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Boron-complexation for developing novel fluorescent dyes

Kubota, Yasuhiro
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Pyrazine-boron complexes, bis(pyrrol-2-yl)squaraines and 1,4-dihydropyrrolo
[3,2-b]pyrrole dyes were synthesized as a novel fluorescent dye. In the pyrazine boron complex,
boron complexes having bulky substituents on the boron atom tended to show a higher fluorescence
quantum yield in the solid state. 1,3-Squaraines showed red-shifted maximum fluorescence wavelength
compared to the corresponding 1,2-squaraines. Unsymmetrical 1,4-dihydropyrrolo[3,2-b]pyrrole showed
a very large Stokes shift (230 nm) due to TICT fluorescence.
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Table. Fluorescence properties of pyrazine boron complexes?
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bN\ 0 4:R'=H,R?=Ph
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In hexane Solid state
Compd
Fmax / nm & Frmax /nm &
1 446, 472 0.29 542 0.13
2 438, 464 0.13 531 0.12
3 506, 534 0.80 672 0.04
4 505, 531 0.62 536 0.29
5 502, 526 0.32 524 0.26
6 529, 549 0.71 628 0.13

aMeasured at a concentration of 1.0 x 10> M.
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Scheme 1. Synthesis of 1,3-bis(pyrrol-2-yl)squaraines.
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Scheme 2. Synthesis of 1,2-bis(pyrrol-2-yl)squaraines.
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Figure 1. Changes in absorption spectra of dyes (a) 11 and (b) 12 in dichloromethane upon TFA

addition.



Table 1. Optical propertiesof squarainein chloroforn?

Compd Amax () Fmax be z'sd ke knrf
(nm) (nm) o (ns) (10°sh (10°sYH
8 554 (200,600) 570 <001 —h @ — —
9 633 (208,000) 648 0.39 155 0.5 0.39
10 646 (234,000) 666 0.35 140 025 0.46
1 722 (254,000) 768 0.30 147 020 0.48
12 781 (273,000) 833 0.18 099 018 0.83
13 437 (51,600) — — — — —
14 439 (54,100) — 9 — — — —
15 487 (56,400) 540 0.20 044  0.45 1.81
16 494 (68,000) 541 0.45 140 032 0.39
17 544 (78,000) 616 0.43 147 029 0.39
18 585 (85,200) 661 0.44 152 029 0.37
19 364 (49,000) — — — — —
20 372 (49,100) — 9 — — — —
21 400 (50,800) 435 <001 «—h @ — —
22 409 (51,000) 465 <001 ~—h — —
23 451 (55,600) 535 0.07 024 029 3.88
24 467 (60,500) 572 0.38 098  0.38 0.63

3Measured at aconcentration of 2.0 x 10° M. PThe excitation wavel engths (o) were as follows: 8 (550 nm), 9 (630 nm),
10 (645 nm), 11 (720 nm), 12 (770 nm), 13 (430 nm), 14 (430 nm), 15 (490 nm), 16 (490 nm), 17 (550 nm), 18 (580 nm),
19(360 nm), 20 (370 nm), 21 (400 nm), 22 (410 nm), 23 (460 nm), and 24 (470 nm). ‘M easured using an integratingsphere
method. “Measured usi ng a single-photon-counting method. “Radiative rate constant (ki = @x/zy). Non-radiative rate
constant (ky = (1 - @)/ tg). INot observed. Moo short to be measured (1s< 0.1 ns).
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Figure 2. Photograph of the textile sensor (a) before acid addition and (b) exposed to 20 ppm HCI gas
for 500 sec.
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