Chem 150, Spring 2015

Unit 8 - Carboxylic Acids and Amines:
Organic Acids and Bases

Introduction

* Many biological molecules have functional groups
that are acids and bases.
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12.1 Reactions of Organic Acids
* When dissolved in water, carboxylic acids, like all
acid, can donate a proton (H*) to a water molecule.

H* moves from
CH3CO,H to H,0.

T E L :
H - H H
H—C—C—8—H + 87 = H—C—GC—0: + 0~
\ \ |
H H H
CH; — COoH + H,0O =— CHz;—CO,” + H30*
Acetic acid Acetate ion

+ We use double arrows because they are weak
acids.
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12.1 Reactions of Organic Acids

* When dissolved in water, carboxylic acids, like all
aci@uestiaonate a proton (H*) to a water molecyle.
What is tﬂ*emLLvJe?&% name for acetic acid?

CH3CO,H to H,0.

H ﬁ) O T ﬁ |
H _ H H
H—¢—GC—0—H + ;0 sC—C—0:  + o
-~ H3C—T—OH{ ¢ ° i
H H . . H H
acetic acid
QH; — CO,H + HO === CH3—COy + H40*

|Acetic acid Acetate ion

+ We use double arrows because they are wea
acids:
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12.1 Reactions of Organic Acids
* When dissolved in water, carboxylic acids, like all
acid, can donate a proton (H*) to a water molecule.

H* moves from
CH3CO,H to H,0.

L0 T :
H _ HE o

H—C—C—08—H + 87 = H—C—GC—0: + 0~
| \ \ |

H H H H
CH;—COH  + H0 === GCHM;—COy  + HpO'

Aceticacid Acetate ion

+ We use double arrows because they are weak
acids.
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Carboxylic Acids React with Bases

* When a carboxylic acid loses a proton it becomes
negatively charged.

+ We then call it a carboxylate ion.

+ When acetic acid loses a proton we call it an
acetate ion.

+ The IUPAC name for an acetate ion is an
ethanoate ion.

o
i
H,C—C—O
acetate ion
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Carboxylic Acids React with Bases

* When a carboxylic acid loses a proton it becomes
negatively charged.

HSHA call it a carboxylate ion. .
What non-covalent interacfions can an acetate ion

aitheacicelage®asproton we call it an
cetate ion.

+ [The IUPAC name for an acetate ion is an
pthanoate ion.

o
i
H,C—C—O
acetate ion

Chem 150, Unt & Carboxylic Aclds and Amines - Organic Acds and Bases 4

Carboxylic Acids React with Bases

* When a carboxylic acid loses a proton it becomes
negatively charged.

+ We then call it a carboxylate ion.

+ When acetic acid loses a proton we call it an
acetate ion.

+ The IUPAC name for an acetate ion is an
ethanoate ion.

o
i
H,C—C—O
acetate ion

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 4

Carboxylic Acids React with Bases
* Whenever a carboxylic acid reacts with a base, one

of the products is the conjugate base of the original
acid, which is a carboxylate ion.

CHg— COpH + OH —> CH;—CO;,  + HoO

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 5




Carboxylic Acids React with Bases

 |Mneniewer a carboxylic acid reacts with a base, one
ofibeantqduBhits dgeatm ygatashasetiehthe original

acid, which is a carboxylate ion.

H O H O:
[ - [l - H,
H—C—C—O0—H + [e] —> H—C—C—O0 + [¢]
H H
CH;—COH  + OH —— CH;—COy  + H,0
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Carboxylic Acids React with Bases

* Whenever a carboxylic acid reacts with a base, one
of the products is the conjugate base of the original
acid, which is a carboxylate ion.

H O: H O

L - [ H .
H—C—C—0—H + (‘3 — Hf(‘DfoO + c‘>

H H

CHz —COZH + OH —> CH;—CO;,  + HoO
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Carboxylate lons
» The names of carboxylate ions are derived from the
names of the original acids.

+ To name a carboxylate ion, remove —ic acid from
the name of the acid and add the suffix —ate.

+ The organic ions in such salts are often written as
if they are molecular formulas.

+ The carboxylate functional group is an ion, so it is
strongly attracted to water.

+ Sodium and potassium carboxylate salts are more
soluble than the corresponding acids.

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 6

Carboxylate lons

» The names of carboxylate ions are derived from the
names of the original acids.

