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aliphatic acids -
aromatic acids -

fatty acids -

STRUCTURE:

(0]
R, Il
R\’-C/C\O/H

R

PHYSICAL PROPERTIES:

I. Boiling Point ( > alkanes, ethers, aldehydes/ ketones)

Vs R—O

Il. Melting Point - crystal packing efficiency is important
- presence of double bonds, especially cis-double bonds, lowers MP

H COoH H _CO.H

L, A

H” “CO,H HO,C~ H

Stearic acid (C47, saturated)

Linoleic acid (C47, two cis =)

1. Solubility in H>O - greater solubility than alcohols
- more than 6 carbons - only slightly soluble in water

- the salts of most carboxylic acids are water soluble



CARBOXYLIC ACID NOMENCLATURE

I. Open chain (acyclic): drop "e" from alkane/alkene/alkyne name, add "oic acid"
- COOH carbon is always # 1
- priority over all functional groups studied so far (see table p. 985)

(e 0 9
CH3—(I3-CHQCH2—C-OH H,C == CHCH,CH,CH,-C-OH
CHs
O o) 0] 0 EI)
Il Il
CHg-C-CH,CH, —C-OH H-C-CH,CH,—C-OH HO - CH,CH,CHz C-OH

Il. Cyclic: add "carboxylic acid" to the cycloalkane or cycloalkene name
- C-COOH is always # 1

CO,H
Br

CO,H

OH

1. Dicarboxylic acids: add "dioic acid" (acyclic) or "dicarboxylic acid" (cyclic)

CHg Br. Br COzH

|
HO,C - CHyCHy-CH-CH-CH,-CO,H
|
CHg

CO,H

“1GO,H
CO,H



ACIDITY OF CARBOXYLIC ACIDS

|. Strength: weak acids:

% W
R=Cso_p + H>O R—Cs + HaO"
® i
R-Cio_n + NaOH R—Cignat  * H,0
Il. Factors that Affect Acidity: HA <=——= H* + A
A. Resonance
0
CHS_C\O—H VS CH3CH20-H
l- H+ l - H+
B. Electron withdrawing groups -
CF3CO5H CCi3zCO2H CloCHCOoH CICH>CO5H
CHaCH,CH-CO,H CHyCH-CH-CO-H CHy-CH-CH,-COH CHa-CHz-CHa-COoM
CIJI Cl Cl
C. Electron donating groups -
COsH CO,H CO,H CO,H COsH
HO HaC

Cl



Synthesis of Carboxylic Acids (Review)

|. Oxidation of 1° alcohols and aldehydes:

KMnOyg4 0
or CrO3M»S0O4/MHo0/acetone(Jones' ox) I
R-CH,-OH or NasCro0O7MH5S04MH50 >R-C-OH

o any of above reagents or o
I + - I
RCH —-AdNHg)" OH » R-C-OH
2 H+
or AgoO/THFMHS0

Il. Oxidative cleavage of alkenes and alkynes:

H.  H  KMnOs(conc.warm)H0 o o
/C=C\ » R-C-OH + R'-C-OH
R R
0 0

1. KMnO4/MH20/OH /heat
2. H*
or1.03 2.H0

1l
> R-COH + R-C-OH

R—C=C—R'

I1l. Oxidation of alkylbenzene side chains:

R 1. KMNO4/MH5sO/eat COOH
2.H*
—
or

NayCro0O7MH2S0O4/heat

NOTE: These conditions oxidize other oxidizable functional groups!



IV. Carboxylation of Grignard Reagents

1. CO5 / ether

Mg / ether
—_—
2. H30"

R—X R—MgX

MgBr
1. CO, / ether
_-_>
2. HO*

V. Hydrolysis of Nitriles (NEW!, mechanism in Ch. 21)

H30* OR "OH

R—CN
c heat

+
CHsCH,CH,-CN —H3O™
heat

OVERVIEW OF REACTIONS OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES

0 @ 0 acyl compotinds:
R—C\H F{—C\R VS R—C\Y Y = OH
Y =Cl, Br
Y=0R
The carbonyl carbon in an acyl compound does not
react by the same mechanism as the carbonyl in an Y = NHj5, NHR, NR»
aldehyde or ketone. o
Il
aldehyde / ketone: Y=0-C-R

acyl compound:

