —
Tetrahedral
intermediate

)z
[l

R/C\.';%

+ 21

He )




2] Alcoholysis of acid
Halides “yields an ester”

— Y
—

-+ R'(‘)l_{ =

R
R/ \(fl pyridine R

Mechanism of acloholysis of acid halide

¢

O: :O:
\__(. /_\ L | ) +

o0

™\ e T\

AL, t H—=OQ—R" —= R—C—O

R Cl: |) I
ke Cl] H

”

+ H'

.l_v.

O

+

HCI

R+ :(.?I:_



Phenolysis of acid halides

O —
'

Cr
| O
— —
[~ | " " . pyridine = Iy .
| | + ClI ( CH R | + HCl
< <
— — — -
Il;(i/%/ H(:“‘ e ~CH. {reacts with

pyridine)

OH

acetyl chloride HC

3,5-dimethylphenol 3,5-dimethylphenyl acetate

(75% yield)

Phenoxide is stronger Nu Than the neutral form!!!!

R ArO= >ArOH _
@— éiCI + - kla* R E— @ éi . + [aCl

Intramolecular alcoholysis

A 0
HO/\/\)I\CI —

CHE2202, Chapter 20
Learn, 22



R™ (I
Acid halide

Mechanism

:0:
| +

e
R™ (.

Acid halide

4

NH.

Amine

3] Aminolysis of acid halide

“yields an amide”

Why two moles of

amine? :ﬁ:
2 NH3 ——— Ce .
N
2 equiv. amine R NH,
Amide
i :?: 1
C
7~ .
R ‘\\(,Il.- —
L i
H H
mk:
0
r,
R™SNH; -
o
¢ oHO — (lll .
S
Acid Ammonia R” “NH

+ —-
NH, Cl

Ammonium salt

Tetrahedral

+
H/}E\H intermediate

+ -
NH4 C1  Ammonium

salt

(|:| :('3'1-:
R \N{\ﬁﬁd
+




Intramolecular aminolysis affords Lactam

O

/\/\)l\ A NH
H,N a2 ——

Some reactions related to phosgene )(L

Cl Cl

i

HN NH

/\/\NHZ
— 3
Jig
HO’\’\OH 0) O

N

CHE2202, Chapter 20
Learn, 24




4] Reduction of acid haldies
“yields an alcohol”

a] Using Grignard reagent “ yields ketone with one mole of GR and 3 alcohol with two moles”:-

NMgBr
; > .
I I
CH;—C — (] CH—C —

(I:)H
SRR

CH

Mechanism
R’ R -
| N . . N )
R+—MgX —~C=0. —> R—C—O: — C=0.
e o T &
(I \:(:l: | R | ‘(..‘I‘
acid chlonde intermediate ketone

CHE2202, Chapter 20
Learn, 25



b] Reduction of acid halide using LiAIH4

iv. Reduction: Conversion of Acid
Chlorides into Alcohols

LIAIH, reduces acid chlorides to yield aldehydes and
then primary alcohols

\:" : < (") {6} OH
N uiam (', I L. LiAIH !
R/ ‘\(,} Ether R / R/ "\H 2. H,0O R-—-'/ ~H

Cl* H
An acid
chloride An aldehyde A primary
- & (NOT isolated) alcohol
O
C—Cl CH,OH
1. LiAlH,, ether
2. ll,() o i
Benzoyl chloride Benzyl alcohol

(96%)

© 7004 ThomsonTeooss Cose



Part 3
Derivatives of Carboxylic
Acid

2- Acid anhydride



« The word ‘anhydride’ means without water.
« Contains two molecules of an acid, with loss of a molecule of water.

« Addition of water to an anhydride regenerates two molecules of the
carboxylic acid.

0O 0 0 O
Il |l I ||
R_C—OH + HO_C_R R"‘C_O_C—R " HZO

two molecules of acid acid anhydride

® General structure:

O

T
C—0—C—R or (RCO),0

acid anhydride

R



v ]

N

3 NoYafENCLATURE OF ACID

NHYDRIDE

IR

The word ‘acid’is changed to ‘anhydride in both common
name and the [UPAC name.

« Examples:

- ethanoic acid — ethanoic anhydride
- propanoic acid — propanoic anhydride

O

|
H;C—C—

.0-

O

1
_C_CH3

IUPAC : ethanoic anhydride
common: acetic anhydride

CH3CH2—C'L -\‘C_CHz(:H_‘;

IUPAC : propanoic anhydride
common: propionic anhydride



|
ICLATURE OF ACID

® Anhydrides composed of two different acids are called mixed
anhydrides and are named by using the names of the individual acids.