+ To name a carboxylate ion, remove —ic acid from
the name of the acid and add the suffix —ate.

o o

M I I as
C—OH C—0 Na

is

+
Sodium benzoate (a carboxylate salt)

Benzoic acid (a carboxylic acid)
Solubility in water =550 g/L

Solubility in water=3.4 g/L

+ Sodium and potassium carboxylate salts are more
soluble than the corresponding acids.
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The Structures of Some Carboxylic Acids and
Their Conjugate Bases

rTABLE 12.1 The Structures of Some Carboxylic Acids and Their Conjugate Bases

i
CHy—CH,—CH,—G—OH

Butanoic acid

-
CHy—CH;—CH;—C—0

Acid Name of Acid Conjugate Base Name of Conjugate Base
o Formic acid (methanoic acid) o Formate ion (methanoate ion)
H—Q—OH H—‘c—o’
Acetic acid (ethanoic acid) o Acetate ion (ethanoate ion)
cHg—g—OH cm—g—o'

Butanoate ion

iy

iy

o]
Il

B. CHsCHyCH-CH, <

o
I

CH,

o
I

Il
CHy CHy C—CH; < CH; CHy G—OH

o
I

? Octanoic acid ‘O Octanoate ion
|l | _
CHy— (CH,)g—C—OH CHz— (CHzlg—C—0
Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases
Question:

Which is the most likely correct ranking by melting points?

o]
I

[
A. CHsCHsCH-CH; < CHyCHyC—OH < CHyCH;C—O Na* < CHgCHyC—CH,

I
< CHyCHyC—0O Na*

o
I

C. CHyCHyC—0 Na* < CHyCHyCH-CH; < CHyCHyC—OH < CHyCHyC—CH,
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Try It

Question:

iy

iy

o]
Il

B. CHsCH;CH-CH, <

o
I

iy

o
I

Il
CHy CHy C—CH; < CH; CHy G—OH

o
I

Which is the most likely correct ranking by melting points?

o]
I

[
A. CHsCHsCH-CH; < CHyCHyC—OH < CHyCH;C—O Na* < CHgCHyC—CH,

i
< CHyCH;C—O Na*

o
I

C. CHyCHyC—0 Na* < CHyCHyCH-CH; < CHyCHyC—OH < CHyCHyC—CH,

What are the IUPAC names for these compounds?
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Reactions of Thiols and Phenols

Question:

Thiols and phenols are also weak acids. Write a
chemical equation for the reaction of these acids
with sodium hydroxide.

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 9

Reactions of Thiols and Phenols

» Thiols and phenols are also weak acids
Thiol + water:

CHg—CH,—SH + H,0 === CHz3—CH,—S  + H0"

Thiol + hydroxide fon:

CHg—CH,—SH + OH —> CHy—CH,—S™ + H,0

Phenol + water:

QOH + HO = QO’ + HeO*

Phenol + hydroxide ion:

QOH + OH —> @—O’ + HO

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases
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12.2 Decarboxylation Reactions

+ Carboxylic acids can lose carbon dioxide in a
decarboxylation reaction. Decarboxylation reactions
only occur if there is another functional group on one
of the two carbons closest to the acid group (alpha
and beta carbon atoms)

« Decarboxylation is often combined with oxidation in
biological reactions and is referred to as an oxidative
decarboxylation. This reaction requires a carbonyl
group on the alpha carbon. The other reactants are
NAD* and a thiol with a thioester product.

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 11

12.2 Decarboxylation Reactions

+ Carboxylic acids can lose carbon dioxide in a
decarboxylation reaction. Decarboxylation reactions
only occur if there is another functional group on one
of the two carbons closest to the acid group (alpha
and beta carbon atoms)

« Decarboxylation is often combined with oxidation in
biological reactions and is referred to as an oxidative
decarboxylation. This reaction requires a carbonyl
group on the alpha carbon. The other reactants are
NAD* and a thiol with a thioester product.

CgH,0s + 60, —— 6 CO, + 6 HO
glucose
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12.2 Decarboxylation Reactions

+ Carboxylic acids can lose carbon dioxide in a
decarboxylation reaction. Decarboxylation reactions
only occur if there is another functional group on one
of the two carbons closest to the acid group (alpha
and beta carbon atoms)

« Decarboxylation is often combined with oxidation in
biological reactions and is referred to as an oxidative
decarboxylation. This reaction requires a carbonyl
group on the alpha carbon. The other reactants are
NAD* and a thiol with a thioester product.

