Chapter 19
Carboxylic Acids

Chapter 19 suggested problems. none

Class Notes

I. Nomenclature

A. Genera

1.

2.

Longest continuous chain that contains the COOH group
Substitute "oic acid” for "e" for alkane name
Acids are always terminal groups

Substitute "alkane 'dioic acid' " if the molecule contains two acid
functionalities

When an acid group is attached to aring (-COOH) the compound is benzoic
acid and the acid group is attached to C-1 on thering

If the compound contains one or more double bonds, the compound endsin
"enoic acid" with the appropriate prefix indicating the number of double
bonds and numbers indicating the position (eicosapentaenoic acid - 20:5)

. Acceptable common names of carboxylic acids (IUPAC - common name)

a. Methanoic acid - formic acid

b. Ethanoic acid - acetic acid

c. Propanoic acid - propionic acid

d. Butanoic acid - butytric acid

e. Benzene carboxylic acid - benzoic acid
f. Dodecanoic acid - lauric acid

g. Tetradecanoic acid - myristic acid

1of9



h. Hexadecanoic acid - palmitic acid
i. Octadecanoic acid - stearic acid
j. Ethanedioic acid - oxalic acid

k. Propanedioic acid - malonic acid
|. Butanedioic acid - succinic acid

m. Pentanedioic acid - glutaric acid
n. Hexanedioic acid - adipic acid

I1. Properties of carboxylic acids

A. Structure and bonding

1. sp? hybridized carbon and oxygen in carbonyl, sp® hybridized oxygen in
hydroxyl group

2. Trigona planar geometry around carbonyl

3. Electron delocalization - especially lone pair donation from the hydroxyl
oxygen - resultsin a carbonyl group that is much less el ectrophilic than that

of aldehydes and ketones
E;D .._,.-""D /(}
H_C\.. +—+ H—C - H—Cﬁ%"
OH (_oH OH

a. Thecarboxylic acid carbonyl is still reasonably electrophilic

b. Remember that aldehyde/ketone carbonyls only have the first two
resonance structures

B. Physical properties

1. Two polar groups per acid molecule, capable of both dipole-dipole and
hydrogen bonds and atotal of three intramolecular bonds per acid molecule

2. Acidsexist as dimers by forming hydrogen bonds with each other

3. Highest MP/BP per molecular weight of any class yet discussed in this course
(not as high as amides)

4. Solubility trends

C. Acidity
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1. Carboxylic acids are weak acids
2. The most acidic class of compounds containing only C, H, and O

3. pK, values of 5-10, much stronger acids than alcohols or water

4. Average percent dissociation is about 1-5% or less, as compared to the
minera acids

a. Acid dissociation constants are used to cal culate percent dissociation

5. The greater stability of acidsrelative to alcoholsis areflection of the relative
stabilities of the carboxylate and alkoxy ions

a. Theinductive effect of the carbonyl carbon on the negatively-charged
hydroxyl oxygen helps to stabilize theion

; 3 CH group has
Posinively polarized 5 0: '"||-'||‘-I o
carbon attracts elec- 4 Ef_ R SR y e
irons from negatively CH,=3 . "f'l‘_l density CHy—CHy—0Q
charged oxygen, 20 ey

L =L

b. Electron delocalization results in the negative charge being shared
equally by both carboxylate oxygen atoms

0: 0: (5 Rl
(‘H((;” > cH e cu.cl
"H5C "H,C or "H;C¢

¥ "\\.._ 3 i\\.‘ 3 \

U: 0: "D—I.-’E

D. Substituents and acid strength

1. Electron withdrawing substituents make acids more acidic, e.g. trifluoroacetic
acid

2. Electron-donating substituents make acids less acidic, e.g. benzoic acid

3. Thisisdueto theinductive effect of the substituents acting through the sigma
bonds of the molecule

a. Trichloroacetic acid, the effect of the chlorines on the methyl carbon,
its effect on the carbonyl carbon, and its effect on the oxygen ion
(acetic acid: pK_=4.7, TCA: pK_=0.9)

4. Theinductive effect lessens with an increasing number of sigma bonds
between the substituents and the carboxylic group

E. Dicarboxylic acids: step-wise ionization, inductive effect of one carbonyl on the
other when only separated by afew carbons

