
Chemistry 4361/8361 Fall 2012 
 

Problem Set 1 
Basic 1D NMR Interpretation 

Due: Wednesday, September 19 
 

 
1. Ed Zhang (Distefano group) attempted to 

synthesize the alkyne-modified farnesyl 
pyrophosphate 3 via the modified farnesol 
1 and farnesyl bromide 2. In this problem, 
you will use the NMR spectra to confirm the 
identity of the starting material and 
products in this sequence. 

 
 (The 31P NMR in this problem—like most 

13C and 31P NMR spectra—is 1H-
decoupled, so that P-H 
coupling and splitting is not 
observed in the 31P 
spectrum. We’ll talk about 
this in class later.) 

 
 
 

a. The 300 MHz 1H NMR spectra of 1 and 2, taken in CDCl3, are shown on the 
following pages. As best you can, assign 1H resonances to each proton in the 
structures of 1 and 2. Then, indicate which protons are coupled, and assign a 
coupling constant J to each coupled partner. 

 
 (The 1H NMR spectrum of 1 shows some hydrocarbon grease at  = 0.6-1.3 ppm, 

and a couple of other small impurity peaks, that I haven’t marked. Ignore them.) 
 
b. Much of the 1H-1H coupling we’ll observe in this class will be vicinal coupling (or 

three-bond coupling, with coupling constant 3J), but we will occasionally see 
geminal (2J) and long-range (4J or 5J) 1H-1H coupling. Do you see any geminal or 
long range coupling in the 1H NMR spectra of 1 or 2? 

 
c. The multiplet at  = 2.41 is much smaller than the others—lower in integrated 

intensity that you would expect for a single proton. Why? 
 
d. A 500 MHz 1H NMR and a 1H-decoupled, 81 MHz 31P NMR of product 3 in D2O 

are shown next. (The 1H NMR was obtained with solvent suppression, which is 
why there is a negative peak at  = 4.7 ppm.) Based on the observed chemical 
shifts, do you think the reaction succeeded? If not, what do you think was made?  
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e. The final reaction was performed with a tetrabutylammonium salt, and this could 
in principle provide the counterions to the trianion drawn for 3. The spectrum 
does contain some unmarked peaks at  = 1.1, 2.4 and 3.0 ppm. Could these 
correspond to (n-Bu)4N

+? If not, what do these peaks correspond to? 
 
f. The 31P NMR shows four peaks. Explain them in terms of your proposed product 

in part (e). 
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2. Chorismic acid has two pseudo-chair conformations, one of which is much more 
stable than the other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 In principle, either or both of these conformations could contribute to the molecule’s 

NMR spectra. The next three pages show the 400 MHz 1H NMR spectrum of 
chorismic acid (the full spectrum and two close-ups) in D2O. There are a couple of 
impurities in the sample—if I haven’t marked a peak, then ignore it. 

 
a. Assign each resonance in the 1H NMR spectrum to a specific proton in the 

structure of chorismic acid. Also identify the multiplicity of each resonance, and 
calculate corresponding coupling constants. 

 
b. Based on the coupling constants you calculated, which protons are coupled to 

which in chorismic acid? Why are some adjacent protons not coupled or only 
weakly coupled? How might the geometry of chorismic acid affect this? 

 
 Chorismic acid undergoes either thermal or enzyme-catalyzed Claisen 

rearrangement to form prephenate. The 400 MHz 1H NMR spectrum of that product 
is also given on the subsequent three pages. 

 
c. Assign each resonance in the 1H NMR spectrum of prephenate to a specific 

proton in the structure of chorismic acid. Also identify the multiplicity of each 
resonance, and calculate corresponding coupling constants. 
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3. The 500 MHz 1H NMR spectrum 
(taken in CDCl3, with a TMS 
standard) on the next pages 
corresponds to a (hydroxy-
phenyl)propionic acid. Which 
one? As best you can, assign 
each of the resonances in the 
spectra to a specific atom in the 
structure of the acid you chose. 
Also identify the multiplicity of each resonance in the 1H spectrum, and calculate 
corresponding coupling constants. 
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4. The 500 MHz 1H and 125 MHz, 1H-decoupled 13C NMR spectra on the next pages 
were taken of a small molecule isolated from cell culture and identified (by high 
resolution mass spectrometry) to have chemical formula C5H11N3O2. What is the 
structure of this molecule? 
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1H NMR, 500 MHz, in CDCl3

C5H11N3O2

(closeup)
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13C NMR, 125 MHz,
1H-decoupled, in CDCl3

C5H11N3O2




