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Partl A& (70%)

1. Does each of the following pairs of structures show the same molecule or different
molecules? (6%)

(a) s _H (D)
\/${ HaCH,C H

(©)

CH3 and (5 . @7\ \E)\

2. Draw the most stable conformation of each of the cis and trans isomers of the
following: (6%)
(a) 3-phenylcyclohexanol (b) 1-bromo-4-chlorocyclohexane

(c) 1-t-butyl-3-methylcyclohexane (d) 1-isopropyl-2-methylcyclohexane

3. Show how the following compound can be prepared from the given starting material.
Draw the structure of the compound that is formed in each step of the synthesis. (6%)

? 0
H,C=—=CHBr ———>
"Il//////

4. Starting with benzene, outline a synthesis of each of the following: (12%)

OCH3
SOzH
c. m d.
Br
SN ¥
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5. Propose a mechanism for each of the following reactions: (6%)
0 0 OH
HCIH,0 s
SO0 222 oA L oy e o
0”0
0 OH
’ OH

6. Propose a mechanism to explain how dimethyl sulfoxide and oxalyl chloride react to
form the dimethylchlorosulfonium ion used as the oxidizing agent in the Swem
oxidation. (5%)

0

9 + ) Cl \®/ ) @

S\ — 8"+ CO, + CO+ ClI
o) Cl

7. Histidine is a heterocyclic compound with three nitrogen atoms. (a) Which nitrogen
is most apt to be protonated?  (b) Which nitrogen is least apt to be protonated? (2%
each).

H ©
N COO
ST
N NH;
@

8. Predict the products formed from the following reaction in terms of (a)
regioselectivity and (b) stereochemistry. (4%) ;

©
CH4CH,0

—_—
Br

(c) How about the stereochemical outcome for the following example? (2%)

NaOCHs

—

Br
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9. Phosgene (COCI2) was used as a poison gas in World War I. What product would be

formed from the reaction of phosgene with each of the following reagents? (6%)

a. one equivalent of methanol b. excess methanol c. excess propylamine d. excess

water

10. Please use the molecular orbital to explain why the back-side attack rather than
front-side attack is favored by the Sn2 reaction. (5%)

11. An unknown compound, A, has the formula C7H140. Elucidate the structure of
A by scrutinizing its IR and'"H NMR spectra, shown below. (4%)
100 ~ w
95
90 .
@ E 50
£ %3 o i
s E
& 80 :
g 3
E__ 3
® 75 3
E J
——] o
70 ) 1
=
¥ + { L | ] ¥ L] T 4 I L) L} ] 1 1 ¥ L 4 1 l i ] | 4 i i { i T [ T L] 1 i i
4000 3000 . 2000 1000
Wavenumbers (cm™)
- s |
l JHLL N
e SSMSSSSE———— L —
25 24 23 22 21 20 I.9 .S 1.0 l ‘? I4 I ’& 12 L1 10 09 08 ppm
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12. Provide the mechanism for the following formation of the explosive peroxide. (4%)

H O, H
R—O—CI}-R Y — R—O—'I R + R-0O-C—R

H—-
H O-OH

Part 2 Bi%4E (30%, 1.5% each)

1) The correct IUPAC name for the following compound is:

A) 2-Bromo-4-methylenehexane
B) 2-(2-Bromopropyl)-1-butene
C) 4-Bromo-2-ethyl-1-pentene
D) 2-Bromo-4-ethyl-1-pentene
E) 2-Bromo-4-ethyl-4-pentene

2) Which structure represents (Z)-1,4-dichlorohex-3-en-1-yne?

E) None of these choices.
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3) Which molecule would have the lowest heat of hydrogenation?

I II T IAY V
A1
B) I
C) I

D) IV
E)V

4) Which would be the major product of the following reaction sequence?

1. Dy, Pd/CaCOg
quinoline
A 2. H,. Ni

Y

SN

E) None of these choices.

5) Enantiomers are:
A) molecules that have a mirror image.
B) molecules that have at least one stereogenic center.
C) non-superposable molecules.
D) non-superposable constitutional isomers.

