Chapter 15

Derivatives Of Carboxylic
Acids



Derivative Of Carboxylic Acid is a compound

that yields a carboxylic acid upon reaction

with water
Structure Name Structure Name
I |
C Acyl (or acid) chloride C
R™ I R™ NH,
D1 |
C C Acid anhydride C Amide
R \0/ R R” NHR'
| |
C R’ Ester C
o R™ NRR’

R—C=N Nitrile




COMPARISON OF CARBONYL COMPOUNDS

The typical reaction of an aldehyde or ketone is addition,
or an addition followed by loss of water.

H

ﬁ) ? _?_enamine NuR
N N R
7’ -
R I|\Iu imine acetal
. R,
:Nu-R hemiacetal

Acid derivatives (acyl compounds) undergo substitution
reactions.

0
Il

.
>

+ :X
Nu-R a leaving group

O=0

R Sy

3 displacement ‘Nu-R



Nucleophilic Acyl Substitution

SIMPLIFIED VIEW

1) C .-
0. NN
| slow T
Re=C=Y : > R—?—Y
> addition of Nu
: nucleophile
2)

. = elimination of
C : leaving group :Ci:

? Y > R—('j + Y
N
carbonyl group NU Nu

forms again

most aren’t this simple, proton

4 transfers are usually required



REACTIVITY IS ALSO REFLECTED IN (not considering
THE STABILITY OF THE LEAVING GROUP acid catalysis)

MOST
REACTIVE ﬁ
A Re=C=C]| > Cl
@) @)
I I -l
R=C=0Q=C=R > O=—=C=R
0
[ |
Re=Ce=0Q=R > - O-R
0
. R—C=—NH, - NH, \/

STRONGEST
BASE



carboxylic acid '

acid halide or ,
acid anhydride

ketone' ester | amide |




Spectroscopic Properties of Acid derivatives

* IR Spectra

— The carbonyl stretching frequency varies according
to the type of carboxylic acid derivative present

— O-H stretching vibrations of the carboxylic acid give a
broad band at 2500-3100 cm-?

— N-H stretching vibrations of amides appear at 3140-

500 cm-1

Eunctional, Group APPfﬂXimate(:;:‘-_t}';e"W Range |1840 1820 1800 1780 1760 1740 1720 1700 1680 1660 1640 1620 1600

. . 1815-1785
Acid chioride 1800-1770 (conj.) .

. . 1820-1750 _ -
Acid anhydride 1775-1720 (conj.) (T\ivo l|'.)—|0 a|b50|rptllonT)
S 1750-1735 Also C—0 (1300-1000);
ster/Lactone 1730-1715 (conj.) no O—H absorption
RA—— ~1760 or 1720-1705 (monomen| | (dimer)| Also C—0 (1315-1280)
arboxylic acl 1710-1680 (conj.) and 0—H (~3300, broad)
1740-1720 NSNS
Aldehyde 1710-1685 (conj.) Also C—H (2830-2695)
Kot 1720-1710
LY 1685-1665 (conj.)
Amide/lactam 36201640 (soléii(:')lg}
f Carboxylate salt 165051950 (|TW(|J C|:O|ab?0rL|)ti0ns)

*Oranege bars represent absorption ranges for coniugated species.



1H NMR Spectra

*The o hydrogens of carboxylic acids and their
derivatives appear at 6 2.0-2.5
*The carboxyl group proton appears downfield at 6
10-12

O
I

CHS - CHQ - C - OCH3
(a) (b) (¢) —

i

(b)
24 2.2 12 1:0 ‘J TMS
A




Nomenclature Of Acid Chloride

e Acid chlorides are named by dropping the -ic acid from
the name of the carboxylic acid and adding -yl chloride

O
O O
i i ¥
CH3CH2CH2—C\CI CHs—C\CI Cl

butanoyl chloride ethanoyl chloride benzoyl chloride
butyryl chloride acetyl chloride
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PREPARATION OF
ACID CHLORIDES




« Acid chlorides are made from carboxylic
acids by reaction with thionyl chloride, or
phosphorus trichloride.

