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KEMAMPUAN AKHIR YANG DIHARAPKAN

 Mahasiswa mampu menjelaskan tatanama, sifat fisik, sifat
kimia, sintesis, dan reaksi senyawa-senyawa asam karboksilat
dan turunannya
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f—

Turunan Asam Karboksilat

Klorida asam
Asam anhidrida
Ester
Amida
Nitril
Substitusi Nukleofilik

E— | [ ———————

BB
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e Sifat Fisik Senyawa Turunan Asam Karboksilat m e

Examples
(MW 55-60) bp (°C)

I
CH;—C—NH, it

I
CH;—C—0OH 118
CH;CH,CH,OH 97

(”)

H—C—0CH; i
CH;CH,CH,CH;4 0

300

200

100

boiling point (°C)

-100

1° amides
N-methyl 2° amides
N,N-dimethyl 3° amides

acids
nitriles

1° alcohols

methyl
esters

n-alkanes
| | | | |

acid
chlorides

20

100
molecular weight

JE—
.
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Reaktivitas Turunan Asam Karboksilat

Reactivity Derivative Leaving group Basicity
more reactive acid (”) less basic
chloridle R—C—CI Cl-

O O O
anhydride R (u, O (”3 R O0— (u, —R
O
ester R g O—R’ “O—R’
O
amide R— (|£ —NH, “NH,
O
less reactive carboxylate R— (”3 —O~ — more basic

—



[ ————————

E— carboxylate
I R—C—O I
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Reaksi Konversi Gugus Fungsu Turunan Asam Karboksilat
O
acid chloride | -~
R—C—Cl
T
R—C—0O—C—R
anhydride
v
O
] SocCl,
R—C—OR’
ester
by
O
amide I
R—C—NH,
) 'y

O
]
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Substitusi Nukleofilik
.? ?.

R—C—X+Nuc: = R—C—Nuc +: X~

| 0
R—C—OH R—C—X R—C—0—C—R
carboxylic acid  acyl halide anhydride

O O
| |

R—C—O0O—R’ R—C—NH,

ester amide
M— = ] I m——

BB
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J— Tatanama IUPAC —

(menggunakan template asam karboksilat)

O O O
MCI M OM
drop "ic acid"add "yl chloride" drop "ac1d" add "anhydride"

pentanoyl chloride pentanoic anhydride

O O
MOCH3 MNHZ

"alkyl" drop "ic acid" add "ate" drop "o1c acid"add "amide”
methyl pentanoate pentanamide
drop "ic acid"add "e nitrile"

pentanenitrile
— | —

_
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Klorida Asam

OCH; O

CCl \/\/\/\’(Cl

O

o-methoxybenzoyl chloride (E) 2-octenoyl chloride

O

[
CH304®7CHQC(H

(p-methoxyphenyl)acetyl chloride

M—. ) [ —SS
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Asam Anhidrida

P
C C
/\/lok )Ok/\ ©/ \O/ \CH3
O
butanoic anhydride acetic benzoic anhydride

butyric anhydride

O
O
HQM(OH O\Q//O
O

succinnic acid succinnic anhydride
! [ ————

El—
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Ester
I
COCH,CH,CHj; O
@/ Y\‘
O
propyl benzoate (Z) cyclopentyl 2-butenoate

O
|

O
I
: _COCH,CH(CHj3), : CH,COCH,CH;

isobutyl cyclohexanecarboxylate ethyl phenylacetate

M—— ! R ——
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meta methylbenzamide 2-ethyl-3-methylpentanamid
a-ethylf3-methyl valeramide

O
e 1~
G -
AN

N-benzylformamide

N,N-dimethylcyclopentanecarboxamide

M—. [ —SS
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r—_ B

Lacton (ester siklik) 4

O
M ?
HO OH > + Hy0

O-hydroxyvaleric acid O-valerolactone
O
O
\/\(\)‘\OH + HzO
OH
v-hydroxyenanthic acid y-enantholactone

BB
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Asam y-Hidroksibutirat

0. ®
HOWCOZH > HOWcoz Na
sodium 4-hydroxybutanoat

-hydroxybutyric acid
-y yOULy or sodium y-hydroxybutyrat

H3O+ (GHB)
CNS depressant
CI) as of 2000, Schedule 1
o+ HO controlled substance
If mixed with ROH, the depressant

y-butyrolactone effects are enhanced

M—— ! R ——

_
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Semua turunan asam karboksilat dapat dihidrolisis

menghasilkan asam karboksilat
O O

(CH3)2CHO)\J\1\/\/\)/‘XOCH(CH3)2

diisopropyl pimelate

Hydrolysis
H3 O+ or
in base

\J
O O

+ 2 (CHs3),CHOH

M—. ) [ —SS

BB
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ﬁ T

Tuliskan tiga produk dari hidrolisis senyawa berikut?

