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NMR - Nuclear Magnetic Resonance Spectroscopy
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Three of the compounds have 1,4-disubstitued benzene rings.  By considering the splitting pattern, you would expect to see two doublets for the aromatic hydrogen atoms.  Each one has only got one direct neighbouring hydrogen atom.
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Spectra A, B and D show two pairs of doublets in the aromatic region and so these compounds must be 1,4-disubstituted.

Note that the two peaks of the doublet are of unequal heights – this is known as “roofing”.  In more complex spectra, roofing provides a clue to which hydrogen atoms are coupled to which other.  For any pair of coupled doublets, the inner pair of peaks is always higher than the outer pair.  In the diagrams below, A is coupled to B; C is coupled to D.  The same principle works for triplets and quartets too.
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For a 1,3-disubstituted system the predicted pattern is one singlet, two doublets and one triplet.  Spectrum C has such a pattern.
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Although there is no example shown, a 1,2-disubstituted benzene system gives two doublets and two triplets.  Students should be able to work out these patterns quite easily following the rules on page 2 of the exercise.

Note that due to the delocalised electron cloud on benzene rings, you normally see coupling to hydrogen atoms more than three bonds away.  This gives rise to “fine coupling” which makes the simple pattern look a little bit more complicated.

This preliminary analysis suggests that spectrum C is from compound 4.

The methyl singlet for 3 hydrogen atoms confirms this, as does the integration ratios of 1:1:1:1:1:1:3 (left to right).  The two broad peaks at 9.4 and 9.9 are due to the OH and NH hydrogen atoms.  As they are capable of hydrogen bonding with the solvent and are slightly acidic, their signal width is wider than a normal C-H signal.

Compound 1 contains an ethyl group.  By using the splitting pattern rules you can deduce that the CH3 will give a triplet (2 neighbours) and the CH2 will be a quartet (3 neighbours).  The ratio of the triplet to the quartet will be 3:2.

This analysis suggests that spectrum D is from compound 1.

It is supported by having a 1,4-disubstituted benzene pattern of two doublets.  The remaining broader peak at 4.4 is due to the NH2.  The integration ratios confirm these assignments with 2:2:2:2:3

Compound 2 would be predicted to have a three hydrogen singlet for the ethanoyl CH3 and a 1,4-disubstituted benzene pattern.  It should also have two broad peaks for the OH and NH.  The integral ratios would be predicted as 1:1:2:2:3

This analysis shows that spectrum A is from compound 2.

Spectrum B is the most difficult to interpret.  It is obviously a 1,4-disubstituted benzene with doublets at 6.7 and 7.05 in a 2:2 ratio.  The singlet at 3.25, integrating for 2 hydrogen atoms is what would be expected for the isolated CH2 group.  What then are the two remaining broad peaks at 6.8 and 7.4?  They both integrate for one hydrogen each.  They are the two hydrogen atoms on the NH2 group which are not equivalent due to the enolic tautomers of the amide.  It may be easier to explain that one of the amide hydrogen atoms is hydrogen bonded to the carbonyl oxygen.
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The interpretation of NMR spectra is not as difficult as students (or teachers) think.  Many spectra can be analysed using the strategies presented here.  Admittedly there are many complex spectra, and specialist techniques need to be used for determining which hydrogen atoms are coupled to which others.  The use of carbon (13C) NMR is also a very important technique – usually used in conjunction with hydrogen NMR.  However, since 13C only has an abundance of 1% and 12C does not give any NMR signals, the solution strength of the sample needs to be stronger, and/or the experiment has to be run for a longer time to build up the data.
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