CHpOs + 60, —= 6 CO, + 6H,0

glucose
The “combustion” of glucose
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A Decarboxylation Reaction

* Ketone bodies

Ketone group on
the beta carbon

|

(6] o (6]
l I ll
CHS*C'—CHzic_OH _— CH3*C*CH3 + 002
B a
Acetoacetic acid Acetone
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Oxidative Decarboxylation

» Decarboxylation reactions in glycolysis and citric
acid cycle pathways

+ oxidative decarboxylation of pyruvate
+ oxidative decarboxylation of isocitrate
+ oxidative decarboxylation of a-ketoglutarate

» Decarboxylation reaction in alcoholic fermentation
pathway

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 13

Comparison of the Two Types of Decarboxylation
Reactions

rTABLE 12.2 A Comparison of the Two Types of Decarboxylation Reactions

Decarboxylation Oxidative Decarboxylation

The reaction is not an oxidation (no The reaction requires NAD* to remove hydrogen
NAD" is required). atoms.

No thiol is required. The reaction requires a thiol (usually coenzyme A).

The carboxylic acid usually has a ketone The carboxylic acid has a ketone group on the
group on the B-carbon. a-carbon.

The product is a ketone. The product is a thioester.

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 14
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12.3 Amines
+ Nitrogen has five valence electrons, so it forms three
covalent bonds.

 Nitrogen can also form four covalent bonds, but it will
be a positively charged ion.

* If one or more of the groups on nitrogen is an alkyl
group, it is an organic compound called an amine.

* Amines can be classified as primary, secondary, or
tertiary based on the number of carbon atoms
bonded to the nitrogen atom.

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 15

12.3 Amines

+ Nitrogen has five valence electrons, so it forms three
covalent bonds.

* Nitrogen ¢ § 1ds, but it will

be a posit
* Ifoneorr is an alkyl
group, it it ' an amine.

sondary, or

* Amines c:
atoms

tertiary be
bonded tc
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12.3 Amines

Nitrogen has five valence electrons, so it forms three
covalent bonds.

Nitrogen can also form four covalent bonds, but it will
be a positively charged ion.

If one or more of the groups on nitrogen is an alkyl
group, it is an organic compound called an amine.

Amines can be classified as primary, secondary, or
tertiary based on the number of carbon atoms
bonded to the nitrogen atom.
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The Classes of Amines

rTABLE 12.3 The Classes of Amines

Atoms Bonded General
Class to Nitrogen Structure Example
Ammonia 3 hydrogen atoms H—N—H H—N—H
(not an organic | |
compound) H A
Primary amine 1carbon atom C—N—H CHy—CH,—N—H
+ | |
2 hydrogen atoms H g
Secondary amine 2 carbon atoms E—N—@ CH3—CH,—N—CHj,
+ | |
1hydrogen atom H i
Tertiary amine 3 carbon atoms G—=N=@ CH3—CH2—T—CH3
|
(o] >—CHs

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 16

Naming Amines

Simple amines are named by listing each alkyl group
alphabetically that is bonded to the nitrogen followed
by the suffix —amine.

If there are two or three identical groups, the prefixes
di- and tri- are used rather than writing the name of
the alkyl group several times.

_______ N _—— -—

N TN s 4 Y e
CHy—GH, —CHp -N—H I\CHafr‘uf:CHzfcr-az; ! CHy+-N--GH,
S Nl Nl

H H I'CHy }

Propylamine Ethylmethylamine Trimethylamine

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 17

Try It!

Clicker Question:
H3C_CH2—NH_CH2— CH3

The amine shown above is a
A. primary amine
B. secondary amine
C. tertiary amine
D. quaternary amine

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 18




Try It!

Clicker Question:
H3C_CH2—NH_CH2—CH3
The amine shown above is a
A. primary amine
B. secondary amine

C. tertiary amine
D. quaternary amine

What is the name for this amine?

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 18

Try It!

Clicker Question: NH,
|

H,C—C—CHzCH,
&
The amine shown above is a
A. primary amine
B. secondary amine
C. tertiary amine
D

. quaternary amine

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 19

Amines and Hydrogen Bonding

» Primary and secondary amines form hydrogen
bonds. The nitrogen of a tertiary amine can act as a
hydrogen bond acceptor.

* As a result many amines dissolve well in water.

Hio-H
i The amine is the donor and
water is the acceptor.
(Only possible for primary
and secondary amines.)

‘ Water is the donor and the amine
N- is the acceptor. (All amines.)

