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New reactive fluorophores in the 1,2,3-triazine series
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Abstract—A one-pot synthesis of new fluorescent 2,5-dihydro-1,2,3-triazines with reactive functional groups and a large Stokes shift
of 200 nm is described.
© 2006 Elsevier Ltd. All rights reserved.

Fluorescent molecules with reactive functional groups Table 1. 2,5-Dihydro-1,2,3-triazines and pyrrolo-triazoline products
are of particular interest because of their potential for Compd Yield (%) Mp (°C)
use as real-time sensors in biomolecular systems.!™3 >
.. . .. . a 52 122-123
Among the triazine series the 1,2,3-triazine system is 2 35 193-194
the least studied in comparison with the 1,2,4- and 2% 45 179-180
1,3,5-triazine structures because the ring system is the 3a 38 146-147
least stable of the three and synthetic routes are limited.* 3b 26 163-164
Herein, we describe the first fluorophores of the 1,2,3- 3c 33 158-159
triazine series from an experimentally simple one-pot 4a 8 186-187
reaction developed from our work on azolium ylide 4b 23 157-158
1,3-dipole systems.’ 4c 27 174-175
5a 13 164-166
Solutions of the 1,2,3-triazolium-1-aminide 1,3-dipoles Zlc’ ;2 }ggiizg
1 and alkylpropiolates in dry acetone when heated un- 6 7 142143
der reflux for 24 h produced the new fluorescent 1,2,3- 7 9 193-196
triazine derivatives 2 and 3 along with lesser yields of
the fused pyrrolo[2,3-d]-1,2,3-triazolines 4 and 5 (Table
1).° When the reaction was carried out in undried ace- were also fluorescent, were encountered from hydro-
tone, small quantities of the products 6 and 7, which lytic degradation of the imine function in 2 and 3 to
Table 2. Fluorescent properties of substituted 2,5-dihydro-1,2,3-triazines
Compd Jabs Max® Jabs Max® Area ratio® Eabs MAX Jem Max® FWHM¢! Jem Max® FWHM¢
Band 1 (nm) Band 2 (nm) (est) (M~ 'em™) Band 1 (nm) Band 2 (nm)
3a 307 392 1.5 19,914 483.6 47.5 528.7 75.1
3b 310 391 3.1 25,971 482.6 48.6 528.1 74.1
3c 309 391 1.7 26,540 482.8 48.3 528.1 75.8
7 322 377 1.1 19,192 478.9 423 516.7 57.8

2 Steady state excitation data recorded at concentration 107® M in MeOH.

® Estimated approximate area ratios band 1:band 2 from best-fit Gaussian functions at the offset baseline.
©Steady state emission data recorded with 317 nm excitation at concentration 107® M in MeOH.
dEFWHM, full width half maximum.

* Corresponding author. Tel.: +353 91 492478; fax: +353 91 525700; e-mail: r.debuitleir@nuigalway.ie
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a formyl group, which was oxidised in situ and The products 6 and 7 could be readily obtained in over
decarboxylated. 90% yield by separately heating solutions of 2 and 3 in
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Figure 1. Excitation spectrum (emission set at 500 nm) and fluorescence emission spectrum (excitation set at 317 nm) for compound 3a.
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Scheme 1. 'H and '*C NMR shifts in CDCl; for 2a and 4a.
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Figure 3. X-ray crystal structure of 7.

1:1 (v/v) aqueous ethanol.® The structures 2, 3, 6 and 7
are new fluorophores, which display a bright green fluo-
rescence (Table 2), and contain reactive functional
groups (ester and imine) with potential for binding as
biomarkers. The UV absorption of these structures
showed a dual absorption at ca. 310 nm with a shoulder
at ca. 390 nm. The fluorescence emission (for excitation
at 317 nm) displayed a dual band at ca. 480 and 528 nm.
Hence, the complex system comprises at least two
ground states and two excited states with the 310 nm
absorption correlating with the 520 nm emission and
the 390 nm absorption correlating with the 480 nm emis-
sion. The very significant Stokes shift of ca. 200 nm
(Fig. 1) shows the potential of these molecules for bio-
logical fluorescent labelling experiments.

The structures of the products 2—7 were established from
microanalyses, IR, proton and '*C NMR spectra.® Some
representative NMR shifts are shown in Scheme 1.
X-ray crystal structure determinations’® on compounds
3a and 7a supported the structures (Figs. 2 and 3).

The products 4 and 5 arise from the 1,3-dipoles 1 by Huis-
gen cycloaddition® to give the unstable cycloadduct 9,
which undergoes a 1,4-N—C rearrangement’ (Scheme 1).

These are normally stable high melting solids® when
there is a substitutent at C-5 but in the present first cases
with a H-atom at C-5 they proved to be highly labile and
ring expanded in situ into the fluorescent triazines 2 and
3 thereby providing a convenient one-pot synthesis of
these triazines.” We envisage that the ring-expansion in-
volves an intermediate of type 8, which can arise from a
cleavage of the C(3a)-N(4) bond in 4.
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