o) 0] 0] ) )
| I | | |

G G 8 2
R/ \OH R/ \X R/ \O/ \R, R/ \OR,
Carboxylic acid Acid halide Acid anhydride Ester
(X =Cl, Br)

@) @) 0O @)

(I\l (Ll | I

C P
R” NH, R™ TSR’ R >N07 10" (orORY)

O

2 1 Amide Thioester Acyl phosphate
51 52 Eq:@
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0] 0]
= : | I
BB, B L e
ﬁ) Br of
C
HaC”™  cl
Acetyl Benzoyl Cyclohexanecarbonyl
chloride bromide chloride
@) 0
23 O
BEF o o ! i
(l:l (l:l ~o” 0] L
0 0 H3C 0
H3C/ ~o” \CH3 ﬁ 3
Acetic anhydride Benzoic anhydride Succinic anhydride
O HoC CH
o 9 I 3 % 3
0] ~ TN
= C C 0 CH
B I CH30” ¢~ SO0CH, ’
PO /\
H3C OCH5CHg3

Ethyl acetate Dimethyl malonate tert-Butyl cyclohexane-

carboxylate

Acetic benzoic anhydride
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I
e
C
O
Cyclopentane-
carboxamide
=
s 0
I
C
H3C”  SCHj
Methyl thioacetate
Al ‘Q b
= S ]S
0 0
L
\O/ | \O_
O-

Benzoyl phosphate

(@]
(ll CH C\N/
3
CH3CH2/ \|T|/ |
H

N-Methylpropanamide

0
I
C

o ~SCH3

I
/C\
CH3CH,CH, SCH,CH3

Ethyl butanethioate Methyl cyclohexane-

carbothioate

NH,
O O N X
L ¢

Hsc” Y07 | ~0—CH, N~ NNF

o
OH OH

Acetyl adenosyl phosphate

CHyCH3

N,N-Diethylcyclohexanecarboxamide
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) (a) Aldehyde or ketone: nucleophilic addition
Not a leaving group

0 0 Q\O / *Nu™ :0: OH
I I | I H30* |
C C. O N
R H R™ R’ R R’ R4 "Nu R4 "Nu
R’ R’
An aldehyde A ketone Alkoxide ion
| intermediate |
A leaving group (b) Carboxylic acid derivative: nucleophilic acyl substitution
0 ‘Nu™ -
[ Qo: 108 0
_C [ < [
R Y _c_ — C — _C + YT
R Y R'{) Nu R Nu
A carboxylic acid Y

derivative
Alkoxide ion

intermediate
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Amide Ester Thioester Acid anhydride Acid chloride
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Moia O Figure 21.2 Interconversions of
reactive y: carboxylic acid derivatives. A more
R™ Cl reactive acid derivative can be
) ) converted into a less reactive one, but
Acid chloride 0 0 not vice versa.
(I:I I
R/ \O/ N R
Acid anhydride o
g
R™ SR’ l
Thioester
O
Icl:
R” “OR’
Ester
@)
él:
R” “NH,
Less

reactive Amide




@)
(I:I
R TOR
@?ﬁ’i Alcoholysis
R’ka
I
H,0
C —
KEE R oH
Hydrolysis

SR AL

O

C
R™ “NH,

Aminolysis

,‘\NHg A—]

Acid
derivative

O H H
| [H] \ /
PN /C\
R H R OH
Reduction
R
O R" R’
R'MgX ] R'MgX \_/
PN VN
R R’ R OH

Grignard reaction
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i
I OH
C |
Cl' CHsCHCH;Z
-_—
Benzoyl chloride
Strategy

A nucleophilic acyl substitution reaction involves the substitution of a nucleophile for a
leaving group in a carboxylic acid derivative. Identify the leaving group (CI™ in the case of
an acid chloride) and the nucleophile (an alcohol in this case), and replace one by the
other. The product is isopropyl benzoate.