CHs ~o—H

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 20

The Effect of Hydrogen Bonding on the Boiling
Point of an Amine

rTABLE 12.4 The effect of hydrogen bonding on the boiling point of an amine

Compound Structure Boiling Point

Propylamine CH3;—CH,—CH,—N—H 48°C
(a primary amine: hydrogen bonding |
occurs between molecules) L&

Ethylmethylamine CHp,—CHy— N—CHg 37°C
(a secondary amine: hydrogen bonding |

H
occurs between molecules)

Trimethylamine CH3—N—CHjg FE
(a tertiary amine: no hydrogen |

bonding is possible) ik

Butane CHz—CH,—CH,—CHy —1°C
(an alkane: no hydrogen bonding is
possible)

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 21




12.4 Acid-Base Reactions of Amines

* Most amines are bases because they can act as
proton acceptors.

* Amines are weak bases, producing only a small
concentration of hydroxide ions when they dissolve in
water.

* Amines can react with any source of H*.

H* moves from H,0
to the amine. H
= . |+ .
CH;—CH,—N—CHj + H'—(‘)I == CHz—CH,—N—CHj + :0:

H

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 22

12.4 Acid-Base Reactions of Amines
* Most amines are bases because they can act as
proton acceptors.

* Amines are weak bases, producing only a small
concentration of hydroxide ions when they dissolve in
water.

* Amines can react with any source of H*.

H* moves from HF
to the amine. H

. . |+ -
CHy—CH,—N—CHg + H—F: ——> CHy—CH,—N—CHj + :F:
\ |

H H
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Try It!
Clicker Question:
CHs-CHz—fii—CHs
H
What class of amine was shown on the previous
slide?
A. primary amine
B. secondary amine
C. tertiary amine
D. quaternary amine
Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 23
Try It!
Clicker Question:
. What is the
CHs'CHz—’i‘—CHs name of this
ine?
H amine?
What class of amine was shown on the previous

slide?
A. primary amine
B. secondary amine
C. tertiary amine
D. quaternary amine
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Conjugate Acids of Amines

+ The conjugate acids of amines are called
alkylammonium ions.

+ Alkylammonium ions can combine with negative ions
to form salts.

» As with all ionic compounds, we name the cation
first, followed by the anion.

H

| + = Methylammonium
CH3_T_H Cl chloride

H

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 24

Try It!

Question:

What is the name of the product in the above
reaction?
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Try It!

Question:

H* moves from HF
to the amine. H
= . |+ .-
CHg—CH,—N—CHz + H—F: —— CHy—CH,—N—CHg + :f:
| |
H H

What is the name of the product in the above
reaction?
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Amino Acids

+ Substances contianing both an amino group and a carboxylic
acid group within the same molecule are amino acids.

* Amino acids are used to make peptides and proteins

» The amine group and carboxylic acid groups are both ionized
in water giving these compounds both both a positive and a
negative charge. Such molecules are called zwitterions.

Glycine
(an amino acid) Zwitterion form
unionized form of glycine
H 0: H 0:
\ [ | .-
H—N—CH,—C—0—H — H—N—CH,—C—-0:
+]
H* moves from the H

carboxylic acid group
to the amino group.

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 26




Amino Acids

+ Substances contianing both an amino group and a carboxylic
acid group within the same molecule are amino acids.

* Amino acids are used to make peptides and proteins

» The amine group and carboxylic acid groups are both ionized
in water giving these compounds both both a positive and a
negative charge. Such molecules are called zwitterions.

Carboxylic acid Carboxylic acid
group OH group
Tl Tl
Amino Amino
group H,N—CH—C—OH group H;N—CH—C—OH
Phenylalanine Serine
Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 26
Amino Acids

+ Substances contianing both an amino group and a carboxylic
acid group within the same molecule are amino acids.

* Amino acids are used to make peptides and proteins

» The amine group and carboxylic acid groups are both ionized
in water giving these compounds both both a positive and a
negative charge. Such molecules are called zwitterions.

H,N C—OH HsN c—o0~

PABA PABA
Unionized form Zwitterion form

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 26

Amino Acids

‘ OH

NZ N\ N
)\ | .
N Z
N N

H,N
(0]
I + -
HoN C—OH H3N c—O
PABA PABA
Unionized form Zwitterion form
Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 26
Amino Acids

H,N C—OH HgN c—o0

PABA PABA
Unionized form Zwitterion form
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Amino Acids

| Acid,
==
<|2|> a
H,N c—oH HaN; ="
NH2

Sulfanilamide

_PABA (a sulfa dr_uts%% iotic)
Unionized form Zwitterion form
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Amino Acids

+ Substances contianing both an amino group and a carboxylic
acid group within the same molecule are amino acids.