0O 0O

l Il
H,C—C—O0+C—H

IUPAC : ethanoic methanoic anhydride
common: acetic formic anhydride

« Symmetrical anhydrides : change the word acid of the carboxylic acid
to the word anhydride.

« Mixed anhydrides : alphabetizing the names for both acids and
replacing the word acid with the word anhydride.



PREPARATION OF ACID
ANHYDRIDES

@ Acid chloride and carboxylic acid

@ Acid chloride and carboxylate salt

® Heating carboxylic acids with ZnO or P205
@ Heating dicarboxylic acids



V@
Fﬁo ACYL CHLORIDES

, L T
=

1)  Acyl chlorides react with carboxylate salts to form acid anhydrides.
« Can be used to prepare both symmetrical and unsymmetrical

anhydrides
i % o il ether 2 0
R-C+CI 5 T » R-C10-C-R’
carboxylate salts
EXAMPLE
O 0O sther Ol O

I [l 1] Il
CH3;CH,—C+Cl CH;-C-0" » CH;CH,-C+0-C-CH,




2) Acyl chlorides also reacts with carboxylic acid to
give acid anhydride.

O O O O
rR-C{ci | * R'—g-cE heal g R-C-0-C-R' *[HCI
carboxylic acid
EXAMPLE
(0] O O O

I heat n
cH,-Cfai] CHy—C-OH | ™  CH;—C-0-C-CH; *|HCI




\|

I:GEA NG CARBOXY LIC ACIDS

95\.{; A/ WITH ZnO or P205

Acid anhydride can be prepared from heating simple
carboxylic acids with zinc oxide. or P205

0
Q mo N
2R-C-OH heat H--orea
EXAMPLE
Q ZnO q ()

I ]|
2 CH3-C-0H CH3—C—0-C CH3

heat



Vo
HEATIN f)ICARBOXYLIC ACIDS

| \'
v
# "’gl 3 ’-f’:‘m

Certain cyclic anhydride can be prepared by heating
dicarboxylic acid such as succinic and phthalic
anhydride.

0 0
[ I o
HO—C—CH,—CH,—C—OH —=C 3 ’:z . HO

o)

0
OH 230°C
EI:OH > CE:° e

o) 0O




Reactions of acid anhydride

R

amide

NH, <

O

N

R OH
carboxylic acid

R

O O

S

O

acid anhydride

R

[[H]

R™ OH

alcohol

O
R'OH )L
—_—> R OR'
ester

CHE2202, Chapter 20
Learn, 36



P L

g~

@® Acid anhydrides undergoes hydrolysis to produce carboxylic acids.
@ Can be carried out in acid or base.

@ Carboxylate salts are formed if hydrolysis is done in basic solution.

HYDROLYSIS
j

Nl 0 H* 0 2
R—C<+0—-C—R| + |HHOH —8>» R—C—OH + |R—C—OH
0 o) = (0] P

|
R—C—0—C—R + H-OH —» R—C—-0" + R—(—0"

0 o) 0
0l H* ] I
|-|3c-c—L-c—cr|3 + |HHOH — H,C—C—OH + |H,c—C—OH




@ Acid ahhydrides react with alcohol to produce esters and carboxylic acids.
@ Does not required catalyst, but still requires heating.

(o) o) 0 (0]
l [l Il Il
R—C—10-C—R + R'—C[H - R—C—OR' + |R—C—-OH

ester carboxylic acid
EXAMPLE
0O (0] O
ll 1 1. ll
HyC—C—0—C—CHs| + CH3CH,~OH | H3C—C—OCH,CH; +| H;C—C—OH
ethanoic anhydride ethanol ethyl ethanoate ethanoic acid

Rl 0 o I 1
H,C—C—~0—C—CH,| * O B H;.,C-C—O-@ + | H;C—C—0OH

ethanoic anhydride phenol phenyl ethanoate ethanoic acid



Phenolysis of acid anhydride “yields ester”

O~ __OH Sl o
e O""C OH .
OH (,? (l? H* O 20 1
+ S e § * H,c”Con
H.C” O° CHs CH4 3
Salicylic Acid Acetic anhydride Acetylsalicylic acid Acetic acid
(aspirin)

Notes:- the reaction can be accelerated through activation either the acid

anhydride (through adding few drops of conc. acid) or activating the phenol
(through adding NaOH)

CHE2202, Chapter 20
Learn, 39



® Amide can be prepared through ammonolysis of acid
anhydrides with ammonia, primary and secondary amines.

