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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. 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)

e The Scantron Sheet - Circle your Last Name

Please bubble in your WVU Student ID Number on your Scantron sheet.

The Periodic Table
1 18
A VIIIA
1 2
H| 2 13 14 15 16 17 | He
1.01 A WA IVA VA VIA  VIA | 400
3 4 5 6 7 8 9 10
Li Be B C N (o) F Ne
694 | 9.01 1081 | 1201 | 1401 | 1600 | 1900 | 2018
n 12 13 14 15 16 17 18
Na { Mg 3 4 5 6 7 8 9 10 1 12 Al Si P S Cl Ar
29 | 2431 | wB VB VB VIB _ VIB VillB BB | 2698 | 2809 | 3097 | 3207 | 3545 | 39.95
19 20 21 2 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
391 | 4008 | 4s96 | 4788 | soos | 5200 | se9a | ssws | 5803 | se6o | 6355 | es39 | 6972 | 7261 | 7492 | 7896 | 7990 | 83.80
37 38 39 40 41 42 43 4 45 46 47 48 49 50 1 2 53 54
Rb { Sr Y Zr | Nb | Mo | Te | Ru | Rh | Pd | Ag | Cd In Sn Sb Te 1 Xe
547 | a762 | sson | o122 | 9201 | 9594 | (o8 | o107 | 10291 | 10642 | 107.87 | 1241 | 11482 | nsm | 12176 | 1276 | 1269 | 13129
55 56 57 73 74 75 76 77 78 79 80 81 82 83 34 85 36
Cs | Ba | La* | Hf | Ta W | Re | Os Ir Pt | Au | Hg | Tl Pb Bi Po At | Rn
1320 | 1373 | 1389 | 1785 | 1809 | 1839 | 1862 | 1902 | 1922 | 1951 | 197.0 | 2006 | 2044 | 2072 | 200 | 209 | @10 | (222)
87 88 89 104 105 106 107 108 109 10 m
Fr | Ra | Ac*| Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg
@y | @0 | em | @ | @ | (63 | @6 | @65 | (68 1 @70 | (72
58 59 60 61 62 63 64 65 66 67 68 69 70 m
| Ce| Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
1401 | 1409 | 1442 | (ua5) | 1504 | 1520 | 1573 | 1580 | 1625 | 1649 | 1673 | 1689 | 1730 | 1750
90 o1 [7) 93 % 95 9% 97 98 99 100 101 102 103
Al Th | Pa U Np| Pu | Am | Cm | Bk | Cf Es | Fm | Md | No | Lr
2320 | @) | 2380 | @ | 4 | @3) | @an | @an | @sp | 52 | @5 | @s8) | @59 | (260)

Exams will be returned by placing them alphabetically on the table at the front of BUE 459. Your grade
will not be visible as it is on the second page. If, however, you have a privacy concern, check the box
below and your exams will be held back so that you can pick them up privately.
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Multiple-Choice

Choose the_ one best answer for each of the following questions. Record this answer on your Scantron
sheet. Additionally, circle your answer on this exam. (2 points each)

1. Arrange the following in order of increasing stability.

\©0/f°ma¥ ic \O/o\o.\cd \Ofalm: Jd aloms

\n Con) \n Coaj
C D

a. D<B<(C<A
b. A<B<C<D

c. D<C<B<A
B<D<C<A B¢D<e <A

e. B<A<C<D

2. In anormal Diels-Alder reaction, compound Ll will react the fastest and | will react the
slowest.

0]

CN ‘\"’4,»-3

A NH;z _CN R/CN /\/U\H x
| {] 1] 1\ \')

a. LII

b. LIII

c. ILV

@1
e. IV,V

3. What is the hybridization of the indicated oxygen atom in the structure below?

/
6 3 s>

4. In the molecule shown below, which double bond will react the most rapidly with HBr?

a_ b d o
T i e T D
Con)
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5. The compound shown below has

a. 3
b. 4

@6

e. 8

atoms in conjugation.

6. Consider the molecule shown below and determine the orbital location for each indicated species.

:P ©&p

sp orbital

a. sp ofbitél | | §p3 orbital
b. | p orbital p orbital p orbital
c. | p orbital sp’ orbital sp” orbital
d. | p orbital sp’ orbital sp” orbital
p orbital sp’ orbital p orbital

it is not planar

CELEE

a,b,andc
‘ (€.) bothaandb

8. Which one of the following dienes will react the

H300\©
@D

2

a b

OCHg

(7

P W

Y wee SPE, all aloms woulel be

it is not completely conjugated (i.e. the N lone pair is in an sp? orbital)
it has 67 electrons.

9. Which reaction shown below would you expect to occur at the fastest rate?

Q-0
—l
b

HBr
U &

oot esomali€

em———

mf

€ lease

Non-~cromal ¢

&

Jrigomal Plenc

= Plercr S

fastest in a normal Diels-Alder reaction?

Ao

e

HBr

—_—

oy
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10. Which one of the following best represents the dipole for the molecule shown below?