| |
RCOH + SOCI, — R—C—Cl + SO, + HCI
Thionyl chloride

I |
3RCOH + PCl, —— 3RCCI + H,PO,

Phosphorus
trichloride

11



Examples

i i
|
CH3CH2COH + SOC|2 —> CH3CH2CC| + SOZ + HCI

Propanoyl chloride

O

COH cl, o
+ H3P02

12 Benzoyl chloride



REACTIONS OF
ACID CHLORIDES




Nucleophilic Acyl Substitution

Simplified Mechanism

(o :
RII | 1) addition (O (2 O
C—C » RC—CI| »)elimination I

L | > RC—Nu
Nu
s NUu

+ CI

14



1) Hydrolysis

e Reaction with water

0 I
Mechanism

0 O 0
”/—\ R(Cll—&r)Hz —>

R(:—OH2 + CI

S

||
RC—OH

15



2- Reaction With Alcohols

General reaction=» ESTER
O O

|
RCCI + ROH —» RyZOR' + HCI

Usually HCI is removed using tertiary amine

O
|

CH3CC| + (CHB)BCOH + (CH3CH2)3N —>
O

I + i
CH5COC(CHs), *+(CH3CH)sNH Cl

16



MORE EXAMPLES

O

©/|\C| + CHCH,OH + <©;N .

pyridine

Ethyl benzoate
17



3- Reaction with ammonia and
amines

O
A > R(l'JNH
(—NH,TCl~ 2 primary
el Amide
O O
| R'NH, | secondary
‘NHR'
RCCI (—R'NH.~CI) RCNHR
Aeyl chloride N-Substituted amide
O
SRl » H||Z|‘NR'R" tertiar
(—R'R"NH,*CI") ’ y
N, N-Disubstituted

amide

1¢



Examples

O O

| I
CH3CClI NH3 — CH,;CNH, +HCI

NHs
NH,* CI
O O

| [ _
CH3CCl + 2CH3NHy —>  CHZCNHCH, + CH3NH;™ Cl

O 0
|

19



Schotten-Baumann Reaction

e NaOH is added to remove HCI if the acid
chloride Is not very reactive

O
I

1
Ccl _ C—N
OO

20




4- CONVERSION TO ANHYDRIDE

Reaction with carboxylate ion

O
O || O O
| R'CONa® Rr:l* o gR'
I{{:.-[:..'I ] f—HH"_{-‘l_} r ‘
Acyl chloride Anhvdride
O O O O

1 1
CH3CH2CC| + CH3CO_ Na+—> CHBCHZyZOy:CHB

ethanoic propanoic
anhydride

21



5- Conversion to Aryl Ketone

Friedel-Crafts acylation

O O

|| AICI, I

1-phenyl-1-propanone

22



6- Reaction with Grignard Reagents

Acid chloride react with two moles of a Grignard
reagent to yield a tertiary alcohol

C(”) @_ O aketone
(= _
RC—Cl + R~MgX _, RC—cl —> RC—R
\/ R iRI\/IgX
OH
X H+ O_ng
Tertiary Alcohol RC—R «—
! H,O RC—R

R



Examples

? OH
Cl ), CHsMgBr - —CH;
. o
| CeH=MqClI
CH3;CH,CCI 1) CoHsMg > CH3CH2C(C6H5)2

») H', H,0

24



LITHIUM DIALKYLCUPRATES

RZCuLi Made by treating an
alkyllithium compound
with copper () iodide.

