8B, Chapter 20 — Carboxylic Acids & Friends

20.1-2 Carboxylic Acid Intro &
Nomenclature

20.3 Structure & Properties 20.4 Carb. acid Preparation

20.5 Reactions of carb. acids

20.6 Intro to Carb. Acid Friends | 20.7 Reactivity of Carb. Acid

(Derivatives) Derivatives
20.8 Acid Chloride Rxns 20.9 Acid Anhydride Rxns 20.10 Ester Preparation
20.11 Rxns of Esters 20.12 Amide Rxns 20.13 Nitrile Reactions

20.14 Synthesis Strategies for Carboxylic Acids & Friends

TBT — each product below contains a carboxylic acid or nitrile...

Ch 8 — Alkenes Ch 17 — Benzylic Rxns
KMnQO,4 ©)\ KMnO,4
e e
Ch 9 — Alkynes Ch 19 - Aldehydes
1. O o) HCN
2.Zn, H* ” )J\H

Ch 12 - Alcohols

Ch 19 - Ketones

o HCN

A

Ch 6 — Alkyl Halides

Ch 12 / 19 - Aldehydes

NaCN

0 CrO3
H H*

Ch20-p1



8B, Chapter 20 — Carboxylic Acids & Friends
[20.6]1 CARBOXYLIC AcCID FRIENDS = DERIVATIVES

0 O O 0 o Q
By I JI§ L o, /M
R™ CI R~ O R R~ "OH R™ OR 2
acid chloride acid anhydride carboxylic acid ester amide nitrile
ADDITION OF HYDRIDES & GRIGNARDS TO CARB AcCIDS & FRIENDS
Nucleophilic Acyl Substitution (NAS) + Nucleophilic Addition (Nuc Add'n)
&)
O ‘Nuc 0 % :Nuc ©
_Nae o . : O_ Nuc N
P —Fi P s LV
LG Nuc Nuc Nuc Nuc

Grignards and LAH add to (almost) all the acid derivatives to make similar products!!!

1. PhMgBr )OL 1. LiAIH,,
- . CI . >
2.H30 acid chloride 2.H30

A

Y

1. PhMgBr j\oj)\ 1. LiAIH,

2.H30" acid anhydride 2. H3;0"
o)

1. PhMgBr )J\ 1. LIAIH,
- - OH >

2.H30 carboxylic acid 2. H;0"

1. PhMgBr O 1. LIAIH
B . )J\ . LI 4
 2.H0" OCH; .

- M3 ester 2.H30

1. PhMgBr O 1. LiAIH4
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2. H,0* 2. H;0*
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8B, Chapter 20 — Carboxylic Acids & Friends
Making Ketones with Mr. Grignard and Mr. Gilman (we missed you)

CN 1. CH3MgBr
©/ 2. H30"

0]

©)J\CH3

(CHa),CuLi

NAS

o]

@*C.

Ketones from acid chlorides

0 (CH3),Culi

/\)J\a NAS

/\j\ (Ph),CuLi
Cl NAS

Ketones from nitriles

1. CH3MgBr

N
CN 5 h0t
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8B, Chapter 20 — Carboxylic Acids & Friends
Grignards & Carboxylic Acids —it's a love / hate relationship

Carb. Acid + Grignard = ®
) PhMgBr

H

o

[20.4] New Way to Make Carb Acids while adding a Carbon

O
Br
MgBr CO +

O w = =g
Predict the product

1. Mg

2. CO,y

B >
3. H3O*

Synthesis of Ibuprofen (CHEM 146A — advanced organic lab) — add reagents

T — L

CO,H

Ibuprofen
(racemic)

Ch20-p4



8B, Chapter 20 — Carboxylic Acids & Friends
[20.4-5] CARBOXYLIC ACID REACTIONS

NOMENCLATURE
butanoic acid benzoic acid

o CO,H
/\)J\OH ©/

What if there’s a CARBONYL OUTSIDE A RING??
Cyclopentane carbaldehyde cyclopentane carboxylic acid

QCHO QCOZH

RBr O
RN alkyl halide R)J\CI
nitrile acid chloride
1. Mg
2.CO, o
3.H"
1| o
O O
R™ “NH, JC
amide R (0] R’

acid anhydride

X
R™ OR'
ester
NO REACTION
R” O OH
1° alcohol 1° alcohol
NUCLEOPHILIC AcYL SUBSTITUTION (NAS)
©
)OJ\ :Nuc o O
| e | — N
LG Nuc

Nuc
Ch20-p5
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[20.8] Acid Chlorides - the gateway acyl derivative

butanoyl chloride benzoyl chloride
O

A~

o)

