Electrostatic potential maps of a typical amide (acetarnide) and an acyl azide
(acetyl azide) are shown. Which of the two do you think is more reactive in
nucleophilic acyl substitution reactions? Explain.
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fditional Problems

fing Carboxylic Acid Derivatives
1 Give IUPAC names for the following compounds:

(a) 0 (b) CHyCHz O (c) : :
) e CH3CH,CHCH=CHCCI CH30CCH,CH,COCH3
2
HaC
= interm
e 19n ITI € IlAl 0 () 0 @ o
derivativeZld I I I
7ative, andsl CHZCH2C0C|IHCH3 CH3(.i‘.HCHZCNHCH3 @/COCH3
CH3 Br
h o}
0 (h) 7
I Co
. SCH(CH3),

Jraw structures corresponding to the following names:

?"-i p-Bromophenylacetamide (b) m-Benzoylbenzamide

) 2,2-Dimethylhexanamide (d) Cyclohexyl cyclohexanecarboxylate
,' Ethyl 2-cyclobutenecarboxylate  (f) Succinic anhydride

BDraw and name compounds that meet the following descriptions:
13) Three acid chlorides having the formula CgHgCIO
ﬁ! Three amides having the formula C;H;;NO

Exercises
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CHAPTER 21 | Carboxylic Acid Derivatives: Nucleophilic Acyl Substitution Reactions

Nucleophilic Acyl Substitution Reactions

21.34 Predict the product, if any, of reaction between propanoyl chlonde
following reagents:

(a) Li(Ph),Cu in ether (b) LiAlH4, then H30%

(c) CH3MgBr, then H3O* (d) H30*

(e) Cyclohexanol (f) Aniline fH)/(,
(8) CH3CO,™ *Na ne

21.35 Answer Problem 21.34 for reaction of the listed reagents with

propanoate. PRoPANAM DET
21.36 Answer Problem 21.34 for reaction of the listed reagents with propanag

21.37 What product would you expect to obtain from Grignard reaction of afj
of phenylmagnesium bromide with dimethyl carbonate, CH30CO,CH:

21.38 How might you prepare the following compounds from butanoic acid?s

(a) 1-Butanol (b) Butanal (c) 1-Bromobutane :
(d) Pentanenitrile (e) 1-Butene (f) N-Methylpentanamide
(8) 2-Hexanone (h) Butylbenzene (i) Butanenitrile

21.39 Predict the product(s) of the following reactions:

(a) CO,CH,CH3 (b) CH3 :
1. CH3CHpMgBr = l 1. DIBAHS
2 H3O+ : CH3CHCH2CH2C02CH3 9. H3O+'
COcClI d
(e) Q/ 9 CHgNHp | () CO}Z_‘H
CH30H
—_—

. H,S0
\CHB 2°Y4
H
(e) (I:H3 1 LAH, = (f) OH
e CH3CO,COCH
HoC=CHCHCH,CO,CH; 2 Ha0* (j/ o S S
yridine

(g) CONH, : (h) CO,H A
1. LiAlHgq s socl, >3

2. H,0 3 &

CH3 Br :

21.40 The following reactivity order has been found for the saponification of a
acetates by aqueous NaOH. Explain.

CH3CO2CH3 > CH3C0,CH,€CH3 > CH3CO,CH(CHj), > CH3CO,C(CH3)

il

21.41 Explain the observation that attempted Fischer esterification of 2,4,6 o

methylbenzoic acid with methanol and HCI is unsuccessful. No esteri
obtained, and the acid is recovered unchanged. What alternative method 0L

esterification might be successful?
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Exercises

fditional Problems
ity(of Carbonyl Compounds
%0 Identify all the acidic hydrogens (pK, < 25) in the following molecules:

(a) |C|J (b) o 0 %) (I?
' CH3CH,CHCCH3 HOCH,CH,CC=CCHj4
I

4
5

ces using s : CH3
E (d) CO,CHz  (e) cocl o
? 3 CH3CH2C(|::CH2
CH,CN CHg

,},; Rank the following compounds in order of increasing acidity:
(a) CH3CH2C02H (b) CH3CH20H (c) (CH3CH2)2NH

o detectifl B (d) CH3COCH3 W 0 0 (f) CCl3COLH

|
CH3CCH,CCH3

22 Write resonance structures for the following anjons:

E (a) ﬁ ﬁ (b) 0 (c) 0

3 = =l
£ CH3CCHCCHg CH3CH=CHCHCCH3 N=CCHCOCH3
. () 0 (e) 0
E - CHCCHs B
= [ = ¢
E \OCH
nust be pa F \ .
tlar to theg :
rogen ato =
| or equ g3 Base treatment of the following a,B-unsaturated carbonyl compound yields

an anion by removal of H* from the y carbon. Why are hydrogens on the
E y carbon atom acidic?

