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Chapter 4–20 
 
c. Twelve constitutional isomers of molecular formula C6H12 containing one ring:

 
 
4.40 Use the steps in Answers 4.10 and 4.14 to name the alkanes. 
 

a.   CH3CH2CHCH2CHCH2CH2CH3

CH3 CH2CH3
[1] [2] [3]

8 carbons = octane

1

3-methyl 5-ethyl

5-ethyl-3-methyloctaneCH3CH2CHCH2CHCH2CH2CH3

CH3 CH2CH3

8765432

 

b.   CH3CH2CCH2CH2CHCHCH2CH2CH3

CH2CH3

CH2CH3

CH3

CH2CH3
[1]

[2] [3]

10 carbons = decane

1    2  3

7-methyl

3,3,6-triethyl

3,3,6-triethyl-7-methyldecane
CH3CH2CCH2CH2CHCHCH2CH2CH3

CH2CH3

CH2CH3

CH3

CH2CH3

7

 
 

c.   CH3CH2CH2C(CH3)2C(CH3)2CH2CH3

[1] [2] [3]re-draw

3,3,4,4-tetramethyl

3,3,4,4-tetramethylheptane

CCH3CH2CH2 C

CH3

CH3

CH2CH3

CH3

CH3

7 carbons = heptane

CCH3CH2CH2 C

CH3

CH3

CH2CH3

CH3

CH3

12

3

4

 
 
d.   CH3CH2C(CH2CH3)2CH(CH3)CH(CH2CH2CH3)2

re-draw

8 carbons = octane

[1] [2]

4-methyl

3,3-diethyl

3,3-diethyl-4-methyl-5-propyloctane

1

4

CCH3CH2 C

CH3CH2

CH3CH2

C

CH3

H

CH2CH2CH3

CH2CH2CH3

H
[3]

5-propyl

CCH3CH2 C

CH3CH2

CH3CH2

C

CH3

H

CH2CH2CH3

CH2CH2CH3

H
5

 
 
e.   (CH3CH2)3CCH(CH3)CH2CH2CH3

[1] [2] [3]

7 carbons = heptane

re-draw

4-methyl

3,3-diethyl

3,3-diethyl-4-methylheptane

1

4

6 7
CCH3CH2 C

CH3CH2

CH3CH2

CH2CH2CH3

CH3

H
CCH3CH2 C

CH3CH2

CH3CH2

CH2CH2CH3

CH3

H
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Chapter 9–22 
 

OH

CH3 CH3
CH3 CH2

+ + +   H2O

O

CH3

H

H

+  HSO4

CH3

H

CH3

H

and

H

H
CH3+  H2O

CH2

H
+  HSO4

CH2 +   H2SO4

1,2-H shift

a.
H OSO3H

and

CH3

H +  HSO4

CH3

HSO4

+   H2SO4

+   H2SO4

2° carbocation

2° carbocation 3° carbocation

overall
reactionThe steps:

 
CH3

CH3

OH

CH3

CH3

b. +   H2O

CH3

CH3

O H

H

+  HSO4

CH3

CH3 +  H2O

CH3

CH3

H

+  HSO4

CH3

CH3

H OSO3H

overall
reaction

2° carbocation

1,2-CH3 shift

3° carbocation

+   H2SO4

The steps:
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Chapter 15–22 
 
15.73  

CH2 C
CH3

COOCH3

methyl methacrylate

CH2 C

CH3

COOCH3

CH2 C

CH3

COOCH3

CH2 C

CH3

COOCH3

a.

PMMA  
 

CH2 C
CH3

CO2CH2CH2OH

hydroxyethyl methacrylate

b.

OO
HO

O
O

OH
poly-HEMA

 
 

15.74  

CH2 CHCN ROOR

CN CN CN

CH2 C

CN

H

[2]
ROCH2 C

CN

H
carbon radical

RO OR 2
[1]

+

[3]
ROCH2 C

CN

H

new C–C bond

CH2 C

CN

H

CH2 C
CN

H
C

CN

ROCH2

H

Repeat Step [3] over and over.

CH2 C
CN

H
CH2C

NC

H
CH2 C

CN

H

C

CN

H

CH2

[4]

Initiation:

Propagation:

Termination: [one possibility]

Overall reaction:

RO

 
 
15.75  

a. CH3O CH=CH2

A

OCH3 OCH3 OCH3  
 
b.  The OCH3 group stabilizes an intermediate carbocation by resonance.  This makes A 
     react faster than styrene in cationic polymerization.

