Chapter 10

Carboxylic Acids and Their Derivatives

Chapter Summary

Carboxylic acids, the most important class of organic acids, contain the carboxyl group, —
C(=0)—OH. The IUPAC ending for the names of these compounds is —oic acid but many common
names (such as formic acid and acetic acid) are also used. An acyl group, R—C(=0)—, is named by
changing the —ic ending of the corresponding acid to -y/ [CH3C(=0)—is acetyl].

The carboxy! group is polar and readily forms hydrogen bonds. A carboxylic acid dissociates to
a carboxylate anion and a proton. In the carboxylate anion, the negative charge is delocalized
equally over both oxygens. The pKj's of simple carboxylic acids are about 4-5, but the acidity can be

increased by electron-withdrawing substituents (such as chlorine) close to the carboxyl function.

Carboxylic acids react with bases to give salts. These are named by naming the cation first and
then the carboxylate anion. The name of the anion is obtained by changing the —ic ending of the acid

name to —ate (acetic becomes acetate).

Carboxylic acids are prepared by at least four methods: (1) by oxidation of primary alcohols or
aldehydes, (2) by oxidation of an aromatic side chain, (3) from a Grignard reagent and carbon dioxide,

or (4) by hydrolysis of a nitrile, RC=N.

Carboxylic acid derivatives are compounds in which the carboxyl —OH group 1S
replaced by other groups. Examples include esters, acyl halides, anhydrides, and amides.

Esters, RCO-R', are named as salts are; the R' group is named first, followed by the name of
the carboxylate group (for example, CH3CO2,CH>CHjg is ethyl acetate). Esters can be prepared from an

acid and an alcohol. with a mineral acid catalyst (Fischer esterification). The key step of the
mechanism is nucleophilic attack by the alcohol on the protonated carbonyl group of the acid. Many

esters are used as flavors and perfumes.

Saponification is the base-mediated hydrolysis of an ester, yielding its component
carboxylate salt and alcohol. Ammonolysis of esters gives amides. Esters react with Grighard
reagents to give tertiary alcohols. With lithium aluminum hydride, on the other hand, they are reduced

to primary alcohols.

Acid derivatives undergo nucieophilic substitution. The mechanismis as follows: the
nucleophile adds to the trigonal carbonyl carbon to form a tetrahedral intermediate, which,
through loss of a leaving group, becomes the trigonal product. The reaction can be regarded as an
acyl transfer, the transfer of an acyl group from one nucleophile to another. The reactivity order of
acid derivatives toward nucleophiles is acyl halides > anhydrides > esters > amides.

Acyl chlorides are prepared from acids and either SOCl3 or PCls. They react rapidly with

water to give acids, with alcohols to give esters, and with ammonia to give amides. Acid anhydrides
react similarly but less rapidly. Thioesters are nature's acylating agents. They react with nucleophiles

less rapidly than anhydrides but more rapidly than ordinary esters.

Amides can be prepared from ammonia and other acid derivatives. They can also be
prepared by heating ammonium salits. They are named by replacing the —ic or —oic acid ending with

amide.
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174 CHAPTER 10

Because of resonance, the C—N bond in amides has considerable C=N character. Rotation
about that bond is restricted, and the amide group is planar. Amides are polar, form hydrogen bonds,
and have high boiling points considering their molecular weights.

Amides react slowly with nucleophiles (such as water and alcohols). They are reduced to
amines by LiAlH4. Urea, made from CO» and NHg, is an important fertilizer.

Some reactions of acid derivatives are summarized in Table 10.5. -Keto esters can be

prepared by the Claisen condensation, a reaction analogous to the aldo! condensation but
involving ester enolates as the reactive intermediates.

