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DIRECT ANALYSIS OF MUSHROOM CONSTITUENTS BY MASS SPECTROMETRY
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New mass spectrometric methodology1 for structural elucidation of components present in

complex mixtures is here applied to a species of mushroom, Helvella esculenta. This approach is

shown to have the following characteristics which are important in natural products chemistry:
(i) no preparation of the biological material is required, (ii) extremely small samples suffice,
(iii) highly specific structure-related information is obtained for each natural product
examined.

Helvella esculenta, considered a delicacy by some but reported by others to be toxic,2 has

been reported3 to contain acetaldehyde-N-formyl-N-methylhydrazone (gyromitrin, 1). Isolation
of a compound which has been shown polarographically to contain the azomethine moiety has also
been reported.4 We show that gyromitrin can be detected in the mushroom without extraction or
chromatography and that a variety of related compounds can be obtained from the mushroom.
Structures for these compounds are suggested.

For this study whole freeze-dried or fresh mushroom (1 to 40 mg) was loaded in a direct in-

5

sertion probe and introduced into a chemical ionization source.” The isobutane mass spectrum

showed peaks at m/z 99, 101, 102, 103, 127, 143, 167, and 183 corresponding to components of
molecular weight 98, 100, 101, 102, 126, 142, 166, and 182, respectively. Each of these species
in turn was selected by mass-analysis for further characterization. This was effected by dis-
sociation in a high velocity collision with nitrogen target gas and subsequent measurement of

the masses of the fragment ions. The resulting MIKE spectra7

9

are then interpreted to provide

structural informafion on the selected components.
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Figure 1 shows the MIKE spectrum of m/z 101 obtained from a total of 1 mg of mushroom.
This sample gave spectra for three hours while the spectrum shown was recorded in six minutes.
Thus, of the order of 10™% to 1072 g should suffice to obtain the highly specific information on
individual components exemplified by Figure 1. The validity of the MIKES methodology is estab-
lished by the identification of a known component of this mushroom by comparison to a spectrum
obtained from an authentic sample of the same component. It can be seen in Figure 1 that the
MIKE spectrum of m/z 101 from the mushroom is identical to that of authentic gyromitrin. The
presence of gyromitrin in this mushroom sample was further confirmed by an accurate mass measure-
ment (100.064 t 003, C4H8N20 = 100.064) by electron impact high resolution mass spectrometry.

The interpretation of the MIKE spectrum in Figure 1 employs standard mass spectrometric
arguments and is assisted by a knowledge of the gyromitrin structure. The major fragmentations

of protonated gyromitrin are illustrated in Scheme 1. The most abundant fragment ions can be
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Figure 1. Comparison of the MIKE spectra of Scheme 1:' Some of the reactions of protonated
m/z 101 for authentic gyromitrin and mushroom gyromi trin.
sample.

accounted for by homolysis of the weak N-N bond with thé charge residing on the protonated frag-
ment ion. A subsequent hydrogen loss produces two very stable even-electron fragment ions of
m/z 58 and 42. A number of fragmentation pathways involving the loss of stable neutral mole-
cules (e.g., CHy, Hy0, CO, CHZO) are seen; they are particularly diagnostic of functional
groupsand common to MIKE spectra of even-electron 1'ons.]0 The electron impact mass spectrum of
gyromitrin]] js similar to the MIKE spectrum in that cleavage of the weak N-N bond is again

jmportant. The predominant fragmentation pathways involve N-N bond cleavage but this occurs
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with hydrogen transfer so a neutral molecule is lost to produce ions of m/z 59 and 57.
The higher homologue of gyromitl"in,]2 3-methylbutanal-N-formyl-N-methylhydrazone (2), was
identified from the fragmentations observed in the MIKE spectrum of m/z 143 derived from the

mushroom (Figure 2). As in gyromitrin, the homolysis of the weak N-N bond is an important
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Figure 2. MIKE spectrum of m/z 143 from mushroom
which is interpretated as proving the presence of
butylgyromitrin.

fragmentation pathway and is followed by hydrogen loss to produce the stable even-electron ions
of m/z 84 and 58. The same small stable neutral losses (e.g., CH4, HZO, C0) are again observed
indicating the presence of the same functional groups. In addition, loss of propene and the
isopropyl radical are strongly indicative of the 3-methylbutyl alkyl side chain.

Having established the utility of the MIKES mixture analysis methodology, we now focus on a
set of unknown components in the mushroom. A striking feature of the MIKE spectra obtained from

m/z 102, 103, and 99 (Table 1) on chemical ionization of the mushroom is the similarity

Table 1. MIKE spectra of mushroom cquonentsa at m/z 99, 102 and 103

m/z 102: 86(45%), 85(95), 73(35), 72(60), 60(100), 58(50), 57(35), 56(20), 43(25), 42(40),
30(10), 29(12), 27(15)

’még 103: 85(100%), 71(50), 57(55), 54(18), 52(16), 44(14), 43(16), 42(21), 32(6), 30(12)

m/z 99:  82(75%), 71(38), 70(60), 69(87), 58(30), 57(60), 56(48), 55(60), 53(40), 44(28),
43(70), 42(100), 41(60), 39(40), 30(30), 29(25), 28(28). 27(26), 18(3), 15(6)

a) Spectra obtained on freeze-dried samples; relative intensities depended on probe temperature;
this is a typical set of results.

(e.g., intensity and distribution) of fragment ion multiplets in the lower half of the spectrum
with the gyromitrin MIKE spectrum (compare Figure 1 and Table 1). This observation strongly
suggests a structural relationship between gyromitrin and the components with apparent molecular

weights of 101, 102, and 98. It is proposed that these components correspond to 3, 4, and 5,
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respectively. Since the geminal aminohydrazine, 3, and the hydroxyhydrazine, 4, are not
typically stable, they probably correspond to the gas phase reaction of N-methylacetaldehydra-
zone with formaldehyde or methylimine. It is less 1ikely that 5 was derived by pyrolysis or a
gas phase reaction. This preliminary result raises interesting questions regarding the bio-
genesis of azomethine compounds and provides further evidence of the usefulness of the MIKES
technique in studying natural products.
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