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This test consists of 35 multiple-choice questions of equal weight on 30 total pages
including pages marked as scrap paper and the last page with a periodic table. IT IS
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There is NO PENALTY for incorrect answers.
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disassembled and stored in a clear plastic bag. Sharing of molecular models or model
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The exam is to be done individually. The instructor and proctors will not interpret,
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Relax, think and have fun testing your knowledge!




1. The molecule below is wyerone, which is obtained from fava beans (Vicia
faba) and has been found to possess antifungal properties.
Which of A-E indicate the correct number of n-bonds and sp? hybridized

carbon atoms in this molecule?

77 N / OCH;

O
O O
Wyerone
n-bonds sp” hybridized carbon atoms
[A] 6 10
[B] 6 9
[C] 5 10
) 7 g
[E] 5 8

2.  Shown below are correctly drawn structures for a reaction done in the
Workentin research lab. What are the formal charges on atoms X, Y and Z

represent?
Y
X
. O' N Z—> ICI;
SN 9 'Nz SN

X Y Z

[A] -1 0 -1
[B] 0 -1 +1
ACH +1 -1 0
[D] -1 +1 +1
[E] +1 0 0




3. Approximately 66 million kgs of vitamin C are made in North America every
year. Below is the structure of Vitamin C (ascorbic acid). Which of the
indicated protons shown (i-v) is the most acidic?

»

CH,OH
H OII/ Iy \
© E_,/i")

> H
7 \ G0y oK
/IIO OH
L-Ascorbic acid
iv (Vitamin C) \V
e
[A] Civ J
(B] i
[C] i
[D] i
[E] v
4.  Which of A-E properly lists the molecules in order from most basic to least
basic?
o CE QWO
O,N NH NH
[ ii ii v
Most basic - Least Basic
[A] i >iv>ii>i vV
[B] i > ii> iv> i
[C] i > i > i > v
[D] iv > i >0 >ii
[E] i >iv>i>ii «v
/



For each molecule a proton is indicated with an arrow. For which of A-E is
the proton with the lowest pKa not indicated properly?

[A] o)

[B] H2N/\ASF 4

OH
[C] 0
HsCO o
HO cl
© 07 “OH

[E]

IO PN




6.

Which statement below is correct for the reaction shown?

yor S 'St o
N-H + N = N-H + N:O
W X Y Z
[A] The equilibrium lies to the left hand side.
[B] The equilibrium lies to the right hand side.
[C] Compound X is the best base.
[D] Compound Y has a higher pKa than compound W.
[E] The equilibrium favours the production of the stronger acid.

Pyrethrum is a natural insecticide obtained from the powdered flower heads
of several species of Chrysanthemum, particularly C. cinerariaefolium. The
active substances in pyrethrum, principally pyrethrin | is a contact poison for
insects and cold-blooded vertebrates. How many total sterecisomers are

possible for pyrethrin |, shown below?

O

/N
Al 2 \@/ 2* i1 2° [ 2° [[E]

25




What is the IUPAC name for the each of the following? Just kidding! Which
of the following A-E represent a pair of compounds that are constitutional
isomers of each other?

R

O
PN NN

C

In which of A-E is the charge not stabilized by resonance?

[A] [O)®

QNESE

[C] WOS

[D] Yg)/

SO}
Z\0O




10. Which of the following is not a Newman projection of the molecule shown
below?

Cl

Al Cl H
Ht%¢icH3

[B]

C
(] H ﬁfﬁm
HeC™ T "H

[D]

H
H
-t




11. Which of the following A-E shows the lowest energy conformation of the
following compound?

Cl Cl
WX\ - = 7l

Cl

%,EICI Cl
Cl




12. Which of A-E correctly identifies the E, Z designation of the three alkenes

shown?
9 O 0 CHg
Br3C CI H2N HC:CH2
a—>»
CH,OH FBC/‘ < 0
& @ 0f:
b c
a b c
[A] Z E E
[B] E v Z - z -
[C] E v z E
[D] Z Z E
[E] Z E neither

13. Which of A-E correctly identifies the R,S designation of the three
stereocenters shown in the molecule Kumepaloxane, a signal agent
produced by a snail indigenous to Guam (don’t slow down now)?