OCH3 OCH3 OCH3

three of the possible resonance structures  
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Chapter 21–30 
 
21.84  

A. Molecular formula C5H10O
     IR absorptions at 1728, 2791, 2700 cm–1

     NMR data: singlet at 1.08 (9 H)
                       singlet at 9.48 (1 H) ppm

1 degree of unsaturation

CCH3

CH3

CH3

CHO

CHO

C=O, CHO  

3 CH3 groups

 
 

B. Molecular formula C5H10O
     IR absorption at 1718 cm–1

     NMR data: doublet at 1.10 (6 H)
                        singlet at 2.14 (3 H)
                        septet at 2.58 (1 H) ppm

1 degree of unsaturation
C=O  

2 CH3's adjacent to H
CH3

O

CH adjacent to 2 CH3's  
 

C. Molecular formula C10H12O
     IR absorption at 1686 cm–1

     NMR data: triplet at 1.21 (3 H)

5 degrees of unsaturation (4 due to a benzene ring)
C=O   

CH3 adjacent to 2 H's

CH3

O
CH3

CH2 adjacent to 3 H's

2 H's on benzene ring
2 H's on benzene ring

singlet at 2.39 (3 H)

quartet at 2.95 (2 H)

doublet at 7.24 (2 H)

doublet at 7.85 (2 H) ppm  
 

D. Molecular formula C10H12O
     IR absorption at 1719 cm–1

     NMR data: triplet at 1.02 (3 H) O

5 degrees of unsaturation (4 due to a benzene ring)
C=O

a monosubstituted benzene ring

quartet at 2.45 (2 H)

singlet at 3.67 (2 H)

multiplet at 7.06–7.48 (5 H) ppm

CH2

CH3 adjacent 2 H's
2 H's adjacent to 3 H's

 
21.85  

C7H16O2: 0 degrees of unsaturation
IR: 3000 cm–1: C–H bonds
NMR data (ppm):
    Ha:  quartet at 3.5 (4 H), split by 3 H's
    Hb:  singlet at 1.4 (6 H)
    Hc:  triplet at 1.2 (6 H), split by 2 H's

CO O

CH3

CH3

CH3CH2 CH2CH3

Ha

Hb

Hc Ha

Hb

Hc

 
 
21.86  

A. Molecular formula C9H10O
     5 degrees of unsaturation
     IR absorption at 1700 cm–1   C=O
     IR absorption at ~2700 cm–1   CH of RCHO
     NMR data (ppm): 
                            triplet at 1.2 (2 H's adjacent)
                            quartet at 2.7 (3 H's adjacent)
                            doublet at 7.3 (2 H's on benzene)
                            doublet at 7.7 (2 H's on benzene)
                            singlet at 9.9 (CHO)

CH2 CH3

CH2 CH2

C

O

C
H

O

H

B. Molecular formula C9H10O
     5 degrees of unsaturation
     IR absorption at 1720 cm–1  C=O
     IR absorption at ~2700 cm–1   CH of RCHO
     NMR data (ppm): 
                           2 triplets at 2.85 and 2.95 (suggests –CH2CH2–)
                           multiplet at 7.2 (benzene H's)
                           signal at 9.8 (CHO)
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Reactions in Organic 
Synthesis

Text © The McGraw−Hill 
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Chapter 26–2 
   
CCChhhaaapppttteeerrr   222666:::   AAAnnnssswwweeerrrsss   tttooo   PPPrrrooobbbllleeemmmsss   

 
26.1 A new C–C bond is formed in each coupling reaction. 
 

(CH3)2CuLi

CuLi
2

Cl
(CH2=CH)2CuLi

a.

Br

ICH3O

CH3O

(CH3CH2CH2CH2)2CuLi

Br

b.

c.

d.

CH3

CH3O

CH3O

new C–C bond

new C–C bond

new C–C bond

new C–C bond
 

 
26.2  

I

OH A =
OH

several
 steps

OH

I

OH

B =

several
 steps

CO2CH3
O

C18 juvenile 
hormone

(CH3CH2)2CuLi (CH3)2CuLi

 
26.3  

CH2CH2CH(CH3)2

Br
(CH3)2CHCH2CH2Ia. [1] Li

[2] CuI
[(CH3)2CHCH2CH2]2CuLi

Br
[1] Li

[2] CuI
CuLi

2

(CH3)2CHCH2CH2I
CH2CH2CH(CH3)2

or

 

b. Cl [1] Li

[2] CuI
CuLi

2

Br

 

Cl
c.

[1] Li

[2] CuI
CuLi

2

Cl
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