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NAME _______________________ 
 
 

ID #     _______________________ 
 
 
 
 
 
 
 
 
 

ORGANIC CHEMISTRY I  (CHEM 2301) 
 

9:30 – 10:20 am, August 6, 2014 
 

Exam 4 
 
 
 
You will be able to pick up your graded exam from Chemistry department staff in 115 
Smith beginning Monday, August 12th at 1 PM. Exams that are not picked up within two 
weeks will be disposed of. 
 
 
 
A periodic table and tables of typical NMR chemical shifts, IR frequencies and atomic 
isotope compositions are attached to the back of this exam as aids. Otherwise, you are 
not permitted to use any other materials (including notes, books, or electronic devices of 
any kind). 
 
Right now, write your name and student ID number at the top of this page. When the 
exam begins, please write your name at the top of the next page. 
 
You may use pen or pencil. However, re-grades will be considered only for exams 
completed in pen. 
 
Please write your answers in the boxes/spaces provided. If your answer is not in the 
appropriate space (say, for example, it’s on the back of the page), draw us an arrow 
and/or note telling us where to look. 
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NAME _______________________ 
 
 

 Scoring: 1. _________ / 35  2. _________ / 65 
 
 
 Total Score:  _________ / 100 
 
 
1. (35 pts) When the starting material below is exposed to the conditions of free-radical 

bromination, four monobrominated products (A-D) are isolated. 
 
 
 
 
 
 
 
 
 

a. In the box below, draw a mechanism of two 
propagation steps that explains how product A 
would be made from a combination of starting 
material, Br2, and Br• radical. Because you have 
been supplied with Br•, you do not need to draw an 
initiation step. 
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Mechanism: 
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b. How would the four molecules A-D relate in terms of product ratio? Which product 
would be most prevalent, and which would be least prevalent? In the boxes below, rank 
the four molecules (by letter) from highest to lowest product ratio. If any two molecules 
would be observed at equal ratios, circle the “≈” sign between those two boxes. 

 
 
 
 
 
 
 
 
 
 
c. The free-radical chain reaction that 

generates products A-D is slowed 
by termination reactions that 
remove radicals from the reaction 
cycle. In the box on the right, draw 
one termination product that would 
be observed for the reaction above, 
other than Br2 and products A-D. 
(So, do not draw Br2 or any of the 
products A-D above as an answer to 
this part.) 

 
d. If the reaction on the previous page 

were a chlorination instead of a 
bromination—using Cl2 instead of 
Br2—would your preferred product 
be made 

 
 

 
 
 
e. If the starting material is halogenated with N-bromosuccinimide instead of Br2, only two 

of the four products A-D would be formed. Which two? 
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(Circle two answers.) 
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2. (65 pts) Radical chlorination of ethyl acetate 
(C4H8O2, the starting material on the right) gives 
predominantly one product. This product was 
isolated and characterized by NMR and IR 
spectroscopy and mass spectrometry; the spectra 
of this product are shown on the following pages. High-resolution mass spectrometry 
determined an exact mass of 122.0135 amu for one of the highest-mass (parent, M+) peaks 
in the MS spectrum, which corresponds to a molecular formula of C4H7ClO2. 

 
a. Based on the two peaks labeled in the IR spectrum below, what functional groups would 

you expect the unknown molecule to have? Circle all answers that apply. 
 
 
 
 

 

 

 
 

 IR 
Spectrum: 

 

 
 

 
 
 
 

 
 

 
 
 
 
 
b. What part of this IR spectrum is the “fingerprint region”? In the box below, color/shade 

in the range of frequencies that correspond to the “fingerprint region”. 
 
 
 
 
 
 
 
c. Compared to NMR, does IR require MORE or LESS material? 
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d. Compared to mass spec, does IR require MORE or LESS material? 
 
 
e. What is the structure of the product? In the box below, draw the molecule’s structure, 

including all hydrogens. Then, considering the 1H NMR spectrum below,  
 

 Circle each group of equivalent H’s; 
 Assign a 1H chemical shift () to each circled group, within 0.1 ppm; 
 Connect any pair of coupled, inequivalent groups of H’s with a double-headed arrow, 

and then label that arrow 
with the corresponding 
coupling constant (J). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the product 
(C4H7ClO2) 

Format for answer to (c): 
 

Cl Cl

H H

H H

H H

 = 2.2 ppm 

 = 3.8 ppm 

J = 7.0 Hz 

1H NMR 
Spectrum: 



 6

f. The 13C NMR spectrum of the product is shown below, with two peaks labeled A and B. 
Which carbons in the product do these peaks correspond to? On the unfinished molecular 
skeleton on the right, draw the chlorine atom that I’ve omitted from the product. Then, 
write the letters “A” and “B” in the boxes of the carbon atoms that are responsible for the 
two labeled peaks. Leave two of the boxes empty. 

 
 13C NMR Spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 Mass Spectrum: 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 g. Some of the peaks in the electron-ionization (EI) mass spectrum (shown above), 
including the parent peak, are accompanied by a smaller peak that is 2 atomic mass units 
(amu) higher in mass. (In other words, some peaks with mass m are accompanied by 
another peak, about 1/3 as tall, with mass m+2.) Why? Please be brief; you can probably 
answer this question in less than 10 words. 
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h. The parent mass peak at m/z = 122 
corresponds to a radical cation (M•+) 
that is generated by removing one 
electron from the original, neutral 
molecule M. In the box on the right, 
draw M•+; re-draw the structure you 
drew in part (e), but specifically 
indicate which electron is removed by 
drawing the molecule with one less 
electron. Feel free to omit the 
hydrogens you drew in part (e). 

 
 
 
i. The parent ion fragments to form a 

daughter ion with m/z = 77. What is the 
structure of this daughter ion? You do not 
need to do electron pushing to answer this 
part—just draw the cation. 

 
 
 
 
j. The parent ion also fragments to form a 

daughter ion with mass 73 amu (not 
observed), which then fragments further to 
give an ion with m/z = 29. In the box below, 
draw a mechanism (using “arrow pushing”) 
that shows these two sequential fragmentation steps, starting with your answer to part (h). 

 
 
 
 
 
 

M•+ 
(C4H7ClO2

+) 

fragment cation with m/z = 77 

Mechanism that explains m/z = 29 peak 
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Summary of IR Stretching Frequencies 

 

 
 
 
 
 

Isotopic Composition of Some Common Elements 
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