Solution

Leaving group  Nucleophile

0 / // O H CHsg

I Il \/
C ‘QH C. _Co

~ ™~
Cl CHyCHCH; 0" CHg

Benzoyl chloride Isopropyl benzoate
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Problem 21.4

Rank the compounds in each of the following sets in order of their expected reactivity
toward nucleophilic acyl substitution:

(a) @) @) o)

| | |
CH3CCI, CH3COCH3, CH3CNH»

CH3COCH»CH3, CH3COCH,CCl3, CH3COCH(CF3),

Problem 21.5

Predict the products of the following nucleophilic acyl substitution reactions:

(a) O (b) O
(|:| NaOH 5 (|:| NH3 5

Hoe” SOCH, 129 Hac” cl

N (||) (||) Nat “OCH (d C||) CH3NH

c.__C = 7 C —— 7
SN A TN CH30OH ~
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Conversion of Carboxylic Acids into Acid Chlorides

In the laboratory, carboxylic acids are converted into acid chlorides by treat-
ment with thionyl chloride, SOClI;.

N OQC/CI
H3C CHj
S0Cly
CHC|3 + HCI + SOy
CHj

2,4,6-Trimethylbenzoic acid 2,4,6-Trimethylbenzoyl
chloride (90%)
HIE
:0:) O :0:y O 0
1 osom | B vy I 4w
—_— —_— —_—
2
R” TOH R/g ~cl R/ ~07 R™ Cl
cl- Cl
Carboxylic A chlorosulfite Acid chloride

acid
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Conversion of Carboxylic Acids into Acid Anhydrides

Acid anhydrides can be derived from two molecules of carboxylic acid by heat-
ing to remove 1 equivalent of water. Because of the high temperatures needed,
however, only acetic anhydride is commonly prepared this way.

i o
800 °C
2 C - C C + Hy0
HsC”~  “OH HsC” 07 “CHs
Acetic acid Acetic anhydride

EPE e
ZBAEF 7 B PRSI R LER A E L HIE, BRI e [

CH;CO,CH; + CO — (CH3CO0),0
ZRMNF, ERFRERIHE L BRI — N CEREL., AR EN SR SERE, NS BN, BT JERETEK
FARRRE, ZRNEELKIAESSFHT, Bt REBZERSMEZRATE RS BEFECREAMPR, (BiRiBaaio RANEE
KB,
19224, MEEHRIEETS MBS HESRKEAILIN, B (Wacker Chemie) &BAT—FfsrAIEIENSERETAYG %, BPLAZI&ETFIL
B N RFIEY, 1ZRMNFRZIFEE R R OB ERRIKIKSE,

CEEMNSREER, ELREPEEAFTHN, ERWEER.
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Conversion of Carboxylic Acids into Esters

Perhaps the most useful reaction of carboxylic acids is their conversion into

esters.
IR
0] @]
(l,l m CH [} SN2 : CHs + Nal
e — — — a
CH3CH,CH;  ~O: Nat ’ reaction cpoCH.CHy  ~07
Sodium butanoate Methyl butanoate (97%)

) O
I Il

C HCI C
SOH catalyst \OCHZCHs
+ CH3CH)OH —/]—— + H-0

Benzoic acid Ethyl benzoate (91%)
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Problem 21.7
How might you prepare the following esters from the corresponding acids?
(a) O (b) O (c) O H CHj
(|3| CH,CH,CH,CH (|3| CH (! \C/
Hac” Yo~ AT ETES CHaCH,CHy N0~ 2 Q/ 07 CHs
Problem 21.8 7 FAEEML

If the following molecule is treated with acid catalyst, an intramolecular esterification
reaction occurs. What is the structure of the product? (Intramolecular means within the
same molecule.)
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Conversion of Carboxylic Acids into Amides

O R, H O R, H
I \/ DCC | \/
RHN\C\/ ~OH + HQN/C\C/OR’ — RHN\C\/C\N/C\C/OR’
St c EAT
Amino acid 1 Amino acid 2 A dipeptide

@R EESlE—E, FEMKA, WDCC
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Bl Dicyclohexylcarbodiimide
is first protonated by the
carboxylic acid to make it a
better acceptor.