0
C N(CH,CH;),

\’(\ H3O+
products are carboxylic acid(s)

+ conjugate acid of the LGs

Two hydrolyzable groups
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Produk Hidrolisis

0
I
C-+N(CH,CHs), CO,H

0 H;0" OH
\’(\ )
+ HN(CH,CH3),

+ HO\’(\

O
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Hidrolisis of klorida asam

O :(‘j:_ O
P ® J |
R—C—Cl+ H0%H —R (|: <Cl —R c\ (Cl—R—C—O—H + HCI
N H
—I—(:)I_l2 —I—Q<

H
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Pembuatan klorida asam

O O
| |

©/c0H SOCl, ©/CC1
>
. < : + SO,
1n QN 4 HCI
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OH SOCl,, pyridine @/CCI
>
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Substitusi Nukleofilik

Q O
w LG > + LG
Nu
Nu

@ || o)
LG=Cl, OCCH; , OCH;, NH2
best worst
E—— ._ -

_
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[ — » . - . e —
Pembuatan asam anhidrida menggunakan klorida asam dilakukan
tanpa menggunakan katalis

Example
O O (”) (”)

CH,(CH,).—C—Cl + CH,(CH,),—C—OH — CH,(CH,).—C—0—C—(CH,).CH,

heptanoyl chloride heptanoic acid heptanoic anhydride
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WGM

Cl
eliminatio H o @g)ﬁ’da
0
deprotonatio WLO 0O + HCI
NP .
B . e —

BB
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I —

Sintesis ester dari klorida asam

Example

O O

| OH |

C_ | C

Cl + CH,—CH—CH, — OCH(CHy,), + HCI
cyclopentanecarbonyl 2-propanol 2-propyl
chloride cyclopentanecarboxylate

E— e ——

m—
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T —

Sintesis amida dari klorida asam

Step 1: Addition Step 2: Elimination  Step 3: Loss of a proton
of the nucleophile of the leaving group
o 105y . .
R Y. P o
R—C—Cl: j 2R)N—H &= R— @ — R=0, —> R—C_
i | : RIN-H<—~, NR;
acid chloride amine R;N—H 2"y n

RINH + R)NH, CI-

tetrahedral intermediate
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—“___'ﬂ
Amida dari anhidrida
Step 1: Addition of Step 2: Elimination Step 3: Loss of a proton
the nucleophile of the leaving group
(v 0 0N O fe) O
K < [ [
R—C—-O0—C—R + R)NH &= R CUO C—R > R—C 20— C—R
e Sl | P
anhydride amine ;N\_ 2 ;N\_ kil
R’ R’ R’ R’
tetrahedral intermediate
I I
— R—C—NR; + R—C—OH
amide
E— [ ————————
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Esterifikasi

O O
I w I
R—O—-+H |+ | H—-O+C—R =—7= R—0O—FC—R +| H—0O—H
alcohol acid ester
Example
CH, O CH, O
| | H,S0, | |
H—C|—O H|+ | H—O01TC—CH, ——— H—(|3—O—C—CH3 + | H—O—H
CH, CH,
isopropyl alcohol acetic acid isopropyl acetate water
El— | S —————

BB
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Mekanisme esterifikasi menunjukkan bahwa atom O pada

gugus ester berasal dari alkohol




(0555 Unggul Smart, Creative and Entrepreneurial

I —— T
most basic
oxygen (l?
C\
+ OCH3
H' (cat) _ O/ o
i
OH intermolecular C+)OH
| proton
C\\OH transfer C\O
@
OCH OCH
©/(| 3 )

k H,0O
‘OH or CH;OH
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R —

—h

Sintesis metil ester menggunakan
diazometana

O
|

0O
|

R—C—OH + CH,N,—>R—C—O—CH, + N,

acid diazomethane

Example
COOH

CH,N,

cyclobutanecarboxylic acid

El—

>~
g

methyl ester

COOCH,

+ N,

methyl cyclobutanecarboxylate

(100%)

; B

S
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Diazometana sebagai karbon basa

0 0
O/COH CH,N», ether O/COCH3
>
H @ @ H\@ @
N N <> :/C N=N:
H H
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Mekanisme
Step 1: Proton transfer
_ . =
CH,=N=N:
(||) I ||
oo + .o
R—C Q‘JH\___/WCH —N=N: rR—C—0F =+ CH; N N:

methyldiazonium salt

Step 2: Nucleophilic attack on the methyl group
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I OCNYaWad ATOTNa o m——
\O)K/\ apple ©/\O/[K
O peach
O
\/\O)k pear (”JOCH3
o L -
ﬁ/\/ Y banana NH,
OH O

