Organic Chemistry, 8e (Bruice)

Chapter 28   Pericyclic Reactions

1) Which of the following reactions best describes the Diels-Alder reaction?

A) electrocyclic reaction

B) cycloaddition reaction

C) sigmatropic reaction

D) radical reaction

E) nucleophilic substitution reaction

Answer:  B

Section:  28-1

2) Which of the following statements best describes the theory of Conservation of Orbital Symmetry?

A) Molecular orbital of the transition state must be similar to that of the reactant.

B) Molecular orbital of the transition state must be similar to that of the product.

C) Only s orbitals from reactants and products are utilized.

D) Molecular orbitals of reactant and product must have similar symmetry.

E) Molecular orbitals of reactant and product must have different symmetry.

Answer:  D

Section:  28-1

3) Through what type of single pericyclic reaction did the reaction shown below proceed?
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A) [1,2] sigmatropic hydrogen migration

B) [1,3] sigmatropic hydrogen migration

C) [1,4] sigmatropic hydrogen migration

D) [1,5] sigmatropic hydrogen migration

E) none of the above

Answer:  D

Section:  28-5

4) Which of the following statements concerning the selection rules for pericyclic reactions is correct?

A) If TE describes the reaction, then the outcome is given by AC.

B) If PO describes the reaction, then the outcome is given by AC.

C) If TO describes the reaction, then the outcome is given by AC.

D) both A and B

E) none of the above

Answer:  D

Section:  28-7

5) Show the mechanism for each of the following pericyclic reactions.
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Answer:  
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Section:  28-1

6) What are the three most common pericyclic reactions? Give examples.

Answer:  
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Section:  28-1

7) Indicate whether each of the following reactions is an electrocyclic reaction, a cycloaddition reaction, or a sigmatropic rearrangement.
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Answer:  
a) Is an electrocyclic reaction.

b) Is a sigmatropic rearrangement.

c) Is a cycloaddition reaction.

Section:  28-1

8) Describe a cycloaddition reaction.

A) The reactant has lost a sigma bond, the product has a new sigma bond, and the pi bonds have rearranged.

B) The product contains a new ring, with two less sigma bonds, and two more pi bonds than the starting material.

C) The product contains a new ring, with two more sigma bonds, and two less pi bonds than the starting material.

D) The product contains a new ring, with one less sigma bond, and one more pi bond than the starting material.

E) The product contains a new ring, with one more sigma bond, and one less pi bond than the starting material.

Answer:  C

Section:  28-1

9) Describe an electrocyclic reaction.

A) The reactant has lost a sigma bond, the product has a new sigma bond, and the pi bonds have rearranged.

B) The product contains a new ring, with two less sigma bonds, and two more pi bonds than the starting material.

C) The product contains a new ring, with two more sigma bonds, and two less pi bonds than the starting material.

D) The product contains a new ring, with one less sigma bond, and one more pi bond than the starting material.

E) The product contains a new ring, with one more sigma bond, and one less pi bond than the starting material.

Answer:  E

Section:  28-1

10) Describe a sigmatropic rearrangement.

A) A sigma bond in the reactant has moved to a different location in the product, and the pi bonds have rearranged.

B) The product contains a new ring, with two less sigma bonds, and two more pi bonds than the starting material.

C) The product contains a new ring, with two more sigma bonds, and two less pi bonds than the starting material.

D) The product contains a new ring, with one less sigma bond, and one more pi bond than the starting material.

E) The product contains a new ring, with one more sigma bond, and one less pi bond than the starting material.

Answer:  A

Section:  28-1

11) Which of the following molecular orbitals is produced when in-phase atomic orbitals overlap?

A) a bonding molecular orbital

B) an antibonding molecular orbital

C) a nonbonding molecular orbital

D) an out-of-phase molecular orbital

E) an excited energy state of molecular orbital

Answer:  A

Section:  28-2

12) Which of the following molecular orbitals are formed from subtractive overlap of atomic orbitals?

