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Problem Set 2 
Advanced 1D NMR Interpretation 
Due: Wednesday, September 26 

 
 

1. Chandru Ramasubramanian (Taton group) attempted the tosylation reaction shown 
below. Unfortunately, he did not isolate the expected ditosylate product from this 
reaction, but he did isolate two other products after column chromatography. 1H 
NMR spectra (300 MHz, in CDCl3) of the two molecules are shown on the following 
pages. 

 
 
 
 
 
 
 
 
 
 
 
 

a. What are the structures of the two side products? 
 
b. Assign chemical shifts to each proton, as best you can, in your two structures. 

You do not have to report coupling constants in this problem, though you might 
find it useful to determine them. 
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2. Brian Eklov (Hoye group) subjected a triisopropylsilyl (TIPS)-protected 5-hexene-
1,2-diol to the iodination conditions below. The result was a single cyclic ether, which 
presumably formed via intramolecular attack of the free alcohol on an iodonium 
intermediate. But attack at which carbon? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Use the attached 1H NMR spectrum (500 MHz, in CDCl3) to determine the 
regiochemistry of the attack and the identity of the product. 

 
b. I have not drawn any stereochemistry in the molecules above, but the product 

would contain multiple chiral centers. Does the NMR data tell you anything about 
relative stereochemistry in the product? 
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3. Kathleen Schreck (Hillmyer group) performed an intramolecular lactonization 
reaction on a diastereomeric mixture of -hydroxy acids to generate a mixture four-
membered lactones (cyclic esters) that could be polymerized to polyesters via ring-
opening polymerization. One -hydroxy acid lactonized much more efficiently that 
the other, leading to diastereomeric excess in the product. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Kathleen wasn’t able to separate the mixture of diastereomeric lactone products. 
As a result, the 1H NMR spectrum (300 MHz, in CDCl3) of the mixture shows 
peaks from both diastereomers. Which resonances go with which diastereomer? 
How did you make this determination from the NMR spectrum? 

 
b. What was the diastereomeric excess (%de)? The common calculation for this is 
 

%de = 2(% dominating stereoisomer) - 100% 
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4. Chris Jeffrey (Hoye group) attempted to synthesize t-butyl crotonate by condensing 
crotonyl chloride with t-butanol. Chris made something, but it wasn’t the product he 
expected. 

 
 
 
 
 
 
 
 

a. Based on the attached 1H (500 MHz, in CDCl3) and 13C (126 MHz, also in CDCl3) 
NMR spectra, what product did Chris make? 

 
b. The extremely low intensity of the 13C peak at  = 80.6 ppm initially tripped Chris 

up—he originally mistook it for noise, and that made it difficult to reconcile the 13C 
NMR spectrum with the 1H spectrum. Experimentally, what could Chris have 
done to make that peak stand out? Give as many solutions as you can think of. 

 
c. Why are there three peaks at  = 77 MHz in the 13C spectrum? 
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