0 i I
R—C—0—C—R + 2NH; » R—C—NH; * R—C—0 NH;*
0 0 0 o)
T I [
R—C—0—C—R + 2RNH, » R—C—NHR+ R—C—0 RNH,
0) 0) 0 ')

I | |l ,
R—=C—0—C—R + 2R,;NH » R—C—NR,; * R_!;l_o R,NH,*




/| 3
: i,’ AR
Py C3 =

EXAMPLES:

o I I
H,C—C—0—C—CH; + 2NH3 ——— ch—tl:—NI-lz + HyC—C—O NHg*

o)
L I [
H;C—C—0—C—CH; + 2CH;NH, — > H,C—C—NHCH; + H3C—C—0 CH;NH,



The last step Iin both aspirin and paracetamol synthesis

O O
phenolysis y) (”) O (“3 O
~ [ % [
OH o OH o
+ CH,COCCH, % + CH,CO-
OH Acetic (_l)
Salicylic acid smhyarine _C
(o-Hydroxybenzoic acid) ' . CH;
Aspirin (an ester)
H
| __
r O O ; O
* CH3C()(__‘-(_TI‘L; H—20> I + CH,CO~™
HO Acetic HO CH,
p-Hydroxyaniline anhydride Acetaminophen

© 2004 Thomson/Brooks Cole
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Part 4
Derivatives of Carboxylic
Acid

3- Ester



3) Chemistry of ester

Preparations of Ester

1] all alcoholysis and phenolysis of acid halide or acid anhydride. “ studied before”

2] Fischer esterification

Fischer Esterification Examples
1. Aliphatic ester

CH,—COOH + (CH,) CHCH,CH—OH ——
Acetic acid Isopentyl alcohol
H,50, | -H,0
1
(CH,),CHCH,CH,—0 —C—CH, <«
Isopentyl acetate

2. Aromatic ester

(0] O

Il I

C—OH C-0-CH,

H,S0,
©/ + CH,=OH — ==
Benzoic Acid Methanol Methyl benzoate

Fischer Esterification Mechanism

. .'/ﬂ H\g;Rl . +/H '--. H.Cj: . H
® Al ool R-CH G/
P H % R/\\o

R™ OH S
LR R Q :QH R
Step 1. Protonation Step 2. Nucleophilic addition

Step 3. Profon transfer R'-(.jH

, + H
il RZQ- HO:

+ & -
R™ OR Y OH, :OH
Step 5. Elimination Step 4. Proton
‘ of water transfer

.b‘.
)k- . Ester

CiilLccvUcg, \'Ila/uILCrZO

Learn, 44



Esters

- Lactone: A cyclic ester.

— name the parent carboxylic acid, drop the
suffix -ic acid and add -olactone.

O 0 0
B~ 2
OLZI 3 10
3 4 'Y4
By 5 ¢

4-Butanolactone 6-Hexanolactone
(y-Butyrolactone) (e-Caprolactone)

CHE2202, Chapter 20
Learn, 45



Intramolecular Fisher Esterification leads to form Lactone ctone

:O:/—\Hq-

) . / Wi Lf N8
oKy <= ooy = (g

CHE2202, Chapter 20
Learn, 46



Nu Sub of alkyl halide by carboxylate salt

o

OH

OH

NaOH
—

NaOH

0
CH,CH,Br o O\
'
SN2
CH3CBr /\)J\ )<
CH,

Sy

CHE2202, Chapter 20
Learn, 47



Reactions of Esters

R H H
C . \c/
Aldehyde 1° alcohol

3° alcohol

Ester

© 2004 Thomson/Brooks Cole



Reaction of ester
1- Hydrolysis of ester:-
a] acidic hydrolysis

ACID HYDROL.XYSIS OF A
TRIGL.YCERIDE

O
Il
CH,OC — R CH,OH
o |
Il H CHOH -+ 3 RCOOH
CHOC R -
‘o) 3 H,O CH,OH
Il
CH,OC — R
COOH COOH
OCOCH ® OH
3 H;0
+ H,O —> + CH5COOH
acetylsalicylic acid salicylic acid acetic acid

CHE2202, Chapter 20
Learn, 49



Mechanism of Acid-Catalyzed Esters Hydrolysis

Step 1. Protonation Step 2. Nucleophilic addition

Step 3. Proton transfer H-C.).H

H—+ H o
B HoH o M9 ]
—
)-l\- . R/K\ .C?H N QH
R OH Y OHR' :OR'
Step 5. Elimination Step 4. Proton
of R'OH alcohol transfer
r &

