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Synthesis, Mechanochromism and Acid Response of the Fluorescence
Dyes Based on Quinoxalines Modified with Tetraphenylethylenes

Sun, Jingbo Zhang, Gonghe Jia, Xiaoyu Xue, Pengchong Jia, Junhui Lu, Ran*

(College of Chemistry, State Key Laboratory of Supramolecular Structure and Materials, Jilin University,
Changchun 130021)

Abstract Three new D-m-A type quinoxalines modified with tetraphenylethylenes BTPQ, DBTPQ and BTBQ were syn-
thesized via Suzuki coupling reactions between (4-(1,2,2-triphenylvinyl)phenyl)boronic acid and bromo aromatic hydrocar-
bons. It was found that BTPQ and DBTPQ, in which tetraphenylethylenes were substituted on 5,8-positions of quinoxalines
gave the absortion bands at 316 nm and 303 nm, respectively, originated from 7m-n* transition. For BTBQ, in which tetra-
phenylethylene units were located at 2,3-positions of quinoxaline, the m-n* transition absorption blue-shifted to 287 nm on
account of the poor planarity and low conjugation. Meanwhile, the intermolecular charge transfer (ICT) emission could be
detected for BTPQ and DBTPQ, whose emission bands red-shifted significantly and emission intensities decreased with
increasing the solvent polarities. It should be noted that the three compounds exhibited aggregation-induced emission (AIE)
behaviors. For instance, when the water faction in the THF solution increased to 90%, the emission intensity at ca. 400 nm
for BTBQ, was ca. 54 times higher than that in THF. Additionally, trifluoroacetic acid (TFA) could lead to the changes of
color and emitting color of BTBQ in solution as well as in solid state due to the formation of protonated quinoxaline. We
found that the grey solid of BTBQ could turn into red one upon exposed to gaseous TFA, accompanying with the quench of
the emission. Other kinds of acids of HCI, HNO; and acetic acid also could lead to the fluorescence quenching of solid
BTBQ to some extent. Therefore, BTBQ could be used as sensory material to detect acid vapors by naked eyes. However,
the protonation would be prohibited in BTPQ and DBTPQ on account of the steric effect of tetraphenylethylene units linked
to 5,8-positions of quinoxaline, so BTPQ and DBTPQ could not detect acid. Interestingly, the solid emitting colors of BTPQ
as well as DBTPQ were quite different before and after grinding, exhibiting mechanochromic properties. The as-prepared
crystal of BTPQ emitting blue light under UV irradiation could be changed into amorphous powder with bluish green emis-
sion. The XRD patterns suggested that the mechanochromism was originated from the transition between the crystalline and
amorphous states. Such mechanochromism was reversible under the treatment of grinding and heating/fuming with DCM.
Keywords quinoxaline; tetraphenylethylene; mechanochromism; acid response; AIE
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Figure 1 Normalized UV-vis absorption spectra of BTPQ (a), DBTPQ
(b) and BTBQ (c) in DCM (1.0 X 10 > mol-L ")
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Figure 3 (a) Fluorescence emission spectra of BTBQ in the THF/water
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Figure 4 Normalized fluorescence emission spectra of BTPQ (a) and DBTPQ (c) in different solid states excited at 400 nm; XRD patterns of BTPQ (b)
and DBTPQ (d) in different solid states. Inset: photos of BTPQ and DBTPQ during piezofluorochromic processes
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Figure S (a) Fluorescence emission spectra of BTBQ upon exposed to
saturated TFA vapor. Inset: Reversible fluorescence emission intensity at
500 nm for BTBQ solid upon exposed to saturated vapors of TEA and
TFA; (b) Photos of BTBQ solid before and after exposed to TEA and
TFA vapors under daylight and 365 nm light.
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30H), 7.05 (dt, J=5.0, 2.7 Hz, 4H) (/4 S15); “C NMR
(101 MHz, CDCly) d: 143.92, 143.90, 143.78, 142.88,
141.31, 141.08, 140.72, 139.79, 136.34, 131.57, 131.39,
131.37, 131.09, 130.21, 129.93, 127.78, 127.68, 127.62,
126.51, 126.46, 126.40 (& S16). FT-IR (KBr) v: 698, 754,
817, 864, 918, 980, 1028, 1074, 1184, 1263, 1384, 1442,
1491, 1596, 2955, 3024 cm '. MALDI-TOF MS: m/z:
caled for CgyHyN,: 790.33; found 791.5 [M-l—H]+ (&
S17).

