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Instructions: The first 18 questions of this exam should be answered on the provided Scantron. You
must use a pencil for filling in the Scantron sheet. Ensure all erasures are complete. Any questions
left blank will be marked incorrect. Any question with multiple answers selected will be marked
incorrect. Answer the remaining questions on the exam itself. Show all work and provide complete

explanations.

Please write your name on:

* The first page (Exam Cover Page)
* The second page (Grading Page)
* The Scantron Sheet - Circle your Last Name

Please bubble in your WVU Student ID Number on your Scantron sheet.
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Multiple Choice
Choose the one best answer for each of the following questions. Using a pencil, record this answer
on the provided Scantron sheet. (2 points each)

1. The total relative energy of the conformation shown below is 4.1 kcal/mol. What is the energy
cost associated with the H/Cl eclipse?

HCI 3 x
Lo+ 1Y 4 x=4d.l

ARSI X =17

a. 2.4 kcal/mol
b. 0.5 kcal/mol
(©) 1.7 kcal/mol
d. 1.0 kcal/mol
e. 1.4 kcal/mol

2. Arrange the compounds shown below in order of increasing boiling point.
O SO H PSS H NN
1 [ m v

a. IV<I<II<III

G IV<I<Ii<I TV T << IC
c. MI<IV<I<Il

d HI<II<IV<I
e. None of the above are correct

3. Which one of the following molecules would you expect to be the most soluble in water?

) a .3 2 %66 '/—’_-'-3,6 5 Both g +
I M oH) L™ b o
Ho ~ . lilely be
a ®

# 9 Lo Solvble

4. How many unsaturations are present in the molecule shown below?

©:>=/_; 2 a5y = 2

4 de =dl
;'.?s | #6 =2
c. 7 8
@) s
e. 9
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5. Which molecule shown below contains ring strain, torsional strain, and steric strain?

R,T R,T,S
H—r, SC H H H CH, S
Hg H H H CHg H CHj
Cl“'H"H 1 ' [ AH
H H HH HH HH HH

a b @) d

6. Which of the following is the least stable chair conformation for the compound shown below?

_2—9‘{:’"’ ~ Z( trons
5

Y X

7. Aracemic mixture:

a. is optically inactive.
b. contains a 1:1 mixture of enantiomers.
c. contains a 1:1 mixture of diastereomers.

both aand b
e. bothaandc

8. What is the configuration at the chiral center in the molecule below?

& o 4~ 3
@ JoNH = Sy -4 R
Z OH 2 3 2,

@ R-configuration
b. S-configuration

9. Which of the following molecules can hydrogen bond with water?

""I.O { :--{47—0 ".Jz_o
A )OJ\/ AN O
/\/QH | A~NH2
| ] [} v
a. landIV
b. Iland Il

c. LI, andIV
@ All of these can H-bond with water
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10. Which of the following contain cis substituents?

ais cl tcHacH
HeCA fCH:CHs 3 2vrs

L CiS }
T O% fT e
Qs

1 ] []] v

a. Ilonly

b. IlandIII

@) 1,11, and I1I

d. IandII

e. LILIIL, andIV

For questions 11-14, determine whether each molecule is:
(a) Chiral, (b) Achiral, or (c) Meso-Achiral
Bubble these answers in on your Scantron sheet for credit!

s‘Sb«"L‘l ' Br

/\ = B
s W:Et SRS
- -, \

'Br Br %
11. 12. 13. 14.

For questions 15-18, determine whether each pair of molecules represent:
(a) Identical Compounds, (b) Constitutional Isomers, (¢) Enantiomers, or (d) Diastereomers

Bubble these answers in on your Scantron sheet for credit!

Br
15. K\)\ and \/\/Br\ @
Q"0 O
(of ci
HO, F __i_ (:>
: d OH
* P - CH,CH
OH OH @
18. ,/l\v/f\\ and AL
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Completion Section

Answer the remaining questions in the spaces provided. Show all work and provide complete
explanations.