A) antibonding orbitals

B) out-of-phase orbitals

C) bonding orbitals

D) A and B

E) B and C

Answer:  D

Section:  28-2

13) How many molecular orbitals are produced from the overlap of four p atomic orbitals?

A) 2

B) 8

C) 4

D) 16

E) 1

Answer:  C

Section:  28-2

14) Which of the following sets of atomic orbitals form an asymmetric molecular orbital?
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A) I

B) II

C) III

D) IV

E) V

Answer:  E

Section:  28-2

15) How many π molecular orbitals does 1,3,5,7-octatetraene have?

A) 2

B) 4

C) 6

D) 8

E) 10

Answer:  D

Section:  28-2

16) How many nodes does the highest energy molecular orbital of 1,3,5,7-octatetraene have?

A) 4

B) 5

C) 6

D) 8

E) 10

Answer:  D

Section:  28-2

17) In the allyl radical, which π molecular orbital is singly occupied?

A) the bonding π molecular orbital

B) the nonbonding π molecular orbital

C) the antibonding π molecular orbital

D) none of the above

Answer:  B

Section:  28-2

18) How many electrons are present in the nonbonding π molecular orbital of the allyl anion?

A) 0

B) 1

C) 2

D) 3

E) 4

Answer:  C

Section:  28-2

19) What is meant by frontier orbitals?

Answer:  Frontier orbitals are the two molecular orbitals known as the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO).

Section:  28-2

20) What does LCAO stand for?

Answer:  Linear combination of atomic orbitals

Section:  28-2

21) Which molecular orbital is higher in energy: the in-phase or out-of-phase overlap of atomic orbitals?

Answer:  Out-of-phase overlap of atomic orbitals produces an antibonding molecular orbital which is higher in energy than that of the bonding molecular orbital.

Section:  28-2

22) Explain what a node is and how it is formed.

Answer:  A node is a plane in which there is no probability of finding an electron. It is formed between overlapping out-of-phase orbitals or through the center of p orbitals.

Section:  28-2

23) How many nodes would you expect from the following atomic orbital overlap?
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Answer:  The molecular orbital is an out-of-phase overlap producing four nodes (including the nodal molecular plane).
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Section:  28-2

24) Give a representation of the bonding π molecular orbital of the allyl cation.

Answer:  
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Section:  28-2

25) Give a representation of the antibonding π molecular orbital of the allyl anion.

Answer:  
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Section:  28-2

26) Consider the π molecular orbitals of pentadienyl cation and answer the following questions. Please refer to the lowest π MO as ψ1.

a) How many π molecular orbitals of pentadienyl cation are bonding?

b) Which π molecular orbital is the HOMO?

c) Which π molecular orbitals are asymmetric with respect to a mirror plane perpendicular to the molecular plane?

Answer:  
a) ψ1 and ψ2
b) ψ2
c) ψ2 and ψ4

Section:  28-2

27) 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:  28-3

28) 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:  28-3

29) Which of the following statements concerning electrocyclic reactions is correct?

A) The ground state HOMO of a compound with an even number of conjugated double bonds is asymmetric.

B) The allowed mode of ring closure under thermal conditions for a molecule containing an even number of conjugated double bonds is disrotatory.

C) The allowed mode of ring closure under photochemical conditions for a molecule containing an odd number of conjugated double bonds is disrotatory.

D) both B and C

E) none of the above

Answer:  A

Section:  28-3

30) Which of the following statements about the product of the electrocyclic ring closure below is correct?
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A) The methyl groups are trans in the product.

B) The product arose from a stereospecific, conrotatory ring closure.

C) The product mixture is optically active.

D) both B and C

E) all of the above

Answer:  B

Section:  28-3

31) Under thermal conditions, (2E,4Z)-hexadiene undergoes a ________ ring closure to yield ________.

