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Simulated Spectra 

Introduction
The analysis of NMR spectra is one of the skills that synthetic chemists have to quickly learn in order to charac-
terize their products. Chemical shifts, integration areas and coupling constants provide invaluable information 
about the connectivity in a molecule or the progress of reactions. In this Application Note we are going to
focus on coupling constants. First order spectra can be roughly described as 
the ones you can look at and visually extract the coupling information. 
Second, and higher order effects mean that while the information is still con-
tained in the spectra, it may be too convoluted to be extracted manually.
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Figure 3: Molecular structure of 3,4-dimethoxybenzaldehyde (1) and dimethylpiperazine (2).

As demonstrated in Figures 1 and 2, it is clear that second order effects are more likely to be observed in NMR spectra acquired at 
lower field strengths because Δv is inherently smaller compared to NMR spectra recorded on high field instruments. So far, we have 
demonstrated second order effects with fairly simple simulated spectra. In the next section the second order effect will be discussed 
using real examples.   
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Comparison of 1H NMR Data from High- and Low-field
3,4-dimethoxybenzaldehyde (1) is a good example for this discussion because all the aromatic protons are chemically inequivalent 
(note that aromatic protons usually display second order effects due to magnetic inequivalence)[3] while dimethylpiperazine (2) ex-
hibits a complex coupling pattern with a lot of signal overlap despite its simple chemical structure. 



Figure 4: Assigned 1H NMR spectrum of 3,4-dimethoxybenzaldehyde (1) with inset zoom-in of aromatic region at 
(a) 400 MHz, and (b) 60 MHz.

Figure 5: Assigned 1H NMR spectrum of dimethylpiperazine (2) with inset zoom-in of 2.0-3.0 
ppm (a) 400 MHz, and (b) 60 MHz.
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JRes Spectroscopy for analyzing second order 

In the 400 MHz spectrum of (2), the signal for B becomes more of a first order signal and the coupling constants are in good 
agreement with those measured on the low field spectrum. For signal C the higher field results in a well-defined separation of the 
two multiplets C-a (ddd) and C-b (dqd).

One can also get some more information about the coupling constants in low field by employing JRes spectroscopy.[4] For this 
very example the JRes spectrum of 2,6-dimethylpiperazine (2) is depicted in Figure 6. Here we can find most of the coupling con-
stants which are in good agreement with the observed multiplets in high field. 

In summary, although low field NMR spectra tend to show second order effects for complex molecules, one still can characterize 
the substance of interest as well as find most of the relevant coupling constants. JRes experiments are a powerful tool readily 
available in most benchtop NMR instruments that reveal coupling constants of complex multiplets. 
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Figure 6: Assigned 60 MHz JRes spectrum of dimethylpiperazine (2).



Nanalysis Corp.

Nanalysis GmbH

For additional ideas of how to incorporate the NMReady-60 
family of spectrometers into undergraduate teaching, 

please see:

Synthesis of Xanthene: Exploring Dynamic Structure via Benchtop NMR

Monitoring a Suzuki Coupling via Benchtop NMR Spectroscopy 

Determination of Reaction Kinetics for Hydrolysis of 

N-acetyl-DL-methionine 


