Tetrahedron Letters, Vol. 37, No. 19, pp. 3309-3312, 1996

Pergarnon Copyright © 1996 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

0040-4039/96 $15.00 + 0.00

S0040-4039(96)00533-3

E/Z-Configurational Assignment of
N-Acetyl-o.,3-Dehydrotryptophan Ethyl Ester Produced by
L-Tryptophan 2°,3’-Oxidase from Chromobacterium violaceum

Akli Hammadi*, André Ménez and Roger Genet

C.E.A./Saclay, Département d'Ingénierie et d'Etudes des Protéines (DIEP),
F91191 Gif-sur-Yvette, France

Abstract : The steric configuration of the a,B-dehydrotryptophanyl moiety produced by incubation of N-acetyl~
L-tryptophan ethyl ester with L-tryptophan 2°,3’-oxidase was investigated by 'H-NMR spectroscopy. It adopts
unambiguously a Z-geometry.Copyright © 1996 Elsevier Science Ltd

L-Tryptophan 2',3'-oxidase from Chromobacterium violaceum (ATCC 12472) is a novel hemoprotein
that specifically catalyzes the o,B-dehydrogenation of tryptophan side chains in peptides.'* This enzyme
is of potential interest for protein modification and for proceeding to a regiospecific labelling of peptides
or proteins with stable or radicactive hydrogen isotopes (2H, 3H).> The reaction requires the L-
enantiomer of the tryptophanyl moiety,” but the stereochemical features associated with the o,B-
dehydrogenation remain to be elucitated. The present work was undertaken to determine the
stereochemistry of the enzymatically prepared N-acetyl-a,f-dehydrotryptophan ethyl ester. To this end,
the compounds N-acetyl-(£,Z)-a,8-dehydrotryptophan ethyl ester (E)-5 and (Z)-5 (Scheme 1) have been
chemically synthesized, their E/Z-configurational assignments have been established using 250 MHz
'H-NMR spectroscopy and the data were used as reference to investigate the configuration of the

enzymatically synthesized compound.?
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The synthesis of Ac-AE-Trp-OEt (E)-5 and Ac-AZ-Trp-OEt (Z)-5 is illustrated in Scheme 2. Indole 1

was reacted with ethyl o-nitro-B-ethoxyacrylate 2* to give ethyl a-nitro-B-(3-indolyl)acrylate 3° as a 1:1
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mixture of the E- and Z-isomers.® Selective hydrogenation of the nitro function over platinum-on-carbon
in ethyl acetate afforded the E- and Z-isomers of 4 in the ratio 1:1.” Careful control of the temperature

during the evaporation of solvent was necessary to maximize the yield of the £-isomer of 4.2
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Scheme 2

Acetylation of a 1:1 mixture of 4 with acetic anhydride gave Ac-AE.Z-Trp-OEt 5 in 85% yield.® It was
apparent from the 'H-NMR spectrum of the crude product that the E- and Z-isomers were formed in about
equal amounts. The two isomers (E)-5 and (Z)-5 were then separated by flash chromatography on a silica
gel column, to give, first, yellow syrup and then colorless crystals.’ The pure isolated £- and Z-isomers of
5 thus obtained were analyzed by '"H-NMR in Me,SO-ds. According to a method previously reported,'®
the geometric stereochemistry of above a,B-dehydroamino acids was readily determined by a comparison
of the vinyl proton between E- and Z-isomers, that exhibit the greatest difference in the position of the
signals (Figure 1). NMR data show that the chemical shift of this peculiar proton of 5 obtained in the
crystalline state appeared at 7.60 ppm, whereas it was observed at 6.90 ppm for 5 in the oily state. This
result indicates that the former crystals have the Z-configuration, while the latter syrup adopt the E-
configuration. This assignment is in good agreement with previous data.''

On the above basis, we determined the configuration of Ac-A-Trp-OEt generated by L-tryptophan 2',

3'-oxydase.!? 'H-NMR spectrum of this compound showed the vinyl proton to be shifted downfield (7.60
ppm) as previously observed for (Z)-5. On the other hand, no signal was found corresponding to the £-

isomeric form. The melting point (171-172°C) and '"H-NMR spectra of enzymatically synthesized Ac-
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Figure 1. Partial 'H-NMR of enzymatically prepared N-acetyl-a8-dehydrotryptophan ethyl
ester as compared to pure E-and Z-reference compounds. 'H-NMR spectra were recorded in
dimethyl sulfoxide-dsusing a Briicker WM 250 spectrometer (250 MHz). The spectra showed the
vinyl proton region between 6.60 and 8.10 ppm. a, Z-reference compound : the chemical shift of
the vinyl proton appears at 7.60 ppm. b, E-reference compound : vinyl proton at 6.85 ppm. ¢,
enzymatically synthesized N-acetyl-o,p-dehydrotryptophan ethyl ester : vinyl proton at 7.60 ppm.

A-Trp-OEt were in excellent agreement with that of (Z)-5 prepared here. Consequently, the configuration

of the «,B-dehydrotryptophanyl moiety produced by the enzymatic route was confirmed to have
preferentially a Z-geometry. This result is in good agreement with that previously reported by Gustafson
and coworkers,'> who showed that the N-benzyloxycarbonyt-o,8-dehydrotryptophan directly produced in
growing cultures of Chromobacterium violaceum, are in a Z-configuration.

The stereoselective generation of a (Z)-o,8-dehydrotryptophan component in peptides or proteins offers
new enzymatic issues as to the modification and asymmetric tritiation (or deuterogenation) of this
aromatic side chain. Further studies on the applications of this new methodology to diastereoselective

tritiation of peptides by rhodium complexes with chiral diphosphin ligands are under way.
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