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You are responsible for confirming that this examination 
contains 17 pages, including the cover sheet. 

This is a closed-book and closed-notes exam. 

Submission of this exam for grading constitutes confirmation 
that the work herein is your own. 
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a. Describe a very simple procedure which would separate substance 1 from the remaininu three 

LtScCeesS Sti[b ™fld° 7 nee7r'ate " K jUSt * fr0m ~8fcee suDstances.J State briefly why you believe this will work. 
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b. Assume the procedure in (af -emoved 1 from the original mixture. Describe a very simple 
procedure which would separate substance 2 from the remaining two substances (3 4) [You do 
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c. Assume the procedures in (a) and (b) removed 1 and 2 from the original mixture. Describe a 
procedure that would separate 3 from 4. State briefly why you believe this will work. Bear in 
mind that selective crystallization is never a sure thing and also that you've only got 2 g total of 
the mixture. 
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(15 points) Answer the questions below. 

a. How would you go about removing a very small amount of water from 15 mL of 4-methyl-l -
cyclohexene? 
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b. How would you cause a water-insoluble amine to precipitate from an aqueous solution of the 
amine hydrochloride salt? 
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How would you increase the rate a which a desired organic compound elutes through a silica gel 
chromatography column presently being eluted with 10% ethyl acetateMn tocan • 
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Why in loading the compounds to be separated onto a silica gel chromatography column does 
one^ise the least polar solvent in which the compounds will dissolve ^ 
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what chemical reaction was being suppressed. ^ 
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(12 points) You have attempted the reaction below, and obtained a pure crystalline product that is 
dthecrecovered^teting alcohol (a crystalline compound that is avadable to you , or the "Raited 

oxylic acid (so no literature data and no authenttc sample are avatlable to 
,u). Describe fo^dlfferent and convenient methods by which you could ] 

of these two is your product. You may use any methods available in the 
C^^d^Tgiven spectroscopic technique (e.g., IR) may be used only once. Be ®to« m 
each case specifically how you would interpret your observations; the last few pages 
should be helpful\ 
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4. (6 points) For a study you hope to undertake, you need to prepare several grams of each of the four 
cycloalkenes of ring sizes 5-8 indicated below, in each case 95+% pure. You are contemplating 
using the acid catalyzed dehydration/distillation method you used in class this quarter. Below are 
tabulated the known boiling points at atmospheric pressure of the alcohols and alkenes. 
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n (ring size) b.p. alcohol (°C) b.p. alkene (°C) 

5 139-140 \JB& 44-46 
6 160-161 S 83 
7 185 112-114 

8 210 *>< 145-146 

a. If you use a simple distillation apparatus, given the data above, do you believe the problem of 
contamination of the distillate (the product alkene) with the starting alcohol will get worse or 
better as you progress from the smaller to larger ring sizes? Why? 
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b. What specific change would you make to the simple distillation apparatus to enhance your 
likelihood of obtaining pure cycloalkene? 
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5. (8 points) For either one of the two reaction types (SNI or SN2) you studied in lab this quarter, 
briefly describe the specific starting materials you combined (reagents, solvents, etc.), the chemical 
mechanism that led to the appearance of a precipitate (the structure of the precipitate, of course), and 
why the rate of appearance of the precipitate could be used as an indication of the rate of the SNI or 
SN2 reaction you were studying. 
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6. (10 points) Write a stepwise, electron-pushing mechanism to account for each of the following 

transformations. 
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7. (7 points) Match the seven IR spectra A-G on this and the following page to the seven compounds 
depicted below. Write the letter of the corresponding spectrum on the line under each compound. 
You DO NOT need to explain your reasoning. 
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(8 points) Match the four proton NMR spectra H-K on this and the following page to the four 
compounds depicted below. Write the letter of the corresponding spectrum on the line under each 
compound. You DO NOT need to explain your reasoning. 
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g  (10  points) Ibuprofen is an over-the-counter analgesic. The Aldrich Chemical Company sells a 
substance they call "(S)-(+)-4-isobutyl-a-methylphenylacetic acid". Ibuprofen and the substance 
from Aldrich afford identical proton NMR spectra in deuteriochloroform (not shown), identical IR 
spectra, and identical mass spectra. Shown below is a portion of the 300 MHz 'H NMR spectrum of 
either the substance available from Aldrich (UPPER SPECTRUM) or ibuprofen from analgesic 
tablets (LOWER SPECTRUM), in both cases after each has been coupled to (S)-(-)-l-
phenylethylamine to yield the compounds with the covalent connectivity illustrated. This spectral 
region contains ONLY the proton resonances for the circled methyl groups. 
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a Explain the origin of the four lines in the top spectrum and eight lines in the bottom spectrum. | 
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Based upon your answer to part a, what would you predict would be the observed sign and 
magnitude of the specific optical rotation for the ibuprofen contained in an analgesic tablet? 
why? s^yy. (r) -^ovpos\vcof jf\\ckicv\ 
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