Reaction Summary

Acids
RCOOH =———> RCO, + H° (ionization)
RCOH + NaOH — RCO; Na® + HpO (saltformation)
Preparation of Aci
Cr6+ Cr6+
RCH, OH ——— = RCH=0 —> RCO2H
or Ag”
KMnQOg4
ArCHy —————> ArCO.H
or O,, Co°*

H3O"
RMgX + CO, —> RCO,MgX —— RCO5H

H™ or HO™
RC=N + 2 HoO ———————» RCO.H + NHq

Fischer Esterification

H+
RCOH + ROH == RCO:R' + HxO

Saponification
RCOR' + NaOH —> RCO, Na* + ROH

Ammonolysis of Esters

RCOR'" + NHg =———> RCONH, + R'OH
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CARBOXYLIC ACIDS AND THEIR DERIVATIVES 17

Esters and Grignard R n
Rll
1. 2 R"MgX |
BUCkET e R—C—OH + ROH
2. HyO" r!%“

Reduction of Esters

RCO.R' + LIAH; —— RCH,OH + ROH

Pr ration of Acvl Chlorn

RCO,H + SOCl, — RCOCI + HCl + SOy

RCO.H + PClsy —= RCOCI + HCI + POCI3

Preparation of Anhydrides

f? f.’ e
R—C—Cl + Na*-0—C—R' —— R—C—0—C—R + NaCl

Reactions of Acyl Hali r Anhydri
O H-0
| RCO-H + HCI (or RCO2H)
R—C—CI
or R'OH
RCO,R' + HCI (or RCO2H)
o
NH3
I ik RCONHs + NH4Cl (or RCO2H)

Amides from Ammonium Sal

. " heat
RCO>, NH;Y ——— = RCONHz + H20

Reactions of Ami

H™ or HO™
RCEREL cEcHl)l o & RCO-H + NH3

LiAlH4
ROCONED - = RCHoNH-
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O
CO» + 2 NHy —— : H,O
-+ 3 + 2

Mlechanism Summary
Nucleophilic Addition—Elimination

NUZ/\ NU
+ R., ' W, R

Learning Objectives

i

10.

e
s

13.

14.

Know the meaning of: carboxylic acid, carboxyl group, acyl group, carboxylate anion, acidity
or ionization constant, inductive etfect.

Know the meaning of: carboxylate salt, ester, acyl halide, acid anhydride, primary amide.

Know the meaning of: Fischer esterification, nucleophilic addition—elimination, tetrahedral
intermediate, saponification, ammonolysis, acyl transter.

Given the IUPAC name of a carboxylic acid, salt, ester, amide, acyl halide, or anhydride, write
its structural formula, and given the structure, write the name.

Know the common names of the monocarboxylic acids listed In Table 10.1 and the
dicarboxylic acids listed in Table 10.2.

Know the systems for designating carbons in a carboxylic acid chain by numoers (IUPAC) or
by Greek letters (common,).

Know how to name acy! groups and how to write a formula given a name that includes acy!
group nomenclature.

Given the formula of a carboxylic acid, write an expression for its jionization constant, K.

Write the resonance structures of a carboxylate anion.

Given two or more carboxylic acids with closely related structures, rank them in order of
increasing (or decreasing) acidities (pKZ's).

Tell whether a particular substituent will increase or decrease the acidity of a carboxylic acid.
Given a carboxylic acid and a base, write the equation for salt formation.

Given a carboxylic acid, tell what aldehyde or primary alcohol is needed for its preparation by
oxidation.

Given an aromatic compound with alkyl substituents, tell what aromatic acid would be obtained
from its oxidation.
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15.

16.
17.

18.

13.
20.

£1.

L

23.

24.

o

26.

27 .

28.

Given a carboxylic acid, write an equation for its synthesis by hydrolysis of a nitrile (cyanide) or
by the Grignard method.

Given an alcohol and an acid, write the equation for formation of the corresponding ester.

Write the steps in the mechanism for the acid-catalyzed (Fischer) esterification of a given
carboxylic acid with a given alcohol.

Given the name or the structure of an ester, write the structure of the alcohol and acid from
which it is derived.

Write an equation for the reaction of a given ester with aqueous base (saponification).

Write an equation for the reaction of a given ester with ammonia, a Grignard reagent, or lithium
aluminum hydride.

Given a particular acid halide, write an equation for its preparation from an acid.

Given a particular anhydride, write an equation for its preparation from an acid chloride and a
carboxylic acid salt.

Write the equation for the reaction of a given acid halide or anhydride with a given nucleophile
(especially with water, an alcohol, or ammonia).

Write equations for the preparation of a given amide from an acyl! halide, acid anhydride, or
ammonium salt.

Given a particular amide, write equations for its hydrolysis and reduction with lithium aluminum
hydride.

Given a particular product that can be prepared by any of the reactions in this chapter, deduce
the structures of the reactants required for its preparation, and write the equation for the

reaction.

