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

(1) C How many millimoles (mmol) of methylmagnesium bromide would need to be
added to a solution of 1 mmol of compound A to carry out the following
transformation?

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

OH OH

A

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

e The first equivalent of methylmagnesium bromide will deprotonate the alcohol. The second and third
equivalents will add to the carbonyl group.

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

(a) propylbenzene + potassium permanganate

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

(c) benzyl alcohol + K,Cr,07/H,S04

(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
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CHO

PhO.__COOH
CHj

(d) (e)

(5) D Which of the following molecules is the strongest acid?

HsCO OCHj

(6) B When B is dissolved in ethanol with a small amount of tosic acid, the major product
is C?

CH3CH,OH
HO OCH3 (soIvent) _ H3CH2CO OCH3

TsOH

(a) true
(b) false

e The final product will be the acetal with two ethoxy groups, as the concentration of ethanol is large in
comparison to the starting material.
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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! (ref: Dai. Tetrahedron 2011, 67, 179-192)

HO OH
o H® H
\)\/\A )K/PPhrd/Br‘ >
0 N
| N
=
2,6-lutidine 58%
(a base)
CHACN 4140 °C, 36 hrs
(solvent)
| N
A _
H-o o-H = H-o o) - OH 0

| N
\)\/\/\ i . o CO -
N O)S@PPhyBr — \)\/\/\ - PPh,

O
Wittig \)\/\/\ - PhsPO
_ > N )J\@\ - .
o 0
P/
Phs

conformational

\)\/\/\ 0 change j k| Diels-Alder
PPN < Lfo B
o)

(among other isomers)
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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 LiAlH,

-~ HO™ " " ON(CH
H3COWN(CH3)2 N H30+ ( 3)2

o OH

(2) (5 points)

©/\CH2U R w
2. Hy0* OH

(3) (7 points)

1. O o
CulLi )J\/
0O 2. Hy0* / H,0
& OHC
© 2

e A previous version of this quiz used 2 equivalents of the organocuprate reagent, but the product would
have been the same. These reagents undergo very sluggish addition to carbonyl groups.
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Problem IV. Synthesis (15 points). Design an efficient synthesis of compound D from the indicated starting ma-
terial and any other reagents you wish.

O\/Si X CHy
H A - H

0
o o
D
O>Si>< Ho 4 CHyMgBr
\ = H OH
L © 2. HyO*
o OTBDMS OTBDMS
TBAF PCC
— HoH — 4 o

OH )
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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.

o NH
H3C0)k/\ \/\)J\/\
E
o) e
1. LiAIH,4 PBr; metal
HO " ——— B~ "> BrMg” "
HaCO 2. Hy0" )
1. DIBAL-H
2. H;0*
1, <
o Bng/\/\ \/\)Oi/\ PCC \/\)OJ\/\
N 2. Hy0*

NH, NH

—’\/\)J\/\

mild acid



