Textbook Assignment: Chapter 18
Homework (for credit): POW 7 posted
Today’s Topics:

Functional Derivatives of Carboxylic Acids

Exam II: Tuesday 10/20-
Wel 2.122 7-9 PM
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Imides

e The functional group of an imide is
two acyl groups bonded to nitrogen

—Dboth succinimide and phthalimide are

cyclic imides
O
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Succinimide Phthalimide

Acidity of N -H bonds

« Amides are comparable in acidity to alcohols

— water-insoluble amides do not react with NaOH or
other alkali metal hydroxides to form water-soluble
salts

e Sulfonamides and imides are more acidic than

amides /
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Acetamide Benzenesulfonamide Succinimide Phthalimide
pK4 15-17 pK4 10 pKgq 9.7 pKg 8.3




Acidity of N -H bonds

Imides are more acidic than amides because:

1. the electron-withdrawing inductive of the two
adjacent C=0 groups weakens the N-H bond,
and

2. the imide anion is stabilized by resonance
delocalization of the negative charge
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A resonance-stabilized anion

Acidity of N -H bonds

—imides such as phthalimide readily dissolve
in agqueous NaOH as water-soluble salts

O O
NH + NaOH —— N" Na" + H,O
O O
pPK48.3 pK 415.7
(stronger (stronger (weaker (weaker
acid) base) base) acid)

This property is used to render l
pharmaceutical agents water soluble:




Thalidomide-sedative, hypnotic

O
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O Barbituric Acid

Acidity of this H is used to
Make the derivatives soluble

from 1956~1962 in Europe/Africa
1. Never approved in US
2. Caused birth defects (teratogen)

l
1. Sedative was used in pregnant women % —

3. Later found use in leprosy treatment

T

Barbituric Acid

Sodium Pentothal® -Sodium thiopental
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Phenobarbital
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H;C Anticonvulsant, hypnotic, anxiolytic




Characteristic Reactions

* Nucleophilic acyl substitution:  an
addition-elimination sequence resulting in
substitution of one nucleophile for another
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Tetrahedral carbonyl  Substitution
addition intermediate product

Characteristic Reactions

—in the general reaction, the leaving
group, as an anion, illustrates an
important point:

—the weaker the base, the better the
leaving group

O
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Increasing leaving ability >

4 Increasing basicity




Reaction with H ,O - Acid Chlorides

—low-molecular-weight acid chlorides
react rapidly with water

—higher molecular-weight acid chlorides
are less soluble in water and react less
readily

0O O
] ]
CH3;CClI + H,O — CH3COH + HCI
Acetyl chloride

Hydrolysis-bond breaking using water

Reaction with H ,O - Anhydrides

—low-molecular-weight acid anhydrides
react readily with water to give two
molecules of carboxylic acid

—higher-molecular-weight acid anhydrides
also react with water, but less readily

@ Q % %
CH3COCCH3 + H,O —» CH3COH + HOCCHg4
Acetic anhydride




Step 1: addition of H,0O to give a TCAI
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Step 2: protonation followed collapse of
the TCAI

H . H H. H TV:\I
+0) 0O m_u
I \; H
_._/,.. .\.V_._ S . . \._._
n_u.: 0: o.)ﬂm_u_. .ﬁ__u. - A_u.
CHg -C-Q-C-CHg — CH3~CQ—C—CHs A||Vo_._wlﬁ_u + —C—CH,
/O o) Q:
H - I\.. I\




Reaction with H ,O - Esters

» Esters are hydrolyzed only slowly, even in
boiling water
— hydrolysis becomes more rapid if they are heated with
either aqueous acid or base
» Hydrolysis in aqueous acid is the reverse of
Fischer esterification

— the role of the acid catalyst is to protonate the
carbonyl oxygen and increase its electrophilic
character toward attack by water (a weak nucleophile)
to form a tetrahedral carbonyl addition intermediate

— collapse of this intermediate gives the carboxylic acid
and alcohol

Reaction with H ,O - Esters

« Acid -catalyzed ester hydrolysis

O OH @)
I _|_+V I I+V I
,C. +H,0 —— | C — ,C + CH; OH
R "OCH, Rd ©O R "OH
OCHj;4

Tetrahedral carbonyl
addition intermediate
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Reaction with H ,0O - Esters

» Hydrolysis of an esters in aqueous base is often
called saponification

— each mole of ester hydrolyzed requires 1 mole of
base

— for this reason, ester hydrolysis in aqueous base is
said to be base promoted

®
| Hy, O __
RCOCH; + NaOH > RCO Na’ + CH3OH

— hydrolysis of an ester in agueous base involves
formation of a tetrahedral carbonyl addition
intermediate followed by its collapse and proton
transfer

Reaction with H ,O - Esters

— Step 1: attack of hydroxide ion (a nucleophile)
on the carbonyl carbon (an electrophile)

— Step 2: collapse of the TCAI

— Step 3: proton transfer to the alkoxide ion; this
step is irreversible and drives saponification

to completion /

e e @ Oa. @ T - v

R-C-OCH, + 10H =R’ oloo_._w R- o + 3cH; SR C + HQCH;
..o: ..O.J »\ .,o.