Write the Claisen condensation product from the reaction of an ester with an alkoxide or
sodium hydride.

Write the steps in the mechanism of the Claisen condensation.

Answers to Problems

Problems Within the Chapter

10.1

10.2

d. CH3(|:HCHQCOQH D. (CH3)2(|3002H

Br OH
c. CH3C=CCOzh d. CHg?HCHQCHgoncOQH
CH=0

2-phenylethanoic acid
dichloroethanoic acid
2-butenoic acid
2.2-dimethylpropanoic acid

Q0 O W
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10.3 . D.
CHgirves CO-H COoH
OoN

10.4 a. cyclopropanecarboxylic acid
b. p-toluic acid (or p-methylbenzoic acid)
10.5 & O b. O
Il |
C. d.

O
Il
CH3CH,CHo—C— Br O’ CH=0

10.6 = Kyis 15X 10-5 for acetic acid and 1.5 X 10-3 for chloroacetic acid. Kjis largerior chloroacetic
acid: it is the stronger acid. The ratio IS:

1.5 X 10_3

e 0.83 X 102
1.8 x 10.

in other words, chloroacetic acid is 83 times stronger than acetic acid.

10.7 K,for benzoic acid is 6.6 X 10-5 or 0.66 x 104. For o0-, m-, and p-chlorobenzoic acids, K,is
12.5, 1.6, and 1.0 X 104, respectively. All three chloro acids are stronger than benzoic acid.
However, the difference is greatest for the ortho isomer since in this isomer the chloro
substituent is closest to the carboxyl group and exerts the maximum electron-withdrawing
‘nductive effect. The effect decreases as the distance between the chloro substituent and

the carboxyl group increases.
10.8 BrCH,CHoCOoH + K¥OH™ — BrCH,CHo,CO>~ K* + H20

10.9 The halide can be converted to the corresponding Grignard reagent, which can be reacted
with carbon dioxide to give the carboxylic acid.

MgCl - COoH

Cl
Mg 1. COo
e S i |
ether 2. HyO"

10,10 There are several possible approaches. irst the alcohol must be converted to a halide. The
halide can then be converted to the corresponding Grignard reagent, which can be reacted

with carbon dioxide to provide the carboxyiic acid.
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HE 3
CH3;CHsCH»>OH B —— CH3CH>CHBr

Mg, ether
1. CO»
CH3CHQCH2002H ~-—————  CH3CH,CH;MgBr
2. HO"

179

Conversion of the halide to a nitrile followed by hydrolysis would also provide the carboxylic
acid. This reaction is introduced in the next section (10.7d), so do not be concerned if it did

not occur think of it when initially working this problem.

NaCN H30"

CH3CH20HQB|" CchHchQCN

CHaCHoCH,CO,H

10.11 It is not possible to conduct Sy2 displacements at sp?-hybridized (aryl, vinyl) carbon atoms

(see Table 6.1). The conversion can be accomplished via the Grignard reagent:

Mg 1. CO2
AP MgBr ——— COoH

10.13 a. methyl methanoate b. cyclopropy! propanoate
10.14 a. o D. o
| |
CH3COCH(CH2CHz)2 CH3(|3HCOCHQCH3
CHs
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H+
B .

10.15 CH3CHoCH2COH + HOCH-CHoCH3 ~——

butanoic acid propanol
CH30H20H2C02CH2CH2CH3 : 5 HQO
propy! butanoate
+
10.16 ICI) " ﬁ'—H ?H
CHy=—C—OH  ——— CHy—C—0H s it CHS—CI:—OH
) He=—=Q—CH>CH3
. = +
CH3CH20R
+ |
O—H OH H OH
P —H20 ™ al |
CH3-—C|> + s CH3—(I3— OH e — CH3—(I;‘—OH
+
OCH»>CHa OCH>CH3 OCH,CH3
~H* 1‘
O

|
CHa=—C—0CH>CH3

OH
OH H* L_ OH .
I e -~ _H
OH OH
H* transfer H
4
Hsz

—H-0O ‘gH
\O = o —— 0 S
10.18
Na*OH
C— OCH3 C— O~Na™ + Cch}‘l
heat

methyl benzoaie sodium benzoaie methanol
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10.19 T
Cine OCH3 =
OCH3  FiGend |
- s
( transfer
- NHx
H
OH oj O
| £ | T
»» OCHj _CH.O™ C\A " C
3 NNH, -H “SNH,
QJHQ I . L

