Organic Chemistry, 8e (Bruice)

Chapter 19   More About Amines - Reactions of Heterocylic Compounds

1) What is the systematic name for the following compound?
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A) aziridine

B) oxetane

C) oxirane

D) azetidine

E) thiirane

Answer:  C

Section:  19-1

MCAT:  14.1

2) What is the systematic name for the following compound?
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A) aziridine

B) oxetane

C) oxirane

D) azetidine

E) thiirane

Answer:  E

Section:  19-1

3) Which of the following is the structure for azetidine?
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A) I

B) II

C) III

D) IV

E) V

Answer:  A

Section:  19-1

MCAT:  19.1

4) Which of the following is the structure for N-methylpiperidine?
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A) I

B) II

C) III

D) IV

E) V

Answer:  B

Section:  19-1

MCAT:  19.1

5) Which of the following is the structure of 1,4-dioxane?
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A) I

B) II

C) III

D) IV

E) V

Answer:  D

Section:  19-1

MCAT:  14.1

6) What is the systematic name of the following compound?
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A) 1-azabicyclo[2.2.2]heptane

B) 2-azatricyclo[2.2.2]heptane

C) 2-azabicyclo[2.2.2]octane

D) 2-azabicyclo[2.2.2]heptane

E) 2-azabicyclo[2.2.0]octane

Answer:  C

Section:  19-1

MCAT:  19.1

7) What is the major product of the following reaction?

[image: image7.jpg]H

| +

CH N H
3745 + CHz5H —>» 7
CH;

CHs - ® CH;
HNCH,C'H 2 HBNCH_CEICH
S$CH, CHs SCHs 3

H

CH;

N L

CHs SCH; V. H3NCH2|SCH3
CH
CH H ’
S|CH3
N

CH
CH;




A) I

B) II

C) III

D) IV

E) V

Answer:  E

Section:  10-7

MCAT:  19.5

8) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  D

Section:  10-7

9) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  A

Section:  10-7

10) Which of the following is a tertiary amine?
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A) I

B) II

C) III

D) IV

Answer:  A

Section:  19-1

MCAT:  19.1

11) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  C

Section:  10-7

MCAT:  6.2

12) The major organic product in the following reaction
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A) is an N-acyl pyrrolidine.

B) results from an electrophilic aromatic substitution reaction.

C) results from a nucleophilic aromatic substitution reaction.

D) is a m-disubstituted benzene derivative.

E) both B and D

Answer:  A

Section:  19-1

MCAT:  21.6

13) What is the product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  D

Section:  15-8

MCAT:  21.4

14) What results when cis-2-butene is subjected to the following reaction sequence?

(1) Cl2, H2O, (2) NaOH, (3) H3O+?

A) a meso epoxide

B) a 1:1 mixture of enantiomeric epoxides

C) a meso diol

D) a 1:1 mixture of enantiomeric diols

E) 2-butanol

Answer:  D

Section:  6-13

MCAT:  6.2

GLO:  G2

15) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  B

Section:  10-8

16) Draw the structure of piperidine.

Answer:  
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Section:  19-1

MCAT:  19.1

17) Provide a structural representation of oxetane.

Answer:  
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Section:  19-1

MCAT:  14.1

18) Provide a structural representation of cis-3-ethyl-1,2-epoxycyclopentane.

Answer:  
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Section:  19-1

MCAT:  14.1

19) Provide the major organic product in the reaction below.
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Answer:  
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Section:  10-7

MCAT:  6.2

20) What is the stereochemistry of the product in the acid hydrolysis of trans-2,3-epoxybutane?

Answer:  meso diol

Section:  10-7

MCAT:  6.2, 14.1

21) Provide an acceptable name for the compound shown below.
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Answer:  1,4-dioxane

Section:  19-1

MCAT:  14.1

22) Draw the structure of the aziridinium ion and explain why its pKa is lower than a typical secondary ammonium ion.