LI _

R—X > R— LI
R
| 0°C \
2 R—Li *+ Cul > Cu Li
ether /

25



7- Reaction with Cuprates

An acid chloride can be coupled with a
dialkylcuprate to yield a ketone

0 0
| |

R=C~cCl . RCuli - R=C~r

ACID CHLORIDE KETONE

26




Examples

O O
/ - _78°C / _
C\ + (CH. . Culs St © C\ + CH.Cu + LaCl
@ | CH,
Cyclohexanecarbonyl (81%)
chloride 1-Cyclohexylethanone

(Cyclohexyl methyl ketone)

O O
| (C6H5)2CULi ||
CH,CH,CCI » CH3;CH,CCgH:s

27



8a- Reduction with LiAIH,

1) Acid chloride + LiAIH, =» primary alcohol

O
| CH,OH

Cl ) LiAIH, _

5) H, H,0
Primary alcohol
I
LIAIH
CH3CH2CC| 1) I 4 > CH3CH2CH20H

) H, H,0O

28



8b- Reduction with LiAIH[OC(CH,).],

2) Acid chlorides react with lithium tri-tert-
butoxyaluminum hydride to give aldehydes

O O O
| SOCl, | (1) LiAIH(O-t-Bu),, Et,0, —78°C |

(2) H,0

O
G C
~al (1) LiAIH(O-t-Bu),, Et,0, =78°C SH
(2) H,0
H,C H,C

OCH, OCH,
3-Methoxy-4-methylbenzoyl chloride 3-Methoxy-4-methylbenzaldehyde

29

RCOH > RCCI

> RCH




9- Alpha halogenation

e Acid chloride undergo tautomerism =» alpha

halogenation. OH
O Cl)H |
CHCCl == CH,—CCl Cg (|3"'2—(/CI
Keto form enol form Cl Cl
- HCI
o

An o-halo acid chloride CHZ—CC|

|
30 CI



Examples

O O O

| PBr | Br, [
CH3CH,COH —CH3CH,CBr ——% CHyCHCBr

|
Br

O

PBr
(CH),CHCOH + Br, —>  (CH3)CLBr

Br

31



Hell-Volhard-Zelinesky Reaction

If PBr5 IS used as a catalyst, halogenation
produce o-halo acid

PX3 Catalyst> R2C|:C02H
X

RzCHCOzH + X2

PBI‘3 O

I
(CH3)2CHCO,H + B2 cai8lyst  (CH.),CCOH

|
Br

32



EVERYTHING CAN BE MADE FROM THE ACID (CHLORIDE)

RTERFOR R=C=N RMgX + CO
2
E \
. NaOH
0 g
R=C=0=R' H,O0 || SOCI, R—C—0" Na?
R'OH
“ACID >
DERIVATIVES”
ﬁ / |
R=C=—NH, NR',H Qo
Q R=C=0O=—C—R
R—C—NR',

33—
... or the anhydride



Acid Chloride Reactions ( summary)
O O
O | | | |
RZCHP:_OR. RZCHC_NR 2 R2CHC—02CR

OH TR'ZNH
o
I HO I
R,CHC—OH <«—— 'R AH _ R,CHC—Ar
A

1) LIAIH[0@(CHy)s], \)\F\;I\/I gX
,) H', H 1) AH\?\ 2CU|_I H Hzo
2

ssmmmpan R2CHCH,0H éz
— -l 4 2CHC—
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Anhydrides of
Carboxylic Acids

O O OO
H [ 1
RC CR" —» RCOCR'

An anhydride

Anhydride means “without water”



Nomenclature of anhydride

 Anhydrides are named after the parent
carboxylic acid followed by the word anhydride

O O O O

Iyl I
CH3;COCCHj4 CH;CH,COCCH,CH3;
ethanoic anhydride (IUPAC) Propanoic anhydride (IUPAC)

Acetic anhydride (trivial) Propionic anhydride (trivial)

O O
a6 CH:»)EIZC)(IIZCHZCH3 ethanoic propanoic anhydride



Preparation of Anhydride

1. From acid chloride

O O O O

| ] I
RC—Cl + "OCR' —» RC—OCR’

