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NAME _______________________ 
 
 

ID #     _______________________ 
 
 
 
 
 
 
 
 
 

ORGANIC CHEMISTRY I  (2301) 
 

1:30 pm – 3:30 pm, December 17, 2013 
 

Final Exam 
 
 
 
There will be two ways that you can pick up your graded final exam: 

 You can pick up your graded exam from Andy at office hours that he will hold on 
Thursday, December 19th (9:30-11 am) in Coffman Union Starbucks. 

 Alternately, you will be able to pick up your exam in private from Chemistry 
department staff in 115 Smith beginning Friday, December 20th. 

 
 
 
A periodic table, a chart of reaction conditions, and tables of typical NMR chemical 
shifts, coupling constants, IR stretching frequencies, and isotopic abundances are 
attached to the back of this exam as aides. Otherwise, you are not permitted to use any 
other materials (including notes, books, or electronic devices of any kind). 
 
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. _________ / 12  6. _________ / 16 
 
  2. _________ / 17  7. _________ / 15 
 
  3. _________ /   3  8. _________ / 34 
 
  4. _________ / 34  9. _________ / 18 
 
  5. _________ / 12  10. ________ / 37 
 
 
 
 Total Score:  _________ / 200 
 
 
 

1. (12 pts) For each of the pairs of acids (or bases) below,  
 Draw the conjugate base (or acid). 
 Circle whether you think the first acid (or base) is more or less acidic (or basic) than the 

second. 
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2. (17 pts) For methyl acetamide (drawn at right), in the boxes 
provided: 

 Draw all significant resonance structures. In each structure, 
draw all atoms, bonds, lone pairs of electrons, and formal 
charges. Then, circle which resonance structure you think is 
the most significant, and which is the least. Circle only one MOST and one LEAST. 

 Draw a Lewis wedge/dashed-bond structure that illustrates the most stable three-
dimensional conformation of the molecule. Draw all atoms, bonds, and charges, but omit 
lone pairs.  

 In the boxes provided, write the hybridization state on any atom heavier than hydrogen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
3. (3 pts) Each of the C6H12 

cycloalkanes on the right combusts 
in O2 exothermically (with Hcomb 
<< 0) to CO2 and H2O. Which one 
combusts the most exothermically? 
(Circle one molecule.) 
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4. (34 pts) Each of the starting materials below, when heated, is transformed into the same 
product. However, the two starting materials react via different mechanisms. In this problem, 
you will explain why. 

 
 

 
 
 
 

 
 
 
 
 
 (a) Each of the starting cyclohexanes (which I’ve labeled A and B) has two equilibrating 

chair conformers. In the boxes below, draw the two chair conformers for each starting 
material. Feel free to omit the ring hydrogens, but draw all non-hydrogen substituents. 

 
 
 
 
 
 
 
 

H3C NH2

Br

H3C NH2

Br

N

H3C

H

H
Br


andBoth 

A B 

2 chair conformers for molecule B 2 chair conformers for molecule A 
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 (b) Of the four conformers you drew on the 
previous page, only one will react to 
make product via SN2. In the box on the 
right, re-draw that conformer. Then, 
“push electrons” (using curved arrows) 
to show how the product would be 
generated from this conformer. (You 
don’t need to re-draw the product, just 
push electrons.) 

 
(c) Your answer to part (b) explains how 

one of the starting materials is converted 
to product. How is product generated 
from the other starting material? Please 
be brief; you can probably answer this 
question in less than 5 words. You do not 
need to draw a mechanism to answer this 
question. 

 
 
 
 

 
 
 
 
 
 

(d) Are the two starting materials chiral? 
For each starting material, circle 
whether you think the molecule is chiral 
or achiral. Then, label each chiral 
center with its appropriate Cahn-
Ingold-Prelog designation [(R) or (S)]. 
Make it clear which atom in the 
drawing you are labeling. 

 
 
 
(e) What is the stereochemical relationship 

between the two starting materials? 
(Circle one answer.) Are they 

 
 
  ENANTIOMERS  or  DIASTEREOMERS or NEITHER ? 
 
 

Mechanism for SN2-reactive conformer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Is this molecule 
(Circle one.) 

A    or    B    ? 

Explain how: 

CHIRAL 
 

or 
 

 ACHIRAL   ? 