Reaction with H ,0 - Amides

Hydrolysis of an amide in agueous acid
requires 1 mole of acid per mole of amide

— reaction is driven to completion by the acid-
base reaction between the amine or ammonia

and the acid
0] @)
)Lﬁ M2 S \JL# Tor
NH, + Hp, O+ HCI heat OH + NH,  CI
Ph Ph
2-Phenylbutanamide 2-Phenylbutanoic acid

Reaction with H ,0 - Amides

Stepl: protonation of the carbonyl oxygen
gives a resonance-stabilized cation
intermediate:

(oX +
_C—NH, + HeO—H===
R 2 + ACS

—I_

+
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R-C—NH, <—> R—C--NH, <—>R-C=NH, |+ H,0:

Resonance-stabilized cation intermediate




Reaction with H ,0 - Amides

Step 2: addition of water (a nucleophile)
to the carbonyl carbon (an electrophile)
followed by proton transfer gives a
TCALI:

proton
”.an u.O._._ transfer from “.mw_._
_nh}nT e _ e |/ O ._“O Z _ .
R=G=NH, + 10—H —> mln_ulzzw > R—C—NH,
+ L ]
C i I\mu./{ HQ

Reaction with H ,0 - Amides

Step 3: collapse of the TCAI and proton
transfer:
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R—C—NH; le_o + INH; —>R—C—OH + NH,
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Reaction with H ,0 - Amides

Hydrolysis of an amide in aqueous base
requires 1 mole of base per mole of amide

— reaction is driven to completion by the
irreversible formation of the carboxylate salt

/

@) o ~7
] H, O n
CH3 CNH + NaOH > CH;,CONa" + HyoN
heat
N-Phenylethanamide Sodium Aniline
(N-Phenylacetamide, acetate
Acetanilide)

Reaction with H ,0O - Nitriles

— hydrolysis of nitriles is a valuable route to
carboxylic acids

0
KCN H,S0O,, H,O0 I
1-Chlorodecane ethanol, Undecanenitile Undecanoic acid
water
OH OH
CHO Hew, ken & on H250,, Hp0 4" COOH
ethanol, heat
water
Benzaldehyde Benzaldehyde cyanohydrin 2-Hydroxyphenylacetic acid
(Mandelonitrile) (Mandelic acid)
(racemic) (racemic)




Reaction with H ,O - Nitrile

S

« The cyano group is hydrolyzed in agueous acid

to a carboxyl group and ammonium i

on

0O

H,0 ]
» Ph—CH, COH

heat

U3|Q|_NOWZ + NINO + _|_M mOu_.

Phenylacetonitrile
acid

Phenylacetic

+ NH, HSO,”
Ammonium
hydrogen sulfate

— protonation of the cyano nitrogen gives
reacts with water to give an imidic acid

— keto-enol tautomerism gives the amide:

a cation that

— Q
RC=N + H,O —H»R.C=NH —> RC-NH,
An imidic acid An amide
(enol of an amide)

Can stop at the amide if: 1 molH ,0 and cat H ,SO, is used.

Reaction with H ,0O - Nitriles

. P Q
RC=N + H,O —H >R C=NH —> RC-NH,
An imidic acid An amide
(enol of an amide)
Note: In excess aqueous acid- the amide

continues to undergo hydrolysis to give

the carboxylic acid:

@)

I
R-C-NH, + H, O
An amide

@)
I
R-C-OH

1)
Carboxylic Acid

+ NH,




Reaction with H ,O - Nitriles

— hydrolysis of a cyano group in agueous base
gives a carboxylic anion and ammonia;
acidification converts the carboxylic anion to
the carboxylic acid

NaOH, H,0 mv s
O_l_wAO_l_vaomZ |'O_|_wAQ|_Nv®8 Na + Z_l_w
o heat .
Undecanenitrile Sodium undecanoate
HCl |H,0
Y
?
CH3(CH,)gCOH + NaCl * NH,d
Undecanoicacid

Reaction with Alcohols

« Acid halides react with alcohols to give
esters

— acid halides are so reactive toward even
weak nucleophiles such as alcohols that no
catalyst is necessary