An acid A carboxylate An anhydride
chloride ion

O O O O

|
O-ta don— (O)-Leolen




2-From carboxylic acids

0 0O O 0 O 0

[ ] ]
2 RCOH + CH4COCCH; —» RCOCR . 2CH3|C|JOH

CO,H 00O

O O
TR L]
+ CH3COCCH; —> coc

38



Reactions of Anhydrides

Cﬁ) I > 0
ddi
—OCR v addifion R&—FSCR ) ellmmatlon |

L: Nu Illu -

I
+ OCR

39

Nu



1- Hydrolysis

* Anhydrides react with water = Carboxylic acid

N
(”) (”) y RCOH + HOCR'’
RC—O—CR’
Anhydride

20 ho ]
CH,COCCH, —— 2CH;COH

40



2- Reaction with Alcohols and
Phenols

* Anhydride with alcohol or phenol in the presence
oh acid =» Ester

O O O O
TR CH,;0OH | |
CH3COCCH; » CH3COCH; + CH3COH

An ester
OH
0 0
OO | |
]l H,S0, CH3C04<: :>—OCCH3
CH3COCCHj + S
+ 2CH3C02H

41 OH



* Phenyl ester can prepared under basic conditions

]
- Na* OO OCCH
OH O” Na TR 3
CH,COCCH,
@ L@E @ > + CH3COZ-N3+
C‘) O
CH3CH,0H_ OCH,CH,

OH

42



3- Reaction with Ammonia and

amines
O O
NH, | |
> RCNH, + RCO™NH,*
‘ﬁ’ ("’ At
RC—O—CR —
Anhydride O O
R'NH, | |
>  RCNHR' + RCO™R'NH,*
N-Substituted
amide
0O O
R'R’NH | H
>  RCNR'R” + RCO R'R'NH,*
N,N-Disubstituted

amide By-products



Examples

O o)
[ I

i C
N H,O \NHZ
O+ 2NH,—/— L —
/ ¥ warm _O™NH, (=NH,")
C

C
| |
O O
Phthalic Ammonium
anhydride phthalamate

(94%)
44

0
|

C
OH
C sl
|
O
Phthalamic

acid
(81%)



Esters of
carboxylic
acids




carboxylic acid '
acid anhydride ' aCId halide

N~
PIERIN

carboxylic acid alcohol '

amide v different ester '
46 polyester '

JJ



Nomenclature of Esters
Change -ic acid to -Oate

SALTS OF ACIDS

7
CH,CH,CH,CHs=C -
3 2 2 2 \O Na

sodium pentanoate
0O

o kT

,, potassium benzoate

+

ESTERS
i
CH3CHsCHsyCHsC=0O=CHsCH,
ethyl pentanoate
i
CI—I-(fH-C—O—CH
3 3
CH3

methyl 2-methylpropanoate
methyl isobutyrate



ESTERS

1
@—C-O-('ZH-CH3

CH,
Isopropyl benzenecarboxylate
. O
Isopropyl benzoate CI,
\

ﬁ ?Hg O‘CH3
CHZ-C—O—?—CHs
CH methyl cyclohexanecarboxylate
3

tert-butyl phenylethanoate

48



? ? CH,

CH,C—OCH,CH, CH,CH,C —OC—CH,
Ethyl acetate or
ethyl ethanoate CH,

tert-Butyl propanoate

0
| ?

CH,COCH=CH,
Cl COCH,
Vinyl acetate or

ethenyl ethanoate
Methyl p-chlorobenzoate

49



Preparation of Esters

1) From Carboxylic acids and Alcohols

0 0
(”: R'—om s (“: H.0
+ R'—OH — =
R~ OoH R~ DOR’ ’

I r T

H
CH,COH + CH,CH,0H — CH,COCH,CH, + H,0
Acetic acid Ethanol Ethyl acetate

50



2) Esters from Acid Chlorides and alcohols

0: 0:
o/ g —HCI /
R—C + R—O—H > R—C
N N
C]: 0_ R’
‘ﬁ ol
CH.C—Cl + CH;CH,OH + O — CH.COCH,CH,; + Q €l
Benzoyl chloride N Ethyl benzoate 7