10.20 The Grignard reagent provides two of the three R groups attached to the hydroxyl-bearing
carbon of the tertiary alcohol. The ester provides the third R group. So, from

O

[l
C—OCHs; + excess Q.Mggr

we get the tertiary alcohol

D—C—OH

10.21 T

C

“a ~Cl
OH

+ SOC|2

+ HCl + SOo

10.22 When acyl halides come in contact with the moist membranes of the nose, they hydrolyze,
producing HCI, a severe irritant.
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10.23 First prepare butanoyl chioride:

SOCl»
CHaCHsCHoCOoH = CH3;CH>CHCOCI

Then perform a Friedel-Craits acylation:

O

CH3CH>CHoCOCI T
CHs  smm— O C—CchH CH
AICls 3 o
10.24 a. ﬁ ﬁ) b. ﬁ> ICl>
CHaCHa—C—0—C—CH,CHs ol
O
10.25 CO-H
heat
i i———g— O + HO
CO-H
O
phthalic acid phthalic anhydride

10.26 No. The two carboxyl groups are transio one another and cannot interact in an intramolecular
fashion.

10.27 Use the middle part of eq. 10.37 as a guide:

O O
| |
CH,—C—O0—C—CH,; * HOCH,CH,CHo,CHy —

O

1

10.28 a. Use the top part of eq. 10.37 as a guide:

O O

H20 OH
OH
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b. Use the middle of eq. 10.37 as a guide:

0 O

CH3zCH2CH2CH20MH OCH,CHoCHoCH3
OH

O

O 0O

c. Use the bottom of eq. 10.37 as a guide:

0 O
NH3 NH»
O
OH
O ®
10.28 Follow eq. 10.186.
OH OH
4
+ CHOH ———> + H0
catalyst
COzH COZCH3
10.30 a. 2-methylpropanamide
D. CONHo
CHs
10.31 See Sec. 10.20:
i CHg
O N_ O+ H
=e” “H 5 ) . Y,
| "0 _N_ Koy
CHs (I:) H CHa
CHs
acetamide N,N-dimethylacetamide

The oxygen behaves as a Lewis base and the hydrogen behaves as a Lewis acid. N,N-
dimethylacetamide has no acidic hydrogen, and hydrogen bonding cannot occur.
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10.32 Follow eq. 10.40, with R = Chs.

0 Lk 0
| H™ or HO il
CHg—C—NHg + HQO e CH3—C—-OH -- NH3

With acid catalysis, the products are CHzCO2H + NH4*.
With base catalysis, the products are CH3CO,™ + NHs.

10.33 Follow eg. 10.41, with R = CHa3.

O .
T LiAIH,

CHy=C—NHp =————"""""" CH3CHoNH>
ether

10.34 First convert benzoic acid to benzamide. Reduction of the amide gives benzylamine.

COoH CONH>» CH>NH»
1. SOCI LiAlH,
—_— S
2. NH3

10.35 O | O
1 1. LIAIJOC(CHag)3]3H T
[ ] R ——— skl

2. HO
Mechanism:
O
Il LIA[OC(CHas)3]3H
C—Cl —— e
)
LF*

O—AI[OC(CH3)als ®

| = n
?“C_SI‘ e C—H +
H

A[OC(CHa)3]s + LiCl

Lithium tri-t-butoxyaluminum hydride reacts with acid chlorides faster than aldehydes. Thus it
is possible to obtain the aldehyde without reducing it to the alcohol.
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10.36 Step 1: Deprotonation gives an ester enolate.

Na*
ICID NaOCH5CH3 _ le
CH3CH—C—OCH-CH; —— CH3CH=—=C=—=0OCH>CH3
+
CHaCH,OH

Step 2: Carbonyl addition gives a tetrahedral intermediate.

Na~ O

g |
CH3CH-—-C— OCHQCHg Na™ O

~ ez CchHg—(I: FH—C—-OCHQCH:;

I -
CH3CHy=——C—OCH,CH Uratiial | K

Step 3: The tetrahedral intermediate gives an ester plus ethoxide.

e o
CHQCHz—(I:—FHooononS o 15 CH3CH2_C—ICH_C_OCHQCH3
CHsCH,O CHa CHa oy

CH3CH-O Na™

otep 4: An acid-base reaction drives the equilibria to the right.