1. Carbonic acid is both a dicarboxylic acid and an inorganic chemical

F. Carboxylate salts
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1. The product of the reaction between a carboxylic acid and a strong base
a. Strong bases. Group | and 11 hydroxides, ammonium hydroxide

b. Saltsare the product of a neutralization reaction between the acid and
base

c. The saltsareionic compounds and not covalent

2. Greater solubility in agueous solution than carboxylic acids - sodium salts of
lauric, myristic, and palmitic acids are readily soluble in aqueous solution

a. lon-dipole interactions are stronger than dipole-dipole interactions or
hydrogen bonding

3. The solubility of acidsincreasesin basic solutions, because carboxylic acids
are converted to carboxylates - think in terms of equilibrium

4. Soaps and their cleaning actions

a. Most common soaps are sodium or potassium salts of fatty (long chain)
carboxylic acids

b. Micelle formation, hydrophobicity, hydrophilicity, and amphipathicity

c. Detergents: substances that clean by micellar action

[1l. Preparation of acids

A.

B.

Natural sources; fermentation and oxidation

Oxidation of 1° alcohols and aldehydes using chromates, dichromates, and
permanganate

1. The most direct method, used when possible
Oxidation of alkylbenzene side chains
1. While benzene and alkyl chains are ordinarily quite unreactive toward
oxidizing agents (chromates, dichromates, and permanganate), alkyl groups
attached to benzene rings react strongly with oxidizing agents and are
oxidized to carbon dioxide gas and a carboxylic acid group remaining on the
ring at the point of attachment

Carboxylation of Grignard reagents
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3. Carbonation of Grignard reagents.

RX —%, RMgX —%. RCOOMgX -+ RCOOH
{or ArX) (or ArCOOH)
Examples;
Br MgBr COOMgBr COOH
Q= T G
CHy—CH CHy;—CH CHy—CH CH;— {I‘H
CiHs CaHs CzHs CaHs
p-Bromo-sec- -8~ 1 i
butylbenzene i H:.:Héhcn i
CH, CH. CH,
CH—C-—C M gH—C—Mga =2 B, cH, C-cOoOH
CH, CH; CH,
feri-Pentyl Ethvldimethylacetic
chloride acid

(2. 2-Dimethylbutanoic
acid)

1. Transforms an alkyl halide or aryl halide into a carboxylic acid and adds one
carbon atom to the carbon skeleton of the molecule

2. Thealkyl or aryl halide cannot have substituents that react with Grignard
reagents (e.g., OH, NH, SH, carbonyls, etc.)

IV. Reactions

A. Lithium auminum hydride reduction
0 1. LiAH,, ELO

™ R-CH,-OH
R—C —OH 2.H,0

1. Estersare more easily reduced by lithium aluminum hydride than acids, the
acyl group forming a primary acohol and the alkoxy group forming a second
alcohol

B. Preparation of acyl (acid) halides
1. RCOOH + SOCl,, -> RCOCI + SO, + HCI

C. Preparation of acid anhydrides

S | S | N

RCCI + R'COH ~+ | —> RCOCRZ + || cr-
- +
H
Acyl Carboxylic Pyridine Carboxylic Pyridinium
chloride acid acid anhydride chloride

1. Thismethod can be used to prepare symmetrical and unsymmetrical
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anhydrides

D. Preparation of amides
1. Itisdifficult to prepare amides directly from a carboxylic acid

2. Usually the acid is converted to an ester, acid halide, or acid anhydride and
then reacted with ammoniaor a1° or 2° amine to form the amide

E. Acid-catalyzed esterification: a nucleophilic addition

1. Mechanism
I'he overall reaction:
0 CH, () H
# Fi & Fi
CiHC t ‘-q= — L% '™ t :E?t:
LY 1}
1OH H h *H, H
Benaow acid Methanol Kbethyl benzoate Waler
Step 1: PN, CHy "B—H CH;
/ - & '
CoHLC ¢ HZO = CHC v EQ
5, A \ %
:0—H H ‘0—H H
Benamc acil Bdethy Bsconaum s Conjugate acid iethanaol
ol Bemanie acH
Step 2: - et
+0—H CH, "i’H H,
W . F, Fl
CHC ¥ + O = CHC-20
§ B
10—H H (OH H
Conpuggale acil Mt lanol Prodonated form of
r-lll_'\-.-l:.-m.' ocid u".rilhn.':!l_._ll imtermediale
Stepd: :0OH CH, CH, FLH CH;
. / i .
CoHsC 0 + PO - CHOC—OCH, + H-20¢
| o Lo LT
'-::_jH He—" H :_}” H
Methunol letrshedra Methy loxonium
iomn