— where the alcohol or resulting ester is
sensitive to HCI, reaction is carried out in the
presence of a 3°amine to neutralize the acid

\/\WQ . IO|© . \/Lo#o@ el

Butanoyl Cyclohexanol Cyclohexyl butanoate
chloride




Reaction with Alcohols

» Acid anhydrides react with alcohols to give one
mole of ester and one mole of carboxylic acid

PR ? @
CH3COCCH; + HOCH,CH3 — CH3COCH, CH3 + CH3COH
Acetic anhydride Ethanol Ethyl acetate  Acetic acid

— cyclic anhydrides react with alcohols to give one ester
group and one carboxyl group

0 Ll
L/\ —> °

° " 1o OH

0 0

Phthalic 2-Butanol

anhydnde (secButyl alcohol) (sec-Butyl hydrogen
phthalate

Use in Practice

— aspirin is synthesized by treating salicylic acid
with acetic anhydride

COOH
OH 00
* CH3COCCHg — >
Acetic
2-Hydroxybenzoic anhydride
acid
COOH

(Salicylic acid)
O/__\O_._ 3 O
+
O CH3 COH

Acetylsalicylic acid ~ Acetic acid
(Aspirin)




Use in Practice

Both Acid anhydrides or acid chlorides can be
used as acylating agents:

HO

. 0o .
Morphine Diacetyl-morphine

(Heroin)

Reaction with Alcohols

» Esters react with alcohols in the presence
of an acid catalyst in an equilibrium
reaction called transesterification

O
| HC
/\_/OOIw + IO\/\/ |r

Methyl propenoate 1-Butanol
(Methyl acrylate) (bp 117C)
(bp 81C) 5

|
/\_/O\/\/ o O_l_wo_l_

Butyl propenoate Methanol
(Butyl acrylate) (bp 65C)
(bp 147C)




Reaction with Ammonia

Acid halides react with ammonia, 1°amines,

and 2°amines to form amides

— 2 moles of the amine are required per mole of

acid chloride
o O
NN 2NHy —> \/\/\:/z_._m + NH, " Cr
Hexanoyl Ammonia Hexanamide Ammonium
chloride chloride

Reaction with Ammonia

Acid anhydrides react with ammonia,
and 1°and 2°amines to form amides

—2 moles of ammonia or amine are

required
X 0 o
CH3;COCCH; + 2NH3 —> CH3CNH, * CH;CO NH,
Acetic Ammonia Acetamide Ammonium
anhydrnde acetate




Reaction with Ammonia

e Esters react with ammonia, and 1°and 2°
amines to form amides

— esters are less reactive than either acid
halides or acid anhydrides

O o
Ph
/\Fom * NH3 v_u:/\__/z_._m *  EtOH

Ethyl phenylacetate Phenylacetamide Ethanol

 Amides do not react with ammonia, or 1°
or 2°amines

Acid Chlorides with Salts

Acid chlorides react with salts of carboxylic
acids to give anhydrides

— most commonly used are sodium or
potassium salts

T 7 PR
+ -
CH3 CCI + Na oo@ —> CHj ooo@ + Na'Cl -
Acetyl Sodium benzoate Acetic benzoic
chloride anhydride




Interconversions

Reactions with Grignard Reagents

—treating a formic ester with 2 moles
of Grignard reagent followed by
hydrolysis in aqgueous acid gives a
2°alcohol

O

IA__uOOIw + 2RMgX —> alkoxide

An ester of
formicacid

magnesium H,0, HCl OH

salt

> HC-R + CH3OH

R
A 2° alcohol




Reactions with Grignard Reagents

—treating other esters with a Grignard
reagent followed by hydrolysis in
aqueous acid gives a 3°alcohol

o magnesium OH
CHyCOCHg + 2RMgX —>  akoxide 221 cpycr + cHioH
salt R
An ester of any acid A 3° alcohol

other than formic acid

Reactions with Grignard Reagents

1. addition of 1 mole of RMgX to the carbonyl
carbon gives a TCAI

2. collapse of the TCAI gives a ketone (an
aldehyde from a formic ester)

@ . fo. :,\_@x_ s

R R
® @
A magnesium salt A ketone
(a tetrahedral carbonyl
addition intermediate)

CH3-C-QCHg * R7~MgX —3 CHj- ﬂfkoozw —> CHy-C * CH3 O, [MgX] *




Reactions with Grignard Reagents

3. reaction of the ketone with a 2nd mole of
RMgX gives a second TCAI

4. treatment with aqueous acid gives the

alcohol
o @ H_v”- [MgX] ”.m_w_._
CH3- _»\Jr/l_,\_@x — Q._w-n_v_u E_Y CH3-C-R
R R “) R
A ketone Magnesium salt A 3° alcohol