Il
. COCH;
"lTuicy fruit" wintergreer
um
Y O/U\/ O\/
O honey
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—__

Esterifikasi intramolekular

O

O +
H;0
HOM 30 < ;o
OH . -+ HZO
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I ——

Pembentukan Laktam (amida siklis)
NH NH
C 2 heat n H2 0O
COOH
O
y-aminobutyric acid y-butyrolactam
NH NH
2 heat n H2 0O
COOH
O
o-aminovaleric acid o-valerolactam

. S ————
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I — . o] o 4
B-Laktam sebagai antibiotik
I i
PhOCH,—C—N-_ S. CH, Ph—CH—C—N-_ S
' N '
—N —N
O/ CH, 2 O/ ~ CH,
COOH COOH
penicillin V cephalexin (Keflex®)
a penicillin a cephalosporin
(|)H
CH,CH—_ TH
SCH,CH,N—C—H
/N~ |
0) H
COOH

imipenem (Primaxin®)
a carbapenem
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ﬁ T

Reaksi terkatalisis asam

COH
H;0"
—>
o hydrolysis 0

ocicp. N H(pH4) CNH;
2CeHs
aminolysis > + CeHsCH,OH
O

CH;OH, H' COCH;
>
methanolysis ©/
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Transesterifikasi

_|_
OCH,C¢Hs _ CHOH.H OCH;

+ C¢H5;CH,OH
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OCH2C6H5 CH3OH H OCH3
+ C6H5CH20H

H CH;OH ®O/H

VO CH2C6H5 H trans. OCH2C6H5
®OCH; - OCH;
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Sintesis Aspirin

CO.H 0 ¢ COH 0
OH " cn,coccns, OCCH;
> + CH,CO,H

H,S04 (aq)
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CH3COCCH;
CO-H H COH O
@/ H3gOgCH3 OCCH;
H,SOy4 (aq) g + CH3CO,H
-
@™ H  OH,
COH O
OCCH,
+ CH5CO,H
' }
co.n Qo COLH ,O);’H o
G;)CliOyICH_q, H' transf. OC::;GL?)yZCHg,
H CH; CH; 1
S—— : _ —

_
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"Hidrolisis terkatalis asam

I 1
A VAVAVAVAVAVAVAN R A VAVAVAVAVAVAVAN
I 1
CH—O—C\/\/\/\/\/\ + 3NaOH— CH—O—H + Na* _O—C\/\/\/\/\/\
I 1
IR VAVAVAVAVAVAVA S AV
a fat (triester of glycerol) glycerol soap (salts of fatty acids)
El— | ———

BB
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—__

Hidrolisis amida terkatalis basa

Basic hydrolysis

O O

| H,0 |

R—C—NHR’" + Na* "OH > R—C—O0O~ *Na+ R'NH,
Na
Example
(”)
@ + NaOH —— + (CH,CH,),NH
N,N-diethylbenzamide sodium benzoate diethylamine

M—. ) [ —SS

—
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Mekanisme

< 7

CN(CH-CH C. o
( LR o, 1,0 SOgNa

> \VH carb.

* acid

+ HN(CH,CHj3),

_ O _

@
0
4 N

(ETQ\I(CH2CH3)2 \OH’(\B
©/OH + N(CH,CHs;),

. S ————
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o
o
s
o
e

|
CCl

0
COCCH;

CO,H 1) LiAlH,
>

2) H;0"

o L1AIH4 Reductions

CH,OH
+ HCI

Q

CH,OH
+ CH;CH,OH

Q

CH,OH
+ H,0

CH,OH
+ CH;0H

CH,NH,

QAL
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Reduksi ester dengan LiAlIH,

Step 1: Addition of the Step 2: Elimination of alkoxide
nucleophile (hydride)
(o} H :0: *Li .
® | 2, o
R—C—O—R’+ H-—AI—H Li" > R—C k? R"—R—C_ +Li" :O—R
ESW IL IL H
tetrahedral intermediate aldehyde alkoxide

Step 3: Addition of a second hydride ion
H :0: *Li :OH

0 | H,0" |
Z
R— C<J+ Al—HL1 >R—C—H ———> R—C—H
NV ' '
H H

aldehyde salt primary
alcohol

—
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Diisobutil Aluminum Hidrida
Reduction of an Ester to an Aldehyde

P 0
COCH,CHj o
1) DIBAH
L > + CH3CH,OH
1n toluene
2) ;0"
|
DIBAH

(CH;),CHCHy”  “CH,CH(CH;),
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Sekian