a
Qfoj/\vc'
BF \ \
C
b
a b c
[A] S R R
[B] S R S
[C] S S R
[D] R R R
[E] R R S




14. For each pair of molecules, which of A-E correctly identifies their

relationship to each other? i.e, Pair 1 are and Pair 2 are ?
DN 5
Pair 1

Pair 2
N—
Pair 1 Pair 2
[A] Enantiomers Diastereomers
[B] Diastereomers /4@
[C] meso Enantiomers
[D] Conformational Diastereomers
Isomers

[E] Diastereomers > / We sar%

10



15.  Which of A-E correctly identifies which of 1-4 are meso compounds?

’/" OH CH3
ﬁ /('m\/i | i
: H——OH
: CHs
1 2 3 4
[A] 2and 4
[B] 1,2,3and 4
[C] 1,2and 3
ﬁ)]-w 1and 2
<
[E] 1,2and 3

11



16.

Using any of the reagents listed below, which of A-E shows a reaction that
would not result in the indicated product as a major product? i.e, Which

reaction A-E could you not do using any of the reagents available?

Reagents available:

Br, 1. BH3 HBr 0OsOq4 H,/Pt
2. H202, NaOH
[A] H
—
H
[B]

[D]

L KR,
<

[E]

ol

Br




17.  Which of the following reactions will not proceed as written to give the
product shown as a major product?

[A]
HBr w
g
Br
H3O* OH
X H,O \>§/
[C]
HBr Br
)ﬂ/
4,
Hzo )</
Br
[E]
= HBr

13



%’18. Which of A-E is not a major product of the following reaction?

—>

Al HyC  H

Br“') ("'Br
H3CH,C CH,CHj,

[B] Br Br

H3C“H"H
HsCH,C  CH,CH,

[C] B CH,
* .CH,CH,4
H3CH2C“>_<'
H Br
[D] H
HeCH,CG /o
Br CH,CH,3
[E] Br
B = _CH,CH,
Hiyg

H;CH,C CH,

14



19. Which of A-E is the correct product Y after the series of the two reactions
shown below?

Hy

>

\ Lindlar cat.

OSO4
—» Y

[A]
HO /H
H OH
[B] HO  OH
H‘,. S
H
[C] HO  OH
H H
D] H OH
H H
[E] EN H
HO OH

7

20. One mole of a molecule with a formula C1¢H25Br decolorizes@noles of Bra.
Which of A-E indicates how many rings that molecule must have?

(A 1 Cihzy

[B] 4 —

C] 0 ﬂ"{_w/

D] 2 ® Y giles
[E] 3

15
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21.  Which of A-E will not yield the product shown?

[Al COOH
@ KMnO4 @
—
[B] Br
—
@ FeBrj
[C] CHg
@ CH,CI @
—
AICl3
NH,
HNO, @
—
@ H,SO,
[E] SOGH
HoSO4 -~
O —=C
AN




22. Which of A-E will yield the product shown?

acl, ¢ N

+ C'\K . + HCl

A
A @ . HsPO, +HCl
(B]

@ . ir—%""s M +Hol
[C]

R
D] AICI

@ . Cl ACl + HCI
e

17



23. Which of A-E is not an accurate representation of a step explaining the
mechanism of a Friedel-Crafts Acylation reaction?

[A] 0
)JCS—?ICIQ, o+ acY
\ [B] 0
J» = —c=o0o®
c arro':' "’"‘W‘(J
overan
[C] /\M ovm'n"é/ )
/b © a‘l'lo/\
[D] @)
) J\Efl:/\ AlCls )k I—AICI3
[E]

CI AICI3
)J\C@ *@ +AICl; + HCI

24. Which of A-E shows the molecules in order of increasing acidity (from least

to most)?

[A] d<a<c<b
[B] a<d<c<b
[C] a<c<d<b
[D] b<c<a<d
[E] b<a<c<d

18



25. Which of A-E shows a reaction that will produce a pair of enantiomers as
the major products?

[A] - 2 S
H* “CH,CHy Pt

Hy
N . ,’
CHs Lindlar's Pd

[B] HO P

()
N

H,0

D] X\ HI

[E] H,
~ )~ w

19



Which one of the following mechanistic steps occurs in the electrophilic
addition of H,O to propene in the presence of catalytic H,SO4?