Reactions with Organolithium

Organolithium compounds are even more
powerful nucleophiles than Grignard
reagents

—they react with esters to give the same types
of 2°and 3°alcohols as do Grignard reagents

— and often in higher yields

o .@ . o_._

__ H. _ _

RCOCH;4 » R-C-R' + CH3;OH
2. Hy,O, HCI w




Reactions with Organocuprate Reagents

Acid chlorides at -78<T react with Gilman
reagents to give ketones
— under these conditions, the TCAI is stable, and it

is not until acid hydrolysis that the ketone is
liberated

O (@)

/\/\__/ 1. (CHs),CuLi, ether,-78C /\/\__/
) =

Cl 2. H,0

Pentanoyl chloride

2-Hexanone

This is analgous to Gilman coupling with alkyl halides.

Reactions with Organocuprate Reagents

— Gilman reagents react only with acid
chlorides

—they do not react with acid anhydrides,
esters, amides, or nitriles under these
conditions

O

IwOOJA\/\:/ 1. (CHj),Culi, ether, -ﬂmom
Cl2. H,0

O 0

Iwoo;\/\,_/
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Reduction - Esters by LIAIH

Most reductions of carbonyl compounds now
use hydride reducing agents

— esters are reduced by LiAIH, to two alcohols
— the alcohol derived from the carbonyl group is

primary

O
1. LiAIH th Ph OH +@
Ph . LiAIH 4, ether /j/
2. H,0, HCl

2-Phenyl-1-

Methyl 2-phenyl- propanol

propanoate

Reduction - Esters by LIAIH ,

* Reduction occurs in three steps plus workup
— Steps 1 and 2 reduce the ester to an aldehyde

% _ g %

_I_
A tetrahedral carbonyl
addition intermediate

o:
I

. s 2 s
EI@I — _ulmu OR bv _ulmu + 0OR

H

— Step 3 reduction of the aldehyde followed by work up

gives a 1°alcohol

NO. G
R

_I_

Gy L., @ L

- —

- e — —— — YA
Cvt A ROgH

_I_

A 1° alcohol

M ethanol




Reduction - Esters & NaBH ,

« NaBH, does not normally reduce esters,
but it does reduce aldehydes and ketones

« Selective reduction is often possible by the
proper choice of reducing agents and
experimental conditions

O O OH O

NaBH,4
\f\Fom EOH \tﬁom

(racemic)

Reduction - Esters by DIBAIH

 Diisobutylaluminum hydride (DIBAIH) at -78TC
selectively reduces an ester to an aldehyde

— at -78<TC, the TCAI does not collapse and it is not until
hydrolysis in aqueous acid that the carbonyl group of
the aldehyde is liberated

O

PPN N 1. DIBALH, toluene, -78°C
OCHg >

2. H,O, HCl

Methyl hexanoate
0O

\éﬁI + CH3 OH

Hexanal




Reduction - Amides by LIAIH

 LiAIH, reduction of an amide gives a 1°
2°% or 3°amine, depending on the degree
of substitution of the amide

@

\/\/\/\:/ 1. LiAIH,4 NN
NH
Octanamide 1-Octanamine

O

Z_/\_mN 1. _l_>__|_k_. > @\/Z_/\_mw
2. H,O

N,N-Dimethylbenzamide N,N-Dimethylbenzylamine

Reduction - Amides by LIAIH4

« The mechanism is divided into 4 steps

— Step 1: transfer of a hydride ion to the
carbonyl carbon

— Step 2: a Lewis acid-base reaction and
formation of an oxygen-aluminum bond

e o P vo AlH,
.,

0"
?ékx EONGE o@kzw & po

H H




Reduction - Amides by LIAIH

— Step 3: redistribution of electrons and ejection
of H;AIO™ gives an iminium ion

— Step 4: transfer of a second hydride ion to the
iminium ion completes the reduction to the

amine
..AWM_Iw Iul
mlﬁ_ulﬁ._w_.lI L@V R— |Z H _@y R-CH,-
H H H H
An iminium ion A 1° amine

Reduction - Nitriles by LIAIH ,

e The cyano group of a nitrile is reduced by
LIAIH, to a 1°amine

1. _|_>_IN_Y

CH,CH=CH(CH C=N
3 (CHy) 4 2. H,0

6-Octenenitrile

O_l_w CH= O_I_AO_I_NV 4 O_I_N N _I_N
6-Octen-1-amine
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