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Scheme 1 Synthetic routes of the squarylium cyanine dyes
a: R=p-CH,C,H,COOH; b; R=(CH,)sCO0H; ¢: R=C,Hs; d: R=CH,CHs; e: R=p-CH,C H,CH,; f: R =p-CH,C H,F.
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3a: '"HNMR, &: 1.70[s, 12H, C(CH,), ], 5.46(s, 4H, CH,), 5.73(s, 2H, CH), 7.22 ~7.25
(d, 2H, J=8.0 Hz, CH), 7.29 ~7.31(d, 4H, J=8.0 Hz, CH), 7.55 ~7.57(d, 2H, J=7.5 Hz,
CH), 7.72(s, 2H, CH), 7.90 ~7.93(d, 4H, J=8.1 Hz, CH). ESI-MS, m/z: [M -2H + K]~
(861.1), [M-H] (823.1), [M-2H]*>" (411.1) .

3b: '"H NMR, &: 1.34 ~1.41 (m, 4H, CH,), 1.54 ~1.62 (m, 4H, CH,), 1.68[s, 12H,
C(CH,),], 1.70 ~1.75(m, 4H, CH,), 2.28 ~2.31(t, 4H, CH,), 4.05(m, 4H, CH,), 5.82(s, 2H,
CH), 7.26~7.28(d, 2H, J =8.4 Hz, CH), 7.58 ~7.60(d, 2H, J=8.8 Hz, CH), 7.65(s, 2H,
CH). ESI-MS, m/z: [M-H] (783.2), [M-3H +K]?> (410.2), [M-2H]> (391.1).

3c: '"HNMR, 6: 1.24 ~1.26(t, 6H, CH,), 1.70[S, 2H, C(CH,),], 4.12(m, 4H, CH,), 5.77
(s, 2H, CH), 7.23 ~7.25(d, 4H, J=7.2 Hz, CH), 7.49 ~7.51(d, 2H, J=8.0 Hz, CH), 7.67(s,
2H, CH). ESI-MS, m/z: [M-2H+K](649.1), [M-H] (611.2), [M-2H]* (305.1).

3d; 'H NMR, & 1.71[s, 12H, C(CH,), ], 5.39(s, 4H, CH,), 5.83(s, 2H, CH), 7.20 ~7.22
(d,4H, J=7.6 Hz, CH), 7.24 ~7.26(d, 2H, J=8.8 Hz, CH), 7.35 ~7.39(t, 4H, CH), 7.28 ~
7.31(t, 2H, CH), 7.58 ~7.60(d, 2H, J=8.4 Hz, CH), 7.72(s, 2H, CH). ESI-MS, m/z: [M -
2H+K] (773.1), [M-H] (735.2), [M-2H]*" (367.1).

3e: '"HNMR, &: 1.70[ s, 12H, C(CH,), ], 2.26(s, 6H, CH,), 5.28(s, 4H, CH,), 5.80(s, 2H,
CH), 7.09~7.11(d, 4H, J=8.0 Hz, CH), 7.15~7.17(d, 2H, J=7.6 Hz, CH), 7.23 ~7.25(d,
4H, J=8.4 Hz, CH), 7.56 ~7.58(d, 2H, J=8.0 Hz, CH), 7.70(s, 2H, CH). ESI-MS, m/z: [M -
2H+K] (801.2), [M-H]"(763.3), [M-2H]? (321.1).

3f; '"H NMR, & 1.70[ s, 12H, C(CH,), ], 5.38(s, 4H, CH,), 5.80(s, 2H, CH), 7.18 ~7.20
(d, 2H, J=8.0 Hz, CH), 7.22 ~7.24(d, 4H, J=8.0 Hz, CH), 7.24 ~7.28(t, 4H, CH), 7.57 ~
7.59(d, 2H, J=8.4 Hz, CH), 7.72(s, 2H, CH). ESI-MS, m/z: [M-2H +K] (809.2), [M-H] "
(771.3), [M-2H]?* (385.1).
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Table 1 Spectral data of the cyanines in the different solvents

Dye Solvent A,/ nm A/ NM Stockes shift/nm 10 2g(mol "' - em~! - L) D
3a Water 631 646 15 2.42 0.021
Methanol 638 655 17 2.11 0.170
Ethanol 641 657 16 2.28 0. 101
DMF 654 668 14 2.22 0. 185
DMSO 656 670 14 2.39 0. 157
3b Water 632 643 11 0.75 0.023
Methanol 638 652 14 1.17 0.184
Ethanol 641 656 15 1.23 0.111
DMF 653 667 14 1. 11 0. 147
DMSO 656 668 12 1.16 0.153
3c Water 628 639 11 1.92 0. 008
Methanol 634 648 14 2.54 0.047
Ethanol 638 650 12 2.56 0. 048
DMF 649 662 13 2.25 0. 088
DMSO 652 666 14 2.31 0. 089
3d Water 631 646 15 2.44 0.017
Methanol 638 652 14 2.72 0. 065
Ethanol 641 654 13 2.33 0. 136
DMF 653 667 14 2.62 0.117
DMSO 656 672 16 2.67 0.114
3e Water 631 646 15 2.11 0.011
Methanol 638 653 15 2.57 0. 068
Ethanol 642 655 13 2.03 0. 144
DMF 653 667 14 2.33 0.136
DMSO 656 669 14 2.38 0.119
3f Water 631 647 16 0.67 0.014
Methanol 637 651 14 0.73 0.117
Ethanol 640 653 13 0.76 0. 164
DMF 652 662 10 0. 81 0.221
DMSO 655 665 10 0.69 0. 151
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Synthesis and Spectral Properties of New Water-soluble Fluorescent
Label Squarylium Indocyanine Dyes

SONG Bo'?, ZHANG Qian’, PENG Xiao-Jun'*, MA Wen-Hui'">, WANG Bing-Shuai' , FU Xin-Mei'
(1. State Key Laboratory of Fine Chemical, Dalian University of Technology, Dalian 116012, China;
2. College of Chemistry and Chemical Engineering, Qigihar University, Qigihar 161006, China)

Abstract Six water-soluble squarylium indocyanine dyes were synthesized and their structures were confirmed
by '"H NMR and MS spectroscopy. The absorption and emission spectra of these dyes in water, methanol, eth-
anol, DMF, DMSO were studied. The spectra of these dyes exhibit a negative solvatochromism. The photo sta-
bility of these dyes in water was investigated as well. It is demonstrated that the electron-withdrawing group on
N-position of cyanine dyes improves the photo stability as compared with the dyes with electron-donating group
which decreases the photo stability obviously.

Keywords Squaric acid; Cyanine dye; Water-solubility; Photo stability
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