Answer:  In the aziridinium ion, the C-N-C internal bond angle is somewhat smaller than usual which causes the external bond angles to be somewhat larger than usual. The larger external bond angles cause the orbital that the nitrogen uses to overlap with the orbital of hydrogen to have more s character than a typical sp3 orbital. This increased s character makes this nitrogen more electronegative than the typical secondary ammonium nitrogen.
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Section:  19-1

MCAT:  19.1

GLO:  G2, G8

23) Draw the structures of piperidine and morpholine and explain their relative basicities.

Answer:  Piperidine is a stronger base than morpholine since the presence of the electronegative oxygen in morpholine serves to withdraw electron density from the nitrogen atom.
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Section:  19-1, 19-2

MCAT:  19.1

24) Name the following compound.
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A) 1-methyl-N-propyl-1-propananmine

B) N-propyl-2-butanamine

C) 3-methyl-4-heptanamine

D) 1-ethyl-N-propyl-1-ethanamine

E) 1'-methylpropyl-1-propanamine

Answer:  B

Section:  19-1

MCAT:  19.1

25) Name the following compound.
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A) isobutylpropylamine

B) isopentylpropylamine

C) n-butylpropylamine

D) tert-butylpropylamine

E) sec-butylpropylamine

Answer:  E

Section:  19-1

MCAT:  19.1

26) Draw 2-methylpyrrolidine.

Answer:  
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Section:  19-1

MCAT:  19.1

27) Identify oxetane.

A) 
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B) 
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C) 
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D) 
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E) 
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Answer:  B

Section:  19-1

MCAT:  14.1

28) Circle the stronger base in the pair below, and briefly explain your choice.
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Answer:  Cyclohexylamine is the stronger base. The lone pair electrons in aniline are delocalized into the adjacent aromatic π system.

Section:  19-2

MCAT:  19.3

GLO:  G8

29) Give the major product for the following reaction.
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A) 
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B) 
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C) 
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D) 
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E) 
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Answer:  D

Section:  19-3

30) Give the major product for the following reaction.
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A) 
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B) 
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C) 
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D) 
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E) 

[image: image43.jpg]NCH:CH;

P

CH:CH; CH,CH;




Answer:  E

Section:  19-3

MCAT:  18.3

31) Give the major product for the following reaction.

[image: image44.jpg]0
I H*
P + CHyCHNHCH, —»

CH:CH; CH:CH: H.0




A) 
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D) 
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E) 
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Answer:  E

Section:  19-3

MCAT:  18.3

32) Give the major product for the following reaction.
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Answer:  A

Section:  19-3

33) Provide the major organic products of the reaction shown.
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Answer:  
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Section:  19-3

MCAT:  21.6

34) Provide the major organic product of the reaction shown.
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Answer:  
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Section:  19-3

35) Provide the major organic product of the reaction shown.
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Answer:  
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Section:  19-3

MCAT:  18.3

36) Provide the IUPAC name of the compound shown.
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Answer:  N-propyl-5-methyl-1-hexanamine

Section:  19-1

MCAT:  19.1

37) Which of the following is a quaternary ammonium ion?

A) 
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B) 
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C) 
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D) 
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E) 
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Answer:  E

Section:  19-2

MCAT:  19.1

38) What is the major alkene formed in the following Hofmann elimination?
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A) CH3CH[image: image69.jpg]


CH2

B) 
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C) CH3CH2CH[image: image71.jpg]


CH2

D) 
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Answer:  A

Section:  10-10

MCAT:  7.4

39) What is the major alkene formed in the following Hofmann elimination?
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A) I

B) II

C) III

D) IV

E) V

Answer:  C

Section:  10-10

MCAT:  7.4

40) What is the product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  E

Section:  19-3

41) What is the major alkene formed in the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  C

Section:  10-10

MCAT:  7.4

42) Provide the structure of the major organic product in the reaction below.
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Answer:  
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Section:  10-10

MCAT:  7.4

43) Provide the structure of the major organic product in the reaction below.
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Answer:  
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Section:  10-10

MCAT:  7.4

44) Provide the structure of the major organic product in the reaction below.
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Answer:  
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Section:  19-3, 10-10

MCAT:  7.4

45) Provide the structure of the major organic product in the reaction below.
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Answer:  
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Section:  10-10

MCAT:  7.4

46) Provide the structure of the major organic product in the reaction below.
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Answer:  
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Section:  10-10

MCAT:  7.4

47) Provide the major organic product(s) of the reaction below.