A) conrotatory, cis-3,4-dimethylcyclobutene

B) conrotatory, trans-3,4-dimethylcyclobutene

C) disrotatory, cis-3,4-dimethylcyclobutene

D) disrotatory, trans-3,4-dimethylcyclobutene

Answer:  A

Section:  28-3

32) Under photochemical conditions, (2E,4Z)-hexadiene undergoes a ________ ring closure to yield ________.

A) conrotatory, cis-3,4-dimethylcyclobutene

B) conrotatory, trans-3,4-dimethylcyclobutene

C) disrotatory, cis-3,4-dimethylcyclobutene

D) disrotatory, trans-3,4-dimethylcyclobutene

Answer:  D

Section:  28-3

33) Under thermal conditions, (2E,4E)-hexadiene undergoes a ________ ring closure to yield ________.

A) conrotatory, cis-3,4-dimethylcyclobutene

B) conrotatory, trans-3,4-dimethylcyclobutene

C) disrotatory, cis-3,4-dimethylcyclobutene

D) disrotatory, trans-3,4-dimethylcyclobutene

Answer:  B

Section:  28-3

34) Under photochemical conditions, (2E,4E)-hexadiene undergoes a ________ ring closure to yield ________.

A) conrotatory, cis-3,4-dimethylcyclobutene

B) conrotatory, trans-3,4-dimethylcyclobutene

C) disrotatory, cis-3,4-dimethylcyclobutene

D) disrotatory, trans-3,4-dimethylcyclobutene

Answer:  C

Section:  28-3

35) (a) Under thermal conditions, will ring closure of (2E,4Z,6Z,8E)-decatetraene be conrotatory or disrotatory? Explain.

(b) Will the product be cis or trans? Explain

Answer:  
(a) Since the number of conjugated pi bonds is even and the reaction occurs under thermal conditions, the Woodward-Hoffman rules for electrocyclic reaction predicts that the ring closure is conrotatory.

(b) Since the ring closure is conrotatory and the closure is (E,E) configuration, the product will have a trans configuration.

Section:  28-3

GLO:  G8

36) Electrocyclic reactions are reversible. The cyclic compound is favored for electrocyclic reactions that form six-membered rings, whereas the open-chain compound is favored for reactions that form four-membered rings. Explain thoroughly in terms of the enthalpy changes that are occurring.

Answer:  In general, the cyclic compound is favored on enthalpy grounds because sigma bonds are lower in energy than pi. However, in the case of four-membered ring formation this favorable enthalpy change is offset by an unfavorable enthalpy change as significant angle and torsional strain are introduced in the four-membered ring.

Section:  28-3

GLO:  G2, G8

37) Draw the structure of the major organic product of the following reaction. Is the product chiral or achiral?

[image: image14.jpg]heat




Answer:  
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Section:  28-3

38) Give the product(s) 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:  28-3

39) Give the product(s) for the following reaction. You may choose more than one answer.
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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:  A, B

Section:  28-3

40) Give the product(s) for the following reaction. You may choose more than one answer.
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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, E

Section:  28-3

41) Give the product for the following reaction.
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A) 
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B) 

[image: image36.jpg]



C) 
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D) 

[image: image38.jpg]



E) 
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Answer:  D

Section:  28-3

42) When an allyl anion undergoes a cycloaddition under thermal conditions with ethylene (bonds forming at the ends of the π-systems), the cycloaddition is described as

A) [2+2] and suprafacial.

B) [2+4] and suprafacial.

C) [2+2] and antarafacial.

D) [2+4] and antarafacial.

E) [2+3] and antarafacial.

Answer:  B

Section:  28-4

43) When an allyl cation undergoes a cycloaddition under photochemical conditions with ethylene (bonds forming at the ends of the π-systems), the cycloaddition is described as

A) [2+2] and suprafacial.

B) [2+4] and suprafacial.

C) [2+2] and antarafacial.

D) [2+4] and antarafacial.

E) [2+3] and antarafacial.

