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Predict the major product or products (be inclusive) that you would expect to be formed in
five of the following seven reactions. If you feel that no reaction will occur, then answer no
reaction. Be sure to answer only five problems. If you answer more than five, then only your
first five will be graded. (10 points/ 2 pts. each)
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2. Fill in the reagents needed for accomplishing two of the three following transformations.
More than one step is required. Remember that the order of the steps in a synthesis is
important. Be sure to answer only two problems. (6 points/ 3 pts. each)
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3. a. What is the equilibrium constant for the following reaction? (5 points)

0 Keq = ? 1.
D)LCHS + L' _N)7 i._ /©)LCH2 Lif i HNB;
X 77 % 7_

pKa (X=H) =20 pKa = 35

b. The pKa given for the ketone was for a substrate where X = H. Would the pKa of the
ketone be higher or lower than 20 if the substituent (X) was a nitro (NO;) group? Why?
(4 points)



a. On several of the practice exams, you were asked about what would happen to an
aromatic ring if you added or removed an electron from the m-system. Along the same
lines, people have wondered what would happen if you added an electron to a system
that is anti-aromatic. Does it become an aromatic ring? Show how you would answer
this question with a consideration of cyclobutadiene (shown below). (10 points)

b. In part a, cyclobutadiene was pictured as a rectangle. Would the addition of an
electron to cyclobutadiene to make the radical anion change this geometry? Why or
why not? (5 points)



5. Suggest a synthetic scheme that would allow you to accomplish the following transformation.
Make sure that you show your retrosynthesis — it will help. (10 points)
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6. Consider each of the following mechanism questions:

a. Initially, it seems surprising that acylium ions form so easily during a Friedel-Crafts
acylation. However, a consideration of orbitals can provide a nice rationale for this
observation. With this in mind, draw the o*-orbital for the C-Cl bond and the use your
drawing to illustrate why acylium ions are so easy to generate. (5 points)
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b. Write a “curved-arrow” mechanism for the following transformation. (5 points)

MeO H,SO,  MeO
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c. Write a “curved-arrow” mechanism for the following transformation. (5 points)
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d. Would the equilibrium constant for the reaction illustrated below be less than or
greater than one? In other words, which side of the equilibrium would favored? Why? (5
points)
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7. Parts a — e. For each series of molecules illustrate below an arrow points to a bond: Rank
the wavenumber that would be associated with the bond indicated from the highest (assign the

number 1) to the lowest (assign the number 3) value. (10 points)
Answers for part f below:
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(T = tritium)

f. For each molecule that you labeled with a 1 in parts a — e, indicate the region of the IR
spectrum (an approximate wave number or range of wave numbers) where you would
find the stretch for the bond indicated. Write the number or range of numbers in the

right hand margin next to the series above. (5 points)

g. For part e above, which aldehyde would have the most intense signal? Why? (3
points)



8. a. In the following reaction only one of the two aromatic rings will be brominated in order
to form either products A or product B. How could you use mass spectrometry to prove
which ring brominated? (5 points)
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b. You can also use mass spectrometry in two different ways to determine if the reaction
accidently adds two bromines to the substrate. One way is to simply measure the mass
of the product. The other is to look at the parent peak for the product. How many lines
would be observed for the parent peak of a product having two bromine atoms? What
would the intensity of those lines be? (5 points)
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