(80%) IT
H

51



3) Esters from Carboxylic Acid Anhydrides
and alcohols

//()
RC 0 0
\ V4 |
O + R—OH — RC + RCOH
/ \
RC O—R'’
\
0

T 1
CH,C—/,0 + CH,CH,OH — CH,COCH,CH,; + CH,CO,H
Acetic Benzyl Benzyl acetate

anhydride alcohol
52



Example

0 0
[ |  CH,
" C\0(|3HCH CH
I T07C
O + CH,CHCH,CH,—— i
£ | _OH
I O |
0) O
Phthalic sec-Butyl alcohol sec-Butyl hydrogen phthalate

anhydride (97 %)

53



4) Esters from carboxylate ions
and alkyl halide

RCO, + R-X > RCO,R +X
O

|
o CH,CI CH,OCCH;
QO

Benzyl acetate

54
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Summary of Ester Preparation




56

Reactions of Esters



Acid-Catalyzed
Nucleophilic Acyl Substitution

1) J——— ¥ SIMPLIFIED

0: :O=H
I I

R=C—OR' — R=—C=—OR'

Cﬁ-H :(?-H
R—C—OR' SlOWs R—?—OR'
(> Nu
+ Nu:
i
3) -
s OTH
Q? H .ﬁ.
R—(':—OR' — R=¢ +RO~+ H0
Nu Nu

57



Nucleophilic Acyl Sunstitution In
Alkaline Conditions

C _

| ion (C O

RC—OR 1) addition X (X liminat I
— C—OR ») elimination R

L - R C—Nu
Nu

¢ Nu

+ OR

58



1- Hydrolysis of Esters

Basic Solution

' Na* ﬁ Na*
R=C=0—R + OH > R=C=0" + R=0O=H
heat

Acidic Solution
@)
T HZSO4
R=C=—0O=-—R + H,O > Re=C=0OH + R=0O=—H
heat
excess

Hydrolysis in acid is reversible ,but in base itis irreversible.
59



Hydrolysis of an Ester in Acid

. Mechanism H,S0,/H,0
HO*  H—0: )
R=C=—0=R' | H=0:
/ slow R—C—O—R'
; H=O—H
H=0=H "
. .
— /)H'OHZ
proton H~?: H-?-H =
B R . N
transfers| R_§9™R s=— R—C—0—R T— R (f ? R
H-Q-H\ H—Q: H—O
- OH,
T N N
R-})D?-R = R—(': + :?—R' = R—C—O—H
H=0: H=0:  H

60




Base-Promoted Hydrolysis of
Esters: Sapgnification

O
| , H,0 o ’
RC—OR" + NaOH —— RC-—0O"Na + R’OH
Ester Sodium carboxylate  Alcohol
Mechanism
. ToEN
||5 =:0O—H 1 |"> -
e T & R—C—0—H =
R O—R’ e
& . Q_R,
A hydroxide ion attacks The tetrahedral intermediate
the carbonyl carbon atom. expels an alkoxide ion.
:O.-
@ —
R™ “OZLHT 20—k RT 0+ + H—O—R’

..

Transfer of a proton leads
to the products of the reaction.



Examples

O O

T + |
CHACH,COCH,CeHs + H,0 T CHiCH,COH + CgHsCH,0H
eXxXCess

O O
] OH" Il
C¢H:COCH,CH; —» CgHsCO™ + CH3CH,0H

H,O O
H* 1
L» CH-COH

62



(”) CH2CH3 i} O CHZCH3
OH + HO—C
C6H5COC ..... ' —> C6H5CO \ """ 'CH
R \ 'CH3 Hzo 3
(R) (R) 2-butanol

If this bond cleaved = racemization or
O linversion of configuration is produced

J
suggest: RC—-O—R

|

This bond is cleaved

63



SAPONIFICATION

O

S 7® Csom
Il

C=—0-—C

fat = triglyceride NaOH (lye)
heat
0

I
H-OH NaO=—=C

@-C—ONa HO=C=—H 0

CHzOH NaO—C-@

64 glycerol “SOAP”
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2- Transesterification

| o f
R—C—0—R +|R=—OH]| = - R—C-\-O-R
@)
mechanism is similar to + H| \R
Esterification
EXAMPLE
@)
| b
c:-o-c:H3 . C—0—CH
H N CH,
CHyGH-OH heat ~ CHzOH

CH
3 excess



3- Reaction with Ammonia

e Esters + ammonia or amines =» amides

O O
| NH; |
Ce¢HsCOCH,CH, —> CeHsCNH, + CH;CH,OH

O

O
g N [
CH;CH,COCH; . —>  CH3CH,CNHCgH-

+ CHZOH

66



4- Reduction

e Esters are reduced to primary alcohols

red. |
—» RCH,0OH + HOR

To a To the other
primary alcohol
alcohol

67



1)  Reduction using sodium metal in ethanol.