O O 0 Na* O
i Il .. |
CHgCHg—C—(I?,H—C—OCHQCHg — CH30H2—C—(ID-—C—-OCH2CH3
CHs + CHs +
NaOCH-CHs CH3CH,OH

Additional Problems

10.37 a. CHg(fHCHgCHgCOgH D. CH3CHoCCI,COoH C. CHscHecHszJHCHzcozH
CHs OH

d. e f. COoH
o . R Y
- CH>CHg
C/'

|
O

Copyright © Houghton Mifflin Company. All rights reserved.

185



186

10.38

10.89

CHAPTER 10

COoH

g. n. . H,C=C(CH3)CH(CH3)CO-H
CH>CO,H “

J.

Q® O

ICI) K. HO»CC(CHz3)>CHoCOoH

CHsCCH-CO,H

3-chloro-2-methylbutanoic acid
cyclohexanecarboxylic acid
2-phenylpropanoic acid
3-butynoic acid |

4-methylpentanoic acid
p-nitrobenzoic acid

propenoic acid (or acrylic acid)
2,2-difluoropropanoic acid

= bl > W @ 3

CHa CHs

| I
CH3zCHo— ?—Q (I')— CO2H

H H

ibuprofen

10.40 a. The molecular weights are identical (74), but acids hydrogen-bond more effectively than

10.41

alcohols do.

CH3CHo,COoH > CH3CHoCHoCHoOH

D.

bp 141 °C bp 118 °C

Chain branching generally lowers the boiling point. Thus for these isomeric acids the
order is:

CchHQCHQCHQCOQH > (CH3)3CC02H

bp 187°C . bp 164 °C

The factors that affect acidity of carboxylic acids are discussed in Sec. 10.5.

d.

Q ©

CICH»>CO5H; both substituents, chlorine and bromine, are approximately the same

distance from the carboxyl group, but chlorine is more electronegative than bromine.
o-Bromobenzoic acid; the bromine is closer to the carboxyl group and is an electron-
withdrawing substituent. Compare the pKy's of the corresponding chloro acids, given in

Table 10.4.
CF3CO5H; fluorine is more electronegative than chiorine.

Benzoic acid; the methoxy group is an electron-releasing substituent when in the para
position and may destabilize the anion because of the presence of structures such as

_ O a
is ¥ / - /
GFlge=l ’) C\/J ~—> CHz—0O __C\
O~ O~

which bring two negative charges near one another.
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e. CH3CHCICO»H; the chlorine, which is electron-withdrawing, is closer to the carboxy!
group.

10.42 See Sec. 10.6 if you have any difficulty.

3. CICH,CO-H + K'OH CICH.CO, K + Ho0

Salt formation occurs at room temperature. |f the reagents are heated for some time, an SN2
displacement on the primary chloride may also occur, giving the salt of hydroxyacetic acid,
HOCH>COs K™,

b. 2 CHa(CHo)gCOH + Ca(OH)y — [CH3(CH2)gCOsJCa™ + 2 Ho0

NasCro0O7
10.43 a CH3CHoCH,CH,OH ——— CH3CH-CH>CO2H
HBr
h. CchHQCHgoH i —— CchchHgBr
~ NaCN H20
CH3CH.CHBr = CH3CHoCHo,CN = CH3CH»CH>COoH
H+
CH3CH>CHBr CH3CHo,CHoMgBr = CH3CH>CH»>COoH
ether 2. HoO, H”
C KM“O4
Cl Ly *eeeesmem—m—
3 heat C CO-H
Cl CO.H
d. 1. Mg, ether
—— e
._0.12_... 2. COz
nv 3. HyO, H*
o O CH30OH Na>CroO7
{ \_\ e —— CH3OCHQCHQOH e T CH300H2002H
H+

.. Mg 1. CO»
By =" MgBr —™™> CO-H
ether 2. HoO, H'

