CHEM 3311 Hour Exam #2 Name
Dr. Minger June 18, 2019 PRINT CLEARLY

Circle your recitation section: 111 112 113 114 115 116
121 122 123 124 125 126
Sign the Honor Code pledge:

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

Signature

Instructions are on the other side of this page.
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H He
1.0079 4.0026
fithium beryllium boron carbon nitrogen oxygen fluorine neon
3 4 10
Li | Be B|C|N|O| F|Ne
6.941 9.0122 10.811 12.011 14.007 15.999 18.998 20.180
sodium | magnesium aluminium silicon phosphorus sulfur chlorine argon
1" 12 13 14 15 16 17 18
Na | Mg Al |Si| P | S |CI|Ar
22.990 24.305 26.982 28.086 30.974 32.065 35453 39.948
potassium calcium scandium titanium vanadium chromium | manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca Sc|{Ti|V|Cr{Mn{Fe|[Co| Ni|[Cu|[Zn|Ga|Ge|As|Se|Br|Kr
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55,845 58,933 58,693 63.546 65.39 69.723 72.61 74.922 78.96 79.904 83.80
rubidium strontium yitrium Zirconium niobium molybdenum| technetium | ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
37 38 39 40 41 42 43 44 45 46 a7 48 50 51 52 53 54
Rb | Sr Y [Zr |Nb|Mo| Tc |Ru|Rh|Pd|Ag|Cd| In |[Sn|Sb|Te| I | Xe
87.62 88.906 91.224 A 95.94 98] 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
caesium barium lutetium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
55 56 57-70 ! 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs(Ba| ¥ [Lu|Hf [Ta| W |Re|Os| Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn
132.91 137.33 174.97 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 [209 210 [222]
francium radium lawrencium dubnium bohrium hassium meitnerium | ununnitium | unununium | ununbium ununquadium’
88 89-102 103 104 105 106 111 114
Fr |Ra|**| Lr | Rf | Db | Sg | Bh | Hs | Mt |Uun|Uuu|Uub| Uuq
L [223) [226] [262] [261] 1262 [266] [264] 1269 [268) [271] [272) (2771 | (289 |
Tanthanum cerium ymit samarium | europium | aadofinium | terbium | dysprosium [ holmium erbium thulum ylterblum
*Lanthanide series 57 58 59 60 61 62 63 65 66 68 69 70
La|Ce| Pr|Nd|Pm|Sm|Eu|Gd| Tb| Dy |Ho| Er |Tm| Yb
138.91 140.12 140.91 144.24 [145 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04
actinium thorium protactinium uranium neptunium plutonium americium curium berkelium californium | einsteinium fermium nobelium
**Actinide series 89 90 91 92 93 94 95 96 97 98 99 100 101 102
Ac|Th|{Pa| U [Np|Pu|Am|Cm|Bk| Cf | Es [Fm|Md| No
[227] 232.04 231.04 228.03 [237] [244] [243) [247) [247) [251] [252] [257] [258] [259]




General Instructions: There are 8 pages of questions plus 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. DO NOT USE COLORED INK. Your work on
scratch pages will not be graded, so be sure everything you want graded is written on
the exam itself and in the spaces provided for answers.
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Bubble in your name, student ID number, and recitation
section...

3)(2) (3@
BATCH HEADER
A e WO |

KEY

Sign your name in this box on the Scantron

to acknowledge compliance with the CU Honor
Code. ("l pledge on my honor as a CU student

that | have neither given nor received unauthorized
assistance on this exam.")

Recitation Sections
(INCLUDE THE ZERO)

0111 Eric

0112 Wyatt

0113 Lacey

0114 Will

0115 Yiming (3 pm)
0116 Tianyi (3 pm)
0121 Hongxuan
0122 Andrew

0123 Shaofeng
0124 Zepeng

0125 Yiming (11 am)
0126 Tianyi (11 am)



Multiple choice. Each of the following multiple choice questions (1-10) is worth 5 points
and has only one correct answer. Select the best answer for each question and bubble
it in on your Scantron.

1. When the following two compounds are combined, a proton transfer occurs:

v @ .
CH;0H, + CH3NH,

Some potentially useful pK, values:

CH3OH," -2.2

CH3NH> 36

CH3;OH 16

CH3NH3" 10

Which side of this proton transfer reaction is favored at equilibrium?

a. Reactants

b. Products

C. Neither side is favored

d. There is not enough information provided to answer the question
2. What types of strain exist in this conformation?

