
19.619.6
SubstituentsSubstituents and Acid Strengthand Acid Strength



standard of comparison is acetic acid   (standard of comparison is acetic acid   (XX = H)= H)

SubstituentSubstituent Effects on AcidityEffects on Acidity

XX CHCH22COHCOH

OO

KKaa = 1.8 x 10= 1.8 x 10--55

ppKKaa = 4.7= 4.7



SubstituentSubstituent Effects on AcidityEffects on Acidity

alkylalkyl substituentssubstituents have negligible effecthave negligible effect

XX CHCH22COHCOH

OO

XX KKaa ppKKaa

HH

CHCH33

CHCH33(CH(CH22))55

1.8 x 101.8 x 10--55 4.74.7

1.3 x 101.3 x 10--55 4.94.9

1.3 x 101.3 x 10--55 4.94.9



SubstituentSubstituent Effects on AcidityEffects on Acidity

electronegativeelectronegative substituentssubstituents increase acidityincrease acidity

XX CHCH22COHCOH

OO

XX KKaa ppKKaa

HH

FF

ClCl

1.8 x 101.8 x 10--55 4.74.7

2.5 x 102.5 x 10--33 2.62.6

1.4 x 101.4 x 10--33 2.92.9



SubstituentSubstituent Effects on AcidityEffects on Acidity

electronegativeelectronegative substituentssubstituents withdraw withdraw 
electrons from carboxyl group;  increase electrons from carboxyl group;  increase KK for for 
loss of Hloss of H++

XX CHCH22COHCOH

OO



SubstituentSubstituent Effects on AcidityEffects on Acidity

effect of electronegativeeffect of electronegative substituentsubstituent decreases as number of decreases as number of 
bonds between bonds between XX and carboxyl group increasesand carboxyl group increases

XX CHCH22COHCOH

OO

XX KKaa ppKKaa

HH 1.8 x 101.8 x 10--55 4.74.7

1.4 x 101.4 x 10--33 2.92.9

1.0 x 101.0 x 10--44 4.04.0ClCHClCH22

ClCl

3.0 x 103.0 x 10--55 4.54.5ClCHClCH22CHCH22



19.719.7
Ionization ofIonization of

Substituted Benzoic AcidsSubstituted Benzoic Acids



Hybridization EffectHybridization Effect

KKaa ppKKaa

6.3 x 106.3 x 10--55 4.24.2

5.5 x 105.5 x 10--55 4.34.3

1.4 x 101.4 x 10--22 1.81.8

 

COHCOH

OO

HH22CC CHCH COHCOH

OO

COHCOH

OO

HCHC CC

spsp22--hybridized carbon is more electronhybridized carbon is more electron--
withdrawing than withdrawing than spsp33, and , and spsp is more is more 
electronelectron--withdrawing than withdrawing than spsp22



ppKKaa

SubstituentSubstituent orthoortho metameta parapara
HH 4.24.2 4.24.2 4.24.2
CHCH33 3.93.9 4.34.3 4.44.4
FF 3.33.3 3.93.9 4.14.1
ClCl 2.92.9 3.83.8 4.04.0
CHCH33OO 4.14.1 4.14.1 4.54.5
NONO22 2.22.2 3.53.5 3.43.4

Table 19.3  Ionization of Substituted Benzoic AcidsTable 19.3  Ionization of Substituted Benzoic Acids

 

COHCOH

OO
XX effect is small unless X is effect is small unless X is 

electronegative;  effect is electronegative;  effect is 
largest forlargest for ortho substituentortho substituent



19.819.8
DicarboxylicDicarboxylic AcidsAcids



DicarboxylicDicarboxylic AcidsAcids

one carboxyl group acts as an electronone carboxyl group acts as an electron--
withdrawing group toward the other;  effect withdrawing group toward the other;  effect 
decreases with increasing separationdecreases with increasing separation

Oxalic acidOxalic acid

Malonic acidMalonic acid

Heptanedioic acidHeptanedioic acid

1.21.2

2.82.8

4.34.3

COHCOH

OO

HOCHOC

OO ppKKaa

HOCCHHOCCH22COHCOH

OOOO

HOC(CHHOC(CH22))55COHCOH

OO OO



19.919.9
Carbonic AcidCarbonic Acid



Carbonic AcidCarbonic Acid

HOCOHHOCOH

OO

COCO22 ++ HH22OO

99.7%99.7% 0.3%0.3%



Carbonic AcidCarbonic Acid

HOCOHHOCOH

OO

COCO22 ++ HH22OO HOCOHOCO––

OO

HH++ ++



Carbonic AcidCarbonic Acid

HOCOHHOCOH

OO

COCO22 ++ HH22OO HOCOHOCO––

OO

HH++ ++

overall overall KK for these two steps = 4.3 x 10for these two steps = 4.3 x 10--77

