CHEM 3311 Exam#2 Name k—‘”}
Dr. Minger June 16, 2014

Please read and sign the Honor Code statement below:

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

Signature

General Instructions: There are 25 questions. Be sure you have them all. Read each
question carefully so that you know exactly what is being asked.

Each multiple choice question (1-25) is worth 4 points and has only one correct
answer. Bubble in your answers to these questions on the Scantron provided. Only the
Scantron will be graded, not anything that you write on the exam.

At the end of the exam, turn in your Scantron and this signed cover sheet. You may
keep the rest of the exam to check your answers against the key later.

Good luck!
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Potentially useful information:

pKa values: H;0*, -1.7 NH,", © CH3CH,0H, 16 CH30H,", -2

1. Arrange the three acids in order of increasing acidity.
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a. X>Y¥Y>7Z7

b. Z>Y>X X < ya < \(
© X>Z>Y
d. Y>Z>X
e. Y>X>Z

2. In this Newman projection, which of the following pairs of groups does not

represent an anti relationship?

auche
CHI;/D' %
Br

Cl

H OH
CH,CH;

CHs; and Br
H and Br

b.
C. Cland OH

d. CH3 and CHzCHs

e All of the listed pairs are in an anti reiationship

3. What type of strain is present in the highest energy conformer of butane?
v“a.  Torsional Ral, CH3
v"b.  vander Waals
C. Angle
(d>  Torsional and van der Waals H H
e There is no strain in that conformer H “H
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C
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7.

A proton transfer (Bronsted acid-base reaction) occurs between the two
compounds shown. (The spectator ion is omitted for clarity.) Select the
number that is the best estimate of the equilibrium constant for this

(16-5) _

/0

reaction.
:0:
. * P
c
a. 10° Y ~ /10
b. 10
@ 10"
d. 10"
e. 10%°
The base in the reaction in #4 is a/an:
a. hydroxide
b. carboxylate
(>  alkoxide
d. alcohol
e. none of these

Arrange the three acids in order of decreasing pKa.
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a. P>Q>R
@ R>Q>P
c. R>P>Q
d. P>R>Q
e. Q>R>P

Select the weakest acid.
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8. In the structure shown, which of the indicated groups is anti to the methyl
group?

svp-.o@sn

Select the weakest acid.

o i8]
gf‘h weakty Hean NH3

CH3OH [5-1b

10.  What is the approximate difference in energy between the two chair
conformations of this molecule?

a.
b.

@
d.
e.

L 2=

4 ﬂb's
0.8 kcal/mol 0.3 2.2
1.6 kcal/mol _
2.4 keal/mol 2,2 — 0.8 = 2.4 kel/k
3.2 kcal/mol

There is no energy difference between the two chair conformers.

11, Which of the following monosubstituted cyclohexanes would exhibit the
least preference for having the substituent in an equatorial position?
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12.  Use the table of energies provided to calculate the strain energy of the
highest energy conformation of 2-bromopropane looking down C1-C2.

Br

2-bromopropane

Interaction Energy
(kcal/mol)

H-H eclipse 1.0

CHas-H eclipse 1.3

Br-H eclipse 1.5

Br-CHs gauche | 1.0

Br-CH; eclipse 3.0

Br-CHj; anti 0

3.5 kcal/mol g0
a. .5 kecal/mo =
(B> 3.8 keal/mol o + 1.5 T ke

C. 4.0 kcai/mol
d. 5.5 kcalimol 1.0 HH TR 3.8
e. None of these values me

13.  Which of these numbers is closest to the value of the torsion angle
between OH and CHj3 in this conformer?

CH>
oH
Br §OH \g\(
3 CHa
H 3 NHo
N o
HN F H
a 30°
b. 45°
> 60°
d. 108.5°
e 180°



14. Select the weakest base.
HoHE o X o} :0 D@
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Hae the wost acceptable resonauen conmbutars

15.  In this chair structure, substituents “X” and “Y" are:

Botaup = ¢S
One axrat, one D’ZV“"D""‘"Q
on adjaceut C's e 30“5"’1

X
uﬁa%

a. anti and trans
b. anti and cis
C. gauche and trans
(d>  gauche and cis
e. none of these

16.  Squaric acid has a pK, of 1.5. When it is placed in water, an acid-base
reaction occurs. What is the LUMO in the reaction?
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o OH
squaric acid

O-Ho

O-H ¢*

COmw

Nonbonding MO in water
None of these
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D

17.

18.

19.

A molecule may have more than one acidic hydrogen atom. Using your
knowledge of the factors influencing acidity, which of the indicated
hydrogen atoms in this molecule is most acidic? (Notice that “A” refers to
either of the protons attached to N.)
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a. A
® B

c. C

d. All the indicated protons are equally acidic

e. B and C are equally acidic, and A is less acidic than either B or C

In this structure, what is the relationship between the groups P and Q?

M
P
T Q
|
R S
QB? gauche E%ua"br\'a() own adjoceu‘l' Cavbouns
anti
C. eclipsed
d. none of these

In the structure in #18, what is the relationship between T and R?

a. gauche

b. anti b

c. eclipsed T aud R are ON Hie Sawe Corbon,
@>  none of these au
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Here is a Newman projection of a cyclohexane showing a group “X" as
one of the substituents. To the right is a chair with several substituents
iabeled. The front carbons in the Newman projection are indicated with
dots, and the point of view of the observer (you) is also indicated.

Which substituent in the chair corresponds to X in the Newman
projection?

NPENS

Calculate the barrier to rotation, in kcal/mol, around the C2-C3 bond in 2-
methylbutane. Use the following energy values:

Interaction Energy
(kcal/mol)
H-H eclipse 1.0

CHa-H eclipse 1.3
CH3-CH5 eclipse | 4.1

25
438
3.9
5.6
6.4

See next page —

Select the symbol that best describes the relationship between reactants
and products for the proton transfer reaction between ammonia and water.
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NH3 + H20 o —= NHL}
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23. In the reaction described in #22, the HOMO is

Nonbonding MO in ammonia
fBT b. N-H o*
c. Nonbonding MO in water
d. O-H o*
e, None of these

24.  Which of these compounds has an acid strength closest to that of water?

0 NH,

Alcobo!
A @ c D E

25.  Miley Cyrus was recently observed “twerking” vigorously. A crowd of
horrified and disgusted onlookers gathered and began shouting things
like, “Go away! Please, just go away!” Miley defended herself by stating
that she was merely accessing different conformations. If Miley were really
accessing different conformations while twerking, which of these

A statements would have to be true?
Miley would be rotating around her sigma bonds.
b. Miley would be stabilizing her conjugate base through resonance.
C. Miley would be experiencing an inductive effect based on the

presence of a fluorine atom attached to her tongue (ugh).
d. Miley would be accepting a proton.