[image: image87.jpg]CHj;

[’g 1. CHgl (excess), K,CO3
N

2. Ag,0, H,O

' 3. Heat
H





Answer:  
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Section:  19-3, 10-10

MCAT:  7.4

48) What is the major alkene produced in the following Cope elimination?
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A) CH2[image: image90.jpg]


CH2

B) CH3CH[image: image91.jpg]


CH2

C) CH3CH2N[image: image92.jpg]


CH2

D) CH3CH2N[image: image93.jpg]


O

E) CH3CH2CH2N[image: image94.jpg]


O

Answer:  A

Section:  10-10

MCAT:  7.4

49) Provide the major organic product(s) of the reaction below.
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Answer:  
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Section:  19-3, 10-10

MCAT:  7.4

50) Provide the major organic product(s) of the reaction below.

[image: image97.jpg]1. NaCN, HCI

Br
/Y\/ 2. H,, PdIC




Answer:  

[image: image98.jpg]NH,




Section:  19-4

MCAT:  7.4

51) Provide the major organic product(s) of the reaction below.
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Answer:  
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Section:  19-4

MCAT:  11.1, 21.6

52) Provide the major organic product(s) of the reaction below.
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Answer:  
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Section:  19-4

53) Give all organic products that result when the compound below is heated. Label the major and minor products.
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Answer:  
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Section:  19-3, 10-10

MCAT:  7.4

54) Give all organic products for the following reaction. Label the major and minor products.
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Answer:  
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Section:  19-3, 10-10

MCAT:  7.4

55) Give all organic products for the following reaction. You may choose more than one answer.
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A) 
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C) 
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D) 

[image: image111.jpg]@
CH, CH.NH,




E) 
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Answer:  A, C

Section:  19-4

56) Give the major product for the following reaction.
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A) CH3CH2NH2

B) CH3CH2CH2NH2

C) CH3CH2CH2NHNH2

D) CH3CH2CH2N[image: image114.jpg]


NH

E) CH3CH2CH2CH2NH2

Answer:  B

Section:  19-4

57) Give the major product for the following reaction.
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A) CH3CH2NH2

B) CH3CH2CH2NH2

C) CH3CH2CH2NHNH2

D) CH3CH2CH2N[image: image116.jpg]


NH

E) CH3CH2CH2CH2NH2

Answer:  E

Section:  19-4

58) Give the major product for the following reaction.
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Answer:  CH3CH2CH2CH2NH2

Section:  19-4

59) Which of the following aromatic compounds is the most stable?
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A) I

B) II

C) III

D) IV

E) V

Answer:  D

Section:  19-5

MCAT:  16.2

60) Which of the following compounds is the most reactive toward electrophilic aromatic substitution?
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A) I

B) II

C) III

D) IV

E) V

Answer:  C

Section:  19-5

61) What is the major product of the following reaction?

[image: image120.jpg]Brz
—_—

bl
[ m
m
&
= =
S Ao
e T

=
sz
gk v
- & [ m
M M
T
. Z—m o
/.IH/ /.NH
— H =




A) I

B) II

C) III

D) IV

E) V

Answer:  E

Section:  19-5

62) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  B

Section:  19-5

63) Which of the following compounds is indole?
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A) I

B) II

C) III

D) IV

E) V

Answer:  E

Section:  19-5

64) When pyrrole undergoes electrophilic aromatic substitution, at which position does substitution occur?