E) non-superposable molecules that are mirror images of each other.
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6) How many stereogenic centers are in the following compound:

/
,”,,"4

A

\\\\\

\
"

N

(X0

-~
A)l
B)3
C)4
D)5
E) none of these choice

7) Which molecule is achiral?

8)

H ol H
Gl By Ham et By ClmmretBr.
Br:l;:H H:=I: Cl CliBr
EI :ér | ;ér
I IT I1I
Al
B) II
C) 1
D) More than one of these choices.
E) None of these choice

What is the percent composition of a mixture of (S) -(+) -2-butanol, [a]osp =
+13.52°, and(R)-(-) -2-butanol, [a]2sp = -13.52°, with a specific rotation [a]2sp =
+6.76°?

A) 75%(R) 25%(S)

B) 25%(R) 75%(S)

C) 50%(R) 50%(S)

D) 67%(R) 33%(S)

E) 33%(R) 67%(S)
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9) The molecules below are:
H H
H H
CHj Ci
Cl CHs,
A) constitutional isomers.
B) enantiomers.
C) diastereomers.

D) identical.
E) None of these choice

10) Which is a meso compound?
A) (2R,3R) -2,3-Dibromobutane
B) (2R,3S) -2,3-Dibromopentane
C) (2R,4R) -2,4-Dibromopentane
D) (2R,48) -2,4-Dibromopentane
E) (2R,4S) -2,4-Dibromohexane

11) The most stable conformation of 2,3-dibromobutane, viewed through the C-2-C-
3 bond :

CHs ’ H
Br H H HsC Br
Br
Br H H§dk~ Br CH
H B 3
CH, 3 ' H
1 I 111
Br Br
H4C H H Br
H3C H H3C H
Br CH3
v ‘ Vv

A)I B)II C)Il D)IV E)V
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12) Consider the graph below, which is a plot of the relative energies of the various
conformations of hexane, viewed through the C-2-C-3 bond. The conformations

corresponding to the 60° and 300° are:

Ly

Py
L.
D
=

NCldative

l ! [ | [ |
0° 60° 120° 180° 240° 300° 360°

Angle of rotation
A) eclipsed
B) staggered and gauche
C) staggered and anti
D) more stable than the conformation at 180°
E) none of these choices

13) What is the index of hydrogen deficiency (or degree of unsaturation) of a .
compound with the molecular formula of C14H14Cl4?
A)3
B)4
(O 1]

D)6
E)7
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14) What is/are the product(s) of the following acid-base mechanism?

B) +
(i-Pr)oNH
r\%\ OCHs

BPr Q. .®
] 0] Li
C) #~Pr=N

OCH;

ot

i-Pr
N
0”7 i-Pr
D)
OCH,

3

E) None of these choices.

15) Which of the following correctly lists the compounds in order of decreasing
acidity?
A) H20 > HC=CH > NH3> CH3CH3
B) HC=CH > H20 > NH3> CH3CH3
C) CH3CH3> HC=CH > NH3> H20
D) CH3CH3> HC=CH > H20 > NH3
E) H20 > NH3> HC=CH > CH3CH3
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16) Which base would not effectively deprotonate acetylene?

A) LiOCH3

B) CHsLi

C) CH3OCH2MgBr

D) KH

E) (CH3)2NLi

17) Which alkane is predicted to have the highest melting point of those shown?
A) n-butane
B) isobutane
C) n-pentane
D) isopentane
E) tert-pentane

18)  Which of the following would have a trigonal planar (or triangular) structure?

== 4+ +
: CH; CH; : NH; BH; : OHj3
I II 111 v A%
A)L I, and IV
B)II and IV
Ol1v
D)II,IV,and V
E) All of these choices.

19) An organic compound absorbs strongly in the IR at 1687 cm’. Its '"H NMR
spectrum consists of two signals, a singlet at 2.1 ppm and a multiplet centered at
7.1 ppm. Its mass spectrum shows significant peaks at m/z 120, m/z 105 and m/z

77. This information is consistent with which of the following structures?

ot o o
o~ o

A)I B)II COII D)IV E)V
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20) An unsaturated product results from the reaction of cyclohexene with which of
these?
A) Br2/CCla at 25°C
B) NBS/CCls, ROOR
C) HCI, ROOR
D) HCI, no peroxides
E) More than one of these choices.