10.44 The nitrile route would involve an Sy2 displacement of bromide by cyanide, a highly unlikely
step when the alkyl halide is tertiary. The Grignard route, on the other hand, works well for all

alkyl halides—primary, secondary, and tertiary.
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10.45 a. CHSCHQ(IBHCO{ Na* b. (CH3CO5).Ca™
Cl
C. fl) d. ICI)
CHy=—C—0CH(CHag)2 H=—C—0CH>CH3
e. 0O f.
I =N
C—0O
g O O N 0
| | I}
CH3CHo=—C—~0—C—CH2CH3 C—NH>
CHs
I ilj J HO-C CH=0
CH3CH,CH(Cl)=—C—Cl \Q/
O
K.
O
CHs
10.46 a. ammonium p-bromobenzoaie b. calcium butanoate
c. phenyl 2-methylpropanoate d. methyl trifluoroacetate
e. formamide f. butanoic anhydride

CHAPTER 10

10.47 The first word of the name refers to the alcohol portion and the second to the acid portion:

O

CHg)J\O X

Copyright © Houghton Mifflin Company. All rights reserved.



CARBOXYLIC ACIDS AND THEIR DERIVATIVES

10.48 Compare with the answer to Problem 10.16.

O o Yo = L
J +O—CH

CH3—-_Q—H H
T “

H H
—Hgo O H*
c—oi- Amsie C-—OH
oc:H3 OCH3 OCH3

CH3CH-0OH

10.49 CHaCHoCH>CH>COoH CH3CH2CHoCHoCO2CH2CH3

H+

10.50 a. See eq. 10.21, where R = phenyl and R' = ethyl.

189

O
|
QC—OCHQCHg -- Na*OH" — @—C-—O*Na* - CH3CH20H

b. Compare with eq. 10.23.

O
Il
Q—C_OCHgoH;g + Nip =——— ©-C'—'NH2 + CH3CHoOH

c. See Sec. 10.15.

O CHs

Il 1. 2 CHasl |
C—QCH-,CH3 —m—mmmmmm————— C—0OH + CH3CH-OH
2. HaO" l
CHs
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d. See Sec. 10.16.

O

T 1. 2 LiAlIHy4
O OCHRUHE - = CH-OH + CH3zCHyOH
2. HO"

10.51 a. O) (O
Il |
CH3CHyme= C==QCHj3 M — CH3CHy=—C-—0OCHj3

| \s
o OH
HO

|

O O
Il |
CH3CHo=—C—0O~ . CH3;OH CH3CHo=—=C—0OH + CH30O

oy ?‘

CH30H2"_C OCHS s CHscHz"_C_OCHS

|

N H™ transfer

N , o
NH,

10.52 In each case, the two like organic groups attached to the hydroxyl-bearing carbon come from
the Grignard reagent, and the third group comes from the acid part of the ester.

O

1l
a. CHzCH>CHoMgBr + @-—C—OR

O

|
D. Q—MQBF + CH3CH>CHo—C—O0OR

The identity of the R group in the ester does not affect the product structure. R is usually CHa
or CH3CHo.

10.53 a. The carbonyl group in esters is less reactive than the carbonyl group of ketones because
of the possibility of resonance in esters that delocalize, to the "ether" oxygen, some of
the positive charge associated with the carbony! carbon atom.
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O . O : 0O
|I . ® I ( . I +
L] L] + L1 - L

; ; |
P AN
R R R™ 4 "1

Therefore, the carbonyl carbon in esters is less positively charged and less susceptible to
nucleophilic attack than is the carbonyl carbon of ketones.

b. In benzoyl chloride, the positive charge on the carbonyl carbon can be delocalized in the
aromatic ring.

Such delocalization is not possible in cyclohexanecarbonyl chloride or any other aliphatic
acid chloride. For this reason, aryl acid chlorides are usually less reactive toward

nucleophiles than are aliphatic acid chlorides.

10.54 a. O O
CH30H2—ICI>—C| + HO — CHacHg—g—OH + HCI
D. O O
Qg—CI .. Ulglhd . b @——ICI:—OCHg + HCI
C. O O
CHs—g—O-g—CHQ, + HOCHoCH-CHoCHoCHg ="
O

|
CH3—C—OCH20HQCHQCH20H3 i CH3002H

: ; .<.>
CH3CH2CH2—0—BF + 2 NH3 CchHQCHg—C—NHg i NH4+ Br-
O
- T AICl5
CH3CH + (CHg)sCH—C—C| ———————————

O

Il
CH30H2—©- C—CH(CHs)2
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®
f. COQH O
E e N O + HO
CO,H
O
g 0
' CH3OH (1 equiv) COLH3
w +
H CO,H
O
h ®
H
CH3OH (excess) Y
O e S ENEEE e R,
H* CO,CHs
O
O O O ®

Cl—C—(CHp)4~C—CI —— Ho>N—C—(CHy)4~C—NH,

10.55 a. See eq. 10.31.