O -
)l\- ' Carboxylic Acid

12, Chapter 20
0




Lactone “cyclic ester” acidic hydrolysis

o)
0o ® HO OH
o H30, \/\/\n/
o)
(@) (@)
D
b- @) 4H32> OH

OH

CHE2202, Chapter 20
Learn, 51



b] Alkaline hydrolysis of ester
“Saponification”

o H,O o
d - - L + HO—R’
Ester Carboxylate Alcohol
0O O
I I
A_-C—0CsH A C—0ONa
[ ~ » 25 NaOH A [ v + CyHsOH
Ethyl benzoate Sodum benzoate Ethyl alcohol
O O
I I
(l?Hz—O—C—R CH_ OH =006 Na*
i O | O
| i
CH -O-C-R' + S3NaOH ——~CHOH + R-C-ONa*t
O O
I I
CH,-O=-C-Rk" CH,OH REC=0"Na*
O1l or fat Alkali Gl}'t‘t‘l'()l S():—lpﬁ HE2202, Chapter 20

Learn, 52



3] Alcoholysis of ester Trans-esterification

Easter conversion to different ester through changing the original alcohol

I / 0
©)kOCH3 CH3I-?®H20H> ©)J\OCH2CH3 o CH3OH

O

o)
©)J\OCHZCH3 CI:;DOH _ OCH; 4+ CH,CH,OH

CHE2202, Chapter 20
Learn, 53




4] Aminolysis of Esters“ amide & Lactam synthesis”

OCH3 /\H/NHCH2CH3
a]/\ﬂ/ + GCHsCH,NH, —> + CH;OH
o) Oo
g OCH,CHj
H2N/\/\H/ A} NH + CH3CH20H

o
Cyclic amide

"Lactam"

5] Reduction: Conversion of Esters into Alcohols

1] Using LiAlH, yields primary alcohols
o

Il 1) LiAIH4 CH>.
OH
C\_o/CHch;’, -~ + HO—CH,;CH3;
2) H,0*
Mechanism
ps )2 :(-'.}: 4§ } OH
—| o] I e !
C. +IH et B o T C + RO el | -
R/ \”H, Ether R /__ [ R/ \” 2. H R V, [
RO« H
A primary
alcohol

® 2004 Thomson/Brooks Cole Clitccvus, \,uu,w.u'/’ZO

Learn, 54



Partial Reduction of ester
2] Using DIBAH (DIBAL) yields Aldehyde

Example 1: Reduction of esters 1o aldehydes
o 1. DIBAL-H o

Hexane —70°C

Low temperature is important
to prevent further reduction

3] Using RMgX yields ketone then alcohol when React with 2 equivalents of a
Grignard reagent to yield a tertiary alcohol

C |) | (l) H
_ P e MgBr, / ke
C e ‘ 2 2 | ether C \ /\/
OCH, x_— | NI

Methyl benzoate

Triphenylmethanol (96%)

O
OH
O 1. 2 CHsMgBr, ether
2. HLO" 1 l_.;(|SCH2CH.2CHZCH2(_)I I
CCH
Valerolactone 5,01‘6/‘20

5-Methyl-1,5-hexanediol

& 2004 Thomson/Brooks Cole



Part 5
Derivatives of Carboxylic
Acid

4-Amide
5-Nitrile

CHE2202, Chapter 20
Learn, 56



4) Chemistry of Amides
Preparation :-

Aminolysis of acid halide, acid anhydride and ester

O

Br

o)
CH;CH,NH,

HN—CH,CH,

O O

= : R
OH il NHR'

Carboxylic acid N,N’-dicyclohexylcarbodiimide 4 ;ige

O C H 3 - WWW.C I§1171C1fj€2\2\gh2( 1??%R€?520

learn, 57




3] Reaction of amides

a- Acidic Hydrolysis

1 I 1 2
5 N 2 _CH, , _-NH,
O/ Y H,50, |
O H,O
o © = N .

p-nitroacetanilide p-nitroaniline

\

20% H,SO,

NH»5 ~ OH
213 214
Mechanism
LOZ*"'_“\‘
: H+ Hf-B‘+
| Xy "NH; —
Z

-\‘ -,
- ' +
OH 1=
: CHE2202, Chapter 20

Learn, 58



b- Alkaline Hydrolysis

Il
NHCCH N

- - HoO. HO =
— J 1. gir;-,o - S
NO - =_ HO NO-
O-Nitroacetanilides po-Nitroaniline
Name the Lactam
parent 2 o
carboxylic % 10 B2
acid, drop g NH YN, NH
the suffix -ic H;C O ¢
acid and add 3-Butanolactam 6-Hexanolactam
-lactam. (B-Butyrolactam) (e-Caprolactam)
N N N O N 0
H H H H