3 The carboxylate then adds
to the protonated
carbodiimide to yield a
reactive acylating agent.

EJ Nucleophilic attack of the

SRZEN S AL

R'—NH,

EJ Nucleophilic attack of the
amine on the acylating
agent gives a tetrahedral E
intermediate.

_:6: H\N/CGHTI
Q| | (Y
/| O N
R'NH, |
ol CeHn
] The intermediate loses
dicyclohexylurea and gives nu
the amide.
O 0
| + |
R” “NHR N~ N
| |
H H
Amide Dicyclohexylurea
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_ AI -
@) CO O @ 0]
[ o [ /74 N/ [
— C — C — C
A carboxylic A carboxylate A dianion An aldehyde
acid S —y i ot
ShiE=4): BE
Q 0 H H H H
I “H™" I “H™" \ / H50% \_/
_C_ - C - C — _C
R oH (LAHL) I R7 >y (LAH) g o R™ TOH
A carboxylic An aldehyde An alkoxide A 1° alcohol
acid (not isolated) ion
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Alternatively, borane in tetrahydrofuran (BH3/THF) is a useful reagent for
reducing carboxylic acids to primary alcohols. Reaction of an acid with BH3/THF
occurs rapidly at room temperature, and the procedure is often preferred
to reduction with LiAlH4 because of its relative ease and safety. Borane reacts
with carboxylic acids faster than with any other functional group, thereby
allowing selective transformations such as that on p-nitrophenylacetic acid. If
the reduction of p-nitrophenylacetic acid were done with LiAlH,4, both nitro
and carboxyl groups would be reduced.

20 OH
(|3 1. BHa, THF
@ T e
p-Nitrophenylacetic acid 2-(p-Nitrophenyl)ethanol

(94%)
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Preparation of Acid Halides

Acid chlorides are prepared from carboxylic acids by reaction with thionyl chlo-
ride (SOCly), as we saw in the previous section. Similar reaction of a carboxylic
acid with phosphorus tribromide (PBr3) yields the acid bromide.

0 0 0 0
I SOCl, I | PBrs I
R OH R Cl R OH  Ether R Br
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@) @) @) @)

(I:I | I |
R 07 R R™ SOR' R” “NH,
Acid anhydride Ester Amide

\R’COZ‘ TR’OH AHg
O
I H,0 (! R'5Culi I

R™ “OH R™ cl R R
Carboxylic Acid Ketone

acid chloride
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s\ 2

=)

2N

Conversion of Acid Halides into Acids: Hydrolysis Acid chlorides react with
water to yield carboxylic acids. This hydrolysis reaction is a typical nucleophilic
acyl substitution process and is initiated by attack of water on the acid chloride
carbonyl group. The tetrahedral intermediate undergoes elimination of
Cl~ and loss of HY to give the product carboxylic acid plus HCI.

CH
g/+\:6H

PR

R Cl

An acid
chloride

2

_—

|_——:Base

A carboxylic
acid
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Conversion of Acid Halides into Anhydrides Nucleophilic acyl substitution

reaction of an acid chloride with a carboxylate anion gives an acid anhydride.
Both symmetrical and unsymmetrical acid anhydrides can be prepared.

@) @) O @)
| I Ether | I
~ YN + N 25 °C /C\ /C\
H O~ Na*t Cl CH3 H 0] CHj
Sodium formate Acetyl chloride Acetic formic

anhydride (64%)




X
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Conversion of Acid Halides into Esters: Alcoholysis Acid chlorides react with
alcohols to yield esters in a process analogous to their reaction with water to
yield acids. In fact, this reaction is probably the most common method for pre-
paring esters in the laboratory. As with hydrolysis, alcoholysis reactions are
usually carried out in the presence of pyridine or NaOH to react with the HCI
formed.

| I
OH C

~
Cl Pyridine O
—-

Benzoyl Cyclohexanol Cyclohexyl benzoate (97%)

chloride

Primary alcohol
(less hindered
and more reactive)