A) 2-position

B) 3-position

C) 4-position

Answer:  A

Section:  19-5

MCAT:  19.1

65) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  A

Section:  19-5

66) In the following question choose the best answer. The most basic amine.
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A) I

B) II

C) III

D) IV

Answer:  A

Section:  19-5

MCAT:  19.3

67) Which of the following lists the correct order of reactivity of the substrates in electrophilic aromatic substitution reactions?

A) thiophene > pyrrole > furan > benzene

B) benzene > furan > thiophene > pyrrole

C) furan > pyrrole > benzene > thiophene

D) benzene > pyrrole > thiophene > furan

E) pyrrole > furan > thiophene > benzene

Answer:  E

Section:  19-5

68) When benzofuran is treated with acetic anhydride, the major organic product is

A) 2-acetylbenzofuran.

B) 3-acetylbenzofuran.

C) 4-acetylbenzofuran.

D) 5-acetylbenzofuran.

E) 7-acetylbenzofuran.

Answer:  A

Section:  19-5

69) Which of the following compounds is not aromatic?
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A) I

B) II

C) III

D) IV

Answer:  D

Section:  19-5. 19-6, 19-7

MCAT:  16.2

70) Propose a plausible mechanism for the following reaction.
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Answer:  
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Section:  19-5

GLO:  G2

71) Provide the systematic name for the compound below.
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Answer:  pyrrole

Section:  19-1

MCAT:  19.1

72) Circle the stronger base in the pair below, and briefly explain your choice.
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Answer:  Pyrrolidine is the stronger base. Protonation of pyrrole results in loss of aromaticity.

Section:  19-5

73) Provide the structure of the major organic product in the reaction below.

[image: image130.jpg]@m,

| H)S
H 2504




Answer:  
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Section:  19-5

MCAT:  19.3

74) Indicate whether the following molecule is aromatic, antiaromatic, or nonaromatic.

[image: image132.jpg]



Answer:  aromatic

Section:  19-5

75) Show how the dipole moments are oriented in pyrrolidine and pyrrole, and explain why they are oriented in opposite directions.

Answer:  The negative end of the molecular dipole in pyrrole is oriented opposite the nitrogen atom. This indicates that nitrogen's ability to donate electrons into the ring by resonance more than makes up for its inductive electron withdrawal.
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Section:  19-5

GLO:  G2, G8

76) Provide the major organic product(s) of the reaction below.

[image: image134.jpg]Bry





Answer:  
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Section:  19-5

77) Provide the major organic product(s) of the reaction below.
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Answer:  
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Section:  19-5

MCAT:  21.5

78) Give the major product for the following reaction.
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A) 
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D) 
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Answer:  A

Section:  19-5

MCAT:  21.5

79) Give the major product for the following reaction.
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A) 
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Answer:  A

Section:  19-5

MCAT:  21.5

80) Provide the major organic product of the reaction shown.
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Answer:  
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Section:  19-3

81) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  B

Section:  19-6

82) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  C

Section:  19-6

83) Which of the following chloropyridines readily undergo nucleophilic substitution upon treatment with NaCN?

A) 2-chloropyridine

B) 3-chloropyridine

C) 4-chloropyridine

D) both A and B

E) both A and C

Answer:  E

Section:  19-6

84) Which of the following is the best method for preparing the following compound?
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A) I

B) II

C) III

D) IV

E) V

Answer:  D

Section:  19-6

85) What are the products of the following reaction?
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A) I and II

B) I and III

C) II and IV

D) II and III

E) III and IV

Answer:  C

Section:  19-6

86) What is/are the product(s) of the following reaction?
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A) I

B) II

C) III

D) A and B

E) B and C

Answer:  B

Section:  19-6

87) Which of the following statements correctly describes the behavior of heterocycles in aromatic substitution reactions?

A) Pyridine N-oxide is considerably more reactive toward electrophilic aromatic substitution reactions than pyridine because the oxygen atom can donate electrons into the ring by resonance.

B) Pyridine N-oxide undergoes electrophilic aromatic substitution primarily at C-3.

C) Pyridine is less reactive than benzene toward nucleophilic aromatic substitution.

