CHEM 301 - Dr. Hartel

Winthrop University

Final Self Evaluation

1. Nomenclature

a. Give the proper IUPAC name for each of the following structures on the lines provided.  Include stereochemistry where appropriate.
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b. Label each molecule with its functional classification and the descriptive terminology appropriate for its class (e.g. “terminal alkyne”).
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2. Concepts
a. Rank the following in order of decreasing boiling point (1 highest to 4 lowest).
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b. Give the hybridization of the atoms indicated in the boxes provided.
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c. Rank the indicated bonds in order of decreasing strength (1 strongest to 4 weakest).
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d. Draw the fragments that would form from 3-bromo-2-methylpentane in a MS experiment.  Show all non-bonding electrons.
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3. Stereochemistry
a. Provide the proper stereochemical assignment in the small boxes. Draw the requested  stereoisomer in the large boxes. Answer the question to the right of each large box.
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b. Circle all chiral molecules.
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4.  Conformational Analysis
Draw Newman projections for each of the three staggered conformations of 2,3-dichlorobutane along the C2-C3 bond. Circle the conformation that would react the fastest in an E2 reaction.
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5. Chair Conformations of Cyclohexanes
Perform a chair flip on the following molecule and draw in on the provided. Be sure to label all substituents (including hydrogen). Circle the more stable chair conformation.
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6. Acids and Bases

a. Rank the following in order of decreasing acidity (1 most to 4 least).
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b. Draw the conjugate base for each acid above.  Include all non-bonding electrons.
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c. Rank the following in order of decreasing basicity (1 most to 4 least).
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d. Draw the conjugate acid for each base above.  Include all non-bonding electrons.


[image: image16.emf]N N

O

H

H H

H


7. Mechanisms
Draw complete arrow-pushing mechanisms for the following reactions.
a.
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b.
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d. 
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8. Mechanistic Principles
a. For each reaction: 
1) Draw in all non-bonding electrons in the reactants and products

2) Label each reactant as either nucleophile or electrophile

3) Draw the curved arrows needed to show each reaction mechanism.


[image: image21.emf]+

+

NH

2

O

CH

3

O

CH

3

H

3

C

S

CH

3

CH

3

+

NH

2

H

3

C

S

CH

3

CH

3

Electrophile Nucleophile

Electrophile

Nucleophile


b. Draw a free energy diagram for the reaction of ethanol with HBr to give bromoethane.  Be certain to show all relative energies for all species.
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9. Reactions

a. Draw the major product or products of each of reaction in the boxes provided.  If multiple organic products are equally likely, show each. For stereoselective reactions, be certain that your structures clearly indicate stereochemistry.
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b. Provide the reagents necessary to perform the following reactions in the boxes provided. Be explicit when showing multi-step reactions.
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10. More Reactions
In addition to providing products, also describe each of the following reactions as SN1, SN2, E1 or E2.  Show stereochemistry for stereoselective reactions.
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11. Resonance

Draw Lewis structures for all of the remaining resonance structures for each of the following molecules in the boxes provided. Circle the most stable structure for each system.
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12. Structure Determination
In the boxes provided, draw the structures that are consistent with the following sets of spectra.

a.
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IR peaks at 3500, 2900 and 1050 cm-1. Formula: C5H12O.
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b.
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IR peaks at 3050, 2900, 1750, 1640 and 1050. Formula: C6H10O2.
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13.  Syntheses
Propose plausible syntheses for each of the products shown starting with the molecule provided.

a.
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b. 
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14.  Application of Concepts
a. Explain why the following compound readily undergoes SN2 with hydroxide, but will not undergo E2 under any conditions.
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As can be seen in the figures below, the Br and β-H’s can never be periplanar, let alone anti periplanar.  This means that E2 cannot occur, as periplanar arrangement of the LG and β-H is required.  SN2 has no such requirement, needing only backside attack of the nucleophile opposite the LG.  This would be possible in each conformation, particularly the one with the LG axial (right figure).
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b. Which compound would you expect to show a higher frequency C=O stretch on an IR spectrum, acetone or 3-buten-2-one?  Thoroughly explain your answer, and include appropriate figures.
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As can be seen in the figure, 3-buten-2-one has two additional resonance structures that each has single-bond character between the C and O of the carbonyl.  This means that the actual bonding in the carbonyl is somewhat less than a true double bond.  Less bonding means weaker bonding, and thus by Hooke’s law a lower frequency for 3-buten-2-one.
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