O

I Na
CH3(CH,)4,COCH;4 C

>
HsCH,OH

CH3(CH2)4CH20H + CHgOH

68



2) Reduction using catalytic Hydrogenation

Lo
CH,0C(CH,),COCHx

H,, CuCr,Q, catalyst
>
200 atm, 250C

HOCH,(CH,),CH,0OH + 2CH30H

69



3) Reduction using LIAIH,

O O

1 1 -
C,H:OC(CH,),COC,Hs 1) LIAIHg
) H*, H,0

HOCHz(CHz)ZCHzOH + 2C2H5OH

/E\/:o ) LiAIH, _ OH
O ,) H*, H,0O

Cyclic ester

OH

70



5- Reaction with Grignard Reagents

e Esters react with two moles of a Grignard

reagent to yield a tertiary alcohol
R' 'T’
R@CQO' — |R—CLO Mgx | —NOMeX
Lo / - gl - spontaneously
R Q O_RH
Ester Initial product
(unstable)
_Rr\ ] l~|{' 1~|’.’
+«| R NH,(C]
=0 | R—C—0MgX —— R—C—OH
P : | H,0 |
R i R R
Ketone Salt of an 3° Alcohol

alcohol
(not isolated)

71



Example

CH, N
CHSCHZMgBr = /C =0 W CH,CH,—
C,H,O
Ethylmagnesium Ethyl acetate -
bromide
B . CH,
CH, |

\C= 0 CH,CH,MgBr (jHSCHZ(|j—CH2CH3
/
(2113(:1_12 OMgBI'

72

CH,
(|Z‘—OMgBr —C,H;OMgBr S
|
OC,H.

CH,

n |
W CH3CHZ(|:'CH2CH3
OH

Y-Methvl-R-nantannl



(") CGHS

- (1) ELO |
2 CH,CH,MgBr + CH,COCH, =0 CH,CH,—C—CH,CH,
H,0 |
Ethyl i Methyl OH
ybﬂaﬁﬁjlum belfz(}:te 3-Phenyl-3-pentanol
. OH
|
CH.—(—C .1
CH MgBr (1) CH.COCE: R 2 6ils
6775 (2) NHCl; H.O
CH,
OH
ﬁ 1) CH3MgBr.
> o—
HCOC;Hs 2) H+, H,0 HC CH3 Secondary alcohol
A formate CH
ester 3

73



v

Lactones

v- or 8-Hydroxyacids undergo acid catalyzed reaction to
give cyclic esters known as y- or o-lactones, respectively

"0

P e . O
CHO  _H' Q& oo
CH,CHy” "0

_ , 4-hydroxybutanoic acid lactone
4-hydroxybutanoic acid

v-hydroxy acid (y-bytrolactone)

O
CHOH (1 1 o . O
— >
*
0

5-hydroxypentanoic acid lactone

5-hydroxypentanoic acid
o-lactone



Reactions of Lactones

e Lactones are cyclic esters and they undergo
same reactlons of esters

o

HO CHs

1) CH3I\/Ig>r (escess) CHj,
2) H*, H,0 OH

75



Polyesters By
Transeséerification

@ﬁ y:@+ 2AHOCH,CH,0H )

dimethyltrephthalate i H-+ 1,2-ethanediol
O
CHZCHOC—@COCHZCH2+ 2 CH;0OH
i OH groups can react with

0 more dimethyltrephthalate

0
| |

Dacron [ [ Q COCHZCHZOA}

76 \ }




Amides



Nomenclature of Amides

 Amides with no substituents on nitrogen are
named by replacing -ic acid or —oic acid in the
name with amide.