CH,OH 0 _Co
+ g Pyridine O
Hsc” cl
HO HO

Secondary alcohol
(more hindered
and less reactive)
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Problem 21.10
Which method would you choose if you wanted to prepare cyclohexyl benzoate—Fischer
esterification or reaction of an acid chloride with an alcohol? Explain.
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Conversion of Acid Halides into Amides: Aminolysis Acid chlorides react rap-
idly with ammonia and amines to give amides. As with the acid chloride-plus-
alcohol method for preparing esters, this reaction of acid chlorides with amines
is the most commonly used laboratory method for preparing amides. Both
monosubstituted and disubstituted amines can be used, but not trisubstituted
amines (R3N).

I I
+
CH3(|3HCCI + 2NH; — CH3(|3HCNH2 + NHqCI”

CHj CH3
2-Methylpropanoyl 2-Methylpropanamide
chloride (83%)
@) @)
g ICII CH
e SN +
+ 2 NH(CH3)2 —_— | + (CH3)2NH2 (&4
CHj3
Benzoyl chloride N,N-Dimethylbenzamide

(92%)
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=V SRR
I I
CH;0 C H CH-;0 C
3 \CI \N NaOH 3 \N
+ > + NaCl
K/o H20 K/o
CH30 CH30
OCHj OCH3
3,4,5-Trimethoxy- Morpholine Trimetozine
benzoyl chloride (an amide)
Problem 21.11

Write the mechanism of the reaction just shown between 3,4,5-trimethoxybenzoyl chloride
and morpholine to form trimetozine. Use curved arrows to show the electron flow in each
step.

Problem 21.12

How could you prepare the following amides using an acid chloride and an amine or
ammonia?

(a) CH3CH,CONHCHs3 (b) N,N-Diethylbenzamide (c) Propanamide
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Conversion of Acid Chlorides into Alcohols:
Reduction and Grignard Reaction

H
g \C/
~ ~
Cl' 4. LiAIH,, ether OH
2. Hy0*
Benzoyl chloride Benzyl alcohol (96%)

O | O | HsC CH
! 2 N
~ ~ ~

Cl CHaMmgBr CHg 1. CH3MgBr OH
Ether 2. H30*
Benzoyl chloride Acetophenone 2-Phenyl-2-propanol

(Not isolated) (92%)
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Conversion of Acid Chlorides into Ketones:
Diorganocopper Reaction

ﬁ 0
R,'Culi | : I ,
L EE—— R  — + R'Cu
R” Cl  Ether R~ “~cu” R~
|

L R’ =
An acid An acyl A ketone
chloride diorganocopper

The reaction is generally carried out at —78 °C in ether solution, and yields
are often excellent. For example, manicone, a substance secreted by male ants
to coordinate ant pairing and mating, has been synthesized by reaction of lith-
ium diethylcopper with (E)-2,4-dimethyl-2-hexenoyl chloride.

H 0 H @)
Iy Iy
Pl N (CH3CH2),Culi gNeRg U
CH3CH2(|3H C|I Cl Ether —78 °C CH3CH2(|2H CII CH,CH3
CHs CHs CHsj CHj
2,4-Dimethyl-2-hexenoyl 4,6-Dimethyl-4-octen-3-one

chloride (manicone, 92%)
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Preparation of Acid Anhydrides

Acid anhydrides are typically prepared by nucleophilic acyl substitution reac-
tion of an acid chloride with a carboxylate anion, as we saw in Section 21.4.

Benzoyl chloride Sodium acetate Acetic benzoic anhydride
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Alcoholysis Aminolysis
R’OH\ / NH;

I H,0 I
) C

OH R™

él:

~ ~

R o)l

Hydrolysis Acid
anhydride

R R

Reduction
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Conversion of Acid Anhydrides into Esters Acetic anhydride is often used to
prepare acetate esters from alcohols. For example, aspirin (acetylsalicylic acid)
is prepared commercially by the acetylation of o-hydroxybenzoic acid (salicylic
acid) with acetic anhydride.

