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Thermal Decomposition of Aromatic and Heteroaromatic

Amino-acidst

By G. P. SuuLMaN* and P. G. SIMMONDS

(Jet Propulsion Laboratory, Califormia Institute of Technology, 4800 Oak Grove Drive, Pasadena, California
91103)

RECENTLY, investigations of the pyrolysis of
amino-acids?:? or their sodium salts® have been
reported. The method is potentially useful for
rapid identification of amino-acid constituents of
peptides or proteins. It was apparent that either
the analytical techniques (gas chromatography and
mass spectroscopy) were inadequate to detect
all the products, or that markedly different
reaction schemes applied to the closely related
amino-acids phenylalanine, tyrosine, trypto-
phan, and histidine. We have now character-
ized the volatile products obtained from pyrolysis
of these amino-acids, and conclude that there
is no significant variation in the mode of decom-
position.

A complete gas chromatographic analysis of the
phenylalanine pyrolysate is shown in the Figure.
The magnitude of quantitative variations
(Table) resulting from changes in construction
materials are also typical of those obtained by
varying pyrolysis temperature from 400 to 600° or
pyrolysis time from 4 sec. to 1 min. It is obvious
from the products that suitable conditions for
oxidation—-reduction reactionsareestablished during

pyrolysis. Products can be explained as resulting
from the following reaction sequences:

NH,
| (o,
PhCH,-CH-CO,H——> Ph{CH,],-NH,
~H,
PhCH,-C=N
NH,

! —NH
PhCH,-CH-CO,H —>» PhCH=CH-CO,H

o -\«+H”

2
PhCH=CHMe
+H, / "H.
PhEt PhC=CH / \in
PhPr"
NH, -

|
PhCH,-CH-CO,H ——3 PhCH,» |-CO,
+HCN+-H,
RH -
PhCH,»—> PhMe
H,N-CH,-CO,H —> MeCN

2PhCH,» —3 PhCH,-CH,Ph

+ This paper presents the results of one phase of research carried out at the Jet Propulsion Laboratory, California
Institute of Technology, sponsored by the National Aeronautics and Space Administration. Presented at the
American Chemical Society, Western Regional Meeting, Anaheim, California, November, 1967.
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An amide formed by condensation of two amino-
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products o- or m-cresol, xylenol, and o- or m-

acids is a likely, though unproven, intermediate ethylphenol. Similarly, tryptophan gave indole,
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FIGURE. Gas chromatogram of phenylalanine pyrolysate on DC200 silicone oil.

in the pyrolysis of amine to olefin. Each of the
products indicated was identified by comparison
of its mass spectrum with published spectra.
Pyrolysis of tyrosine under comparable con-
ditions (4 sec. at 500°), gave the expected products
phenol, p-cresol, and p-ethylphenol (corresponding
to benzene, toluene, and ethylbenzene from
phenylalanine). Also formed were the previously
reported methane,® water,® carbon dioxide,® and
toluene,! methyl cyanide, and rearrangement

3-methylindole, and vinylindole. Histidine would
be expected to form imidazole and imidazole
derivatives on pyrolysis. An established gas
chromatographic method® for these was used, but
under operating conditions compatible with the
mass spectrometer inlet, clearly defined peaks
were not obtained. A broad background spectrum
of imidazole was obtained (m/e 68, 41, and 40).

(Received, May 23vd, 1968; Com. 654.)
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