O O
| |
CH3C _NH2 C - NH2
Acetamide _
(ethanamide) Benzamide

T
CHSCHZCHZCNHZ Butanamide

78
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Groups on the nitrogen are named as
substitutents and are given the prefix N- or
N, N-

O O  CH
|| |
CH,C—NHC,H, SH R
N-Ethylacetamide CH,
N-Ethylethanamide N,N-Dimethylacetamide
O
CH
|| V. 6115
CH3C—N\
CH,CH,CH,

N-Phenyl-N-propylacetamide



Preparation of amides

O O
O | ]
I RCOCR O
YNH |
(H) ﬁzNH
RCNR',

80 Amide



Reactions of Amides

e Amides are not basic.
CH3;NH, + HCl=>» CH;NH,;*CI-

Methyl amine Methylammonium
O chloride ( salt)

|
CH;CNH, + HCl —s No reaction

Due to -
resonance Cﬁ) ~ :C|5: .
NH, <> CH3;C=NH,

CH,-C—
o1 Positive N = not basic



82

Evidence for resonance
participation

Q- 0
H—C— N(CHg)z <> C: N\
CHs,

CH;

/

I\

The two methyl groups are
not equivalent & NMR
shows two singlets



1- Hydrolysis of Amides

Basic Solution

Na*

0 Na* 0

R—(l.'!—NHz + OH . R=8-0" + NH,
heat

Acidic Solution

ﬁ H,SO, Q
R=C-=NH, + H,0 > R—(!'!—OH + (NH,)SO,

heat 2
excess

Hydrolysis requires strong acid or base and heating under reflux.
83



Base-Promoted Hydrolysis of a Amide

NaOH MECHANISM
. most often this
step reverses
g === R, | e
g
_ N\ :O=H group than NH,-
O=—H
C~ once in 0 stronger base
(;? . a while T ~ than OH", but
R—?—\N}H2 > R—? + “NH; | this step doesn’t
O=H ' O=H reverse because
iy of the next one

Y

R—C—(:)_.H’/-;\: NHZ R=C=0: + NH,

84

accumulates




Acid-catalyzed Hydrolysis of a Amide

MECHANISM

. Q=H
|
R—C—

NH

1)

™ <t
L I
< =
+ +
I . L
T O ®
\ | _
LO0=0 O=0
.. — —
e e
™
L
i
: O=0=0:
e
2)

85



Examples

O
| *
CH3CH,CN(CH3), + H,0 Hy CH3CH,CO,H + (CHgz),NH,"
. Dimethyl
N,N-dimethylpropanamide :::?dpanmc ammonium ion

Q CO,
NHCH, 25 ©/ + CHaNH;

methylamine
Bezoate ion

N-methylbenzamide

86



Reduction

General O _
[l 1) L1 AlH,4
RCNR', » RCH->NR',
5) H H,0

An amide An amine

example
O

T 1) L1 AlH,4
CH3(CH,),CNHC,H;

>
») H*, H,0

CH3(CH,),CH,NHC,H;s

N-ethylhexanamide N-ethyl hexylamine
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Reduction Mechanism

0 o-/\ (O—AlH;
RCwAlHB_ —> RCNR', A“",B R(l:—NR'z
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Polyamides

O O
| |
X HOC(CH,)4COH +XHN(CH)gNH; —>

Hexanedioic acid 1,6-hexanediamine

D0
{C(CHZMCNH(CHZ)(;NH}X

nylon 6,6

polyamide



Compounds Related to amides

O
CE
Lactam = |m|

cyclic amide

I ]

\NPJN/ —»  HoNCNH;

/TN o 0
UREA ~NCO » H,NCOCH;

/

Carbamate, or urethane



Carbamates are prepared from isocyanates and
alcohols

N=C=0 HO
©/ ; \© NHCO@
— @/
Pheny! phenol
iIsocyanate Pheny! N-phenyl
carbamate

polyurethanes

N=C=0
X HOCH,CH,OH  + X/@/ N
O=C=N O O
| ]
—~-CH,CH,0CNH NHCO—
91 X
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Barbiturates

