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Abstract 
Boron-dipyrromethene (BODIPY) dyes are a class of organoboron compounds that have been cited as 
candidates for explorations into fluorescence imaging, photodynamic therapy, and optoelectronics. The 
meso-modified analog, Aza-BODIPY, has become ubiquitous in biomedical applications due to the 
propensity to tune physicochemical and spectral properties by varying hydrophobic and hydrophilic 
substituents1,2. One modality of imaging is photoacoustic (PA) imaging, which combines the features of 
optical and ultrasound imaging, absorbs near-infrared light (NIR) to excite a PA probe to cause tissue 
expansion and induce pressure, which subsequently allows for the generation of an ultrasound wave 
for detection. Compared with fluorescence imaging, ultrasound waves confer the advantage of less 
autofluorescence of biological tissues, due to less photons scattering, which facilitate deeper tissue 
penetration (>3 cm). As a result, PA agents are notable for greater accuracy and visual results 
compared to solely optical imaging 3, 4. This research reports the probative results and aims of the 
synthesis of Aza-BODIPY dyes as activatable PA probes with respect to their absorbance, fluorescence 
optical properties, and density-functional theory (DFT) computational studies. Herein, we synthesized 
and evaluated 20 Aza-BODIPY dyes with respect to purely optical imaging; however, preliminary 
screenings reveal little to no fluorescence of such agents, rendering them futile for optical fluorescence 
imaging due to their tendency to aggregate in lipid-rich organs like the kidneys, adipose, and 
pancreas—rendering them ineffective as they immediately become committed to metabolism and 
excretion during fluorescence imaging. However, the inclination to utilize these as PA probes is a 
promising development. This research is the culmination of the aim to design Aza-BODIPY dyes for 
tumor targeting and bioimaging that redshifted to the NIR-II region and confer good optoacoustic 
properties. To circumvent the limitations of Aza-BODIPY dyes having an inherently hydrophobic nature, 
2 selected compounds were synthesized incorporating electron-rich donating groups of phenol (-OH) 
and carboxylic acid (-COOH) to improve the LogD parameter and promote higher water solubility, 
meaning they will have a longer residence time in aqueous environments, rather than fat-rich regions. 
While these 2 new derivatives await in vivo studies, the early data are promising as 2 phenolic Aza-
BODIPY probes display pH response from pH 4- 10, indicating promise to be used a pH sensor in vivo, 
as previously reported Aza-BODIPY scaffolds,5,6, particularly in hypoxic tumor 
microenvironments. Moreover, metal-responsiveness to Zn2+ and pH-sensitivity were observed in the 
N, N-dimethylamino modified fluorophores. 
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