? I
OO0 C @)
SOH Il NaOH OH I
+ CH3COCCH3 —>H20 + CH3CO™
OH (l)
Salicylic acid Acetic O4C\CH3

(o-hydroxybenzoic acid) anhydride
Aspirin (an ester)
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Conversion of Acid Anhydrides into Amides Acetic anhydride is also com-
monly used to prepare N-substituted acetamides from amines. For example,
acetaminophen, a drug used in over-the-counter analgesics such as Tylenol, is

|
1] NaOH C I
+ CH3COCCHj .0 | + CH3CO
2 CHj
HO HO
p-Hydroxyaniline Acetic Acetaminophen

anhydride
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Problem 21.14
Write the mechanism of the reaction between p-hydroxyaniline and acetic anhydride to
prepare acetaminophen.

Problem 21.15

What product would you expect from reaction of 1 equivalent of methanol with a cyclic
anhydride, such as phthalic anhydride (1,2-benzenedicarboxylic anhydride)? What is the fate
of the second “half” of the anhydride?

O Phthalic anhydride
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Preparation of Esters

] SOCl, I
/C\ 7NN
R OH R Cl
1. NaOH
R'OH R'OH
HCI Pyridine
2.R'X
I I I
C C C
R™ TOR’ R™ TOR’ R™ “OR’
Method limited to Method limited to Method is

primary alkyl halides simple alcohols very general
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Conversion of Esters into Carboxylic Acids: Hydrolysis An ester is hydrolyzed,
either by aqueous base or by aqueous acid, to yield a carboxylic acid plus an

alcohol.
I H,0, NaOH ] RO
R/C\OR’ or H307 R™ \OH R'OH
Ester Acid Alcohol
This bond is broken.
(@) @)
A 1. aBH, H,0 L + HOCH,CH
* + 2 3
CH3CH3  “OCH,CHg 210 CH3CH;  “OH
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Conversion of Esters into Amides: Aminolysis Esters react with ammonia and
amines to yield amides. The reaction is not often used, however, because it’s usu-
ally easier to prepare an amide by starting with an acid chloride (Section 21.4).

I I
C\ C\
Ot NHg e +  CH30H
Ether 3

Methyl benzoate Benzamide
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Conversion of Esters into Alcohols: Reduction Esters are easily reduced by
treatment with LiAlHy to yield primary alcohols (Section 17.4).

O
1. LiAlHg, ether
CH3CHyCH=CHCOCHCH3 2 O CH3CHCH=CHCH,OH + CH3CH,0OH
- H3
Ethyl 2-pentenoate 2-Penten-1-ol (91%)
@)
Cl)H
1. LiAlHg, ether
O > ot HOCH,CH,CHoCHCH3
1,4-Pentanediol (86%)
CH3

A lactone
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@) , O
I 1. DIBAH in toluene I +  CHCH-OH
C 2. H30* * g2
CH3(CHj)gCHy~ “OCH,CHj 3 CH3(CHj)gCH, ™ H
Ethyl dodecanoate Dodecanal (88%)

H
where DIBAH = |
Al

Problem 21.17
What product would you expect from the reaction of butyrolactone with LiAlH4? With

?
DIBAH: 0

0 Butyrolactone

Problem 21.18
Show the products you would obtain by reduction of the following esters with LiAlHy:
(a) H3C O (b) o)

| I
CH3CHyCHoCHCOCH3 C
~N
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Conversion of Esters into Alcohols: Grignard Reaction

ﬁ MgBr C|)H
C 1.2 C
e 2 OO

2. H30%

Methyl benzoate Triphenylmethanol (96%)
Problem 21.19
What ester and what Grignard reagent might you start with to prepare the following alcohols?
(a) H3C CH (b) HaC OH (c) OH
N SN/ |
C\OH C CH3CH2CH2CH2(|3CH2CH3
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Amides, like esters, are abundant in all living organisms. Proteins, nucleic

acids, and many pharmaceutical agents have amide functional groups. The

reason for this abundance of amides is that they are stable to the aqueous
conditions found in living organisms. Amides are the least reactive of the
common acid derivatives and undergo relatively few nucleophilic acyl substi- 0
tution reactions.

N/H

e L

0O “OPOCH» N @)
| @)
O-

@)
R OH OH
A protein segment Benzylpenicillin Uridine 5'-phosphate

(penicillin G) (a ribonucleotide)
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Preparation of Amides

Amides are usually prepared by reaction of an acid chloride with an amine
(Section 21.4). Ammonia, monosubstituted amines, and disubstituted amines

all undergo the reaction.

0
1

0 NH3 R/C\Cl R'ZNH 0

I — i

R™ “NH, JR’NHz R™ “NR',
0
élz
R~ “NHR’
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Conversmn of Amides into Carboxylic Acids: Hydrolysis Amides undergo
hydrolysis to yield carboxylic acids plus ammonia or an amine on heating in
either aqueous acid or aqueous base.

/~10H;
+ _H . H .. H
:0: O/ :O/ :oj
Lo 0 | e 8, = b = et
" — — ~— — —— —_— ~ —
R™ O NH, R~ ik, Ry AR
H2N: H3N
. H +
An amide - -
Hy0% ﬁ
NHst¥  + H,0 «— + C
NH3 R/ \OH
A carboxylic acid
Qo: ~. :0% 0 0
(l:l/—\ N Q)Cl H — (l:I N p — (l:l + NH
- — —~L~g—H — :NH
R NH, R0 R 07 ? R Do ’
HoN:
An amide - - A carboxylate

ion
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Conversion of Amides into Amines: Reduction

(ﬁ 1. LiA|H4 in ether H\ /H
C CH3  2.H,0 c CHs
CH3(CH2)9CH2/ \|T|/ 2 CH3(CH2)9CH2/ \|\||/
H H
N-Methyldodecanamide Dodecylmethylamine (95%)
.. AlH H. + _H
Ci0 07 N7 NH;
g/_\ LiAIH, (|: (|:| (|:
+ H -C— - e
R™ ™ NH, Ether R = H R \/H\ R~ H
HoN: tH™ H
Amide B B

Iminium ion Amine
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H3C 0 1. LiIAIH,, ether H

'T' 2. H,0 H3C '}'
H H
A lactam A cyclic amine (80%)

Problem 21.20
How would you convert N-ethylbenzamide to each of the following products?
(a) Benzoic acid (b) Benzyl alcohol (¢) CgHsCHoNHCH,>CH3

Problem 21.21

How would you use the reaction of an amide with LiAlH, as the key step in going from

bromocyclohexane to (N,N-dimethylaminomethyl)cyclohexane? Write all the steps in the
reaction sequence.

Br CH2N(CH3)2

(N,N-Dimethylaminomethyl)cyclohexane
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Figure 21.9 Formation of the NH;
thioester acetyl CoA by nucleophilic i
chl subst|_tut|on reaction of coenzyme 0 O CH; O O 7 | N
(CoA) with acetyl adenylate. I I Il )
HSCH2CH2NHCCH2CH2NHCCHCCH20P—OFTOCHZ N N

I
HO CH; O O

Phosphopantetheine 2_03PO OH

Adenosine 3',5'-bisphosphate

Coenzyme A (CoA)

0 0
[
HsC” 07| S0—Adenosine
o
Acetyl adenylate

NH,
N =%
i pooage e g LT
CH3C—SCH2CH2NHCCH2CH2NHC(|:H?CH20|T—OIIDOCHZ 5 N N/

HO CH3 O~ O

2-0sP0  OH

Acetyl CoA
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O O O @]
I I S I I
HoN(CHp) ,NHy  +  CIC(CHo),,CCl 2~ HN(CHy) ;NH— C(CHg) mC 5
A diamine A diacid chloride A polyamide (nylon)
O @] O O
[ [ , I
HO(CH,),OH + HOC(CH,),,COH $-0(CHy) ,0—C(CHy),C—5~ + H20
A diol A diacid A polyester

There are two main classes of synthetic polymers: chain-growth polymers and
step-growth polymers. Polyethylene and other alkene and diene polymers like
those we saw in Sections 8.10 and 14.6 are chain-growth polymers because

%Li 'IZQHRA ;ﬁ.u::t ttHRA
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Table 21.2 Some Common Step-Growth Polymers and Their Uses

Monomers Structure Polymer Uses
I I
Adipic acid HOCCH2CH,CH,CH,COH Nylon 66 F_|bers, clothing,
+ tire cord
Hexamethylenediamine HoNCH»CH9CH7CH>CH2CHyNH 3
Y 2 PARRVAR RV AR VAR VAR VI L) EE66
I
C 342
Di hyl hthal \OCHB D’z’_\ge
imethyl terephthalate - > Ma(i;c;n, Fibers, clothing,
3N yiar films, tire cord
Terylene
N I
0
Ethylene glycol HOCH,CH,OH
. fB1z6
/
N | Nylon 6, Fibers,
Caprolactam 0 Perlon castings
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Polyamides (Nylons)
I I
HOCCH2CH2CH2CH2COH + H2NCH2CH2CH2CH2CH2CH2NH2

Adipic acid Hexamethylenediamine

lHeat .

Il I R
CCH2CH2CHCHoC —NHCHCHoCHoCHyCHoCHoNH—=  + 21 Hy0

Nylon 66

Nylons are used both in engineering applications and in making fibers. A
combination of high impact strength and abrasion resistance makes nylon an
excellent metal substitute for bearings and gears. As fiber, nylon is used in a
variety of applications, from clothing to tire cord to ropes.
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Polyesters

The most generally useful polyester is that made by reaction between dimethyl
terephthalate (dimethyl 1,4-benzenedicarboxylate) and ethylene glycol
(1,2-ethanediol). The product is used under the trade name Dacron to make
clothing fiber and tire cord and under the name Mylar to make recording tape.
The tensile strength of poly(ethylene terephthalate) film is nearly equal to that

of steel.
O O
44 Lo
~ ~
OCH3 200 oC O/\/
+ HOCH,CH,OH ———
CH30
3 \(”: (”:
O @) + 2n CH30H
Dimethyl terephthalate Ethylene glycol A polyester

(Dacron, Mylar)
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Problem 21.23

Draw structures of the step-growth polymers you would expect to obtain from the follow-
ing reactions:

B
(@) BrCHoCHoCHoBr  +  HOCH,CH,oCHoOH  ——s 2

H>SOy4 catalyst

(b) HOCH,CH,OH  +  HO,C(CH5)gCO5H

(c) 0 0]

| I
HoN(CHo)gNH,  +  CIC(CHp)4,CCI —— ?

Problem 21.24

Kevlar, a nylon polymer prepared by reaction of 1,4-benzenedicarboxylic acid (terephthalic
acid) with 1,4-benzenediamine (p-phenylenediamine), is so strong that it's used to make
bulletproof vests. Draw the structure of a segment of Kevlar.
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Infrared Spectroscopy

All carbonyl-containing compounds have intense IR absorptions in the range
1650 to 1850 cm~1.

Table 21.3 Infrared Absorptions of Some Carbonyl Compounds

Carbonyl type Example Absorption (cm™1)
Saturated acid chloride Acetyl chloride 1810
Aromatic acid chloride Benzoyl chloride 1770
Saturated acid anhydride Acetic anhydride 1820, 1760
Saturated ester Ethyl acetate 1735

Aromatic ester Ethyl benzoate 1720

Saturated amide Acetamide 1690
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Intensity

Chem. Rel.

shift area

1.23 1.50

2.01 1.50

4.10 1.00

I
CH3COCH-CH3 ™S
[
10 9 8 7 6 5 4 0 ppm

Chemical shift (8)

Figure 21.10 Proton NMR spectrum of ethyl acetate.
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