CHE2202, Chapter 20
Learn, 59



B-Lactam ring hydrolysis

amide « = chural centres
R ifs Ei range thioether 1
of groups ?r..N - s
:L—r\' . HN
® 3
beta-lactam or HO/\o thiazolidine ring
P-lactam ring

carboxylic acid

H
»u I
Y il hydro lyse _-N S
o \2< T
O// - @ Nx

Benzyl penicillin Benzyl penicilloic acid
CHE2202, Chapter 20
Learn, 60




Penicillin hydrolysis

= =
T

L

Mg s S CH
s 8[A )7 "
0 O/T / "CHy

Amidase o/ oH
0

Penicillins
| -

Penicillinase
L:CS)/CH3 0

| -—-HC/S\C/CH3
O/—N 5 CH, R—CH—NH-CH I |"“CH3
O=(i,‘ ITI—HC—COOH
OH OH H

i

O>""

R + 6- Aminopenicillanic Acid Penicilloic Acids

CHE2202, Chapter 20
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3] Alcoholysis of amide

Aminolysis of an ester can be done; while Alcoholysis of amide can not
be achieved directly ?

0
CH3OH OCH; + CH;),NH
0
CH
OCHj thﬂ» T/ i CH,OH

CH;

CHE2202, Chapter 20
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4- Reduction: Conversion of Amides into Amines using
LiAIH4

* Reduced by LiAlH, to an amine rather than an alcohol
» Converts C=0 — CH, (Looks-lite wolf-kischmner and Llemmenson”

O (l)
I D l
CH; 1 INH, Sl ’ .
g CH,(CH,);CNHCH, 1-;3“@-6‘3‘1‘* , CH,(CH,),,CH,NHCH,
~— AIFL. Li etz
N:-Methyldodecanamide Dodecvlmethvlamine (95%)
( FO—AIR,
o c¥2
T T iy HO [ XH
1. LiAIH,, eth
l H,C ITI O - H20' . ether H,C I\FT q
_ H H
+ O — Al
gbl\n‘lg T g ___Alactam A cyclic amine (80%)
CH, N H
l AlH_ Li
: I
CHS" (|: ~%T . CHEZZOZ@BMHZO
H Learn, 63



5- Chemistry of Nitriles

1- Nu Sub of alkyl halide using cyanide salt via SN1 or SN2

DN

2- Reaction of primary amide with thionyl chloride

E>_\ NaCN
Cl

ﬁ SOCI,
o

L =

R NH,

1° Amide Nitrile

The mechanism

g
excess 5 O’A“C'
O /]\ 4 =
R ~ f:lH
H

R—
1 equiv Ci Y
by-products: SO.(g)
sulfur dioxide
1 equiv

= R—C=—/—N + SO, =+

L)

£CI
-+
N—H

™~

\

— R———N I

HCI(g)

hydrochloric acid

2 equiv
ZHE2202, Chapter 20
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Reactions of Nitriles

Hydrolysis: Conversion of Nitriles

iNnto Carboxylic Acids

- Hydroly=ed in withh acid or base catalysis to a
carboxwvylic acid and amimonia (or amn amine)

L
N i
c ) CEC)
©/ or N:(_;.:I:I_, HO ©/ - — NH =
enzonitrile EenzZoilc acid
The mechanism
+
H-OH, H,O OH,
+
_j\} 1 - OH;  tautomerization iou
em— e A e
R—=N —p-R_kr;H—»R,&NH... s i
NH,
H«(—J
HO_ "OH, it HG JOH "o
RXNHZ transfer.- RﬁH3 R/'\OH
by-product: NH,* CHE2202, Chapter 20

1 equiv Learn, 65



2] Reduction of nitrile
a- Using LiAlH4 (yields amine)

1) LiAlH, ('..‘.H;_;_‘l,\“_l2
C=N ——
2) H,O

The mechanism
’/"\

R C=—7="N.
— -
@ |
u®, Alle H
Y
C£N" H
/ X -
H Al —
./ ©
H Li ®
'T s i3
H C—=N" i
| N e

202, Chapter 20
1, 66



b- Using DIBAL (yields aldehyde)

©i>—CEN 1- DIBAH m
2-H,6

c- Using Grignard reagent (yields ketone)

1. CHaCH,MgBr 1

CHaCH,C=N  — e CH3CH,CCH,CHg
o v e :Ihl:_ H0, ]
R—CEC}J: :R'™ TMgX _R/C\R*_ R/C\‘R’ + NHj
Nitrile Imine anion Ketone

d- Using H2/Ni (yields amine)

CN B M\
ﬁ” =N h,, Raney NI | N =N

NZ N > N\ \7 N
N MeOH, RT, 2 h N

CHE2202, Chapter 20
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