R-C., —Nu _



REACTIONS OF CARBOXYLIC ACIDS
|. Synthesis and Reactions of Acid Chlorides:

9 ?
Lo n
reactivity. R-c-OH VS R-C-Cl

A. Synthesis:
1. (Review) Most common reagent and mechanism - thionyl chloride
0 0 o © 0o O o © 0
n 1l n 4 I o4 1] 1] " ]
RCOH + S —> R-C-?—-Sl-CI — R-C-?-—S—-CI —>» R-C-0~S—Cl—» R-C-Cl
Cl [
c H ¢l H

2. oxalyl chloride - better yields but expensive

Q TS
I
R-C-OH + CI—C~C-—ClI —>

CO,H
(COCl),

B. Reactions of Acid Chlorides (more later)
1. (Review) Ester formation

o) 0 @) H
n ’ H /
R-C—~Cl + R-OH —>» R-Q—CI —» RC~0+ —»
AN
R'/Q\H "

cocl
@/ CHgCH,OH
—_>

2. Amide formation - BEST method
O

o) | 0
1] 1
R-C-ClI + R-NH;, —» R-(l)—CI—P R-C —T;H —_—
+N-H R'
R\
H

cocl
@/ CHaCHoNH;
—5



Il. Synthesis of Esters
A. (Review) Fischer Esterification

o) Ht 0

Hn
R-C-OH + R-OH —» R-C-0-R' + H-0O

Proposed mechanism 1:

0]
+ I 0] O
. ' R-C-OH n H>0 n
R-OH —> R—OH —» RC-0-R = RC-0-m
H H

Proposed mechanism 2:
9 H*
R-C-O-H &

B. Esterification with Diazomethane
0

I
RC-O-H 4+ CHN, ——»

0 o)

n
C-O—H Cc-0
Cr o= (T onnen ——



lI. Direct Amide Synthesis

0
i R'- NH i heat
R-C-O-H + R-NH, ———> R.C.0 HsNR THO

IV. Reduction of RCO5H
A. (Review) LAH reduction - not selective

Q 1. LIAIH4/Et,0
R-C-OH 2 H30+
0 0

n
CHa-C CH,C-OH
U 1. LIAIH4/Et,0
- >
NG 2. H30

B. Diborane reduction - very selective! - COoH reacts faster with BoHg than any other functional group
0 0

il i
CH5-C .
? CHCOH 4 BoHg / diglyme
2 Ha0" ”
NC

C. (Review) Reduction to aldehydes

2 soo, o LAH(OtBu)

RCOH ——5» R X
O T Pd(BasOE

CO.H o CHO
| @




V. Ketone Formation (Review)

0o O Li
] 2 R P HgO* OH
R-C-OH ——mp R-CI3-O i —» | RC-OH | —>
R' ,;1.
Q 1.2 CHalLi
CHeCHC-OH a0 >

VI. Decarboxylation - The Hunsdiecker Reaction - converts heavy metal salts of RCO,H into
alkyl halides with 1 less carbon

i HgO or Ag>0 or Pb(OAC),4
R-C-OH —heat7Br, /CCly >

Mechanism: first - carboxylic acid salt is formed with metal then:

o) 0
" fl
R-C-O Ag + Br—Br ——» R-C-O-Br

O
n t T
R-C-O Br Wi» RC-O + Br

0
n
R—C—-0O ——» R + CO,

0 o)

n i
R + R-C-O Br ———3 R-Br + R—C—-0O

CHSCHQCHQ-E-OH HgO /heat /Bry /CCly .




SPECTROSCOPY SUMMARY
S i

IR: _le———— 1710 - 1760 cm
~0-H

f— 2500 - 3300 cm™! - often very broad (see spectrum below)

600

HNMR:
. 8 -11-12%
YN O—H- - always a singlet
- - often broad
- D,O exchangeable

13C NMR: _

C"> 200 - 215 ppm - isolated

R—Ce" 190 - 200 ppm - conjugated
— O—H
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