CHIRAL 
 

or 
 

 ACHIRAL   ? 

H3C NH2

Br

H3C NH2

Br
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5. (12 pts) Each of the reactions below is drawn with two possible products. If one of the two 

products predominates, circle that preferred product. If the two products are produced equally, 
circle “BOTH”. If neither product would result from the reaction, circle “NEITHER”. Circle 
one answer only. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. (16 pts) Each of the reactions on the next page is drawn with two possible reaction conditions. 

If only one of the two reaction conditions would generate the given molecule as the major 
product, circle those conditions. If both sets of conditions would accomplish the reaction, 
circle “BOTH”. If neither set of reaction conditions would succeed, circle “NEITHER”. 
Circle one answer only. 
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OH O
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7. (15 pts) For each of the reactions on the following pages, fill in the empty box corresponding 

to the major product. Wherever appropriate, illustrate stereochemistry in your drawings 
(using wedge and dashed bonds). If multiple enantiomers or diastereomers are produced, 
indicate this in the answer box (e.g., by writing “+ enantiomer”, etc.) 
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8. (34 pts) Draw a mechanism (using “electron pushing”) for each reaction or series of reactions 
shown below. Draw each mechanistic step explicitly; don’t cheat by combining multiple 
processes in a single step. Use only the molecules shown in the problem; don’t invoke 
generic species. (E.g., don’t use “H-A” as a generic acid.) 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One of the intermediates you drew in this 
mechanism could be stabilized by a 1,2-
hydride shift. What alcohol product would 
be generated if this shift occurred? 

 
 
 
 
 
 

Mechanism: 

H2O 



Br OH
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9. (18 pts) For each set of starting materials and products shown on the next page, propose a 

multistep synthesis. In addition to the molecules shown, you can use any reagents and 
reactions we’ve learned about in class. You might discover multiple answers to each 
problem; draw only your best (one) synthetic route. Feel free to draw an incomplete route—
we will give you partial credit where we can.  

 

Mechanism: 

1. NaNH2 

2.  

3. H3O
+ 
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Multistep synthesis: 

and 

Multistep synthesis: 

(+ enantiomer) 



 12

10. (37 pts) The bromoalkene starting material on the 
right reacts with water and heat to give a number 
of SN1 substitution and E1 elimination products. 
One 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 86.0732 
amu for the highest-mass (parent, M+) peak in the MS spectrum, which corresponds to a 
molecular formula of C5H10O. 

 
(a) Four of the peaks in the IR spectrum below are labeled with their x-axis (wavenumber) 

value. What type of bond in the product does each peak correspond to? Match each peak 
to its bond vibration by writing its wavenumber value in the appropriate box. There are 
seven boxes, so please leave three of them empty. 
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(b) What is the structure of the product? In the box at right, draw the molecule’s structure, 
including all hydrogens. Then, considering the 1H NMR spectrum below, circle each set 
of equivalent H’s, and label 
each circle with its unique 
1H NMR chemical shift to 
within 0.1 ppm. (You do 
not need to label coupling 
constants J.) 

 
 
 
 
 
 
 
 
 
 
 
 
 

(c) By what mechanism was this product generated,        SN1      or      E1      ? (Circle one.) 

 
 1H NMR Spectrum: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the product 
(C5H10O) 

01

integrals
w/ relative
peak intensities

1

6

1 1 1

36

6.0

25 47

closeups:

TMS

 (ppm)
1H NMR, 300 MHz

5.9 5.2 5.0

Format for answer to (b): 

Cl Cl

H H

H H

H H

 = 2.2 ppm 

 = 3.8 ppm 
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(d) In the electron-ionization (EI) mass 

spectrum, the parent mass peak at m/z = 
86 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 (b), but specifically 
indicate which electron is removed by 
drawing the molecule with one less 
electron. 

 
 
 
 
(e) What are the structures of the two predominant daughter (fragment) cations in the mass 

spectrum that have m/z = 71 and 59? You do not need to do electron pushing to answer 
this question—just draw the cations. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Mass Spectrum: 
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Summary of IR Stretching Frequencies 

 

 
 
 
 
 

Isotopic Composition of Some Common Elements 
 
 

 







Final Exam Chart of Reaction Conditions 
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from Ch. 6-7 (Exam 2): 
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Br2 
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