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A new route to non-natural aryl-containing amino
acids and their precursors from thiophenes
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Thiophenes may be converted to substituted arenes by oxidative cycloaddition to alkynes or by oxidative
cycloaddition to alkenes with subsequent oxidative SO-extrusion. Cyano- and acetylamino-groups do not interfere
in the reaction and are stable under the reaction conditions. This transformation can be used as a novel route to
non-natural aryl-containing amino acids.
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New routes to novel amino acids are still of interest.1

New phenylalanine derivatives find use in such diverse fields
as pharmacology,4,5 fine chemical development in the area of
photoaffinity labelling6 and in materials science as building
blocks for the construction of non-linear optical material.7

We present a new route to aryl-containing amino acids, which
is based on the cycloaddition of an oxidised thiophene as the
key step. The key step makes it possible to derivatise the
molecules at a late stage of the synthesis. The thiophene
carries functionalities which can be transformed to an amino-
and a carboxyl function in the last step of the preparative
sequence (Scheme 1).

In general, thiophenes themselves, as heteroaromatic
compounds, are not very reactive towards cycloaddition
reactions. With the oxidation of the sulfur, the molecules lose
their heteroaromatic character and are much more prone to 
[4 + 2]-cycloadditions. While the thiophene S,S-dioxides still
require higher reaction temperatures, thiophene S-oxides,
which are formed intermittently in the peracid mediated
oxidation of thiophenes to thiophene S,S-dioxides, are much
more reactive. While some thiophene S-oxides can be isolated,
they can also be reacted in situ as the diene component in
cycloaddition reactions.8,10

The known thienylcarbaldehyde 311 can be converted in a
Strecker synthesis to 4. The amino group in 4 is protected as
the N-acetyl derivative in order to render it unreactive in the
subsequent oxidation of the thiophene (Scheme 2).

Compound 5 was then oxidised with meta-
chloroperoxybenzoic acid in the presence of electron-
poor alkenes to produce cycloadducts such as 8 and 11
(Scheme 3). The reactive species in these reactions are thought
to be the corresponding thiophene S-oxides. The cycloadducts
are produced as two diastereoisomers, where the
cycloaddition does not control the stereocenters formed in 
the reaction in relation to the stereocenter at the methine
carbon α to the acetylamino and cyano functions. The
stereochemical relationship of the stereocentres which are
formed is fixed. The cycloadducts are endo-products and 
the stereocenter at sulfur is governed by the Cieplak
effect.8,22,23 The oxygen atom of the sulfoxy group points 
in the direction of the ring-annelated moiety. We did 
not attempt to separate the diastereoisomers as in the
subsequent aromatisation of the cycloadducts these
stereocenters are lost.

The following aromatisation can be achieved by oxidative
extrusion of the bridging sulfoxy-unit, where phase 
transfer catalysed oxidation with KMnO4 gives the best 
results (Scheme 4). On the other hand, when the 
oxidative cycloaddition reactions are run with an excess of 
m-CPBA, the aromatised compounds are obtained in one step
(Scheme 4). At higher temperatures the cyano group
undergoes a partial hydrolysis to the amide in this reaction.* To receive any correspondence. E-mail: thies@cm.kyushu-u.ac.jp
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The cycloaddition of 5 with alkynes such as with
dibenzoylacetylene directly yields aromatized compounds
such as 17 (Scheme 5). As an example the conversion of these
aromatised products has been performed with 17, where 17
was treated with 2N aq. HCl to produce 20.HCl. Refluxing
20.HCl with propylene oxide provided the aminocarboxylic
acid 20 itself (Scheme 5).
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