D) Nucleophilic aromatic substitution of pyridine takes place at C-3 because attack at this position leads to the most stable intermediate.

E) none of the above

Answer:  A

Section:  19-6

88) What is the major organic product of the following reaction?
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A) 4-ethyl-2,3-dimethylpyridine

B) 5-ethyl-2,3-dimethylpyridine

C) 6-ethyl-2,3-dimethylpyridine

D) 2-methyl-3-propylpyridine

E) 3-methyl-2-propylpyridine

Answer:  E

Section:  19-6

89) Do you expect pyridine to undergo electrophilic substitution reactions? Give an example.
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Answer:  Pyridine is very unreactive towards electrophilic substitution reactions. It is even less reactive than nitrobenzene. However, under rigorous conditions, substitution on the C-3 position will occur with low yield.
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Section:  19-6

GLO:  G2, G8

90) Do you expect pyridine to undergo nucleophilic substitution reactions? If yes, on what position would the substitution occur? Give an example.
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Answer:  Pyridine is more reactive than benzene towards nucleophilic substitution reactions. The substitution takes place on the C-2 and C-4 positions.
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Section:  19-6

GLO:  G2, G8

91) Which of the following compounds is easier to decarboxylate?

[image: image163.jpg]



Answer:  Compound II would be easier to decarboxylate because the electrons left behind when CO2 is removed can be delocalized.

Section:  19-6

GLO:  G2, G8

92) Circle the stronger base in the pair below, and briefly explain your choice.
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Answer:  Diethylamine is the stronger base. The lone pair electrons in pyridine are in an sp2 orbital which is lower in energy than the sp3 orbital of the lone pair in diethylamine.

Section:  19-6

MCAT:  19.3

93) Pyridine does not undergo Friedel-Crafts reactions. Offer an explanation.

Answer:  The presence of the electronegative nitrogen atom in the ring deactivates it toward reaction with electrophiles. In fact, the nitrogen lone pair tends to react with electrophiles to produce an even further deactivated ring. It should also be noted that the nitrogen lone pair is in an orbital perpendicular to the ring's π system and could not stabilize the intermediate carbocation in any event.

Section:  19-6

GLO:  G2, G8

94) Indicate whether the following molecule is aromatic, antiaromatic, or nonaromatic.
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Answer:  aromatic

Section:  19-6

95) Indicate whether the following molecule is aromatic, antiaromatic, or nonaromatic.
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Answer:  aromatic

Section:  19-6

96) Draw the structures of the keto forms of both 2-hydroxypyridine and 4-hydroxypyridine.

Answer:  
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Section:  19-6

97) Provide the major organic product(s) of the reaction below.
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Answer:  
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Section:  19-6

98) Provide the major organic product(s) of the reaction below.
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Answer:  
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Section:  19-6

99) Give the major product for the following reaction.
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Answer:  
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Section:  19-6

100) Give the major product for the following reaction.
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A) 
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B) 
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C) 
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D) 
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E) 
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Answer:  C

Section:  19-6

101) Draw 4-methylisoquinoline.

Answer:  
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Section:  19-6

MCAT:  19.1

102) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  A

Section:  19-7

103) What is the major product of the following reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  C

Section:  19-7

104) Which of the following nucleic acids contain the pyrimidine ring structure?
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A) adenine, cytosine, and guanine

B) guanine, adenine, and uracil

C) adenine, uracil, and thymine

D) guanine, uracil, and thymine

E) cytosine, uracil, and thymine

Answer:  E

Section:  19-7

MCAT:  23.4

105) Which of the following heterocyclics has the lowest pKa value?
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A) I

B) II

C) III

D) IV

E) V

Answer:  D

Section:  19-5, 19-6, 19-7

MCAT:  19.3

106) Imidazole boils at 257 °C, while the boiling point of N-methylimidazole is 199 °C. Explain the difference in their boiling points.
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Answer:  Imidazole exhibits hydrogen bonding that N-methylimidazole does not. Therefore, imidazole will boil at a higher temperature than N-methylimidazole.