O O
Il |

CH3CHoCHy——C—OH + PCls = CH3CHsCHom—C—Cl

+ HCI + POCl;
b. See eq. 10.30.

CH3(CH»)gCOoH + SOCl, = CHj3(CH»)gCOCI + HCI + SO-

c. See eq. 10.8.

CHas COoH
=
CHs COsH

d. See eq. 10.39.

O
|

O
Il heat
C—O " NHyt — C—NH> + H0
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e. See eq. 10.41.

O
| LiAlH4
CH3(CH2)5—C—NH2 R A TP i CH3(0H2)5CH2NH2

f. See eq. 10.26.

LiAIH,
CO,CHy — CH,OH + CHzCHOH

10.56 Ketones are more reactive toward nucleophiles than esters are. Reduction therefore occurs
at the ketone carbonyl group, to give

CH3CH(OH)CHoCH2CO2CHa.

10.57 The method combines the formation of a cyanohydrin (Sec. 9.10) with the hydrolysis of a
cyanide to an acid (Sec. 10.7d).

OH
HCN | H2O
S

H
10.58 Use eqs. 10.46—10.48 as a guide. The overall equation is
O
T 1. NaOCH>CHj3
2 CH~-C—OCH,CHy —m™/™/
2.H™

O O

I I
QCHg C—CH—C—O0CH,CHz + CHaCHOH

The steps are as follows:

Step 1:
i
Q_CHQ‘C_ OCH2CH3 @—CH—C— OCH>CHs
+ CH3CHO CH3;CHo0H
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otep 2
il
CH2"CO2CH2CH3 QCH2_?$CH—CO2CH2CH3
b CH3CH>0
@—CH—Cochchg
1
QCHQ—C—CH—COQCchHg + CH3CHO
otep 3:
O O _
[l |l v s Il
CHy-C—CH—C—OCH;CH3z —> CHg-C—C—-C—OCHgCHg
+ CH3CHO + CH3CH>0OH
The reaction is neutralized with acid to obtain the final product.
10.59

O O _ O O
I I CHgCHO I I
CH3CHoOCCH(CH2)3COCH2CH3 <t CHaCH>OCCH(CH2)3COCH2CH3

N

H
CchHgo_) lt
+ O O -
i H &3 (”  OCHoCHs
CHscHzo.-—’C <t CHSCHonC
o © 0
I H;O" I H
CHSCHzo"C ~ CH3CH,O™ "
+
CHsCH,-OH
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Deprotonation of the B-ketoester drives the equilibrium to the right. Neutralization of the
reaction mixture gives ethyl 2-oxocyclopentanecarboxylate.

10.60 The enolate of ethyl acetate behaves as a nucleophile and the nonenolizable ester, ethyl
benzoate, behaves as an electrophile.

O O
CO-CHoCH O
TV | 1. NaOCH,CHg OCHoCHa3
+ CHsCH,OCCHzy —
2. H30+
10.61 Review Sec. 10.20.
(O o8
Iy |+
CH30H2-——C—I|\I—H e o CH30H2——C=I;J-—H
H H
O~ H
\ /
The six atoms that lie in one plane are 10=N\+
C H

10.62 a. The compound is made of two Isoprene units (heavy lines) linked together as shown by
the dashed lines.
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10.63 Protonation of the carboxyl oxygen gives the allylic cation shown:

i? p 3
H C H C H. 20
Ne” NOH H" N7 TNOH Ne? SoH
g OH : CIJ OH
C OH
T - T vl P
| | |
(O O O

One of the resonance contributors 10 the C
double bond was. If rotation occurs aroun

will be fumaric acid:

OH _H 0
- 7 o U
.,
~c? “oH H==0a8g o o
L gy 4 .
PN PO ™
H  + C C C H
1 HO"""C""+."‘H [
O | O
e

CHAPTER 10

ation has a single bond where the carbon-carbon
d that single bond before proton loss, the product

10.64 There are three stereogenic centers with the following absolute configurations:

CHa3
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