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Abstract: The stable bis(aminodien)one system 2 (Xmax = 648 nm in MeOH) undergoes 
protonation at the oxygen atom to give a cyanine chromophore Τ (Xmax = 932 nm). The transition is fully 
reversible and depends solely on pH conditions. 

The red glow produced by a flashlight inside the mouth demonstrates that red light is penetrating in 

tissue. At near-infrared (NIR) wavelengths (700-1300 nm), multi-centimeter penetration of biological tissues 

is common. This unusual feature is a cornerstone of current, aggressive worldwide efforts to develop NIR 

imaging technology for in vivo applications (1-3). Central to such technology are NIR molecular probes that 

are chemically responsive to their tissue environment. For example, pH-sensitive NIR probes that change 

their spectral properties in a highly acidic environment of solid tumors are essential for the development of a 

novel imaging technology for detection of solid tumors. The NIR approach offers a potentially unparalleled 

sensitivity in comparison to other approaches because of the negligible background absorbance and 

fluorescence of biological tissues in the NIR region. The major barrier to the development of such NIR 

methodology has been the general lack of availability of suitable NIR compounds. 

In the quest for pH-sensitive probes we have focused on bis(aminodien)ones, the visible absorption 

of which under neutral or basic pH conditions undergoes a large batochromic shift to the NIR region under 

low pH conditions (4,5). This large spectral shift is due to formation of a cyanine chromophore upon 

protonation. Unfortunately, all dyes of this class synthesized previously by us and others are highly unstable 

in solution (4-6). 

In this paper we report for the first time a stable bis(aminodien)one system 2. Compound 2 is easily 

prepared in one step from a commercially available cyanine dye 1 (7). Briefly, a mixture of 1 (200 mg, 0.27 

mmol) and anhydrous AcONa (440 mg, 5.4 mmol) in anhydrous DMF (10 mL) was stirred under a nitrogen 

atmosphere at 80 °C for 4 h (4). After cooling, the mixture was treated with benzene/dichloromethane (1:1, 

10 mL) and filtered, and the solution was then concentrated on a rotary evaporator. Flash chromatography 

on silica gel (2 g) eluting with dichloromethane and followed by crystallization from dichloromethane/meth-

anol (1:1) gave 2 (45 mg, 26%) as a single diastereomer (8). Compound 2 gave good microanalysis and HR-

FAB-MS results, and the suggested structure (Scheme) is fully consistent with 1H NMR and 13C NMR (9). 

Due to the anti stereochemistry of the two terminal heteroaromatic subunits in the planar conjugated 

molecule the pairs of methine protons C1'-H and C2'-H are slightly nonequivalent [δ 6.11 (broad d, J = 13 Hz, 
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AcONa/DMF 

80 °C/4 h 

(stereochemistry unknown) 

2 H), 8.51 (broad d, J = 13 Hz, 2 H)] and the two methylene groups N-CH2 exhibit distinctly different chemi 

shifts [δ 3.78 (t, J = 7.5 Hz, 2 H), 3.92 (t, J = 7.5 Hz, 2 H)]. In a similar way, the 1 3 C NMR spectrum of 2 shovs 

40 well resolved signals for each carbon atom in the molecule. The central carbon of the carbonyl group 

resonates at δ 186.7. The electronic spectrum of 2 taken in methanol shows Xm ax at 648 nm. Upon 

acidification of the methanol solution with diluted hydrochloric acid to about pH 3 this absorption maximum 

disappears and a new, much stronger absorption centered at 932 nm, apparently for a cyanine chromophc 

2 \ is observed. This transition is fully reversible and the electronic spectrum depends solely on pH 

conditions. W e noticed only slight changes in the electronic spectrum for a solution of 2 exposed to light 

and air for two days. In a similar way the 1 Η NMR spectra of 2 taken immediately after dissolution in CD2CI2 

and after exposure to light and air for two days were virtually identical. This is an astonishing result becaus 

rapid photooxidation of this class of molecules is a quite general phenomenon rather than an exception 
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In summary we have found the first stable bis(aminodien)one/cyanine dye system. Quantitative 

absorption and fluorescent spectra of the 2/2' system in various solvents and under various pH conditions 

will be published in due course. Water soluble analogs of 2 are strong candidates for use as pH-sensitive 

dyes in NIR imaging technology. Accordingly, we are synthesizing sulfonato-substituted derivatives of 2 to 

increase the solubility. Our previous research with cyanine dyes has shown that this modification has little 

effect on the absorption and fluorescence properties of the NIR chromophore (7,10,11). 
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