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Problem I. Multiple choice (24 points total; +4 points for a correct answer, +1 point for an answer intentionally
left blank, and 0 points for an incorrect answer.) For each question, select the best answer of the choices giv-
en. Write the answer, legibly, in the space provided on the answer sheet.

(1) What is the smallest number of millimoles (mmol) of methylmagnesium bromide
you would need to add to a solution of 1 mmol of compound A to carry out the
following transformation?

© 1. CH3MgBr
H3CO)J\/Y 2 H3O+ HO></\‘/

OH OH

A

(a) 1 mmol
(b) 2 mmol
(c) 3 mmol
(d) 4 mmol
(e) 4.01 mmol

(2) Which of the following compounds has the highest boiling point?

(a) pentanoic acid

(b) pentane

(c) pentanal

(d) 2,2-dimethylpropanoic acid
(e) 2,2-dimethylpropanal

(3) Which of the following reactions would not produce benzoic acid after workup
with mildly acidic water?

(a) propylbenzene + potassium permanganate + heat

(b) benzonitrile (PhCN) + H,S04/H,0/heat

(c) benzyl alcohol + K,Cr,07/H,504/H,0

(d) phenylmagnesium bromide + carbon dioxide

(e) all of these reactions will produce benzoic acid after workup
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(4) Which of the following structures is consistent with the IR and NMR data provided
below?
IR Spectrum
i
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'H NMR Spectrum (in CDCls)
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CHO
O.__CHs; CHO
h CH,
©/ CHO )\
O OH
(a) (b) (c)
Ph PhO._ _COOH
~N
COOH CH,
(d) (e)
(5) Which of the following molecules is the strongest acid?
0 O
/\)J\H MH HzN/\/\
FF
(a) (b) (c)
H;CO OCH
/\/\OH 3 3
(d) (e)
(6) True or false: When B is dissolved in ethanol with a small amount of tosic acid, the
major product is C.
CH3CH,OH
HO_ OCH, (solvent) ~ H3CH,CO_ OCH;
TsOH
B C

(a) true
(b) false
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Problem Il. Mechanism (20 points). Draw a sensible mechanism for the transformation shown below. Remem-
ber to use proper “curved arrow notation” to account for the movement of electrons in the making and break-

ing of bonds. Draw all intermediates, including any additional resonance forms that account for the stability of
each intermediate. Show all steps—including proton transfers!

o H H
\)\/\/\O)K/ PPhs/Br-

2,6-lutidine 58%
(a base)

CH3CN
(solvent)

110 °C, 36 hrs

Problem lll. Reactions (21 points). The following chemical reactions are missing their starting materials, prod-
ucts, or reagents. Write the missing compounds into the empty boxes below, as appropriate. For missing
products, draw the single organic product that you expect to be produced in the highest yield among all of the
possibilities. In some cases, there will be more than one correct answer that will merit full credit.

(1) (9 points)

O O 1. excess LiAIH,

Hsco)J\/\[(\)J\N(CHS)Z 5 H30+

o)

(2) (5 points)

©/\CH2U ©/\/\(
2. Hy0* OH
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(3) (7 points)

1. O
CulLi )J\/
{ 2. Hs0" / H,0
o)
2

Problem IV. Synthesis (15 points). Design an efficient synthesis of compound D from the indicated starting ma-
terial and any other reagents you wish.

N ——.
H H O
@)

o)

Problem V. Synthesis (20 points). Design an efficient synthesis of compound E using the indicated starting ma-
terial as the only source of carbon atoms in the product.

0 NH