’_. " ’_. Sce problem Set

zero net dipole

onls B3 BLor

aseni /\3

11. What is the common name for the compound shown below?

™

a. Allyl benzene
(B )Styrene

c. Xylene

d. Benzoethylene
e. Toluene

12. What starting materials could be used to prepare the following bicyclic compound?

7 pr—
Cl
NC

O -G
0 -1,

3O G,
®

13. Which one of the following is not a correct statement regarding the mechanism of electrophilic

aromatic substitution of benzene?

a. Benzene acts as a nucleophile.

b. The intermediate is a resonance stabilized carbocation.
c. Aromaticity is regained by loss of H* (base removal of H).

ll of the above are correct
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14. Which of the following pairs of structures represent resonance structure?

7 P oH ) awnsd |-
\dNH and \E\ENH /\)OJ\ /\)\ E wa H
®

more than one of
the pairs represent
resonance structures

A and /\( @)‘\ ©)\
Q,nsl\\;twm& \SSMos Cy (lost LO

Use the reaction shown below to answer questions (15-18).

Cl
I\'L 3 q C|2 2 cl Cl 2 4
“' ‘, ?l\?»'/ct\l/ >K/l\\/0| : CIST
T . ;“‘mhd u —suslituked
<Sumslibid west

15. Which of the products are 1,2 products?

a. |
b. 1I
c. III
d. ITandII

I and III

16. If the reaction were carried out at -78 °C, what would be the major products?
aL IandII L kinelic = ||
b. ITandIIl

@I and III

17. If the reaction were carried out at 40 °C, what would be the major product(s)?

a. 111, and III b Yurmodynomic
landII

c. llandIII
d. Ilonly
e. Il only

18. Which product (if any) is both a kinetic and a thermodynamic product?

@

c. III
d. TandIl
e. None
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Completion Section
Answer the questions below in the spaces provided.

(¢) 19.Provide the IUPAC name or structure for each compound below. (3 points each)

a. o zC| _) L*,)ron)# b- /OI 2 I
) z ~l wrm abe order \@A
. , \
H-M-Bu43l-l,l-dichlombmm ‘3-\0% -\q- Pmpy)\\o«w so Z
) . . -

(10) 20.For each compound below, determine if it is aromatic, anti-aromatic, or non-aromatic. For aromatic
and anti-aromatic compounds, indicate the number of n-electrons. (2 points each)

QO ¥ 0 0

@ > @ Q@ @

Non-comalic  von-omomakc _Oromalic. Sromatic ants -cromalic
n e- T e- Q@ne- G &) ne- L-(@‘te-

(K@) 21. Starting with benzene, show the sequence of reactions that would be required to prepare the
molecule shown below. (4 points)

o
il ) c./“\/\;f\‘cb@
© QM 7) (g KL o NR-Ni 01~ ()

46 ) e~ A 3) @, b o NBS ()
2) N8BS or Ry )b o

() 22.Draw the complete electron pushing mechanism for the reaction shown below. (7 points)
0 o

CI)J\CH;; CHs
AICly

A. Generation of the Active Electrophile ;

(&)
B o A;T%agf_,ﬁc,,, — byt C_iffm;

B. Electrophlllc Aromatlc Substitution Reaction

@ SHrvcle

—s ‘\ O Cl mmg o
6—\ e (=T = 4 Hel
C)s% + Alciz
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(24) 23. Predict the major product(s) for each reaction shown below. If the reaction does not proceed under
the specified conditions, write “No Reaction” (3 points each)

a _HNO; H, MR,
© Hso, . [ :l PdIC @/ @&

L

3

U D b. /\Cl — Naacr207 k'OH @

5 5 AIClg (= ® THSO,

NN‘A M&NC»

a 3 HBr B +3, 4\2\/

-~ (1 equw) q

_g’ j \)\/ ~78°C \%/ 065 not have ‘(7
£ be drawn, bot dley
Y & HB

= 9 (1 equiv) ecu:w) 2, @ mudk hane o b so

1\(‘ Q /k/\( 40 °C 4 3/ Br & a"' \

.:?’. 'S = ai} 2,3

b3

E 3% R CJ\) é@-@r no / W ronsg

@ C [ @ 1y Q,Q StoeoOrem

g
3L

— to Ph .{‘ a doblc
\ k{ + Ph—=—Ph /@: & -
13 N\SSN\D

NH,

24. Consider the molecule shown below and answer the following questions.
a. Draw three additional resonance structures. (6 points)
b. Circle the resonance structure that is the major contributor to the resonance hybrid. (1 point)

o ) ®

Z

¢. Draw a picture of the molecule showing
the location of every p-orbital. (2 pts)

/% loae par €@
‘ Ao ook Wewre o

\"(C}fvwn 0

e {b-ubbl’ca\ﬁ
~t f misnag one p-orbital
-2 £ waissing 5\ Q-Qrb'Ao.l or

MNawny 26 P-orSials

g

8~
&

d. How many atoms are in conjugation? (1 pt) Cnrch!

b &

e. What is the hybridization of the oxygen? (1 pt)
sp™ @D

f. What is the hybridization of the carbon bearing

the cation in the original structure? (1 pt)

2

ST @
g. In what orbital(s) does/do the oxygen lone pairs
reside? (1 pt)

\x\P '~ P’OFQ‘&‘ ‘
e oo erital €Y



