
CHEM 3311   Exam #2 Name_________________________ 
Dr. Minger   June 20, 2016 
 

Please read Honor Code statement below 
and sign your Scantron in the box on front: 

 
I pledge that on my honor, as a University of Colorado at Boulder 
student, I have neither given nor received unauthorized assistance on 
this exam.  
________________________________________________________________ 
             
General Instructions:  There are 25 questions.  Be sure you have them all.  Read each 
question carefully so that you know exactly what is being asked. 
 
Each multiple choice question (1-25) is worth 4 points and has only one correct 
answer. Bubble in your answers to these questions on the Scantron provided. Only the 
Scantron will be graded, not anything that you write on the exam. 
 
At the end of the exam, turn in your signed Scantron. You may keep the exam to check 
your answers against the key later.  
 
Good luck! 
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1. Select any and all true statements about this structure: 
 

 
 

 a. The groups A and B are cis. 
 b. The groups A and B are trans. 
 c. The groups A and B are gauche. 
 d. The groups A and B are anti. 
 e. More than one of these statements is true. 
 
2. Select the structure that represents the less stable chair conformation of 

the molecule in the box. 
 

 
 
 
 
Questions 3, 4, 5 and 6 all relate to the following set of structures. 
 

 
 

 
3. Which of these structures is/are chiral? 
 

a. X and Z 
 b. W and Y 
 c. Only X 
 d. Only W 
 e. All four structures are chiral 
 
 
 
 



4. Which of these structures are achiral and meso? 
 
 a. X and Z 
 b. W and Y 
 c. Only X 
 d. Only W 
 e. All four structures are achiral and meso 
 
5. Which of these pairs are enantiomers? 
 
 a. W and X 
 b. W and Y 
 c. W and Z 
 d. X and Z 
 e. Both b and d 
 
6. Which of these pairs are identical? 
 
 a. W and X 
 b. W and Y 
 c. W and Z 
 d. X and Z 
 e. Both b and d 
 
7. In the structure shown, which of the indicated groups is anti to the OH 

group? 
 

 
 
 a. H 
 b. Br 
 c. Me 
 d. Et 
 e. COOCH3 
 
 
  



8. Grapefruit mercaptan (pKa 10) is a natural product found in grapefruit. 
Alpha-terpineol is another natural product found in a variety of plant 
sources and used in perfumery. When each of these compounds is 
treated with sodium hydroxide, a proton transfer occurs. Which reaction 
has the larger equilibrium constant? 

 

 
 

 a. The reaction of sodium hydroxide and grapefruit mercaptan 
 b. The reaction of sodium hydroxide and α-terpineol 
 c. Both reactions will have roughly the same equilibrium constant 
 d. There is not enough information available to answer the question 
 
9. Geranial is a natural product that is a component of the oils of various 

plants. Which of the following stereochemical labels will appear in the 
IUPAC name for geranial? 

 

 
 
 a. R 
 b. S 
 c. E 
 d. Z 
 e. More than one of these 
 
  



10. Ascorbic acid is one form of Vitamin C.  Four of its protons are labeled in 
the structure below. Which of these protons is most acidic? 

 

 
 
11. In the structure of ascorbic acid in question 10, proton “A” is part of a 

hydroxyl (OH) group that is attached to an asymmetric carbon. What is the 
absolute configuration at this asymmetric carbon? 

 
 a. R 
 b. S 
 
12. Which of these alkene isomers is most stable? 
 

 
 

13. Two of the alkene isomers in question 12, when treated with sulfuric acid 
and water, will give the same single product. Which two? 

 
 a. A and B 
 b. C and D 
 c. B and E 
 d. A and D 
 e. C and E 
 
14. Two of the alkene isomers in question 12, when treated with HBr, would 

give a mixture of products rather than only one product. Which two? 
 
 a. A and B 
 b. C and D 
 c. B and E 
 d. A and D 
 e. C and E 



15. Here are three amino acids, drawn as Fischer projections: 
 

 
 
 

In each structure, the proton on the amino acid’s “side chain” is 
designated with an arrow. In which of these amino acids is the side chain 
least acidic? 

 
 a. Cysteine 
 b. Serine 
 c. Tyrosine 
 d. All three are equally acidic 
 
16. S-Lactic acid, a chiral compound, is produced during normal metabolism 

and exercise. Which of these molecules, when combined with S-lactic 
acid, could produce a racemic mixture? 

 

 
 
17. Hyperconjugation is one of the ways that carbocations can be stabilized. 

Which of the following pairs of orbitals is/are NOT participating in this type 
of stabilization for the carbocation shown below? 

 

 
 

 a. C-H σ and p 
 b. C-C σ and p 
 c. C-H σ* and p 
 d. Both a and b 
 e. a, b, and c 



18. Which of these Newman projections shows the most stable conformation 
of 2,3-dimethylbutane looking down the C2-C3 bond? 

 

 
 
19. What types of strain do you expect to be present in this molecule? The 

structure is drawn in two different ways to help you visualize. 
 

 
 

 a. Torsional 
 b. van der Waals 
 c. Angle 
 d. Torsional and angle 
 e. All three types of strain 
 
20. Here is a reaction that you will see shortly: 
 

 
 

In this reaction, hydroxide ion is acting as a nucleophile and attacking an 
epoxide (the electrophile). This causes the three-membered ring to open. 
What is the LUMO in this process? 

 
 a. Nonbonding MO in hydroxide ion 
 b. OH σ 
 c. CO σ 
 d. CO σ* 
 e. Nonbonding MO or p orbital in the epoxide 
 
 
 



21. We saw in class that one example of a 1,3-diaxial interaction is when 
there are two axial methyl groups on the same side of a cyclohexane ring, 
called a syn pentane interaction. For cis-1,3-dimethylcyclohexane, the 
difference in energy between the two chair conformations is 5.3 kcal/mol. 
Given that the energy of a gauche butane interaction is 0.8 kcal/mol, what 
is the energy value (in kcal/mol) of the syn pentane interaction? 

 
 a. 2.1 
 b. 2.9 
 c. 3.7 
 d. 4.5 
 e. Cannot be determined with the available information 
 
22. How many stereoisomers exist for this constitution? 
 

 
 

 a. 1 
 b. 2 
 c. 3 
 d. 4 
 
23. Select the least stable chemical species. 
 

 
 

 
24. Select the least stable carbocation. 
 

 
 
 
  



25. Recently, in a concert in Canada, Justin Bieber fell off the stage. Here is a 
direct quotation from the news article reporting this fact: “During the 22-
year-old pop star’s Saskatchewan, Canada concert, he fell right off the 
edge of the stage while adjusting his pants between songs.” (You can’t 
make this stuff up.) 

 
Authorities suspect that someone placed an intoxicating substance in 
Bieber’s energy drink, which resulted in his tumble off the stage. The 
prime suspect is the Chemistry Cat. It is believed that the Chemistry Cat 
secretly spiked Bieber’s drink with a massive dose of nepetalactone, the 
active ingredient in catnip, and that Bieber had an unfavorable reaction to 
this compound. 

 
Which statement best describes the hybridization of the oxygen atoms in 
nepetalactone? (Lone pairs are not explicitly drawn; all atoms are neutral.) 

 

 
 
 a. Both are sp2 hybridized 
 b. Both are sp3 hybridized 
 c. The carbonyl oxygen is sp2 and the ester oxygen is sp3 

 d. The carbonyl oxygen is sp3 and the ester oxygen is sp2 
 
 
 