Answer:  A

Section:  28-4

44) Which of the following pericyclic reactions best describes the following reaction?
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A) nucleophilic

B) electrocyclic

C) radical

D) sigmatropic

E) cycloaddition

Answer:  E

Section:  28-4

45) Which of the following statements best describes the term suprafacial?

A) formation of two sigma bonds from the same side of the pi system

B) formation of two pi bonds from the same side of the sigma system

C) formation of two sigma bonds from opposite sides of the pi system

D) formation of two pi bonds from opposite sides of the sigma system

E) an anti cycloaddition

Answer:  A

Section:  28-4

46) Which of the following ring formations must involve a suprafacial bond formation?

A) four-membered ring

B) five-membered ring

C) six-membered ring

D) A and C

E) A, B and C

Answer:  E

Section:  28-4

47) 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:  28-4

48) Under thermal conditions, is an [8+2] cycloaddition suprafacial or antarafacial?

Answer:  suprafacial

Section:  28-4

49) Under photochemical conditions, is an [2+2] cycloaddition suprafacial or antarafacial?

Answer:  suprafacial

Section:  28-4

50) Explain why the following (2+2) cycloaddition reaction would work under photochemical conditions but not under thermal conditions.
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Answer:  Under thermal conditions, suprafacial overlap is not symmetry-allowed while under photochemical conditions, the reaction can take place because it involves symmetry-allowed suprafacial bond formation.

Section:  28-4

GLO:  G2, G8

51) What diene and dienophile would react to give the product below?
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Answer:  
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Section:  28-4

52) Provide the structure of the major organic product in the following reaction.
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Answer:  
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Section:  28-4

53) What are the structures of A, B, and C?
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Answer:  
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Section:  28-4

54) Consider the possible thermal [4+4] cycloaddition of two molecules of 1,3-butadiene to generate cycloocta-1,5-diene. Show the HOMO/LUMO interaction which would result, and use this interaction to predict whether the proposed cycloaddition could occur.

Answer:  
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Section:  28-4

MCAT:  15.1

55) Is the thermal [4+2] cycloaddition between allylanion and ethylene an allowed one? To answer, draw the HOMO of allyl anion and the LUMO of ethylene, and comment on the symmetry match of the two.

Answer:  
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Section:  28-4

MCAT:  15.1

56) Why does the diene shown below fail to undergo a Diels-Alder reaction with even the most reactive dienophiles?
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Answer:  The diene cannot achieve the necessary s-cis conformation.

Section:  28-4

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

[image: image53.jpg]



B) 
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C) 
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D) 
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E) 
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Answer:  D

Section:  28-4

58) Give the product for the following reaction.
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A) 

[image: image59.jpg]CH:

CH,




B) 
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C) 
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D) 
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E) no reaction

Answer:  B

Section:  28-4

59) Give the 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) no reaction

Answer:  E

Section:  28-4

60) Give the product for the following thermal reaction.
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E) 
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Answer:  B

Section:  28-4

61) Provide the major organic product of the following Diels-Alder cycloaddition.
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Answer:  
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Section:  28-4

62) Provide the major organic product of the following Diels-Alder cycloaddition.
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Answer:  
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Section:  28-4

63) Provide the major organic product of the following Diels-Alder cycloaddition.
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Answer:  
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Section:  28-4

64) Provide the major organic product of the following Diels-Alder cycloaddition.
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Answer:  
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Section:  28-4

65) Provide the major organic product of the following Diels-Alder cycloaddition.
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Answer:  
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Section:  28-4

66) Which of the following compounds is the most reactive dienophile in a Diels-Alder reaction with 1,3-butadiene?

