Chapter 20: Carboxylic Acids and Derivatives

Basic Carboxylic Acids
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butyric acid
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pentanoic acid
aka. valeric acid
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hexanoic acid
aka. caproic acid
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heptanoic acid

Also: look at naming of acid derivatives (esters, acid chlorides, nitriles, anhydrides, amides)
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malonic acid
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succinic acid

Dicarboxylic Acids
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phthalic acid




Fatty Acids

These fatty acids are commonly discussed in biochemistry
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lauric acid (C12)
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palmitic acid (C16)
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stearic acid (C18)

omega-3

alpha-linolenic acid
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linoleic acid

Some other Specially Named Acids
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a Y n ® gamma-hydroxybutryric acid

http://www.chm.bris.ac.uk/sillymolecules/sillymols.htm

Carboxylic Acid Properties

+ Carboxylic acids form hydrogen bonds.

+ Carboxylic acids of 6 carbons or less are typically quite water soluble.

+ Carboxylic acids are considerably more acidic than alcohols due to the
resonance stabilization of the carboxylate.
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Carboxylic Acids: Estimating Acidity & pKa

¢ The larger the number of electronegative substituents, the stronger the acid.

CICH,—COOH Cl,CH—COOH Cl;C—COOH
pK, =28 pK,=1.3 pK,=0.9

Increasing acidity
Increasing number of electronegative Cl atoms

¢ The more electronegative the substituent, the stronger the acid.
CICH,—COOH FCH,—COOH F is more electronegative than Cl.
pK,=2.8 pK,=2.6

stronger acid

¢ The closer the electron-withdrawing group to the COOH, the stronger the acid.

Cl Cl
I I
CICH,CH,CH,COOH CH3;CHCH,COOH CH3;CH,CHCOOH
4-chlorobutanoic acid 3-chlorobutanoic acid 2-chlorobutanoic acid
pKy=4.5 pK, = 4.1 pK;=2.9

Increasing acidity
Increasing proximity of Cl to COOH

Estimating Acidity & pKa Examples
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Synthesis of Carboxylic Acids

[1] Oxidation of 1° alcohols H H O
R OH R OH

[2] Oxidation of aldehydes
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[3] Oxidation of alkyl benzenes
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Synthesis of Carboxylic Acids (cont.)

[4] Oxidative cleavage of alkynes

[1]1 04 5 R

General reactions | R c=c-R* ———— > )C;;_-O + o:(;<
[21H;0 HO OH
GG R\c: 0 co
—-=0C— _— = + 5
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[2] H,O HO

Also: KMnO,, OH-

[5] Oxidative cleavage of alkenes
OH

@ 1) KMnQO,4, OH" o




Synthesis of Carboxylic Acids (cont.)

[6] Hydrolysis of nitriles

H;O* 0
//N [
The nitrile carbon has the /C/ > R/C\OH
same oxidation state as a R or
carboxylic acid. 1. NaOH,HzO
2. H*

[71  Nucleophilic Addition to CO:
1) Mg°, Et,0 o)

2) CO,
: Br 3) H,0 . OH

Reductions of Carboxylic Acids
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BHj; is selective for carboxylic acids.
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Step [1] Dissolve benzoic acid
and cyclohexanol in

CH,Cl,.
1]
COOH
+
OH 1
O/ o CH,Cl,

e

¢ Both compounds dissolve in the
organic solvent CH,Cls.

Extraction

Step [2] Add 10% NaOH solution to
form two layers.

2 fololen
. Na+
[2] Add H,0 O

10% NaOH

solution

e Adding 10% aqueous NaOH solution .
forms two layers. When the two layers
are mixed, the NaOH deprotonates
CeHsCOOH to form CeHsCOO_Na+,
which dissolves in the aqueous layer. .
¢ The cyclohexanol remains in the
CH,ClI, layer.

Step [3] Separate the
layers.

COO~
Na*
in H,O

(3]

Separate
the layers

O/OH
in CH,Cl,
Draining the lower layer out the
bottom stopcock separates the
two layers, and the separation
process is complete.
Cyclohexanol (dissolved in
CH,Cl,) is in one flask. The
sodium salt of benzoic acid,

CgHsCOO™Na* (dissolved in
water) is in another flask.

Compound Solubility in g/100 mL H,O
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Amino Acids

COQH<——- carboxy group
|
amino group —>H2N—C|:—H

R o carbon

o-amino acid

(|300H
General structure: H2N—C|—H

R
R group Name Three-letter abbreviation One-letter abbreviation
H glycine aly G
CHs; alanine ala A
CH,CgHs phenylalanine phe F
CH,OH serine ser S
CH,SH cysteine cys C
CH,CH,SCH;  methionine met M
CH,CH,COOH glutamic acid glu E
(CH,)sNH, lysine lys K

Amino Acids

¢ Proton transfer from the acidic carboxy group to the basic amino group forms a salt
called a zwitterion, which contains both a positive and a negative charge.

(+) and (=) charges in the
same compound

an acid
a base \Iv / l
\ C|EOOH CO0-

. proton transfer + o
H2N—C|3—H H3N—C|)—H zwitterion
R R
a salt
This neutral form of an amino acid This salt is the neutral form
does not exist. of an amino acid.

¢ At low pH alanine has a net (+) charge (form B).

¢ As the pH is increased to ~7, the carboxy group is deprotonated, and the amino acid
exists as a zwitterion with no overall charge (form A).

¢ At high pH, the ammonium cation is deprotonated, and the amino acid has a net (-)
charge (form C).




pH and Amino Acid Structure

* An amino acid can exist in three different forms depending on

pH.

COO~<—carboxylate anion
Hsﬁ—clz—H
CHg

alanine
A
a neutral zwitterion

ammonium cation\

This form exists at pH = 6.

Adding acid.
?oo-/\ - COOH
Hsltl—(ll—H —— Hsltl—C—H This form exists at pH <2.
|
CHj CHg
A B
overall (+1) charge
Adding base.
COO~ COO~
ST+ | _—
HO: HENH,~C—H ~ ———  H,N-C—H ; :
o | | This form exists at pH >10.
CHs CHs
15
A C

overall (1) charge

Amino Acids and the Isoelectric Point
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Equivalents of OH
K, (COOH K, (NH;*
Isoelectric point = pl = PKa ( )2+p a (NHg™)
For alanine: pl = Biso+ 987 6.12

2 - p/ (alanine)




The Isoelectric Point

of Tyrosine
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Carboxylic Acids and Derivatives
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carbonyl ketone aldehyde carboxylic ester acid chloride anhydride
acid acid anhydride
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amide 1° amide 2° amide 3° amide
N-propylacetamide N-methyl, N-propyl
acetamide
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urea carbamate " carbonate. sodium acetate sodium propanoate

or urethane

Learn naming of acid derivatives (esters, acid chlorides, nitriles, anhydrides, amides)




Nucleophilic Acyl Substitution

Relative Reactivity

O O O @) O O
)km )ko)k )J\OCHP, AOH ANHQ
Acid Halides  Acid Anhydrides Esters Carboxylic Amides
(acetyl chloride) (acetic anhydride) (methyl acetate) Acids (acetamide)
More _ Less
Reactive Reactive

Fancy Reaction Names for
Nucleophilic Acyl Substitution

The nucleophilic acyl substitution with weak nucleophiles can be classified into various reaction
types depending on what kind of nucleophile is adding.
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