(Y o
[A] CH3HC=CH, H-OH CHgHC—CH, +O0H

&l H
. HEQH ﬁ'%“
(Bl —~— H,C-CHCH;3
HoC=CHCH,

OH
. ]
[C] cmmH —~=— CH3CHCH3

OH

s — ! S
[D] H,C=CHCHz HO—H ——— H,C—CHCHz + H

@® —_—
H,O CH3CHCH; —=—— CH3CHCHg

HZ%

20



27. Which of A-E correctly identifies the member of each pair that undergoes a

nucleophilic substitution in aqueous ethanol (CH;CH>OH in H>O) most

rapidly?

Br

(DA

()

1b /\/\C( o >EQ/\ 3b Oésr
Pair 1 Pair 2 Pair 3
Pair 1 Pair 2 Pair 3
[A] 1b 2b 3a
[B] 1a _—%\‘—4
[C] 1b 2b 3b
D] 1a 2a 3a
[E] 1b 2b 3b

21




28. Which of A-E correctly identifies the member of each pair that undergoes

the greater rate of reaction in Kl in acetone (CH3COCHj3)?

13/\/\0\/

N

3a

3b

\/\/BI’

W

v

Cl D~ ~g 7 Br
Pair 1 Pair 2 Pair 3

Pair 1 Pair 2 Pair 3
[A] 1a 2a 3b
1a 2b 3a
[C] 1b 2b 3a
[D] 1a 2a 3b
[E] 1b 2b 3b

22




29. Which of A-E is the product of the following Sn2 reaction?

Me
H»—Br + HS@® —>
e
Me
[A]
H-)—SH
Et
B] Et
HI-)—SH
Me
] Et
HS—(H
Me
(D] Et
H »—Me
HS
(E] No reaction

23



30. Which of A-E is the most likely to give the product shown by the
mechanism indicated?

[A] Br OCH,3
@ +HOCH; — > @ +HBr  S\2
[B] 0
0 >—
Br J\ S
/'\/\/ * HO” “CHy ——— A~ +HBr Sn2
C [ HO
[ ] %/\/ +NaOH ——— > %/\/ SN2 ><
[D]
Br + Natll ——>» | + Na*Br Sp2
[E]

Cl CN
©/\/ +K*tCN- — > ©/\/ +K+Cl- S\2

24



31.  Which of A-E will not proceed to give the product shown by an E2

mechanism?

[A] t-BuO-
Br —— N
w/\/ t-BuOH \/
B
[B] Br t-BuO-
—_— Y
w)\ t-BuOH
[C] Br BUO
N
N t-BuOH \\:
(D] ~ Br
’ t-BuO-
—_—
@ t-BuOH
(E]

t-BuO-
/\/\
Br t-BuOH

25



32. Which series of two reactions will yield the product indicated?

[Al Cl Na@%Et Br, Br
—_— > — > Br
< EtOH é

[B] NP DEt H,
cl EtOH Pt

[C] ! NS bE

HBr
— 5
\)\( EtOH \/\’(Br

[D]

ol NaGL)G%)Et H,O+ Y\
— 3T 5
NN EtOH H,0 OH

racemic
@ All of A-D above

26



33. Which of A-E correctly shows which solutions containing equal amounts of
each of the pair of the structures shown would rotate plane polarized light?

[A]
[B]
[C]
[D]
[E]

34.

[A]
[B]
[C]

[E]

- OH
HOM

Brf H
HO—. y
HO\/</\/\/ m
Bry\m
Pair 1 Pair 2 Pair 3
Pair 2 only /
Pair 1 only
Pair 3 only

Both of Pair 1 and 2

Each of Pair 1, 2 and 3

Compounds X and Y are both pure compounds. Compound X has a
melting point of 150-151 °C. Which of A-E best describes what you expect
to be the melting point of a 50:50 mixture of compounds X and Y?

CHQBr CHQBr
HsC——OH HO——CH,
HsC——OH HO——CHjs

CH,CHj4 CH,CHj4

X Y

75-80 °C

higher than 150-151 °C

lower and broader tha
150-151 °C
150-160 °C

n 151 °C

27




35. Below is a flow chart representing the separation of an organic acidic
compound (A), an organic basic compound (B) and a neutral organic
compound (N) from a solution of the three in diethyl ether. The reagents
used in the separation are shown beside the lines, and the identities of the
liquid layers that result are shown above each box. Which of A- E identifies
correctly what substance is presentin BOX 7

ether
‘ A+B+N

aqucous

NaOH

ether

aqueous
HCI

cther H,0O

cther
cther

@rganic acid

[B] organic base

[C] neutral organic
[D] organic acid salt
[E] organic base salt

28