* Amino acids are used to make peptides and proteins

» The amine group and carboxylic acid groups are both ionized
in water giving these compounds both both a positive and a
negative charge. Such molecules are called zwitterions.

Glycine
(an amino acid) Zwitterion form
unionized form of glycine
0: H 0:
[ | [ —
H—N—CH,—C—0—H — H—N—CH,—C—-0:
+]
H* moves from the H

carboxylic acid group
to the amino group.
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Try It!

Question:

CH, 0 CH,

| 1
CHy CHy CH—N—CH; + HO—C—CH-CH; —> ?

Complete the reaction equation shown above and
name both the reactants and product of this
reaction?

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 27

12.5 The Physiological Behavior of Organic Acids
and Bases

* At pH 7, carboxylic acids are in their conjugate base
forms.

* Many organic acids that are important in
biochemistry contain two or more carboxylic acid
functional groups. Most of the fluids in our bodies
have pH'’s around 7, so these groups are usually
present as carboxylate ions.

o o
I I _ I
HO—C—CH,—CH,—C—OH 0—C—CH,—CH,—C—0

Succinic acid Succinate ion
The dominant form
at physiological pH

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 28




Amines and pH

» As we learned in Unit 4, are bodies have buffers that
help to resist changes in pH when acids are formed
during metabolism.

» Active muscles convert glucose to lactic acid, which
is released into the blood. There this acid can be
neutralized by bicarbonate ions (HCOs3-).

o0
CH;-C—C—OH + HCOy ——> CHyC—C—O0 + H,CO,

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 29

Amines and pH

» Likewise, amines at pH 7 are in their conjugate acid
form.

+ Dopamine is a neurotransmitter that affects many
aspects of our nervous system. The amine group in
dopamine is neutralized by carbonic acid in body
fluids.

HO HO
HOOCHZ—CHQ—NHZ + H,CO; —— HOOCHQ—cwaH; + HCOy
Dopamine Dopammonium ion
Present only in low The dominant form
concentration in body fluids at physiological pH
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Amines and pH

» Even though phenols and thiols are weak acids, they
have pKa's that are greater than 7 and therefore
remain in their acid form at pH 7.

Carboxylic Carboxylate
acid group ion
Phenol group

4-Hydroxyphenylpyruvic acid 4-Hydroxyphenylpyruvate ion
(the dominant form at physiological pH)

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 31

Amines and pH

» Aromatic amines are also very weak and are not
converted to their conjugate acid forms a
physiological pH values.

This nitrogen atom is part

of an aromatic ring, so it This nitrogen atom

is very weakly basic and is attached to alkyl

is not neutralized by groups, so it is strongly
physiological buffers. basic and gains H* at
physiological pH.

x N+
H
P CHs
N N
Nicotine The dominant form of nicotine

at physiological pH

Chem 150, Unit 8: Carboxylic Acids and Amines - Organic Acids and Bases 32




Organic Phosphates Form Buffers

* As we learned in Unit 4, Phosphoric acid is a triprotic
acid.

* The dihydrogen phosphate ion (H2PO4°) and the mono
hydrogen phosphate ion (HPO42) are the forms that are
predominant at pH 7.

» These ions are important in buffering the intracellular pH.

O: O: O: O:
- R Lo - - -
i - i i
:0: 0 0 0
i L L L
H
H3PO, H,PO,~ HPO,~ PO
(phosphoric acid) ion)
Not present in Predominant ions at pH 7 Not present in
significant significant
amounts at amounts at
pH7 pH7
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Summary of Organic Acids and Bases Under

Phvsioloaical Conditions

[ ABLE 12.5 Summary of Organic Acids and Bases under Physiological Conditions

Structure of Functional

Functional Group Group pH (around 7)
Carboxyic acid o o
—g—on —g—o’
Phenol @ Same as original phenol
OH
Thiol Same as original thiol

Structure at Physiological

|
—C—SH
[
Amine (i the nitrogen atom is N H
not attached to o part of an | 1P
aromatic ring) ”‘“’
Organic phosphate ﬁ : (\T
| -
—0—0—7—0 —?—O—T—ON
1
o. o.
and
o
| I
—o—p—
[ |
o.
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Next Up

+ Unit 9: Condensation and Hydrolysis Reactions
+ Chapter 13 in Armstrong
+ Unit 9 Assignments due 31. March (deadline 7.
April)
* Exam Il on 2. April
+ Will cover Units 5 - 8
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