Reaction of diethyl malonate with urea In
the presence of sodium ethoxide produces
barbituric acid

Barbituric acid

Used as sedatives



Sulfonamides or Sulfa drugs
O

<©> Cl + RNH —» @,Q_NRZ + HCI
I
O
An

Benzgnesulfonyl amine
chloride

=0

O=wn

a sulfonamide

Nitrogen is
attached to
sulfonyl

group
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NITRILES




Nomenclature

IUPAC: The alkane name is suffixed
with nitrile

CHsC=N @CN

ethanenitrile o
benzenecarbonitrile

Trivial:

acetonitrile Trivial: benzonitrile
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Preparation of Nitriles

1) Sj2 Reaction

m _— _ _
R-CHZ-QI) + C=N: > R=CHsyC=N: + Cl

‘ "‘N
HOCH,CH.Cl NaCN . HOCH,CH,CN
3-Hydroxy-
propanenitrile

NaCN
BrCH,CH,CH,Br —————> NCCH,CH,CH,CN

96



2) Aryl nitriles from diazonium salts

NH NaN02
2 HCI
> N2+C|_
o C
CuCN, KCN
Y

CN
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3) Nitriles from the Dehydration of Amides

Anitrile can be formed by reaction of an amide with SOCI,
,phosphorous pentoxide (P,O:)or boiling acetic anhydride

O
| SOCl,, P,O¢g, or (CH,CO),0
RC—NH, — 22" 5 °777%" po=N
H,O
A nitrile
[ SOCI _
CH3(CH,)3C—NH, > CH3(CH2)3C:N

pentanenitrile

98



Reactions of
Nitriles



1) Hydrolysis of Nitriles

ACID SOLUTION
O

H,SO, I +
R-CH-C—N + H,O —— R=CHsC=—OH + NH,
heat
BASIC SOLUTION
@)
NaOH

il
R-CH-C—N + H,0 h_. R-CH-C—O Na + NH
eat
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Base-Promoted Hydrolysis of a Nitrile

1)

2)

3)

101

MECHANISM NaOH
R=C=N:? slow Tl
\ — R=C=N :
—
— .. O=—H
O—H ..
- ' NH

Tautomerism



Base-Promoted Hydrolysis of a Amide

MECHANISM
- NaOH
4) R=C—NH, —= R- _|'\'|H2
\ I
o=t -

5)  R=C==NH — R- + NH,
(?)—H g—H

6) R—C—(_.)_.H’/D: NH, —_— R=C=0: + NHg
102



Acid-catalyzed Hydrolysis of a Nitrile

MECHANISM

N, fas + + -
1) R=C=&N: + H ‘é R—C=N—H =—— R—C=N—H

H,SO, !/ H,0

ﬂ- slow

2) R=CEN—H — R—?=N—H
+

C :E—H

PR

Amide may be
H isolated as the

product of the
. —_— . reaction under
8) Rx(RN=H % R=f—\—"H mild conditions

. H-OH .
:O—H 2 A
5H)+ ¥ * (H') protonated

amide

103 )
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£ 4

T711
A O'Clo
© J
(P
o .
B +5 ﬁ z
°oamm T —
m )sz Wz ~ M
O 51 ) =¥z 37§
5 opoT z=bbb o=
SN x + D_“ o o
I
D I
|
N
ly N ™
..nm H”Wz . M.I. % % % .m|.+%
® =R o-o=O-T O0—0—
e T
)
O |
M = G 5

+

i
R=C—OH + NH,
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Examples

0
N H2504 (40%) [
@CHZCN 120 Tefux > @—CHZCOH

O
45 C 2 2
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2) Reduction

 Nitriles can be reduced to primary amines
(RCH,NH, ) by Hydrogenation or LIAIH,

H,, Ni
CH,CH,NH

CH4CH,CH,C=N 1) "'+A'H4
) HY, H,0

»CH3CH,CH,CH,NH,
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