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- Total number of points : 74

- Molecular model is allowed.

- Faculty-approved calculator is permitted.

- Scratch papers to be submitted with the exam copy.
- Asimplified pKa table is provided on the last page.
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Cellular phones, unauthorized electronic devices or course notes {unless an open-book exam} are not
allowed during this exam. Phones and devices must be turned off and put away in your bag. Do not
keep them in your possession, such as in your pockets. If caught with such a device or document, the

Jollowing may occur: acodemic Jroud allegations will be filed which may result in your obtaining a 0
(zero) for the exam.

By signing below, you acknowledge that you have read and ensured that you are complying with the
above statement,

GOOD LUCK!

1/7



1. Draw the resonance structures of the following molecule, using curved arrows to show

electron movement and appropriate arrows to show the relationship between the structures.
All lone pairs and charges must be clearly shown. {10 points)
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2. a) Determine the hybridization state of the oxygen and both nitrogen atoms indicated with an

arrow in the following structure. {3 points)
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b) Circle the most basic atom on the structure and explain briefly your choice. (4 points)
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3. Complete each of the following reversible reactions. Use curved arrows to show the
mechanism. Once products are established, show by using uneven equilibrium arrows, in each
of the following cases, what side does the equilibrium favor, the starting materials or the
products? justify your answer. (10 points)
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4. Morpholine A reacted with 1-chlorobutane B to give product C. The reaction rate observed
was 3.10°M.s" when the concentrations of A and B were 0.2 M and 0.1 M respectively.
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¥ on
a) Show the reaction mechanism and draw the product Cin the box above. (S points) ('
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b) Draw the energy diagram of the reaction. Please indicate clearly the transition state of the
rate-determining step: (S points) @ e sV
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€) Now that you have identified how the reaction is proceeding, determine from the list
below the rate of this reaction when the concentration of A is 0.3 M and of B is 0.02 M.:
(Circle the correct answer) {3 points)

i} v=45x 105 M.t
i)  v=6,0x10°M.s?
i) k=45x103%M1s?

B W) v=90x105M.s1
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5. Draw the major product of the following reactions. Indicate in the boxes whether the reaction
proceeded via Swl, Su2 or E2. (19 points)
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projection of the reactive conformer
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6. Provide a detailed mechanism for this following reaction: (6 points)
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7. Propose a synthesis &f the following compounds. Show all required reagents/solvents. No

mechanism is needed. (6 points)
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8. Circle only the aromatic ring(s). {3 points)
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