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Figure 1 (Color online) The molecular design of EC5 and ESS5.
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Figure 2 (Color online) The synthetic route of ESS. Reagents and conditions: (a) NHEt,, K,CO;, DMF, 100 °C, 8 h, 98%. (b) Ethylene glycol,
CH(OC,Hjs);, TsOH, Toluene, 105 °C, 4 h, 50%. (c) 1) n-BuLi, tetrahydrofuran (THF), —78 °C, 30 min; 2) dry DMF, THF, —78 °C-r.t., 2 h, 56%.
(d) 1,4-Cyclohexanedione monoethylene acetal, 30% NaOH, EtOH, r.t., 8 h, 93%. (e) 1) H,, Pd/C, EtOH, r.t., 24 h; 2) NaBH,, THF, 0 °C, 10 h, 31%.

(f) TsOH, H,0, Acetone, 65 °C, 3 h, 54%. (g) 1) o-methylphenyl lithium, THF, 0 °C, 30 min; 2) MeSO;H, CH,Cl,, r.t., 2 h, 39%.
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Figure 3 (Color online) (a) The crystal structure of ESS and
(b) packing mode in the solid state.
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Figure 4 (Color online) (a) Absorption and (b) emission spectra of ES5 in CH,Cl,; deconvolution of the (c) absorption and (d) emission spectra;
(e) absorption spectra of ES5 in six solvents; (f) emission spectra of ES5 in six solvents.
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Table 1 The photophysical properties of ES5

Solvent Aaps (nM) Aem (NM) e (cm_] M_') D, (%) 7 (ns) Stokes shift (nm)  Brightness
DMSO 874 915 1.07x10° 11.9 0.67 41 1.3x10°*
CH,Cl, 863 895 2.14x10° 125 0.84 32 2.7x10*
MeOH 854 886 1.11x10° 73 0.40 32 0.8x10°*
CH;COOH 857 888 1.13x10° 9.0 0.52 31 1.0x10*
MeCN 853 890 0.90x10° 12.1 0.73 37 1.1x10*
MeCN/H,0 855 890 0.88x10° 6.3 0.42 35 0.6x10°*
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Figure 5 (Color online) (a) Molar absorptivity and (b) fluorescence quantum yields of ES5 (red) and EC5 (blue).
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Figure 6 (Color online) The bond lengths of the conjugative backbone of (a) ES5 and (b) ECS5.
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Study on the structure-property relationship of near-infrared dyes
with resistance to symmetry breaking
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Abstract: Rational design of high-performance near-infrared (NIR) dyes for deep-tissue in vivo fluorescence imaging
represents a frontier in dye chemistry. Due to large transition dipole moments, NIR dyes are prone to solvent-induced
symmetry breaking (Peierls transition) in polar solvents, leading to a significant reduction in molar extinction
coefficients. Inhibiting symmetry breaking remains a critical challenge in this field. Our previous studies revealed that
ECS5 dyes exhibit superior resistance to symmetry breaking compared to cyanine, maintaining excellent molar extinction
coefficients in both polar and non-polar solvents. We hypothesize that the two double bonds above the conjugated chain
(clavicular double bonds) in ECS dyes are key to this resistance. To test this hypothesis, we synthesized ESS molecules
with saturated carbon chains for parallel comparison. Analysis of photophysical properties, spectral deconvolution data,
and crystal structures confirmed that these double bonds enhance the dye’s resistance to symmetry breaking, enabling
high brightness even in polar solutions. This work provides novel insights into the structure-property relationship
governing symmetry-breaking resistance, offering guidance for designing next-generation high-performance NIR dyes.

Keywords: near-infrared dyes, symmetry breaking, xanthene, molar extinction coefficient, rigidification

doi: 10.1360/SSC-2025-0100

2556


https://doi.org/10.1360/SSC-2025-0100

	近红外染料抗对称性破缺的构效关系研究
	引言�  引言�
	实验部分� 验部分�
	试剂与仪器� 试剂与仪器�
	实验方法�  实验方法�

	结果与讨论� 与讨论�
	分子合成及表征� 合成及表征�
	光物理性质及键长计算� 及键长计算�

	结论�  结论�


