CHAPTER 12: ANSWERS TO SELECTED PROBLEMS
SAMPLE PROBLEMS (OTry it yourselfO)
12.1  CH3~CH,~CH,~O-CH,~CH,—CH;
122 CH3~CH,~CH,~CH,~O—~CH,~CH,—CH,—CHj

0]

123  CH3—CH,—C—0

O

124  CHz—CHy—-CHy—CHy—C— NH,

o)
_
125 O—P—O0—CHj

I
0

12.6 HO-CH,—CH,-CH,-O—CH,—CH,-CH,—O-CH,-CH,—CH,—OH

I
NH,—C NH,

CHy; O CH, O (CHy)4 O
|l |l |

127 H—N—CH—C—N—CH —C—N—CH——C—O0H

H H H
CH, 0
|

| i i
e W e e e
CH; CH;

CHs

12.9 OH and HO—CHy;-CHy;—CH—CHj3
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CH; 0

12.10 CH3;—C—CH,—C—OH and HO—CH3

CH;

0)

12.11 NH; and HO—C—CH,-CH;-CH,-CHj;

CH; 0

12.12  CH3—C—CH;—C—0 and HO—CHjs

CH;
o)

+ -
12.13  CH3;-CH,—NH; and O—C—CH;j

O

1214 CH;—C—O Na and HO CHs

SECTION PROBLEMS

Section 12.1 (|;H3
12.1 a) CH;-CH,-O-CH,—CH,—CH,—CHj3; C) CH3—CH2—O—(|:H
b) CH3—CH2—CH2—O—CH2—CH2—CH3 CHZ

(Note that usually there are several ways to draw the product of CH,

a condensation reaction, depending on how you orient the reactants. -
Your answers may look somewhat different from mine, but still be correctS 3

12.2  a) ethyl pentyl ether b) dimethyl ether
Section 12.2

e) O CHg
123  a) CH3—!— b) CH3—CH2—E—O—C|ZH

CHs
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CHs
CHz O 0 C|H2

124 a) CH3—CH2—I\|I—(|3|—H b) !—l\ll
L

L,

12.5 a) This compound is an amine. Amines are bases, so this molecule will produce a basic
solution (pH higher than 7) when it dissolve in water.

b) This compound is an amide. Amides are not basic, so this molecules will produce a
neutral solution (pH 7) when it dissolves in water.

I
O 0—P—O
12.6 a) CHg—CHpy—CHy—CHy;—O—P—0 b) (l)
_0 I
CH;—C—CHj
CHj
Section 12.3
12.7 HO 0 0 OH

o o O
| | |

128  HO—CH—C— O0—CH—C—O0—CH—C—OH

CH;, CH; CH3
(|3H3 (|3H3 (|3H3
CHo CH, CH,

CH3—CH O CH3—CH O CH3—CH O

129 NH,—CH—C—NH—CH—C—NH—CH—C—O0H
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12.10 To make the product, first arrange the molecules so that they alternate:
O O o O
I I

HO—CH;—-CH,—0OH HO—C—C—O0H HO—CHy—CH,—OH HO—C—C—OH

Then carry out the condensation reactions to form the final product:
O O O O
[ Il

HO—CHy—~CHy— O——C——C—— O— CHp~ CHy—O——C—C—O0H

Section 12.4
CHs

12.11 a) CH3—OH and HO—CH,—CH—CHjs

b) Two molecules of OH

)

12.12 a) CH3-CH,-CH,—C—OH and HO—CH3

O

b) OH and HO—C—H

CH; O

12.13 a) CH3—C—C—o0OH and NH;

CH;
CH;, o)

b) CH3—N—H and HO—C—CHy-CHy—CH,-CHy—CHjs

(0]
12.14 a) CH3—-CH,—OH and HO—P—O

0)

O 0
-
b) CH;—CH,—C—OH and HO—P—O

I
0
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o

12.15 a) CH3—C—OH and HS—CH>—CHjs

CHg3 0
b) CH3—CH—SH and HO—C—CH,-CHj3

Section 12.5

CH;z CHjg o)

12.16  CHg—CH—CH—CH;—C—0O and HO—CHj

O H
| - ol

12.17 C—o0 and H—I\II—CHz—CH3
H

12.18 A saponification reaction is the reaction of an ester with a strong base (NaOH or KOH),
to form an alcohol and the sodium or potassium salt of a carboxylic acid.

CHz CHg o)

12.19  CH3—CH—CH—CH,—C—0 Na and HO—CHs

12.20 A soap is a salt that contains Na" or K" as the cation, and a long-chain carboxylate ion as
the anion.

CUMULATIVE PROBLEMS (Odd-numbered problems only)

12.21 A condensation reaction is a reaction in which two molecules combine to form a larger
molecule. In the process, one molecule loses H and the other loses OH, and the H and OH
combine to form water.

12.23 Dehydration reactions remove H and OH from the same compound. Condensation

reactions remove H from one molecule and OH from another, and they combine the two organic
molecules into a single compound.

OH

12.25 a) CH3—CH—CH; —» CH,=CH—CH; + H,0
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CHz C|H3 CHs CHj
b) (|:H—OH + HO—TH —> CH—O—CH + HO
CHs CHs CHs CHs

12.27 In a dehydration, an alcohol loses the OH group and a hydrogen atom from the carbon
adjacent to the functional group carbon. Methanol does not contain a carbon atom adjacent to
the functional group carbon, so it cannot be dehydrated.

CH;3;—CH,
OH O

1229 CH3—CH2—OH + CH3—CH2—CH —CHQ—CH:; I— CH3—CH2—CH —CHz—CHg, + H20

12.31 Only the organic product is shown here. Water is also a product of any condensation
reaction. o)

a) CH3-CHy—CHy—C—0—CHy—CHy-CHg3
i
b) cC—oO

CH3-CH—CH,~CHj

c¢) The structures of the reactants are:
(|)| OH

CH;-CH;-CH,-CH,—-CH,—C—O0H and CH3—CH—CHgs

The structure of the product is:

o) CHs

CH3—CHz—CHz—CHz—CHz—C—O—TH
CHs
O @]

|

12.33 CH3—O—C—CH»-CH,—C—0—CHjs
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O]

12.35
CHy—O—C—(CHy)14CHg

o)
CH—O—C— (CHy)14CHs

O

CH—0—C—(CHp)1.CHs

12.37 As before, only the organic product is shown here. Water is also a product of these
reactions. o)

a) CH3-CHy—CHy;—C— NH>
(l:H3 0

b) CH—NH—C—CH—CH,-CH;

CH, CH;
c¢) The structures of the reactants are: 0
CH3-CH,-NH, and HO—C—H

The structure of the product is:
0]

CH3-CHa—NH—C—H

12.39 a) In an acid-base reaction, a hydrogen ion moves from the acid to the base:

O H O H
- +
CH3;-CH,—C—OH + CH3-CH,—N—CH,-CH3 —>| CH3-CH,—C—0 + CH3-CH,—N—CH,-CHj3

H

products

b) In the condensation reaction, the acid loses OH and the base loses H. The remaining
organic fragments combine to form an amide, as shown on the next page.
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CH;

0 H 0 CH

CH3-CH,—C—OH + CH;3;-CHy—N—CH,-CH3; —> CH3-CH2—(I1—I\I + HyO

CH,

CH;

products

12.41 In order for an amine to condense with a carboxylic acid, the amine must have at least
one hydrogen atom that is directly bonded to the nitrogen atom. Triethylamine does not have a
hydrogen atom bonded to nitrogen (the nitrogen is bonded to three carbon atoms), so it cannot

undergo condensation reactions.

o) o)
12.43  NHp;—C—CHy—CHpy— C—NH,

12.45 Note that acetic acid reacts with the alcohol group in salicylic acid, not the carboxylic
acid group.

ﬁ carboxylic acid group ﬁ
C—OH C—OH

Q —

| ‘|3|
HO—C—Chs 0O—C—CHs

phenol group

o)
 _
O—T’—O
0 o)
12.47 a) CH;-CH,—-CH,—O0—P—O b) CH3—CH,-CH,—C—CHs
-0 CHs

0 0
|

-
12.49 O—II’—O—CHz—CHz—CHz—O—II’—O
0 o)
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O
12.51 CH3—O—FI’—O—CH3
o

