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Applying life sciences as a model for
azo and phenoxazinone dyes synthesis

Yesiladali, S. Vanhulle
Enzyme catalysis is increasingly conjugated to traditional synthetic methods to develop
Azoic eco colorants more environmental friendly processes.
Fungi are known for their ability to synthesise pigments belonging to several chemical
classes, such as anthraquinones, terphenylquinones, 2H-Azepine alkaloids, indoles...
Azo compounds are not described in nature and their formation by living Observation of natural biosynthetic metabolic pathways can lead to new processes for fine Phenoxazinones molecules (cinnabarinic acid, tramesanguin...) confer their bright
organisms was only observed in the course of the TNT bioremediation. chemical synthesis through original safe biocatalytic ways. In this context, the Sophied orange/red colours to Pycnoporus species. The cinnabarinic acid is produced by
project aimed at developing new textile dyes. oxidation of 3-hydroxyanthranilic acid.
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Fig.1: Chemoenzymatic synthesis of phenoxazinone derivative by the use of Laceases

It is possible to reproduce the reaction in vitro using laccase as the oxidation

Recently, the finding that an azo-compound was - . catalyst. However, phenoxazinones are water insoluble when quite some textile
formed during the decolourization of an o = Two new processes towards azoanthraquinone and soluble applications require water soluble dyes.
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Towards eco processes

Toxicity assessment e With the aim of obtaining industrially relevant product, two laccase-catalysed processes ..mad.m‘.:u:.ﬂ.ogwmmmmwn,..m
e — were further improved. Continuous processes were preferred to lower the catalyst related
» D 150105 COTAZS costs. The immobilisation of the biocatalyst on cheap carrier and the design of a pilot
= L “hemmyo Sephiia maana Sing Zn;':"‘“’ f“""“ ':’"”‘ :5'”” :’““ :’“"' reactor were undertaken, up to a kg scale of eco colourant synthesis. Experimental design The biomimetic approach was applied to oxidation of sulfonated bioisoster of 3-
ECy bmEL!  Eyi294mell  ECrM00mglt Mt e 150 105 04 was used to select optimal values for substrate concentration, enzyme amount and flow rate hydroxyanthranilic acid catalysed by laccase and proved to be efficient.
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The sulfonated coupling product SO2 (Sophied Orange 2) showed excellent colour
properties with molecular extinction coefficient close to 14000.M-'.cm!, and
good tinctorial properties as an acid dye with no toxicity/mutagenicity. This type
of coupling reaction was further applied to other aminophenolic substrates
leading to a family of dyes (5022, SBr23, SO24, SO25...). These dyes are patented
(US 61/078670) and a PCT extension was submitted in July 2009.

A new azo compound SR1 (Sophied Red 1) was proved to be of industrial interest
for the dyeing of wool, polyamide and leather. In addition, toxicological assays
showed that LAR1 was a non toxic and non mutagenic acid dye. This dye is
patented (US 61/078675) and a PCT extension was submitted in July 2009.
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Observation of biological pathways led to the development of promising enzyme-catalysed
BIOU'anSfel' processes for dye synthesis.

Both azoanthraquinone and phenoxazinone eco colorants have interesting properties with
regards to textile and cosmetic applications and have been patented by SOPHIED consortium.

The two processes were finally evaluated through life cycle assessment demonstrating
promising sustainability.
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