Answa‘ Kﬂj

Name:
Last First MI
Chemistry 233-002
Exam 2
Fall 2016 Dr.]J. Osbourn

Instructions: This exam contains two parts: a multiple-choice section and a completion section. The
first 20 multiple-choice questions should be answered on the provided Scantron. You should also
circle your multiple-choice answers on the exam itself. The remaining 3 pages of the exam is a
completion section. Answer these questions on the exam itself. Show all work and provide complete
explanations. If you tend to doodle on your exam or have multiple possibilities drawn, circle the
answer that you want graded.

The Periodic Table
1 18
IA VIIA
1 75
H 2 13 14 15 16 17 | He
1.01 11A WA IVA VA VIA VIIA 4.00
3 4 5 6 J 8 9 10
Li Be B C N (o) F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
11 12 13 14 15 16 17 18
Na Mg 3 4 S 6 7 8 9 10 11 12 Al Si P S Cl Ar
22.99 2431 [11]=] VB VB VIB VIIB VIIiB 1B /1B 26.98 28.09 30.97 32.07 35.45 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K Ca Sc Ti A\ Cr | Mn | Fe Co Ni Cu Zn Ga Ge As Se Br Kr
30.0 1 40.08 | 44.96 | 47.88 | 50.94 | 52.00 | 5494 | 5585 | 35893 | 5869 | 6355 | 6539 | 6972 | 7261 | 7492 | 7896 | 79.90 | 83.80
37 38 39 40 41 2 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr ¥ Zr Nb | Mo Te Ru | Rh Pd Ag | Cd In Sn Sb Te | Xe
8547 | 8762 | 8891 | 9122 | 9291 | 9594 | (98) | 101.07 | 102.91 | 10642 | 107.87 | 112.41 | 114.82 | 11871 | 12176 | 1276 | 1269 | 131.29
55 56 57 72 73 74 75 76 77 78 79 80 81 82 33 84 85 36
Cs Ba | La* | Hf Ta w Re Os Ir Pt Au | Hg Tl Pb Bi Po At Rn
1329 | 1373 | 1389 | 1785 | 1809 | 1839 | 1862 | 1902 | 1922 | 1951 | 1970 | 2006 | 2044 | 2072 | 209 | 209 | @10) | (222)
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Multiple-Choice

Choose the one best answer for each of the following questions. Record each answer on the provided

Scantron sheet. (2 points each)

1. In cyclopropane, which of the following would be the least significant when determining its overall

stability.
a. Angle Strain
. Torsional Strain
Steric Strain
d. All of the above would be significant

2. Arrange the bicyclic alkenes below in order of increasing stability
OO () IO+
tetra
I I 1]
a. I<Il<III
b. MI<Il<I
c. II<II<I

@i<m<m
e. M<I<II

3. Which one of the carbocations shown below is most likely to undergo a hydride shift?
@ Ei
®
a b @ d
4. What is the maximum number of possible stereoisomers for the compound shown below?

HO 4 /_<
3_
Qo 233
OH

a. Two

b. Three
(c) Eight

d. Nine

e. Sixteen

5. Which one of the following statements is false?
a. A meso compound is achiral.
A racemic mixture is optically active.
c. Diastereomers generally have different boiling points.
d. A pair of enantiomers have equal optical rotations with opposite signs.
e. A pair of enantiomers have identical melting points.
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6. Which of the following is the most stable chair conformation of cis-1-ethyl-2-methylcyclohexane?

CH3 CH20H3
w\CH CH HaCH,C~ /7 cH,
s HsC
a b c

CHj
) y

7. Which molecule below does not have 5 unsaturations?
=
(] Co < 4
a b c @ e

8. For which of the following would you expect the greatest percentage of molecules existing in axial
position?

O/ %/ Ok oy

9. Which one of the Newman projections below has a 60° dihedral angle between the two methyl
groups?

H H H CH, H H H H H H
CHg H
H H H H H CHs
CHS H H H CH3 H3C CH3

a c d e

10. Which reaction step shown below is the most endergonic? Hint: draw energy diagrams comparing
the relative energies of the alkenes and carbocation intermediates.

HBr H ) HBr ©
— ® + Br — ® H *+ Br
T @ b

Ir
Mosh Stable \east stade (©
olleene
H
®
5 Nl IV GRS S L NPT

c d

bl B I'”‘S“* N&
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11. What ig.the configuration at the chiral center in the molecule shown below?

R-configuration

AP

-

=

b.

S-configuration

For questions 12-15, determine whether each molecule is:
(a) Chiral, (b) Achiral, or (c) Meso-Achiral
Bubble these answers in on your Scantron sheet for credit!

¥

OH

Jdo

@

12.