COCO22 is major species present in a solution of is major species present in a solution of 
"carbonic acid" in acidic media"carbonic acid" in acidic media



Carbonic AcidCarbonic Acid

HOCOHOCO––

OO

––OCOOCO––

OO

HH++ ++

KKaa = 5.6 x 10= 5.6 x 10--1111Second ionization constant:Second ionization constant:



19.1019.10

Sources of Carboxylic AcidsSources of Carboxylic Acids



sideside--chain oxidation ofchain oxidation of alkylbenzenesalkylbenzenes (Section 11.13)   (Section 11.13)   

oxidation of primary alcohols (Section 15.10)oxidation of primary alcohols (Section 15.10)

oxidation ofoxidation of aldehydesaldehydes (Section 17.15)(Section 17.15)

Synthesis of Carboxylic Acids:  ReviewSynthesis of Carboxylic Acids:  Review



19.1119.11
Synthesis of Carboxylic Acids by theSynthesis of Carboxylic Acids by the
CarboxylationCarboxylation ofof GrignardGrignard ReagentsReagents



CarboxylationCarboxylation ofof GrignardGrignard ReagentsReagents

RXRX
MgMg

diethyldiethyl
etherether

RMgXRMgX
CCOO22

HH33OO++

RRCCOMgXOMgX

OO

RRCCOHOH

OOconverts an alkyl (or converts an alkyl (or 
aryl) halide to a aryl) halide to a 
carboxylic acid having carboxylic acid having 
one more carbon atom one more carbon atom 
than the starting halidethan the starting halide



RR

MgXMgX

CC

OO

 

••••
•••• MgXMgX++

δδ––

HH33OO++

diethyldiethyl
etherether

OO ••••
••••

––

RR CC

OO
••••

•••• ••••

OO ••••
••••

RR CC

OHOH
••••

••••

OO ••••
••••

CarboxylationCarboxylation ofof GrignardGrignard ReagentsReagents



Example:  Alkyl HalideExample:  Alkyl Halide

CHCH33CHCHCHCH22CHCH33

(76(76--86%)86%)

1.  Mg,1.  Mg,
diethyl etherdiethyl ether

2.  2.  CCOO22

3.  H3.  H33OO++

CHCH33CHCHCHCH22CHCH33

ClCl CCOO22HH



Example:  Aryl HalideExample:  Aryl Halide

(82%)(82%)

1.  Mg,1.  Mg,
diethyldiethyl
etherether

2.  2.  CCOO22

3.  H3.  H33OO++

 

CHCH33

CCOO22HHBrBr

 

CHCH33



19.1219.12
Synthesis of Carboxylic AcidsSynthesis of Carboxylic Acids

by theby the
Preparation and Hydrolysis ofPreparation and Hydrolysis of NitrilesNitriles



Preparation and Hydrolysis ofPreparation and Hydrolysis of NitrilesNitriles

RXRX RRCCOHOH

OO

converts an alkyl halide to a carboxylic acid converts an alkyl halide to a carboxylic acid 
having one more carbon atom than the having one more carbon atom than the 
starting halidestarting halide
limitation is that the halide must be reactive limitation is that the halide must be reactive 
toward substitution by Stoward substitution by SNN2 mechanism2 mechanism

––
•••••••• CC NN

RRCC ••••NN
SSNN22

HH33OO++

heatheat
+   NH+   NH44

++



ExampleExample

NaNaCCNN

DMSODMSO

(77%)(77%)

HH22OO
HH22SOSO44

heatheat

(92%)(92%)

CHCH22ClCl

 

CHCH22CCNN

 

CHCH22CCOHOH

 OO



Example:Example: DicarboxylicDicarboxylic AcidAcid

BrBrCHCH22CHCH22CHCH22BrBr

NaNaCCNN HH22OO

HH22O, HClO, HCl heatheat

(77(77--86%)86%)NNCCCHCH22CHCH22CHCH22CCNN

(83(83--85%)85%)HOHOCCCHCH22CHCH22CHCH22CCOHOH

OOOO



viavia CyanohydrinCyanohydrin

1. Na1. NaCCNN

2. H2. H++

(60% from 2(60% from 2--pentanone)pentanone)

HH22OO
HCl, heatHCl, heat

CHCH33CCHCCH22CHCH22CHCH33

OO

CHCH33CCHCCH22CHCH22CHCH33

OHOH

CCNN

CHCH33CCHCCH22CHCH22CHCH33

OHOH

CCOO22HH


