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6.3: Rearangement

Heptane 

The mass spectrum of heptane is shown in Figure . This mass spectrum is consistent with the fragmentation patterns discussed
in the previous section. The molecular ion, C H  is observed at 100 m/z and a series of cleavage peaks are observed for loss of
CH  (M - 15), C H  (M - 29), and C H  (M - 43). These peaks are observed at 85 m/z , 71 m/z , and 57 m/z respectively. This
fragmentation is characteristic for a linear hydrocarbon.

Figure : Mass Spectrum of heptane.

McLafferty Rearrangement 

Some functional groups, however, can undergo very different fragmentation processes than the direct cleavage discussed so far.
One common example is the McLafferty rearrangement (Figure ) which results in formation of an intact neutral molecule and
a radical ion, both with an even mass to charge ratio. Since the most intense direct cleavage fragments have odd mass to charge
ratios, this fragmentation pattern is very useful for identifying carbonyl compounds and for determining their structure. The
McLafferty rearrangement is often observed for carbonyl compounds that contain a linear alkyl chain. If this alkyl chain is long
enough, a six-membered ring forms from the carbonyl oxygen to the hydrogen on the fourth carbon. This spacing allows the
hydrogen to transfer to the carbonyl oxygen via a six membered ring. This is followed by a rearrangement of the electrons to break
the beta C-C bond, the second bond from the carbonyl carbon, to form an alkene and resonance stabilized radical with the carbonyl
group. The McLafferty rearrangement is energetically favorable because it results in loss of a neutral alkene and formation of a
resonance stabilized radical. Both these fragments may be observed in the mass spectrum, depending upon which fragment retains
the charge. Figure  shows the charge on the resonance stabilized radical, this is the McLafferty ion. The alkene is referred to
as the McLafferty compliment.

Figure : McLafferty rearrangement mechanism.
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The products from the McLafferty rearrangement are observed in the mass spectra of C-7 carbonyl compounds shown in Figures
22-26. Draw structures for the following compounds and use the mechanism shown in Figure 21 to predict the mass of the two
fragments formed by the McLafferty rearrangement. Then compare these predictions with the mass spectra shown in Figures 
- .

heptanal
2-heptanone
3-heptanone
4-heptanone
heptanoic acid

Heptanal 
The mass spectrum of heptanal shown in Figure  contains two even mass ions. C H O  m/z 44 is produced by the McLafferty
rearrangement of an aldehyde and is a characteristic peak that is very useful for interpretation of aldehydes. The McLafferty
compliment, C H , is observed at 70 m/z . The McLafferty compliment is produced when the charge is transferred to the alkene
fragment during the rearrangement.

Figure : Mass Spectrum of heptanal.

2-Heptanone 

The mass spectrum of 2-hepanone shown in Figure  is easily distinguished from heptanal because the McLafferty
rearrangement breaks the C-C bond between C-3 and C-4. This results in loss C H  to give the McLafferty ion for a 2-ketone,
C H O , at 58 m/z. The McLafferty compliment, C H  (56 m/z) is not observed for 2-heptanone.

Figure : Mass Spectrum of 2-heptanone
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3-Heptanone 

The mass spectrum of 3-hepanone in Figure  is easily distinguished from heptanal and 2-heptanone because the McLafferty
rearrangement breaks the C-C bond between C-4 and C-5. This results in loss C H  to give the McLafferty ion for a 3-ketone,
C H O , at 72 m/z. The McLafferty compliment, C H  (42 m/z) is not observed for 3-heptanone.

Figure : Mass Spectrum of 3-heptanone.

4-Heptanone 
The mass spectrum of 4-hepanone shown in Figure  is easily distinguished from heptanal, 2-heptanone, and 3-heptanone. The
McLafferty rearrangement would break the C-C bond between C-2 and C-3. This results in loss C H  to give the McLafferty ion
for a 4-ketone, C H O , at 86 m/z - which has a very low intensity in the mass spectrum of 4-heptanone shown in figure 25. The
two major peaks in this spectrum 43 m/z and 71 m/z correspond to alpha cleavage to produce C H  and C H O which would be
observed at 43 m/z and 71 m/z respectively. In this molecule the direct cleavage is highly favored over the McLafferty
rearrangement. In this case the faster kinetics of the direct cleavage are favored over the concerted mechanism required for the
rearrangement.

Figure : Mass Spectrum of 4-heptanone.

Heptanoic Acid 
The mass spectrum of heptanoic acid shown in Figure  is easily distinguished from heptanal, 2-heptanone, 3-heptanone, and
4-heptanone because the McLafferty rearrangement produces C H O  observed at 60 m/z and characteristic of a carboxylic acid.
In this case the McLafferty compliment, C H , is not observed in the mass spectrum.
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Figure : Mass Spectrum of heptanoic acid.

Based up on the discussion so far you should be able to identify many of the other fragments in these three mass spectra. Spend
some time with a piece of scratch paper and see what you come up with.

This page titled 6.3: Rearangement is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Scott Van Bramer.
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