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Professor Steven Kass 
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(Please Pr int Your  Name) 

 
 
 

 
 
 

 
 
 
 
 

 
This exam consists of 20 pages (1-20) including this one.  Please 

make sure that you have all 20 pages before you get started. 



 

 2 

 
 
 
 

Points 
 
 
 

1.  _________   7.  _________ 
 
 
 

2.  _________   8.  _________ 
 

 
 

 
3.  _________   9.  _________ 

 
 
 
 

4.  _________   10.  _________ 
 
 
 
 

5.  _________   11.  _________ 
 
 
 
 

6.  _________   12.  _________ 
 

 
 
 
 
 

    Total:  _________  
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You have three hours to answer all of the following questions.  Note the point values (220 total) and 
wr ite all your answers below in ink.  Good luck and have a terrific holiday! 
 
Part I:  Chapters 10, 11, and 13 
 
1 (15 Points). Supply the systematic (IUPAC) name for the following compounds. 
 
 
 

a.

Br

OH  
 
 
 
 
 
 
 
 
 
 
 

b.

Et CH2OH

ClH3C

 
 
 
 
 
 
 
 
 
 
 
 
 

CH2CH2CH3

HO H

CH3

H Br
c.
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2 (25 Points).  Provide the missing information (reactant(s), product(s), or reagent(s)) for the reactions 
shown below. 
 

MgCla. + H C

O

OCH2CH3  
 
 
 
 
 
 

b.

O

LiAlH4
CH2 C

O

OCH3

 
 
 
 
 
 

c.
PBr3

OH  
 
 
 
 
 
 
 

d.

SOCl2

OH  
 
 
 
 
 
 
 

e.
CH2CH2CH3

OH  
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3 (15 Points).  Propose a mechanism for the following transformation.  Be sure to show each step of 
the process, do not combine steps or omit any. 
 

OHHO
O

H+

+  H2O  
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4 (20 Points). Choose two of the following three synthetic problems (do not do all 3) and show how to 
transform the given molecules into the indicated products; note - all of these transformations require 
two or more steps.  You do not need to show mechanisms, just show the reactant, reagent and product 
for each of your steps.   
 

a.

Br O
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b.

CH2Br

(benzyl bromide must be used twice) 
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c.

O

(starting materials may contain 
no more than 6 cabons)
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5 (15 Points).  How many sets of equivalent hydrogens are there in the following compounds:  
 
 
 

a.

CH2CH3

CH2CH3  
 
 
 
 
 
 
 
 
 
 
 
 

b.
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c.  CH3CH2CHCO2H

CH3  
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6 (25 Points).  Answer the following spectroscopic problems. 
 
 
a.  The mass spectrum of an known compound A gives a parent ion at m/z 88.  The IR and 1H NMR 
spectra of this compound are given below.  What functional group(s) are in A given the IR spectrum?  
What is the structure of A?  Assign the different hydrogens in your structure to the peaks in the NMR 
spectrum.  
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b.  The mass spectrum and 1H NMR of an known compound B are given below.  The parent ion is at 
m/z 121 (hint Ð this is an odd number, what does this tell you?) and the resonance at 1.5 ppm 
disappears about re-running the NMR spectrum after exposing B to D2O.  What is the structure of B?  
Be sure to assign the different hydrogens in your structure to the peaks in the NMR spectrum AND to 
provide structures for the ions at m/z 91 and 120 in the mass spectrum.  
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Part II:  Chapters 1-9 and 12 
 
7 (10 Points).  Boron trifluoride, BF3, is a gas with a boiling point of -100 ûC.  It is sold commercially 
as boron trifluoride etherate, a compound formed when BF3 is dissolved in diethyl ether (Et2O).  
Diethyl ether boils at 35 ûC and boron trifluoride etherate boils at 126 ûC. 
 
a.  Which has the larger dipole moment BF3 or Et2O?  Briefly explain your answer.   
 
 
 
 
 
 
 
 
 
 
 
 
 
b.  Why does BF3 react readily with diethyl ether and what is the product. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c.  Why does boron trifluoride etherate have a much higher boiling point than BF3 or Et2O? 
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8 (10 Points).  Ammonium ions, NH4+, are toxic.  The conversion of ammonia into urea keeps this 
toxin out of the blood stream.  The amino acid arginine is important in the "urea cycle" which results in 
the biological conversion of ammonium ions into urea.   
 

N N

CH2CH2CH2CH

N

H

H H

H

NH3

CO2

+

 
 

arginine 

 
a.  Which of the four nitrogens is the most basic in arginine?  Briefly, explain your answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b.  Arginine is closely related to another amino acid, lysine, shown below.  Is lysine more or less basic 
than arginine?  Why? 
 

NH2CH2CH2CH2CH2CH NH3
+

CO2

lysine  
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9 (30 Points).  Assign the best description to each pair of structures using one of the following: 
 
   E = enantiomer  I = identical 
   D = diastereomer  R = resonance structure 
   S = structural isomer  C = conformer 
 
 

H3C NH2

O

H3C NH2
+

O–

a.     __________ 
 
 
 

H3C CN

OH

H3C CH2CN

OH

b.
CH3    __________ 

 
 
 

CH3

CH3

CH3

CH3

c.

    __________ 
 
 
 

d. (S)-1-bromo-2-chloropentane

CH2CH2CH3

Cl H

CH2Br   __________ 
 
 
 

Cl

D H
CH3

CH3H3C
e.

Cl

H D
CH3

CH3H3C
   __________ 

 

f.
Ph CH3

Cl

Ph CH3

HO

H3C

Cl

Ph

CH3

HO

Ph     __________ 
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10 (20 Points).  Cyclotheonamide-A, isolated from marine sponges, is a potent inhibitor of thrombin, 
which plays an important role in the cloting of blood.  The structure of cyclotheonamide A is shown 
below. 
 

HN

N
N

O

H O

H

OH

N

O

N
CH

H

O
O

O
N

O

H

NH2N

NH

H  
 
 
a.  How many stereocenters does cyclotheonamide A have? 
 
 
 
 
 
 
 
 
 
b.  Does the compound contain any other source of stereoisomerism?  If so, explain. 
 
 
 
 
 
 
 
 
 
 
 
c.  Assign configurations to all sources of stereoisomerism in the molecule. 
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11 (25 Points).  Show the products for the following reactions.  Be sure to show stereochemistry as 
appropriate. 
 
 

a.
HBr

 
 
 
 
 
 
 

b.
O3 (CH3)2S

 
 
 
 
 
 
 
 

c.
OsO4

H2O2  
 
 
 
 
 
 

d.

OH 
 
 
 
 
 
 

e.
Cl2

CCl4
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12 (10)  Synthesis problems. 
 
a.  Show how to synthesize 2-hexyne starting with an alkyne containing 3 carbons.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b.  Show how to prepare CH3COCH2CH2CH2CH3 from an alkyne of your choice. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 19 

 
 (Scrap paper) 
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 (Scrap Paper) 
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HAVE A WONDERFUL HOLIDAY BREAK 


