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Summary

The recent technological advancements in polymer-supported :

reactions have led to the propagation of combinatorial chemistry
as a method for the rapid and efficient preparation of novel

functionalised molecules. An interesting and fast growing branch
of this area is polymer-supported reagents. Here we describe the :

principles of generating diazonium salts and their coupling using

polymer-supported reagents and sequestrating agents, to form azo

dyes in a clean manner.

Introduction
The application of combinatorial methods for the generation of

novel chemica libraries, for use in the pharmaceutical and :
agrochemical industries, is now commonplace. Increasingly, :

these methods are also being adopted by other sectors of the

chemical industry in order to prepare novel materials for :

application in many diverse areas, especially catalysis.2

Many of these chemical libraries are obtained by carrying out

linear synthetic sequences on polymer-supported substrates.

Whilethis approach has been very successful, there are still many

associated problems and limitations which have not been fully

addressed. Therefore, we have chosen to adopt adifferent strategy

which allows us to synthesise a large number of compounds in

solution, in a linear® or convergent fashion, through the :
sequential use of polymer-supported reagents in a multi-step :

process. By adopting this approach we have previously been able
to prepare a number of heterocyclic systems, including a small

library of hydroxamic acid derivativess and some natural :
products.6 The advantage of this approach includes the ease of :

reaction monitoring (i.e. TLC, LC-MS) and the fact that with the
appropriate design of sequences, clean products may be obtained

using only simple filtrations rather than conventional work-up/ :

purification techniques.
Asafurther demonstration of the potential of this approach we
sought to synthesise alibrary of azo dye substances which arethe

of dyes, other applications range from analytical chemistry to the

biomedical field in bacteriologica work.” The most common :
process for their preparation involves the diazotisation of an :
aromatic primary amine and the coupling of the resultant

diazonium salt with a phenol or an aromatic amine. This is

traditionally achieved using conventional wet chemistry which :
leads to large quantities of down stream waste. With the ever :

increasing environmental restrictionsand control on the rel ease of
effluent the ability to effect a clean and efficient synthesis of the

azo-compound is of considerable environmental and commercial

importance.

Results and discussion
For the generation of the diazonium salts a selection of anilines

were reacted with a polymer-supported nitrite (Scheme 1). The
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Scheme 1 Preparation of the azo dyes.

' preparation of this supported reagent® was achieved by ion

exchange of the tetraalkylammonium chloride resin (Amberlyst

most prevalent class of synthetic colourants. Although the textile, A-26) with an agueous solution of NaNO,.

cosmetic and reprographics industries are by far the largest users

The generation of the diazonium salts was carried out on four
aniline derivatives which were dissolved in HCI (37%), cooled to
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Table1l Diazo dyes derived from phenolic coupling
Product Yield® (%) Purity? (%) LC-MS pH=0 pH = 14
OH 90 >98 197.10(—) Yellow Yellow
o
OH
M@ 62 229.31(+) Orange Orange
N
M90’©/
OH
O 80 >98 224.15(~)  Yellow  Red
Ne
o
0,
OH
Foz . N/@/ quant. >98 242.13(—)  Yellow  Orange
¢
NO/N‘ 78 292.19(—)  Orange  Blue
0,
HO
N~ quant. >98 292.16(—) Yellow Violet
O,N
2 Yields are based on the amount of phenolic derivative used. # Purity was determined by 400 MHz 'H NMR spectroscopy.

0 °C and then the polymer-supported nitrite was added. The

suspension was stirred for 5 min before the resin was removed by :
filtration. Thefiltrate was added dropwise at 0 °C to asolution of

the phenolic derivative in NaOH (10%) with vigorous stirring
which produced a coloured solution and a precipitate. The

precipitate then dissolved in MeOH. Asthereactionswere carried
out with an excess of aniline, the methanolic solution contained

the azo-derivative and unreacted aniline. In order to obtain the :

clean fina product, the solution was subjected to a catch-and-
release work-up which involved shaking the coloured solution
with Dowex(OH). This captured only the product leaving a

colourless solution after filtration. The isolated resin was :
subsequently washed with acetic acid releasing the pure product :

(Table 1). A dlightly modified procedure was used for the
preparation of the dimethylaniline series (Table 2). The solution

of diazonium salt, prepared as described above, wasadded at 0 °C
to avigorously stirred solution of the dimethylaniline derivative :

in NaOH (10%) and pyridine® Following the addition, the
pyridine was removed in vacuo and the resulting precipitate was

removed by filtration. The excess of unreacted aniline was
- Notes and references

selectively removed from the product by dissolving the solid in
methylene chloride and shaking the solution with a polymer-

supported isocyanate.10 Filtration of the solution gave, after :

evaporation, the clean product. An attempt to couple the
diazonium salt derived from 4-methoxyaniline with dimethylani-
line gave no product. Thisresult isin accordance with datafor the
relative rates of coupling for diazonium salts of aniline deriva-
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tives: 4-NO,:H:4-CH30 1300:1:0.1%1

As expected the products obtained acted as indicators and
showed the characteristic change of colour at extremes of pH. All
of the reactions produced essentially clean products as shown by

: LC-MS and *H NMR spectroscopy.
suspension was filtered with the filtrate being discarded and the
Conclusion

In conclusion, we have shown the possibility of using polymer-
supported reagents for the generation of dyes without the need for

: conventional work-up and purification procedures. Moreover, the

scheme of reaction demonstrates several different waysin which
solid supported reagents can be used; their use as reagents, their
use as scavengers in order to remove excess reactants or by-
products and their use in catch-and-release procedures for
purification. We believe that as the procedure only involves
simple filtrations the reaction scheme could also be adopted for
use in robotic systems in order to generate a large number of
compounds. Thiswould be of valuein the generation of novel azo
dye substances where rapid optimisation of the desired colour or
properties are necessary.
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Table2 Diazo dyes derived from dimethylaniline coupling

Product Yield? (%) Purity? (%) LC-MS pH =0 pH = 14

b
©/Ne'(©/ 92 >98 226.26(+) Pink Yellow
N
MeOO

!
~
Ns N/Q/ quant. >95 271.26(+) Red Orange
02N/©/
|
N
0, N/©/ A quant. >98 271.21(+) Red Orange
% _Ns

3 > 92 >92 321.27(+) Orange Organge
WORAE

aYields are based on the amount of dimethylaniline derivative used. ? Purity was determined by 400 MHz 'H NMR
spectroscopy.
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