and their derivatives)

L Ag Bz H 2% (carboxylic acids
)OJ\
Structure Name Structure Name
1 1
C Acyl (or acid) chloride C
R cl R™ ONH,
1 1
C C Acid anhydride C Amide
R~ ~0~ R R~ NHR’
] ]
C R’ Ester C
RT ~o” R” “NRR’
R—C=N Nitrile



D& ¢

a) Acid:

Systematic name
O

PR

H” ~O—H

methanoic acid

O

M

HsC~ ~O—H

ethanoic acid

Common name

Formic acid

Acetic acid



Exercise 816:

O 0O
/\HJ\OH Br\/\)J\O'Na*’
CHa

sodium 4-bromobutanate

2-methylbutanoic acid
O

/\/\’//O OH

OH
(E)-3-pentenoic acid

\)\/ﬁ\
= OH

(E)-3-methyl-3-pentanoic acid

5-phenylpentanoic acid



b) Esters:

I T I
CH,C—OCH,CH, CH,CH,C—OC—CH, CH,COCH=CH,

|
CH,

Ethyl acetate or tert-Butyl propanoate Vinyl acetate or
ethyl ethanoate ethenyl ethanoate

] 11

CI@COCH3 CH,CH,0CCH,COCH,CH,

Methyl p-chlorobenzoate Diethyl malonate



c) Acyl chlorides

1 ]
CH.C—itl CH.CH,C—¢]
Acetyl chloride Propanoyl chloride
(ethanoyl chloride) mp —94°C; bp 80°C

mp —112°C; bp 51°C

d) Carboxylic anhydride

0
/
H,C—C
\
0

H,C—C
Y%

Acetic anhydride

]
CH.C—CI

Benzoyl chloride
mp —1°C; bp 197°C



e) Amides

CII) (I:I) e CII)
CH;C—NH, CH,C— N\ CH,C—NHC,H.
CH,
Acetamide N,N-Dimethylacetamide N-Ethylacetamide
(ethanamide) mp —20°C; bp 166°C bp 205°C
mp 82°C; bp 221°C
O O
CH
| s |
CI1,C— N\ C—NH,
CH,CH,CH,
N-Phenyl-N-propylacetamide Benzamide

mp 49°C; bp 266°C at 712 torr mp 130°C; bp 290°C



Hydrogen bonding (red dots)
between amide molecules

Hydrogen bonding between amide groups of peptide
chains. This interaction between chains (called a
B sheet) is important to the structure of many proteins.



Exercise 821:

) /\H/OEt e) CH3CH2CN
A

O
O
OEt
C) )J\/U\
MeO OMe | OC3H-
OC3H-
d) O
h O
Yoty )L

| ¢
N

)

*m
L



2) B

O O
|| 55 ||
COH + NaOH ——™ CO~Na® + H,O
Benzoic acid Stronger Sodium benzoate Weaker
(water insoluble) base (water soluble) acid
Stronger acid Weaker base
O O
| H,0 |
COH + NaHCO, —™ CO Na™ + CO,1"+H,0
(water insoluble) Stronger (water soluble) H,CO,
Stronger acid base Weaker base Weaker
acid
A A i i
Cl<C—CO,H > Clé(f—COzH > Clé?—CO2H > H—C—CO,H
Cl H H H
PK, 0.70 1.48 2.86 4.76

Exercise 818:



2) 5 il
SEE - R LR

(1) KMnO,, OH"

RCH=CHR' —~— RCO,H + R'COH
ea
(2) H;0"
KMnOQOy, cold, OH-, H>0 RHC—CHR
RHC=CHR - ||
OH OH

KMnQOy4,heat, OH-, H,O

R

R(E:(fR > /EO +

R' R R’
R

O_ﬂ/

Rl




(1) O;
(2) H,0,

RCH=CHR’ > RCO,H + R'CO,H

O3, Zn/HOAC R
RHC=CHR - /Eo +
H

o=

H

R

O3, Zn/HOAC R
RC|I:C|IR > /Eo +
R R R’ R
O_ﬂ/

Rl




b) ¢ p§ @ W=

(1) KMnO,, OH"

RCH,OH > RCO,H
' heat
(2) H;O°
H>CrOy4
RCH,OH > RCO2H

Rl
H>CrOg4 /&
R——OH = RN,

KMnQO,4, OH™ heat, H,O




c) dpEs ivm g

H>CrOgy
RCHO > RCO,H

1) Ag,O or Ag(NH;), OH™

R—CHO (1) Ag, *Or g(NH;), » RCO,H
(2) H,0

d) ¥zxsg
I

1)0,, CH,CO,H

R—C,H, 200, g COH

> (2) H,0,



1) KMnO,, OH™
CH, () - >
heat
(2) H,0*

f)e A& pr % i (The Haloform Reaction): f%$8 5+

| |
(1) X,/NaOH
—  C + CHX,

CO,H



g) Nitrile -kf%

HOCH,CH,Cl 2N, 4ocH,CH,eN 220, HOCH,CH,CO,H
2= 8 0%) LI, ) H,0* L11,LU,
3-Hydroxy- (75-80%)  3-Hydroxypropanoic
propanenitrile acid
NaCN H0*
BrCH,CH,CH,Br —%=—> NCCH,CH,CH,CN — > HO,CCH,CH,CH,COH
Pentanenitrile Glutaric acid

h) Grinardx &



CH, CH, CH,
| Mg | (1) CO, |

CHB—(lj—Cl Et2—0> CH3(|3MgCl 2 B0 > CH3(|3C02H
CHL, CH, CH,
tert-Butyl chloride 2,2-Dimethylpropanoic acid
(79-80% overall)
(1) CO,
CH,CH,CH,CH,CI CH,CH,CH,CH,MgC(Cl 2 O CH,CH,CH,CH,CO,H
Butyl chloride “ Pentanoic acid

(80% overall)

< > Mg (1)CO,
Q Br EL,O @MgBr 2) H30+'©COZH

Benzoic acid
(85%)




CO,H
T



* Grinard B & = T i £ $

CO,H

OH



Grinard




3) #@e#74 $ vnucleophilic addition” &

H\
[ N NuJr Nu Nu
R‘@/ﬂ,,“_.l (\ ‘. - \ s \ g
C=0. +:Nu—H—7 .C O:-— LC—0:-— C=0. + HL
L/ R\\/ e R\\\\\ 3
R
An acyl compound HI; ') Another acyl
Tetrahedral intermediate compound
# #
Nucleophilic addition Elimination
O O O O
/ / / /
R—C >R—C >R—C > R—C
\ y \_ \
Cl 0 OR NH,
/
R'—C
\
O
Acyl Acid Ester Amide

chloride anhydride