RJ\OH O O
carboxylic acid RJ\O)J\ R’
O>/R' acid anhydride
SOCly, py H%;
N\
D)
j\ NH; Q
XS
R™ "NH, | aminolysis o H,0 RJ\ OH
amide )J\ hydrolysis . .
R Cl carboxylic acid

acid chloride

o> A
Q S \00“0 y,
? X /
J N

R® OR' 270 0]
ester N g\‘v 1. xs R'MgBr J\ ,
Vv 2. H,0 R™ R
ketone

R
1° alcohol X

R OH
3° alcohol
How to make an acid chloride Analogous to:
O SOcCl, O SOCl,
Mn — P “NoH ——= g
o Pyridine cl Pyridine
O
S
ClI” Cl
o O %o ¢ o
M . )< S.
)J\O/S\C| O/ Cl
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[20.8] Acid Chlorides (cont’d)
NUCLEOPHILIC AcYL SUBSTITUTION (Nuc AcyL Sus / NAS)

) O@ o)
:Nuc
)J\LG +LG )J\NUC
Nuc
Acylation of Acid Chloride
Hydrolysis of Acid Chloride
O H,O O

- Alcoholism of Acid Chloride

0 CH,OH 0

)J\u )J\OCHs

- Amides from Acid Chlorides

O H2NMe O
Ny T~ A
Cl NaOH NHMe

Ch20-p7



[20.9] Acid Anhydrides

butanoic anhydride

o O

A~ A

@)

@)
o | ol
carboxylic acid Dyrid,'ne
g
S
0 a°
RJ\OR‘
ester

1° alcohol

Acid anhydride hydrolysis

Alcoholism

8B, Chapter 20 — Carboxylic Acids & Friends

benzoic anhydride

Butanoic benzoic anhydride

0] 0]
HO)X\ R’ R)J\CI
e acid chloride
O o oy
R)J\O)J\R'

X
R® "OH
1. xs R'MgBr carboxylic acid
2. H,O

N
R OH
3% alcohol

Ch20-p8
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[20.10-11] Esters

butyl butanoate butyl benzoate phenyl benzoate

O

/\)J\o/\/\

Ester outside the ring: methyl cyclopentane carboxylate

0
RJ\OH j\

carboxylic acid R* OH
carboxylic acid

R'OH | Fischer
H* | esterification

O
xs NHj Q 0
R)J\NH2 aminolysis 0 < ROH J\ )J\
amide A ' ' id anhydrid
R~ "OR alcoholism | a¢id anhydride
ester

<
‘O\e\ 0\\‘5 7
PR 253y,
R™ >Cl ' <0 %,
1. DIBAH

acid chloride

2. H,0O
2 N
O R® "OH
RJ\H 3° alcohol
(o]
19 alcohol aldehyde

Ch20-p9
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[20.10-11] Esters (cont’d)
NUCLEOPHILIC AcYL SUBSTITUTION (Nuc AcyL Sus / NAS)

O :Nuc O@ O
_— _—
)J\LG +LG )J\Nuc

Nuc
Fischer Esterification
@] HOCH; O
JHe
®
CHOH HO OH HO OH, .
@(I)CHS OCH3
H

- Basic ester hydrolysis

O O
NaOH (aq)
OCHj )J\O@ 3

- Partial reduction with DIBAH

Ch20-p10
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[20.12] AMIDES
Butanamide N-methyl-N-phenylbenzamide

0]

/\)J\NH

2

0]
R/CN " R)J\Cl
W2 ; .
S
nitrile MS acid chloride
NH,
amide 'séo
é@ l &x
¥
i X
R)J\OR' R™ “OH
ester ; ﬁs OR'MQBF carboxylic acid
- Ha
NO REACTION
- Amide hydrolysis
0] H2SO04 (ag) o
- > + H3NCH3
)J\NHCHS A AOH

Ch20-p11
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[20.13] NITRILE REACTIONS

Nitrile Hydrolysis

H;O* OH ®
{ e — 3 5 W + NH,

E— \H E— —_— »
NH;
HsN O-H ) \/\(OH - OH
> I

Nitrile Synthesis & Hydrolysis (alternative to Grignard reagent)

NaCN H,0" 0

1° alkyl halide

Predict the product

©/\Br 1. NaCN
2. H,0*

From what alkyl halide would this carboxylic acid be made?

1. NaCN HO

Ch20-p12
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[20.13] NITRILE REACTIONS (CONT’D)

Reduction of Nitriles

1. LiAIH,
Ph—C=N ———— pp >
( 2 1,0 Ph”” “NH,
l Why not use Hz0*? T
® Al H-AlL© - HO H20

N
H
Ph)<H

What nitrile would reduce to this amine?

Grignards and Nitriles

e 1. CH3MgBr 2. H30"
“N Grignard Imine le)
Addition Hydrolysis  ketone!
Predict the products
H,0" 1. EtMgBr
-~ /\/\CN —_—
2. H;0*

Ch20-p13
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Reaction Puzzile

1. PhMgBr

2. Hz0

Ch20-p14



