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This exam consists of 19 questions on 5 pages. Please write your name at the top of each page. Read all of the questions carefully. If there is anything that is unclear, please ask. Answers should be placed in the spaces provided and written legibly. Be sure to answer all of the questions on the exam.

You are allowed to use a model kit. A periodic table is provided on the last page of the exam. 

The exam is worth 100 points. Each question is labeled with its exact point value. You have one hour and 15 minutes to complete this exam. Exams will be picked up at the end of the class period. No late exams will be accepted.

As always, cheating is not allowed.
Good Luck!

For questions 1-8 circle the one best answer. (4 points each)

1. Which one of the following statements is a correct description of the most stable conformation of 1,1,3-trimethylcyclohexane? (Chapter 3)
A. 
The methyl group at C-3 is equatorial.
B. 
C-1 is a primary carbon and C-3 is a tertiary carbon.
C. 
The ring is planar, with no angle strain.
D.
Both methyl groups at C-1 are equatorial.
2. Which of the following molecules are chiral? (Chapter 5)
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3. Which of the following lists of substituents is correctly ranked in order of priority from highest to lowest? (Chapter 5)
A. 
–CHO > –C≡C–CH3 > –CH=CH–CH3 > –CH=N–CH3 
B. 
–Br > –OCH3 > –OH > –NH2
C. 
–NHC(O)CH3 > –C≡C–H > –CH(CH3)2 > –CH(CH3)OH
D.
–CH2Cl > –CH2OH > –CH2CH3 > –CH=CH2
4. Which of the following stereocenters is designated R? (Chapter 5)
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5. Which of the following statements is the best statement of Hammond’s Postulate? (Chapter 4)
A.
In an endothermic reaction, the transition state is closer to the reactants in structure.
B.
In an exothermic reaction, the transition state is closer in energy to the products.
C. 
Relates species that are similar in energy are also similar in structure.
D. 
The structure of the transition state in an organic reaction is always modeled on the structure of the reactants leading to that transition state.
6. In the lowest energy chair conformation of the compound below, how many alkyl substituents are equatorial? (Chapter 3)
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7. Which of the following statements regarding cyclobutane is correct? (Chapter 3)
A
The lowest energy conformation of cyclobutane is a planar one in which all of the bond angles are 90°.
B.
The lowest energy conformation of cyclobutane is known as the chair conformation.
C.
The lowest energy conformation of cyclobutane is one in which the bond angles are slightly less that 90° even though this increases angle strain.
D.
The lowest energy conformation of cyclobutane has no torsional strain.
8. Which of the following statements is true? (Chapter 5)
A. 
A racemic mixture of enantiomers exhibits optical activity when it interacts with plane polarized light.
B.
An achiral molecule has an enantiomer.
C.
Enantiomers have different melting points.
D. 
Achiral molecules can contain asymmetric carbon atoms.
9. (6 points) Classify the following as nucleophilic, electrophilic, or both. (Chapter 4) 
(a)
a benzylic carbocation
(b)
ethylene (CH2=CH2)
(c)
CH3COOH

10. (3 points) Species with unpaired electrons are called _______________. (Chapter 4)
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(5 points) Name the following compound. (Chapter 3)
12. (5 points) Draw the major product of the following reaction. (Chapters 3 and 4)
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13. (4 points) Draw a molecule with molecular formula C5H12 that can give only one possible product upon halogenation. (Chapters 3 and 4)
14. (6 points) How many asymmetric carbons are present in each of the compounds below? (Chapter 5)
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(b)

15. (6 points) When 1-butene (CH3CH2CH=CH2) is treated with bromine and light, the hydrogen atom which is preferentially abstracted is the one which produces a resonance-stabilized radical. Draw the major resonance contributing forms of this radical intermediate. (Chapter 6)
16. (4 points) Draw the structure of R-3-methylhexane. (Chapter 5)
17.
(9 points) Determine whether the two structures in each of the following pairs represent constitutional isomers, enantiomers, cis, trans stereoisomers, or identical compounds.
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18. (6 points) Classify each of the following reactions as substitution, addition, elimination, or rearrangement. (Chapter 4)
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19. (14 points) The following questions refer to the following energy diagram. (Chapter 4)
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(a) How many steps is this reaction? _______________
(b) What is the product of the rate-determining step? _______________
(c) Which letter(s) represent an intermediate? _______________
(d) Which letter(s) represent a transition state? _______________
(e) Label the heat of reaction on the energy diagram.

(f) Label the activation energy for the rate-determining step on the energy diagram.

(g) Which has stronger bonds, the reactant or the product? _______________
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