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5.1: COSY Spectra

In 2D NMR, correlation peaks are used to help establish the structure.

Let's start with a simple compound, ethyl acetate.
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The 'H NMR spectrum is not very complicated.
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In homonuclear correlation spectroscopy (COSY), we can look for hydrogens that are coupled to each other. In ethyl acetate, it's

pretty clear where they are. There is a quartet and a triplet; the hydrogens corresponding to those two peaks are probably beside

each other in the structure.

The COSY spectrum simply takes that 'H spectrum and spreads it out into two dimensions. Instead of being displayed as a row of
peaks, the peaks are spread out into an array. In the following simulated COSY spectrum, the peaks are displayed along one axis.
The same peaks are also displayed along the other axis. In the middle of the plot, the peaks are shown plotted against each other --
that is, there is a peak at 1.25 ppm on the y axis and along the x axis, so there is a data point on the plot at (1.25, 1.25). Other such
peaks appear along the diagonal stretching from the upper right to the lower left through the middle of the plot. There are three
peaks appearing along that diagonal line; these three peaks basically show us what we already saw in the regular '"H NMR

spectrum.
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The interesting peaks are the ones that do not appear along the diagonal. Those peaks indicate which hydrogens are coupled to
which other hydrogens. The hydrogens at 1.25 ppm are coupled to the ones at 4.2 ppm, and that gives a "cross-peak" at (1.25,
4.20). There is also a cross-peak at (4.20, 1.25), because that relationship goes both ways.

What does it mean to be coupled? It means that magnetic information is transmitted between the atoms. How can we tell?
Essentially, we can send a pulse of electromagnetic radiation into one set of hydrogens and look for a response somewhere else. Of
course, if we send a pulse of radio waves at a frequency that will be absorbed by a particular hydrogen, we will see a response in
that hydrogen itself. That's why we see the peaks on the diagonal. However, we also see responses from other hydrogens that are
magnetically linked to the original one.

A second example is shown below. This time, the compound is propanamine. In propanamine, there would again be a diagonal set
of peaks, shown in black, corresponding to the peaks in the regular proton spectrum. In addition, two different sets of protons are
coupled. The methyl group is coupled to the methylene in the middle of the molecule; that cross-peak is shown in blue. The
methylene in the middle is also coupled to the methylene next to the nitrogen; that cross-peak is shown in red.
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Exercise 5.1.1

Provide analyses of the following spectra and propose a structure for the compound.
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Answer

ethyl butanoate

Exercise 5.1.2

The following COSY spectrum is for an isomer of dinitrobenzene. Which isomer is it?
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Q5N : JNOg

Exercise 5.1.3

Analyse the data in the following spectra and propose a structure for the compound.
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6-methylhept-5-en-2-one
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Analyse the data in the following spectra and propose a structure for the compound.
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Answer

butyl 2-phenylbutanoate

Exercise 5.1.5

Analyse the data in the following spectra and propose a structure for the compound.
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Analyse the data in the following spectra and propose a structure for the compound.
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Analyse the data in the following spectra and propose a structure for the compound.
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Analyse the data in the following spectra and propose a structure for the compound.
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Exercise 5.1.9

Analyse the data in the following spectra and propose a structure for the compound.
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Exercise 5.1.10

Analyse the data in the following spectra and propose a structure for the compound.
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Analyse the data in the following spectra and propose a structure for the compound.
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Exercise 5.1.12

Analyse the data in the following spectra and propose a structure for the compound.
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* Sources:

Selected IR and '*C NMR spectra from SDBS (National Institute of Advanced Industrial Science and Technology, Japan, Spectral
Database for Organic Compounds, http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi, accessed December, 2015).

'H NMR and COSY spectra simulated.

This page titled 5.1: COSY Spectra is shared under a CC BY-NC 3.0 license and was authored, remixed, and/or curated by Chris Schaller via
source content that was edited to the style and standards of the LibreTexts platform.
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