Cl

OH

N‘r/é\/
OH
©
14.

o GRS
l

PP
e

15.

For questions 16-20, determine whether each pair of molecules represent:
(a) Identical Compounds, (b) Constitutional Isomers, (c) Enantiomers, or (d) Diastereomers
Bubble these answers in on your Scantron sheet for credit!

16.

17.

18.

19.

20.

Br

Cl

CHg
H——OH
CH,CHg

Cl

and

and

and

and

and

Br
F. -
cr

OH

A

s

OH
H—CH,
CH,CHg

Cl

H)\-'Br

@

®

@

©

©
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Completion Section
Answer the remaining questions in the spaces provided.

21.Provide the IUPAC name for each. Include R, §, E, and Z where appropriate. (3 points each)

a. 4@; (S) - L-Cworo - \-me%hglaqg|o\«»cxtne.
“ (53\) Okov“’) 4"90

Cl
b.
y CH2c|;_|H3 o s (S) -'-l-'aromo-z-Me‘“mj“/\CXane,
= y
H Wi/ :Br h, (Hs) o\aatj Yoo
Hso/ﬁ\CH3
C. 3 L K‘I"‘\\ (%1’_'2) - 7- m«“ﬂ" “;3‘nonadif_n¢
l/z ;e/u T q

22.Using the template below, complete the chair structure of (15,35)-1-bromo-3-chlorocyclohexane.

(3 points)

|
CI 8r’///,d"/
Br /ﬁ

23. Assign R/S Configurations to the Fischer projection below. Then draw the enantiomer and a

diastereomers. (6 points)

S N Ot _Cj“i oy Sheuchur thad
H——OH Ho —'": Was one Chical cenker,
s 7 CT-IZB(;I . but wet kot Suwitched
CNZC\ 1n Confisuration.
enantiomer diastereomer

24. Determine the degree of unsaturation for each molecule or formula below. (1 points each)

CioH1s CgH13BrN> @j I —

_z | 4 Y
200 +2 - 1% ()+2-13-| 12
= 2
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25. Draw the Newman Projection (viewing along the indicated bond) for the highest energy and lowest
energy conformation of the molecule shown below. Calculate the relative energy for each

conformation. (4 points) 1.0

H L
H
Hl H \%C
HsC/,’ 0: c’],l3
& HC F M W ! W Nﬁ“ "
ck BC

Lowest Engay
- 3.9 kaal

26. Predict the major product for the reaction shown below. (3 points each)

/  HBr
O = O

27.Provide the full electron pushing mechanism for the reaction in question 26. (5 points)

28.Draw a reaction coordinate (energy diagram) for the reaction in question 26. Label the starting
material (SM), product (P), and Intermediates (I) on the coordinate. (4 points)

‘ © P must be lowest E
e T, 4 T, wmust be hisher E
en sM
¢« T5 wusl be lowes E then T,
« |t sSkep musd have hishest enegy

Reaction Lareaer

29. Determine the number of chiral centers and stereocenters in each molecule below. (4 points)

Cl
2 ; 2 .
HO OH ———— chiral centers /\@é\/ chiral centers
Y ~ 2

stereocenters = stereocenters
CH,4
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30. Draw both chair conformations for the compound shown below using the templates provided. Put
the Br on the carbon highlighted with the gray circle and orient your other group based on that
reference point. Circle the chair conformation that is lowest in energy. (5 points)

O s — %M&

31. Draw the following representations of 1,2-dibromocyclopentane. (2 points each)

2
\\” W~ 3("
\— g -

eanentiomes
optically inactive optically active (1R,2R)
stereoisomer stereoisomer stereoisomer

32.For the reaction mechanism shown below: 1. Draw in curved arrows to show electron flow. 2.
Identify the pattern of electron flow (Nu Attack, Loss of Leaving Group, Proton Transfer, or
Carbocation Rearrangement). (4 points)

9 o) o)
C O/,CH3 _ \C/)‘\Q - \)J\ + CI@
\)]\C' Nu CH? Loss of CHa
attack L&vifbew

33. Draw a chair conformation that meets the following criteria. (3 points)
e Axial chlorine at C5
e Equatorial methyl at C4 % cl
¢ Bromine on C2 that is cis to the chlorine

34. Bonus: The compound shown below is chiral despite having no chiral centers. This allene
functional group has a central carbon with perpendicular pi-bonds. Explain why this molecule is
chiral. Hint: Don’t overthink it, just think about the definition of a chiral molecule. (2 points)

>: H : l-l,,, ‘< T4 is V\on—Supcrimpomb)e on its
cC= \ (_"'—C" MicvroC inna Meelore it Mt
Br —\F 1 B - ) ¥

F b¢ Q,\mra,(.
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