CH; CH; CH; CH; CH; CH;

12.53 HO—CH—-CH;-CH—0—CH —CH,;-CH —0—CH —CH,—-CH —0OH

O_CH3

12.55 The compound is HO—CH,—CH—CH,—OH

O 0] O 0]
| | | |

12.57 HO—CHy—CHy—C——0— CHy~CHy—C ——0O—CHy~CHp—C ——O—CHp~CHy—C—OH

CH, O CH, O
|l |

CH, O

NH; —CH —C—NH —-CH —C—NH —CH —C—0H

O O O O

12.61 NH,-CH,-CH,—NH—C—C—NH—-CH;-CH,—NH—C—C—O0H

12.63 There are three different ways that we can arrange two molecules of glycine and one
molecule of valine. We can put the valine on the left side, in the middle, or on the right side:
Option #1: valine — glycine — glycine
Option #2: glycine — valine — glycine
Option #3: glycine — glycine — valine

Here is option #1:
CH,

CH;—CH O 0 0
I | I

NH,—CH —C— NH—-CH,—C —NH—CH,—C—O0H
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Here is option #2:

O CH3—CH O (|)|

NH,-CH,—C—NH—CH —C—NH—CH,—C—OH

Here is option #3:
CH;

o) O CH3—CH O
I I |

NH,-CH,—C— NH—-CH,—C—NH—CH —C—O0H

12.65 You must draw the two molecules of acetic acid with their carboxylic acid groups facing
one another.

0 0 0 0
| |

CH3—C—OH + HO—C—CHz ———>» CH3—C—O—C—CHz + HO

an anhydride

12.67 a) CH3-CH,—O—CH,-CH,—CH3; + H,0 ——— CH3-CH,—OH + HO—CH,—CH,—CHj

CHg (ﬁ CHs o

b) CH3—CH—O0—C—H + HO ——> CH3—CH—OH + HO—C—H

CHs CHs c|) CHs CH; O

€) CH3—CH—CH,~CH—C—O0—CHz + H,0 —> CHz—CH—CH,~CH—C—OH + HO—CHs

d) CH3-CH,—C—N + H0 —> CHg-CH,—C—OH + H—N

O] (0]
e) CHz3-CHo,—NH—C—NH—CHz + HO —» CH3-CHy-NH, + HO— C—CHy-CHg3
0o o
f) CH3-CHy-CHy—0—P—0 + H,0 —> CH3-CHy-CH,—OH + HO—P—0O

o o
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12.69 The table below shows the structures of the products of Problem 12.67 as they appear at
physiological pH. Note that both carboxylic acids and amines are ionized at physiological pH,
but alcohols are not.

Part Structures of products at physiological pH
a CH3-CH,—OH + HO—CHy-CHy—CHg
CHs o)
b | _

CH3—CH—OH + O—C—H

CHj CH, (|)|

c | |

CH;—CH—CH,-CH—C—O  + HO—CH;s

0
_ H.+
d CH3-CH,—C—0O + SN
H/

+ -
CH3-CHy-NH3 + O—C—CH,-CHg

12.71 Only the amide group (on the right side of the asparagine structure) can be hydrolyzed.
The products are a carboxylic acid and ammonia.

|C|) O
C—OH I-O_ -1
| o
NH;—CH—CHy--C—NHl + H0 — NH,—CH—CH,—C—OH + NH,

[ |

the amide group the products (a carboxylic acid and ammon

C—OH ﬁ

(0] o

12.73 a) CH3—C—S—CH,-CH; + H,0 — CH;—C—OH + HS—CH,—CH;

T T (0] (0]
- | |
b) C O—F|> O + KO —— QC—OH + HO—P—O
o (|)
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12.75 The organic reactant contains two ester groups, both of which can be hydrolyzed.

