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Development of Phenothiazine-based Fluorophores for Chemical and Biological Sensing 

Abstract 

Phenothiazines (PTZs) are a versatile class of heterocycles widely explored for their medicinal and 

materials applications.1 In this work, a novel class of highly fluorescent phenothiazine derivatives was 

obtained through an unprecedented reaction pathway, in which phenothiazinone was reacted with 1,3-

dithiole-2-thiones in the presence of trialkylphosphite (e.g., the reaction shown in Figure 1).  The resulting 

thioester-functionalized PTZs represent a rarely explored structural motif that exhibits versatile 

fluorescence properties such as solvent-polarity-sensitive fluorescence emission (blue to yellow) and 

deprotonation-induced red fluorescence. Notably, some of the PTZ derivatives can effectively bind with 

biologically important proteins such as bovine serum albumin (BSA) to enable protein fluorescence 

labelling. Their biological compatibility also allowed fluorescence imaging of bacteria (e.g., E. Coli). Other 

fluorescence sensing functions toward transition metal ions and serotonin were also investigated. 

Integration of these functionalized PTZs with a photochromic molecular switch, spiropyran (SP), led to a 

hybrid system exhibiting tunable fluorescence via Förster resonance energy transfer (FRET).2,3 The system 

demonstrates reversible photochromic switching between the closed spiropyran and open merocyanine 

forms under UV irradiation, producing distinct optical responses, including enhanced red emission and 

solvent-dependent fluorescence. In particular, ethanol-water mixtures stabilize the emissive state, 

highlighting the system’s promising utility in fluorescence sensing and imaging of biological systems.  
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