Provomated foam of
ingermadinte

setrahedral intermesdinte
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Step 4: '{.:.]H _If(”h if.l.:lH CH;
| . - i
CHC—OCH, + H0 — C4HC—OCH, + i
- o \II ! ' 1L‘tH
() g e
{"E-I e /\
H H
Methy loxonium Hydroxyl-prowonated Methanaol
ion tetrahedral intermediate
R OH 'OH H
o i Fi
CHC—OCH, — CH.C bl
goN *OCH, H
P
H H
JI:.'u;_n_'.x:, l-protonaisd Conjugate acid W aker
l=irahedral intermediale of methyl beneoale
Step6: 'OH<—  CH, 0 CH,
o it .,-" & i i
CoHsC o = 0HC +  H-LQ:
%, N ", \
tOCH; H HOCH, H
Conjupate xcid ot hamol Mathv] M ethyloxonium
of methyl benzoate benzoate 10

2. Nucleophilic addition of alcohol to acid is analogous to nucleophilic of
alcohol to aldehyde/ketone and the subsequent hemiacetal formation

3. Thecarbonyl oxygen is protonated in Step 1. because it has resonance

stabilization
— o o
OH OH
e A
{_‘ﬁELL'\ — CHCo
" OH \}“\E}H

4. Three elements of this mechanism are common to the reactions of other
carboxylic acid derivatives (Ch. 20)

a. Protonation of the carbonyl oxygen results in activation of the carbonyl
group

b. Anunstable tetrahedral intermediate is formed when nucleophilic
addition to the carbonyl carbon occurs

c. Thecarbonyl isrestored when agroup is eliminated from the
intermediate

F. Lactones
1. Cyclic estersformed by the intramolecular esterification of a hydroxy acid

2. Thisprocessis spontaneous for gamma- and delta-hydroxy acids, forming
g-lactones and d-lactones (five and six member rings)
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i}

L
_ M+ H g('f \
RCHCH:CH-COO Na° —* I
OH HC
OH TCHR
Saltofa A -=lactone
¥ -heiroy seid A cyelic ester: five-membered ring

0

&

H(—C

S i X
RCHCHsCH-CHsCOO ™ Nat =—/——= H-C 0
OB i
OH HsC—CHR

Salt of a

a-hydroxy acid A t-lactone

A evelic ester: six-membered ring

3. Lactones are named by changing the "oic acid" suffix of the parent acid to
"olide" and by identifying the original hydroxyl carbon number

(9]
HOCH,CH,CH.COH ——> {” \ﬁ:
—0
4-Hwvdroxybutanoic acid 4-Butanolide
9]

HOCH-,CH,CH,CH-COH — ¢ >'=D
0

kY
1-\.

F-Hydroxypentanoic acid 5-Pentanolide

4. Many lactones occur naturally, including macrocyclic lactones
G. aHaogenation (Hell-Volhard Zelinsky reaction)

1. Halogens (Cl or Br) add to the a-carbons of carboxylic acids but not as freely

as aldehydes/ketones
2. Enol mechanism: P catalyst required
R.CCOH + Brs o R-CCO-H } HEBr
|
H Br
Carboxylic acid Broamine w=Bromo Hydrogen
carboxy e acid bromide

3. Acidsaone are generally unreative unless they have high enol concentrations

4. Significance: the a-halogen is easily displaced in nucleophilic substitutions
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RCHCOOH + large excess of NH, » RCHCOOH

Br MH;:
An a-hatogenuted weid An a-arminoe acd
RCHCOOH + MaOH —— RCHCOOMa A RCHCOOM
Br OH OH

An a-hydeoxy acid

RCH.CHCOOH + KOH (ale) » RCH—CHCOO- "'y RCH—CHCOOH

Hr An m S-unsaturated acid
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