Section:  19-7

107) Draw the structure of a porphyrin ring system, and list three common, naturally-occurring molecules which contain a porphyrin-like ring system as part of their structure.

Answer:  heme; chlorophyll a; vitamin B12
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Section:  19-7

GLO:  G7

108) Provide the structure of thymine; How is it used by organisms?

Answer:  Thymine is incorporated as one of the 4 heterocyclic bases in the structure of DNA.
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Section:  19-7

MCAT:  23.4

109) Which of the following is the structure of purine?
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A) I

B) II

C) III

D) IV

E) V

Answer:  B

Section:  19-7

110) Name the following compound.
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A) adenine

B) guanine

C) cytosine

D) uracil

E) thymine

Answer:  B

Section:  19-7

111) Provide the major organic product in the reaction below.
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Answer:  
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Section:  10-7

112) Provide the major organic product in the reaction below.

HOCH2(CH2)2CH2Br [image: image192.jpg]NaOH
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Answer:  
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Section:  10-7

113) An unknown compound has the formula C8H10OS, and is known to contain a thiophene ring. The proton NMR spectrum of this compound is:


δ0.98, triplet, 3H


δ1.74, multiplet, 2H


δ2.80, triplet, 2H


δ7.04, multiplet, 1H


δ7.55, multiplet, 2H

What is the structure of this unknown?
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A) I

B) II

C) III

D) IV

Answer:  D

Section:  14-12

MCAT:  13.1, 13.2

114) What is the major product of the reaction sequence shown?
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A) (CH3)2CHCH2CH2OH

B) (CH3)2CHCHOHCH3

C) CH3CH2CH2CH2CH2OH

D) CH3CH2CH2CHOHCH3

Answer:  A

Section:  10-7

115) Which of the following statements best describes the meaning of the term alkaloid?

A) heterocyclic natural products with a nitrogen as a heteroatom

B) natural, cyclic hydrocarbons

C) heterocyclic natural products with a sulfur as a heteroatom

D) heterocyclic natural products with an oxygen as a heteroatom

E) natural, cyclic hydrocarbons with alkyl groups

Answer:  A

Section:  10-9

GLO:  G7

116) Which of the following is a tertiary amine?
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A) I

B) II

C) III

D) IV

E) all of the above

Answer:  E

Section:  19-1

MCAT:  19.1

117) Fill in the empty boxes.[image: image197.jpg]



Answer:  
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Section:  19-4

118) The lone pair in pyridine is present in a

A) s-orbital.

B) p-orbital.

C) sp-orbital.

D) sp2-orbital.

E) sp3-orbital.

Answer:  D

Section:  19-6

MCAT:  2.7

119) Which heterocyclic ring is present in guanine DNA base?

A) pyrrole

B) purine

C) pyrimidine

D) porphyrin

E) pyridine

Answer:  B

Section:  19-7

120) Which heterocyclic ring is present in cytosine DNA base?

A) pyrrole

B) purine

C) pyrimidine

D) porphyrin

E) pyridine

Answer:  C

Section:  19-7

121) Which heterocyclic ring is present in heme?

A) pyrrole

B) purine

C) pyrimidine

D) pyridine

E) porphyrin

Answer:  E

Section:  19-7

GLO:  G7

122) How many pyrrole rings are represented in a porphyrin ring system?

A) 1

B) 2

C) 3

D) 4

E) 5

Answer:  D

Section:  19-7

123) Name the following structure.
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A) adenine

B) guanine

C) cytosine

D) uracil

E) thymine

Answer:  C

Section:  19-7

124) Which of the following amino acids contain a heterocyclic ring?

A) tryptophan

B) proline

C) histidine

D) alanine

E) tryptophan, proline and histidine

Answer:  E

Section:  19-7

125) Fill in the empty boxes.[image: image200.jpg]HN
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Answer:  
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Section:  19-7

126) How would you carry out the following transformation?
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Answer:  
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Section:  19-7
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