A) CH2[image: image84.jpg]


CHOCH3

B) CH2[image: image85.jpg]


CHCHO

C) CH3CH[image: image86.jpg]


CHCH3

D) (CH3)2C[image: image87.jpg]


CH2

E) CH2[image: image88.jpg]


CH2

Answer:  B

Section:  28-4

67) Which of the following best describes the sigmatropic rearrangement that occurs in the reaction shown below?
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A) [1,3] sigmatropic rearrangement

B) [2,3] sigmatropic rearrangement

C) [3,3] sigmatropic rearrangement

D) [1,5] sigmatropic rearrangement

E) [1,4] sigmatropic rearrangement

Answer:  D

Section:  28-5

68) Which of the following best explains the rearrangement when provitamin D3 rearranges to vitamin D3?
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A) [1,7] cycloaddition rearrangement, antarafacial

B) [1,7] cycloaddition rearrangement, suprafacial

C) [1,7] sigmatropic rearrangement, antarafacial

D) [1,7] sigmatropic rearrangement, suprafacial

E) [1,7] electrocyclic reaction, suprafacial

Answer:  C

Section:  28-5

69) What is the major product of the following [3,3] sigmatropic rearrangement?
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A) I

B) II

C) III

D) IV

E) V

Answer:  E

Section:  28-5

70) Which of the following statements about carbon migrations is correct?

A) Carbon migrations never occur by a sigmatropic rearrangement.

B) Under thermal conditions, a [1,3] carbon migration that occurs suprafacially must also occur with inversion of configuration at the migrating carbon.

C) Under thermal conditions, a [1,5] carbon migration that occurs suprafacially must also occur with inversion of configuration at the migrating carbon.

D) Under thermal conditions, a carbon migration that occurs suprafacially must occur with inversion no matter the system's symmetry.

E) B, C, and D

Answer:  B

Section:  28-5

71) What is the major product from the following rearrangement?
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A) I

B) II

C) III

D) IV

E) V

Answer:  A

Section:  28-5

72) Under what conditions would a 1,3-hydrogen shift occur in a sigmatropic rearrangement?

A) thermal conditions

B) photochemical conditions

C) suprafacial pathway

D) A and C

E) B and C

Answer:  E

Section:  28-5

73) What is/are the product(s) of the following 1,3-hydrogen shift?
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A) I

B) II

C) III

D) I and II

E) I and III

Answer:  D

Section:  28-5

74) Under what conditions would a 1,5-hydrogen shift occur in a sigmatropic rearrangement?

A) thermal conditions

B) photochemical conditions

C) suprafacial pathway

D) A and C

E) B and C

Answer:  D

Section:  28-5

75) What is the product of the following 1,5-hydrogen shift?

CH3CH[image: image94.jpg]


CHCH[image: image95.jpg]


CD2 [image: image96.jpg]


 ?

A) CH2[image: image97.jpg]


CHCH2CH[image: image98.jpg]


CHD

B) CH2[image: image99.jpg]


CHCH[image: image100.jpg]


CHCHD2

C) CHD[image: image101.jpg]


CHCH[image: image102.jpg]


CHCH3

D) CH2[image: image103.jpg]


CHCH2CH2CH2D

E) CH2[image: image104.jpg]


CHCH[image: image105.jpg]


CHCD3

Answer:  B

Section:  28-5

76) What is the product of the following 1,7-hydrogen shift?
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A) I

B) II

C) III

D) IV

E) V

Answer:  C

Section:  28-5

77) What is the product from the following 1,3-carbon shift reaction?
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A) I

B) II

C) III

D) IV

E) V

Answer:  A

Section:  28-5

78) What is the product obtained from the following [1,5] sigmatropic rearrangement?
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A) I

B) II

C) III

D) IV

E) V

Answer:  D

Section:  28-5

79) Show the mechanism for the following 1,3-hydrogen shift.
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Answer:  
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Section:  28-5

80) What type of pericyclic process is occurring in the reaction below? Provide two reasons why the equilibrium lies in the direction indicated.
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Answer:  A [3,3] sigmatropic rearrangement is occurring. This particular reaction is also known as a Cope rearrangement. The equilibrium lies in the direction indicated because substituting a double bond and conjugating it with an aromatic ring are both stabilizing factors.