H 0] H
Il | I |
C\é&%\c/H o, C\C¢C\C/H
HoH H H

fireatment of 1-phenyl-2-propenone with a strong base such as LDA does not
fvield an anion, even though it contains a hydrogen on the carbon atom next
ito the carbonyl group. Explain.

C\C4CH2

|
H

1-Phenyl-2-propenone
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896 CHAPTER 22 | Carbonyl Alpha-Substitution Reactions

a-Substitution Reactions
22.25 Predict the product(s) of the following reactions:

(a) COzH (b) o O  1.Na* —Og
COzH S
2 Heat | 2. CHaI
s ]

(c) 0

I Br,, PB H0
CH3CHaCHaCOH * —=—2, 3 29, 4

(d) ﬁ

C\
CH3  NaOH, H,0
—_—
I
MmALbwiC

22.26 Which, if any, of the following compounds can be prepared by a malg
ester synthesis? Show the alkyl halide you would use in each case:
(a) Ethyl pentanoate (b) Ethyl 3-methylbutanoate
(c) Ethyl 2-methylbutanoate (d) Ethyl 2,2-dimethylpropanoate

22.27 Which, if any, of the following compounds can be prepared by an acetoace
ester synthesis? Explain.

(a) Br (b) 0 (c) (IIH3 |C')
\@/\(ﬂ)/ O/u\ CH3— l —CH,CCH;

C
CHg

22.28 How would you prepare the following ketones using an acetoacetic es

synthesis?
(a) ﬁ (b) ﬁ
CH3CH2C'HCCH3 CH3CH,CH,CHCCHS
|
CHyCH3 CH3

22.29 How would you prepare the following compounds using either an acef
acetic ester synthesis or a malonic ester synthesis?
(a) CHg (b) ﬁ (c) 'CI) (d) 0

Il
CH3CCO,Et e C HoC=CHCH,CH,CC

| CH3 OH
CO5Et

22.30 Which of the following substances would undergo the haloform reaction?
(a) CH3COCH3 (b) Acetophenone (c) CH3CH,CHO
(d) CH3CO,H (e) CH3C=N



1 The following structure represents an intermediate formed by addition of an
i ester enolateiontoa second ester molecule. Identify the reactant, the leaving

following molecule was formed by an intramolecular aldol reaction.
hat dicarbonyl precursor was used for its preparation?

A€ (b) Cyeclobutanone
Benzophenone (diphenyl ketone) (d) 3-Pentanone
: (f) 3-Phenyl-2-propenal

Exercises

935



936 CHAPTER 23 | Carbonyl Condensation Reactions :
pDOS
23.28 How might you synthesize each of the following compounds using ap i
reaction? Show the structure of the starting aldehyde(s) or ketone(s) :
would use in each case.
(a) (o)

(b) (0]
(d)

CBHSﬁcf)HS
CHO

(6]
CeHs CeHs

(c)

b3

23.29 What product would you expect to obtain from aldol cyclization of hexan@
dial, OHCCH,CHCH2CH,CHO? 3

23.30 Intramolecular aldol cyclization of 2,5-heptanedione with aqueous NaQR
yields a mixture of two enone products in the approximate ratio 9:1.
their structures, and show how each is formed.

23.31 The major product formed by intramolecular aldol cyclization ’
2,5-heptanedione (Problem 23.30) has two singlet absorptions in
1H NMR spectrum, at 1.65 8 and 1.90 §, and has no absorptions in the rang
3 to 10 8. What is its structure? '

23.32 Treatment of the minor product formed in the intramolecular aldol cyc 7
tion of 2,5-heptanedione (Problems 23.30 and 23.31) with aqueous NaQ
converts it into the major product. Propose a mechanism to account for thi
base-catalyzed isomerization. ;

23.33 How can you account for the fact that 2,2,6-trimethylcyclohexanone yielg
no detectable aldol product even though it has an acidic « hydrogen?

23.34 The aldol reaction is catalyzed by acid as well as by base. What is the reapti\j
nucleophile in the acid-catalyzed aldol reaction? Propose a mechanism.

23.35 Cinnamaldehyde, the aromatic constituent of cinnamon oil, can be syn ]
sized by a mixed aldol condensation. Show the starting materials you wo
use, and write the reaction.

CHO
RS

Cinnamaldehyde