2,3- K F-58-W—(4- =K F 245 H -5 e 0k
(DBTPQ): VA3 fi12 A5k}, HE e BTPQ AL 7772
il % DBTPQ. 34l k. =23 80%. m.p. 275~
292 “C.'H NMR (400 MHz, CDCl3) 0: 7.83 (s, 2H), 7.64
(d, J=8.3 Hz, 4H), 7.58 (d, J=7.0 Hz, 4H), 7.35 (dt, J=
22.1, 7.1 Hz, 8H), 7.14~7.20 (m, 28H), 7.11 (d, J=2.7
Hz, 4H) (B S18); °C NMR (101 MHz, CDCls) 6: 150.77,
144.00, 143.92, 143.84, 143.08, 142.90, 141.16, 140.78,
139.09, 138.88, 138.37, 136.32, 131.65, 131.49, 131.45,
131.01, 130.18, 130.09, 129.70, 128.82, 128.18, 127.81,
127.68, 126.58, 126.50, 126.43 (& S19). FT-IR (KBr) v:
696, 754, 987, 1246, 1385, 1458, 1490, 1560, 1654, 1772,
2364 cm . MALDI-TOF MS: m/z: caled for C,,HsoNy:
942 4; found 943.5 [M+H]" (& S20).

1,2-W-(4"-=FF 2 IHHE R E-4-F)- 2 8t-1,2-—
FR(S): LL 4 F02 NJERL H-E B BTPQ AHBLR) 77 i £
5. BEOEEK. P 63%. mp.: 200~210 ‘C. '"H NMR
(400 MHz, CDCL3) d: 8.04 (d, J=8.1 Hz, 4H), 7.71 (d, J=
8.1 Hz, 4H), 7.41 (d, J=8.0 Hz, 4H), 7.14 (dd, J=9.1, 4.6
Hz, 22H), 7.08 (dt, J=13.6, 3.8 Hz, 12H) (& S21). "*C
NMR (101 MHz, CDCly) 6: 194.11, 147.07, 144.42,
143.56, 143.54, 143.50, 141.77, 140.17, 137.09, 132.07,
131.62, 131.39, 131.34, 131.32, 130.48, 127.86, 127.81,
127.70, 127.33, 126.70, 126.64, 126.60, 126.55 (& S22).
FT-IR (KBr) v: 695, 755, 818, 856, 1004, 1172, 1221,
1443, 1491, 1598, 1673, 2320, 2599, 3026 cm™'. MALDI-
TOF MS: m/z: calcd for CesHu0,: 870.4; found 869.9 (&
S$23).

23-W-A4-ZFKH 7B E-—FH4-5)- &2
(BTBQ): # 0.1 g (0.92 mmol)&F=K [l 0.81 g (0.92
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1 F F ®R

mmol)ftb &4 5 T 50 mL ZRRAERT. &R BRI R.
Fe R M TERE, R RA IR =R, FI 400 mL 2K,
WA LA, WA ShokBedk, ToKMBREE TR, T
. SR ENTHRACHME & P hE=3/1), fFRat
4K 0.82 g. P#F N 95%. m.p. 310~330 C. 'H NMR
(400 MHz, CDCls) 8: 7.17~8.21 (m, 2H), 7.76~7.80 (m,
2H), 7.58 (dd, J=24.3, 8.4 Hz, 8H), 7.38 (d, J=8.4 Hz,
4H), 7.03~7.17 (m, 34H) (/& S24). *C NMR (101 MHz,
CDCly) d: 153.04, 143.76, 143.74, 143.72, 143.26, 141 .31,
141.25, 141.05, 140.47, 137.99, 137.90, 131.90, 131.45,
131.38, 130.30, 129.99, 129.21, 127.84, 127.75, 127.68,
126.76, 126.58, 126.55, 126.50, 126.23 (& S25). FT-IR
(KBr) v: 628, 698, 763, 819, 977, 1004, 1058, 1220, 1344,
1394, 1492, 1600, 2923, 3025 cm '. MALDI-TOF MS:
m/z: caled for C7,HsoN,: 942.4; found 943.6 [M+H]" (K&
S26).
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