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Department of Chemistry, University of Minho, Gualtar, P-4700-320 Braga, Portugal

Received 11 January 2001; accepted 12 July 2001

Abstract—Having in mind the development of new colour labelled amino acid derivatives, a carboxyl azo dye was coupled to
amino acid esters to give the corresponding orange N-acyl derivatives, which were in turn further acylated at their N-terminus
with Boc for investigation of the conditions of possible cleavage of the chromophore by electrolysis or with nucleophiles. While
difficulties were met with electrolysis owing to competitive reduction of the azo group, cleavage with N,N-diethylaminoethylamine
(DEAEA) gave satisfactory results. This allows the use of the chromophore as a temporary marker. © 2001 Elsevier Science Ltd.
All rights reserved.

In recent years one has witnessed a fast growth of new
areas of dye chemistry, mainly in connection with
biomedical applications.1 Diazo coupling has been
employed for the first time in the field of protein
chemistry2,3 as early as 1915, finding applications in
biology, forensics, diagnostic and immunology. Deter-
mination of enzyme activity4 is one of its especially
useful applications, which accounts for the development
of new methodologies and new improvements in this
field often leading to new patents.5,6 The use of azoben-
zene moieties7 and that of colour labelling related to the

investigation of biological activity8 are examples of
recent applications in the field of peptide chemistry.

Following our previous work with reactive azo dyes for
wool and polyamide fibres,9 and in connection with our
programme to explore new methods for cleavage of
known, and to develop new, protecting groups,10 we
decided to investigate the use of azo dyes to prepare
coloured derivatives of �-amino acids. Now, we report
our first results of the preparation and characterisation
of several orange �-amino acid esters bearing a 3-

Scheme 1.
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[(N,N - dimethylaminophenyl) - 4� - diazenyl] - benzoyl
group (Dpa) at their N-terminus and also of the investi-
gation of the cleavage of this group.

One equivalent of a carboxyl azo dye (1) derived from
3-aminobenzoic acid and N,N-dimethylaniline was
reacted with amino acid methyl (2a–g) or ethyl esters
(2h) in DMF by a DCC/HOBt coupling11 (Scheme 1).12

After purification by dry or flash chromatography on
silica gel followed by recrystallisation, the orange 3-
[(N,N-dimethylaminophenyl)-4�-diazenyl]-benzoylamino
acid esters (3a–h) were obtained as solid materials with
yields within the range 56–99% (Table 1) and character-
ised by 1H and 13C NMR, FTIR and visible spec-
troscopy, and also by elemental analysis. All products
were stable on storage in the air and at room tempera-
ture. Their 1H and 13C NMR (CDCl3) as well as their
FTIR spectra agreed with the expected structure. The

visible spectra showed �max at 415 nm with � values
falling between 17000 (3a) and 33145 (3g).13

Having in mind that the acyl group under study is a
derivative of the benzoyl group and that the latter can
be cleaved selectively from Boc-acylamino acid and
peptide derivatives under mild conditions14,15 and that
cleavage of the dye moiety would give back colourless
compounds, the deacylation of the materials described
above was then investigated. For this purpose, com-
pounds 3b–h were converted (Scheme 1) into the corre-
sponding Boc-acylamide esters (4b–h) by treatment at
room temperature with tert-butyl pyrocarbonate in dry
acetonitrile and in the presence of catalytic amounts of
4-(N,N-dimethylamino)-pyridine (DMAP). After purifi-
cation by dry chromatography, the coloured reaction
products were obtained in yields within the range 56–
99% (Table 2) and characterised as above. The visible
spectra showed �max within 418 nm (4b) and 470 nm
(4e), with � values falling between 7723 (4d) and 24589
(4g).16

The Boc-acylamides (4b–h) were then treated with N,N-
diethylaminoethyl-amine (DEAEA) in dry acetonitrile
and at room temperature, and the expected Boc-amino
acid esters (5b–h) isolated as colourless materials in
yields within the range 40–78% (Table 3).16 In all
preparations a coloured by-product was shown by
TLC; isolation and characterised by IR and 1H and 13C
NMR spectroscopy revealed that this was the transami-
dation product resulting from transfer of the dye moi-
ety to DEAEA.

Compound 4h was electrolysed at a constant potential
of 1.81 V in acetonitrile containing Et4NCl as the
supporting electrolyte and Et3NHCl as a proton
donor.15 A 6 h reaction, which was stopped when 88%
of the starting material had been consumed as shown
by HPLC, yielded 32% of the expected cleavage
product (5h) and also 32% of N-(3-aminobenzoyl)-N-
tert-butyloxycarbonyl–phenylalanine ethyl ester result-
ing from competitive reductive cleavage of the azo
group;17 as one would expect, both compounds were
colourless. We are now investigating the conditions
required for electrolysis of the latter compound having
in mind to improve the yield of 5h.

As model compounds for peptides and proteins, the
coloured amino acid derivatives mentioned above could
be obtained usually in good yields and can be converted
back into colourless materials in fair yields by treat-
ment with DEAEA whenever this may be required.
Thus, our results show that the azo dye investigated can
be used as a temporary marker for peptide and protein
labelling, certainly with applications both in chemistry
and in biology.
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Table 1. Results obtained in the synthesis of compounds 3

Yield (%)Compound

FormulaNo.

Dpa-Pro-OMe3a 56
Dpa-Gly-OMe3b 99
Dpa-Ala-OMe3c 91

813d Dpa-Val-OMe
Dpa-Ile-OMe 793e
Dpa-Leu-OMe3f 59

3g Dpa-Met-OMe 70
3h Dpa-Phe-OEt 68

Table 2. Results obtained in the synthesis of coloured
compounds 4

Compound Yield (%)

FormulaNo.

4b Dpa-Gly(N-Boc)-OMe 90
4c 99Dpa-Ala(N-Boc)-OMe

Dpa-Val(N-Boc)-OMe4d 85
Dpa-Ile(N-Boc)-OMe 564e
Dpa-Leu(N-Boc)-OMe4f 99
Dpa-Met(N-Boc)-OMe 604g

4h 99Dpa-Phe(N-Boc)-OEt

Table 3. Results obtained in the selective cleavage of com-
pounds 4 with DEAEA

Starting material Product

Yield (%)FormulaCompound no. No.

5b4b Boc-Gly-OMe 56
634c 5c Boc-Ala-OMe

5d4d Boc-Val-OMe 40
4e 5e Boc-Ile-OMe 72

49Boc-Leu-OMe5f4f
5g4g Boc-Met-OMe 78
5h4h Boc-Phe-OEt 71
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