T T 0] o T T 0 0
' I, : [ [

lcH;—o—CLcmd-C—o—cHy ' + 2H,0 —»  CH;—OH + HO—C—CHy—C—OH + HO—CH;

ester group ester group

The first and third products are actually the same molecule (methanol, so you can also write this

reaction as:
(0) (0] (0) (0]
I | | |
CH3—-O0—(C—CH,—C—0O—-CH3; + 2H0 —» 2 CH3—OH + HO—C—CH,—C—OH

12.77 The two carboxylic acid groups lose H' at physiological pH, so the products are:
O O
I

2 CH3-OH + ~O—C—CH,—C—O0

12.79 There are two amide functional groups in the reactant. Both of them will be hydrolyzed.

I I
|C—OH CH—CH,
c, Fo- "1 en,To” " 1ch, o

O 2
| | I |
NH;— CH—- C—NH$— CH—C—NH$—CH—C—OH

amide grouj amide grouj

Here are the structures of the three amino acids that will be formed, drawn in their unionized

fOI’H’lS. 0 CH3
I
Cl—OH C|H—CH3
CH; O CH, O CH, O
| |l |l
NH,—CH—C—OH NH,—CH—C—OH NH,—CH—C—OH

12.81 At physiological pH, all of the carboxylic acid and amine groups will be ionized.

I i
(i—o_ (|?H—CH3
CH; O CH, O CH, O
+ [ | A +

NH;—CH—C—0 NH3;—CH—C—0O NH;—CH—C—0
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0 o}
12.83 a) CH;—CH,—P—OH + HO—P—O

o (0]

=0
|

b) CHs—CH,—OH + HO—P—O0—P—0

o o_
0
CHZ\C 2
12.85
OH
OH
12.87 a) CHs>—CH,—O—CH,—CH; b) CH3;—CH,—O—CH,—CHj;

C) CH3—CH2—O—CH2—O—CH2—CH3

12.89 There are eleven functional groups in this molecule!

amine

alcohol CH;, ’CH
alcohol
alkene
‘C—NH2
| OH I
OH O OH (0] (0]
phenol  ketone ketone amide

alkene alcohol

12.91 Look at the functional group. Carboxylic acids, phenol, and thiols are acidic and produce
acidic solutions when they dissolve in water. Amines are basic and produce basic solutions
when they dissolve in water. The other functional groups you have studied are neither acidic nor
basic, so they do not affect pH.

a) basic: this is an amine b) neutral: this is an amide
c) neutral: this is an ester d) acidic: this is a carboxylic acid
e) neutral: this is an alcohol f) neutral: this is an aldehyde

g) basic: this is an amine h) acidic: this is a phenol
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12.93 For the condensation reaction, the balanced equation (using molecular formulas) is:
2 C,HO ' C4H;00 + H,O
The formula weights of C;HsO and H,O are 46.068 amu and 18.016 amu, respectively. The
balanced equation calls for two molecules of C;H¢O, so the relative masses in this reaction are
92.136 g of C,H¢O to 18.016 g of H,O. We can use this relationship to calculate the mass of
water we make when we condense 10.0 g of ethanol:
. 18.016 gH,0
10.0 g C,H(O = 1.95537032 g of H,O (calculator answer)
92.136 g C,H,O

Rounding this answer to three significant figures gives us 1.96 g of waterin the condensation
reaction.

For the dehydration reaction, the balanced equation is:
CHsO ! CHy + H,O

The formula weights of C,HsO and H,O are 46.068 amu and 18.016 amu, respectively. This
time, the equation calls for only one molecule of C;HsO, so the relative masses in this reaction
are 46.068 g of C,H4O to 18.016 g of H,O. Using this relationship as a conversion factor allows
us to calculate the mass of water we make when we dehydrate 10.0 g of ethanol:

100 g C,H,O " 18.016 ¢ H,0 = 3.91074064 g of H,O (calculator answer)

46.068 g C,H,O

Rounding this answer to three significant figures gives us 3.91 g of waterin the dehydration
reaction.

12.95 CH;=CH, + H0 —»  CH3-CH,—OH
compound A

O

oxidation ”
CH3-CH,—0OH » CH;—C—H
compound A compound B

C|> o)
CHy—C—H oxidation > CHs—C—OH
compound B compound C

0] @]

condensation
CH3—C—OH + HO—CHy—CHg » CH3—C—O0—CH>-CHz + H,0

compound C compound A compound D