Section:  28-5

GLO:  G2, G8

81) Give the product for the following [1,5] sigmatropic rearrangement.
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Answer:  
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Section:  28-5

82) Give the product for the following [3,3] sigmatropic rearrangement.
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Answer:  
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Section:  28-5

83) Give the product for the following [1,3] sigmatropic rearrangement.
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Answer:  
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Section:  28-5

84) Describe a Cope rearrangement.

A) [3,3] sigmatropic rearrangement of a 1,5-diene

B) [1,3] sigmatropic rearrangement of an alkene

C) [3,3] sigmatropic rearrangement of an allyl vinyl ether

D) [1,5] sigmatropic rearrangement of a 1,3-diene

E) [2,3] sigmatropic rearrangement of an alkene

Answer:  A

Section:  28-5

85) Describe a Claisen rearrangement.

A) [3,3] sigmatropic rearrangement of a 1,5-diene

B) [1,3] sigmatropic rearrangement of an alkene

C) [3,3] sigmatropic rearrangement of an allyl vinyl ether

D) [1,5] sigmatropic rearrangement of a 1,3-diene

E) [2,3] sigmatropic rearrangement of an alkene

Answer:  C

Section:  28-5

86) Give the conditions for 1,3-hydrogen shifts. You may choose more than one answer.

A) suprafacial rearrangement

B) antarafacial rearrangement

C) thermal conditions

D) photochemical conditions

E) all of the above

Answer:  A, D

Section:  28-5

87) Give the conditions for 1,5-hydrogen shifts. You may choose more than one answer.

A) suprafacial rearrangement

B) antarafacial rearrangement

C) thermal conditions

D) photochemical conditions

E) all of the above

Answer:  A, C

Section:  28-5

88) Give the conditions for 1,7-hydrogen shifts. You may choose more than one answer.

A) suprafacial rearrangement

B) antarafacial rearrangement

C) thermal conditions

D) photochemical conditions

E) all of the above

Answer:  B, C

Section:  28-5

89) What pericyclic photochemical reaction can lead to skin cancer in humans? Draw the structure of the compounds involved in the reaction, and explain how this reaction leads to skin cancer.

Answer:  Thymine dimerization.

At any point in DNA where there are two adjacent thymine residues, a [2+2] photocycloaddition can occur. This reaction, caused by absorption of a photon of UV light, results in the formation of a thymine dimer. Such structural changes can lead to mutations and possible cancer.
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90) Give the 2 + 2 cycloaddition reaction of thymine.
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Answer:  
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91) Which of the following statements best describes what is meant by pericyclic reactions?

A) reactions in which a nucleophile reacts with an electrophile

B) reactions in which an electrophile reacts with a nucleophile

C) reactions in which a free radical reacts with another free radical

D) oxidation-reduction reactions in which electrons are lost or gained

E) reactions that occur as a result of a cyclic reorganization of electrons

Answer:  E

Section:  28-1

92) What characterizes a pericyclic reaction?

Answer:  Pericyclic reactions involve concerted breaking and formation of bonds within a closed ring of interacting orbitals.

Section:  28-1

93) How would you synthesize the following compound and its enantiomer from butadiene and ethylene?
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Answer:  Diels-Alder; halohydrin
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94) What is the product of the following reaction?
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Answer:  
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95) Predict the product of this reaction.
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Answer:  
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96) Fill in the empty boxes.
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Answer:  Diels-Alder; Acid catalyzed hydration
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97) Fill in the empty boxes.
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Answer:  
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98) Provide the structure of the diene and dienophile for the preparation of the following compound.

[image: image131.jpg]



Answer:  
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99) Provide the structure of the diene and dienophile for the preparation of the following compound.
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Answer:  
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100) Provide the structure of the product.
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Answer:  
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101) Fill in the empty boxes.
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Answer:  Diels-Alder; hydroboration-oxidation.
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MCAT:  8.2

102) How would you synthesize the following compound from butadiene and ethylene?
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Answer:  Diels-Alder; ozonolysis; Aldol
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