H3C CHg
H
H5C CH,4

HsC

Steric strain only

Torsional strain only

Both steric and torsional strain
Neither steric nor torsional strain

oo o



The reaction of ethoxide ion and 1-bromobutane produces an ether, as shown in
this mechanism:

8
Ry Y

A NG “Br:

The LUMO in this reaction is

a. nMO

b. C-Oo
C. C-Oo*
d. C-Bro*
€. p

Propyne is a stronger acid than propane (structures shown, with acidic hydrogen
explicitly drawn). When the conjugate bases of these acids are compared, which
of the following factors best explains the difference in acidity of propyne and

propane?
\ ~H
H
Propyne Propane
a. Resonance
b. Inductive effect
C. Hybridization
d. Size/Polarizability
e. Charge

Which of these molecules does not contain a pi system? (Lone pairs are not
shown but all atoms are neutral.)

o o All these
_ molecules
NG © )J\/\ )J\O A~ contain a
m system

A B C D E



The compound 3-mercapto-3-methylbutan-1-ol (“MMB”) is believed to be
responsible for the odor of cat urine:

3-mercapto-3-methylbutan-1-ol

When one mole of MMB is combined with one mole of sodium hydroxide, a
proton transfer occurs. Which of these structures is most likely to be a product of
this proton transfer?

structures

A B C D E

Here is a molecular orbital diagram for the C-C double bond in ethylene (C;H,):

_____CcCo"
‘_54\_~‘~‘~\— ﬂ-—/-___,—"‘——
CCn
? SPZL :3L8p2
&
\\‘l’/(/)-CG

Select the true statement.

The bond order for the C-C double bond is 2.

The HOMO is the C-C o*.

There are two nonbonding molecular orbitals.

The relative energies of the o* and 1* orbitals are incorrect; T should be
higher in energy than o*.

e. All of these statements are true.

coow



10.

Select the answer choice that correctly places these three acids in order of
increasing acidity. In each acid, the acidic proton is the one attached to the
oxygen atom.

X OH AN OH A~ OH
A B c

A<B<C
C<B<A
A<C<B
C<A<B
B<C<A

PO T®

A compound called hydroxylamine can act as a Bronsted base:
H-0-N-H
H

hydroxylamine

Which atom in hydroxylamine is more basic, N or O?

a. N
b. O
C. They are equally basic

In the mechanistic step shown here,

OH
O/ \ — >  products

:Br—'Fs——Ié}:r!

)

cyclohexanol is acting as a:

nucleophile
electrophile
Bronsted base
Bronsted acid

®QO0 T

replacement for Kanye West, who couldn’t be with us tonight for the exam



Free response. Provide the requested drawings or other information for the remaining
guestions.

11. For each proton transfer equation, draw curved arrows on the structures on the
left to show how they react to produce the structures on the right. (6 pts)

a.
® H
:0: 0”7
H C| [ Cl
b.
H H
el o
)\(\ \ )5(\ A\
H H H H H

12.  Aninductive effect exists in each of these structures. Circle the correct term to
indicate whether this effect is electron donating or electron withdrawing and
whether it exerts a stabilizing or destabilizing effect on the structure. (6 pts)

Electron donating, stabilizing
Electron donating, destabilizing

Electron withdrawing, stabilizing

Electron withdrawing, destabilizing

Electron donating, stabilizing
/\)\/ o Electron donating, destabilizing
O:
" Electron withdrawing, stabilizing

Electron withdrawing, destabilizing



12.  On the left is a Newman projection of one of the staggered conformations of 2-
chlorobutane. Convert the Newman projection on the left to a wedge-and-dash
(“perspective”) drawing by writing the correct atom or group labels (e.g. H, CHs,
Cl) at the end of each bond. (5 pts)

This is carbon 1 This is carbon 1
CH, H5;C
H CH;
H | Cl
H

13a. Draw the least stable and most stable conformations of 2,3-dimethylbutane
looking down the C2-C3 bond. Use the templates provided. (Pro Tip™: Be sure
you are drawing the correct molecule!) (10 pts)

LEAST STABLE MOST STABLE

13b. Calculate the barrier to rotation, in kcal/mol, around the C2-C3 bond in 2,3-
dimethylbutane (see #13a!). A table of strain energies is provided for you. (Me =
Methyl) (5 pts)

Interaction Energy
(kcal/mol) Barrier to rotation =
Me-Me gauche 0.8
H-H eclipse 1.0
Me-H eclipse 1.3
Me-Me eclipse 4.0




14.

A compound called raspberry ketone is found in raspberries and cranberries and
is used as a flavoring additive in various foods:

Raspberry ketone (Frambinone)

0]
The protons
-~——— attached to this C
This proton have a pKj, of 20
has a pK, of 10 HO
a. Using hydroxide ion as the Bronsted base, draw a mechanism to show the

deprotonation of the OH group in raspberry ketone. Show all necessary
curved arrows, lone pair electrons and nonzero formal charges. Draw the
products of the proton transfer reaction. You will need to redraw the
structure of the ketone. (10 pts)

b. Estimate the equilibrium constant for the proton transfer you drew in part
“a”. (4 pts)
C. On the right side of the raspberry ketone structure shown above is the

second most acidic set of protons in raspberry ketone (pK, = 20). List two
factors that stabilize the conjugate base you get when one of those
protons is removed. (4 pts)



