CHEM 3331 Exam #2 Name

Dr. Minger July 19, 2010

Please read and sign the Honor Code statement below:

I pledge that on my honor, as a University of Colorado at Boulder student, I
have neither given nor received unauthorized assistance on this exam.

Signature

General Instructions: There are 13 pages and 19 questions, including this cover sheet.
Be sure you have them all. Read each question carefully so that you know exactly what
is being asked and what you need to write or draw. Your work on scratch pages will not
be graded, so be sure everything you want graded is written on the exam itself and that
your answers to the multiple choice questions are correctly bubbled in on the Scantron.

Each multiple choice question (1-16) is worth 3 points and has only one correct
answer. Good luck!
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Circle the single best answer to each multiple choice question (1-16). (3 pts each)

1. Which of the following compounds is deactivated relative to benzene?
O
OH OCHj N(CH3), NO> ?
I II I v A\
a. I
b. I'and 1T
C. 111
d. v
e. IVand V
2. Carbonyl compounds react with organometallic reagents like Grignard and

organolithium reagents. Which of the following statements about these reactions is true?

Ketones are less reactive than aldehydes.

Ketones are more reactive than esters.

Aldehydes are less reactive than esters.

Aldehydes, ketones, and esters have similar reactivity.
Esters react faster than ketones.
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3. Which of the following is the major product of the reaction conditions shown?
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4. Which of these structures is a mechanistic intermediate in the following

transformation?
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5. Which of the following compounds, when placed in water, do you expect to have
the least amount of hydrate present at equilibrium?

a. b.
0 )
H )kH H )kCH3
C. d.
0 0
CH; CH;
H H
CH;
CH; CH;
e. All carbonyl compounds have the same amounts of hydrate at equilibrium.

6. Which of the following compounds requires two equivalents of a Grignard
reagent or organolithium for complete reaction?
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7. Which of the following compounds is the major product of this reaction?
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8. Why is at least one equivalent of AICl; required for the transformation shown?

0 )

N R

R L
AICI,

a. The product rearranges unless extra AICl; is present.
b. Both benzene and the acid chloride form complexes with the AlCls.
c. The product forms a complex with the AICl;, removing it from the
reaction and preventing it from acting as a catalyst.
d. The AICl; is needed to produce the acid chloride during the course of the
reaction.
0. Which of the following compounds cannot be used to form an imine?
a. b.
NH,
H
c. d.
NH,
/\/NH2
€. NH3



10. In the multistep synthesis shown, what would be the first step?

0 0]
Br
0 OH
a. Mg, ether
b. CO;
M and acid catal
c. HO and acid catalyst 1 4 molecular sieves
d. H;O"
c. KMHO4
11. What will be the stereochemical outcome of this reaction?
0]
1. CH,CH,Li, Et,0
H 2. H;0"

a. Enantiomers, equal amounts

b. Enantiomers, unequal amounts

C. Diastereomers, equal amounts

d. Diastereomers, unequal amounts

€. A single chiral product



12.

13.

What will be the stereochemical outcome of the following reaction?

Z
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2
Z
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O

1. (CH;CH,),CuLi, Et,0

—
v

2. H;0"

Enantiomers, equal amounts
Enantiomers, unequal amounts
Diastereomers, equal amounts
Diastereomers, unequal amounts
A single chiral product
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Reactions where imines or enamines are formed must be run at carefully

controlled pH. If the pH of the reaction mixture is less than 5, no reaction can occur.
Which of the following statements provides the best explanation for this observation?

14.

15.

a. If the reaction pH is too low, the carbonyl oxygen cannot be protonated.

b. If the reaction pH is too low, the nitrogen atom in the amine reactant will
become protonated, and the amine can no longer act as a nucleophile.

c. If the reaction pH is too low, it is no longer possible to control the
equilibrium position.

d. If the reaction pH is too low, the amine cannot be protonated and the
reaction cannot proceed.

e. None of these statements explains the observed failure of the reaction.

What is the purpose of including molecular sieves in an acetal formation reaction?

To provide a constant source of water for the reaction.

To regenerate the acid catalyst in the reaction.

To remove water from the reaction mixture as it is formed.

To remove the carbonyl compound (ketone or aldehyde) from the reaction
mixture as it is formed.

e. None of these statements correctly describes the purpose of including
molecular sieves in an acetal formation reaction.

ac o

Which of the following statements about organolithium reagents is false?

They are strongly basic.

They are strongly acidic.

They are formed from the reaction of an alkyl halide and lithium metal.
Methyllithium reacts with water to produce methane.

Organolithium reagents cannot be used with acidic solvents.
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16.  Predict the product of the following reaction:

Br
Mg, Et,0
a. b.
MgBr
C d.
M
s Mg Br

e. None of these structures is the product of the reaction.



17.  Predict the major organic product of the following reaction and provide a
mechanism to show how it is formed. Include all curved arrows, intermediates, lone
pairs of electrons, and non-zero formal charges for full credit. (15 pts)

/\/OH
o HO

trace H,SO,

Y

molecular sieves



18.  Predict the products or supply the missing reagents for the following reactions or
reaction sequences. You do not need to show stereochemistry. (15 pts)

o NEt,

(@)

1. CI)K/

© AICI,
2. MelLi

3. H;0*

O

Cl)K

© AICI,
. H,NNH,, KOH, A

. KMnO4
. SOCl,

AWN




19. Design a multi-step synthesis for each of the following transformations. Note that
for the first problem, you must design two different multi-step syntheses. Show the
reagents needed for each step and the product of each step. Do not draw any mechanisms.
Do not provide a list of reagents without showing the product of each step. (22 pts)

oy C@H

Synthesis 1:

Synthesis 2:

NH, NH,

© E— this isomer only

Br



