OrgChem 1 2007 2nd Hour Exam


Organic Chemistry 1  2007  2nd Exam  Student ID #                Name                .

Total 100 points. Write your answers in the space provided. If you need more space, write on the back.

1. [12 (4 x 3) points] Write the names of the following compounds including the stereochemistry of the double bonds, i.e., (E) and (Z).
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2. [4 points] Show the structure of the following compounds and arrange them in order of increasing boiling points: cyclohexane, cyclohexanol, cyclohexyl amine, hexane. Explain your answer, too.
3. [20 points] Answer the following questions related to 3-hexene. 

(a) [3 points] Draw the structure of the two stereoisomers of 3-hexene and designate each configuration according to the Cahn-Ingold-Prelog sequence rule. Explain how the designation is assigned.
(b) [3 points] Which isomer is more stable? Explain why.
(c) [3 points] How can you determine their relative stability experimentally? Explain.
(d) [4 points] Provide one additional experimental method to determine their relative stability and explain your answer of course.

(e) [3 points] Explain why they are present as stereoisomers, that is, why it is difficult to rotate around the double bond of 3-hexene. Compare your answer to the rotation around the single bond between the carbon atoms at the 3-position and 4-position of hexane. It is known that about 20 kcal/mol is provided at room temperature. Qualitative comparison would be enough for your answer.
(f) [4 points] Rationalize your answer in (e) based on the  molecular orbital.

4. [26 points] Answer the following questions related to hexane and cyclohexanes.

(a) [3 points] Plot a qualitative diagram of energy versus dihedral angle for the conformations of hexane around the single bond between the carbon atoms at the 3-position and 4-position.

(b) [4 points] Show the Newman projections of the two conformations of hexane corresponding to the energy minimum of the diagram. Name them and explain why they are stable compared to other possible conformations.
(c) [4 points] Show the Newman projections of the two conformations of hexane corresponding to the energy maximum of the diagram. Name them and explain why they are unstable compared to other possible conformations.

(d) [4 points] Cyclohexane is known not to be planar but to be puckered (nonplanar) to have a chair conformation as the most stable conformation. Explain why in terms of angle strain and torsional strain.
(e) [4 points] Another puckered conformer, a boat conformer, is higher in energy than the chair conformer by about 6 kcal/mol. Suggest the two reasons (strains) and explain why the boat conformer is less stable than the chair conformer. Please show clearly where the strains are originated from.
(f) [4 points] Provide the two most stable conformations of methylcyclohexane and compare which one is more stable than the other. Provide a rationale for your answer.
(g) [3 points] The axial strain energy of a methyl group in cyclohexane is 1.8 kcal/mol. Show a mathematical equation to calculate the relative population of the two conformers in (f) at equilibrium. No need to calculate the result and it is required to show the number for each variable (parameter).
5. [23 points] Answer the following questions related to 3,4-dimethylhexane.
(a) [9 points] Draw all the possible stereoisomers of 3,4-dimethylhexane in a 3-D way and designate the absolute configuration of each isomer according to the Cahn-Ingold-Prelog sequence rule.

(b) [2 points] Indicate their stereoisomeric relationship to each other, i.e., diastereomer and enantiomer.

(c) [4 points] Do they have chirality centers? Are they chiral? Answer for each isomer.
(d) [4 points] Which isomer can show optical activity? Can you predict which isomer show the (+)-sign of optical rotation with a polarimeter?
(e) [4 points] Write the Fischer projections of all of the isomers.
6. [2 x 5 points] Arrange the following two sets of acids in order of increasing acidities and explain why.
(a) HF, HCl, HBr, HI   (b) FCH2CO2H, ClCH2CO2H, BrCH2CO2H, ICH2CO2H

7. [8 points] Show all the resonance structures of the following reactive compound, diazomethane, CH2N2. [Bonus 4 points] Can you explain why it is reactive based on one of the resonance structures?
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