19. Provide IUPAC systematic names for each compound shown below. Include R/S for molecules c
and d. (3 points each)

U l Wruny & 43 z| 05 o On\v) \nqvlms \-
[ '( Nﬂt\j O\(, ‘ng\md O.P ]'\-
B ¢ orcler of SWskitvenls S i
Br Y- Cle,‘oF(opﬁl "\ 0, \- d.\MQ%CJjC\O cprone
-
“d:}mmo-Z-d\af,(- |- ‘P\USC-jclohcxomc' ) D)
a &>
©) d CHg
H3{—cl
1 ) ) \ ‘\
8 et (5) -2 C\’\ oro PCD cNe.
BN | A ;
e @ @ @

(R) - d-isopropyl -2, 0L - +ei Mdhyl octenc
— -

<D) @

20. Convert the structure shown below to a) a Newman projection viewing along the C2-C3 bond
and b) a Fischer projection. Use the templates provided. (3 points each)

OH a) b) Chs
H,) H oH _
3 o ¥
HaC™2 3 B -
F B = I .
r CH, @&) = B~ @
RO W o “_E’:_\i’_ ol é< enanliomers CHQCHa
& F &,-—}—'F' O":O\ ore MD PQ,—-{{OJ C 3‘\'{-

el ol Coerech )
21. Draw both chair conformations for the compound shown below using the templates provided. ¥,
Put the -CHs on the carbon highlighted with the gray circle and orient your other groups based Vﬁn
on that reference point. Circle the chair conformation that is lowest in energy. (5 points)

8
! Be FPerhal crdit ¢ Giye H @Corclc,

\". +wo /*ﬂ«:c S'JnS‘l\"'vcﬂh Qre.

22. Draw a chair cyclohexane that meets the following criteria: (3 points) l?rcnlcl | Y
* Axial -CHz at C2
* OH with R-configuration at C1 4 'ic@
* Brat C4 that is trans to OH 3
Br @ oH

|
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23.In each molecule shown below, circle: (4 points)

The most nucleophilic atom/bond in each The most electrophilic atom in each

CH, 40> +0S

> & || D® &2

/\?ﬂ‘ob /\/\@,2 ‘ /\/@+o.s

24. For each mechanistic step shown below, a) add curved arrows to show electron flow, and b)

indicate the pattern of electron flow [Nu attack, loss of leaving group, proton transfer, or
carbocation rearrangement]. (3 points each)

OG)

a) V(?M@ Nu attack @; Brlj)\/

@) Br Loss of L.G. @
OO

ul —
@éD’ HA. Rolon Trm?gcj‘@)

25. Show the carbocation rearrangement product for each. (1 point each)

° allyli
>l\¢;\ - @ [ > 22 T i
® 30 ® @

26. Rank the following conformations from most stable/lowest energy (1) to least stable/highest
energy. (3 points)

>

v
Y
)
O]

®
*  H0

)
+
T
N
:O
Y

H H .0 W
H/@” H/@f i"‘i@H .5 "“%H -4z
H e o
\ 2 4 3

+3 if all € o< Corccd
1 if (1Y a~ Comed
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27. 1dentify every chiral center in cholesterol (below) with an asterisk (™. (3 points)

+3 -a\I s ld(h‘l\“\{d
42 - 73
- 6l3

+1 - if all §idelid

6u] oae €xira HO

C maoked
28. Answer the following questions regarding each molecule shown below. (4 points each)

Br., Number of chiral centers _ 2~ @ hiral hiral hiral( )
. chiral achiral @chiral(meso
"'L__f Number of stereocenters 3 ( )

> ' _ circle one ‘n
Br Max possible # of sterecisomers _X_@

«

Number of chiral centers \ @
)

Number of stereocenters 2 (or3) @
v

on Max possible # of sterecisomers ‘j (Q’SO accept 39 circle one

Coutt as lor 2 Shreocente
29. Draw each of the following (2 points each)
a. The enantiomer of: H

chiral ) achiral achiral(meso)

Ho
HO d oH @ Could hﬂv& M
)\)S )\X als° dum
X N ) ,
VG et \Mmage,
b. A diastereomer of:

Cl & ?, - @ The diaskroner <hsuled hove one
F

F: :f . or dwo  of Ju. 3 Shral
one Po?ﬁl\w‘

i
¢ Cenks inverbed.
c. An achiral stereoisomer of:

cl ¢l u o @ C}{?

A e A~

30. Tartaric acid is a chiral molecule that can be obtained as the (+) or the (-) enantiomer. If you
have a solution that contains a mixture of 10 g of the (+)-enantiomer and 5 g of the (-)-
epantiomer, will this solution be optically active? Explain why or why not. (3 points)

~&xplenation
S . B(CQUS-Q '“A.u—t. ‘)'5 CNn exXcess o‘P oONn QDCh]ho.Mg)" (‘\'\AL Jr

ann‘\vomd‘) ‘H/U- =oln L] be Op\;(all\j GCL./-( Ojd (Nl” rb“q_‘—(‘
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