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Abstract

Attempts to make a diamino disulfonic acid derivative of an aza-BODIPY showed it was difficult 

to add BF2 to a disulfonated azadipyrromethene, and sulfonation of an aza-BODIPY resulted in 

loss of the BF2 fragment. We conclude the electron-deficient character of aza-BODIPY dyes 

destabilizes them relative to BODIPY dyes. Consequently, sulfonation of the aza-BODIPY core is 

not a viable strategy to increase water solubility. This assertion was indirectly supported via 

stability studies of a BODIPY and an aza-BODIPY in aqueous media. To afford the desired 

compound type, an aza-BODIPY with two amino and two sulfonic acid groups was prepared via 

modification of the aryl substituents with cysteic acid.

Relative to most BODIPY dyes, fluors in the aza-BODIPY series1–3 tend to have longer 

wavelength absorption and fluorescence emission maxima (Fig. 1).4–6 This characteristic is 

advantageous for many potential applications of these materials as probes in biological 

systems, but it comes at a cost. Red-shifted absorption and emission in aza-BODIPY dyes 

seems to depend on the presence of aryl substituents in the 1,3,5,7-positions making the 

heterocycles highly hydrophobic and inclined to aggregation in aqueous media.

The literature describes some efforts to increase the hydrophilicity of aza-BODIPY dyes 

based on functionalization of the aryl substituents.7 Modified aza-BODIPYs resulting from 

those efforts feature ammonium salts,8 oligoethylene glycol fragments,9 sulfonic and 

carboxylic acids,8 and carbohydrate derivatives.10 We required a hydrophilic aza-BODIPYs 

with amino functionality on the aryl group that could be coupled with activated carboxylic 

acids to produce derivatized optical imaging agents. Negatively charged dyes were also 

attractive to us because they are intrinsically repelled by negative polar head-groups on cell 

surfaces.

Sometime ago we refined11 a procedure12, 13 for adding sulfonic acid groups into the 

BODIPY 2- and 6-positions, that gave the water-soluble BODIPY dye C. Consequently, it 

seemed logical to apply the same approach to obtain the aza-BODIPY disulfonic acid D. 

This Communication describes why that approach does not work, and an alternative that 
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enables sulfonic acid and amino functionalities to be introduced into the aza-BODIPY 

system, via functionalization of the aryl groups.

Treatment of the dinitro-aza-dipyrromethene (aza-DIPY; see SI) 1 under the sulfonation 

conditions for BODIPY dyes,11 gave predominantly the mono- or di-sulfonated DIPY 

systems 2a and 2b, according to the equivalents of chlorosulfonic acid used (Scheme 1). 

Sulfonate 2a was isolated by chromatography on silica gel, whereas 2b was obtained more 

straightforwardly by precipitation from dichloromethane. Unfortunately, treatment of the 

DIPY systems 2 under a variety of conditions (Table S1) gave no trace of the corresponding 

aza-BODIPY dyes as monitored via fluorescence spectroscopy in water (with and without 

Triton X-100 to increase water solubility) or via 11B NMR of the crude material.

Scheme 2 describes an alternative approach to compound D, that was also unsuccessful. 

Treatment of the aza-BODIPY 3 with excess chlorosulfonic acid led to the aza-DIPY 2b 
corresponding to loss of the BF2 fragment. 11B NMR, fluorescence and absorption 

spectroscopy (and ESI-MS), of the crude product from this reaction showed no evidence that 

an aza-BODIPY was present, indicating loss of the BF2 fragment was not caused by the 

work-up procedure (Fig. S1). Several variations of the conditions for sulfonation of 3 also 

gave the same results, ie formation of the aza-DIPY 2 and not the anticipated aza-BODIPY 

D.

Based on the observations above, we decided to re-focus on obtaining the cysteic acid 

derivative 4 via the procedure outlined in Scheme 3. Thus hydrogenation of 1 then reaction 

with BF3 gave the diamine 5 which was conveniently coupled with BOC-protected cysteic 

acid to give the disulfonic acid 6 (isolated by MPLC on a reverse phase column) then the 

diamino-disulfonic acid 4 after a deprotection step (in which no further purification 

procedure was necessary).

Disulfonic acid 4 appears to give a homogeneous bright green solution in water or 1 mM 

PBS buffer. The UV absorbance of the dye is broad and there is no significant fluorescence 

(Fig. 2a). However, the UV absorbance of this dye sharpens considerably, and it becomes 

significantly more fluorescent, when 0.1 % Cremophor (CrEL) is added (Φ 0.34 ± 0.010, Fig 

2b); CrEL is a non-ionic surfactant that is commonly used as an excipient in pharmaceutical 

formulations. Near-IR concentration dependence of 4 in PBS buffer (without additives) was 

used to probe for further evidence of aggregation, but no significant dependence on the fluor 

concentration was observed (Fig. S3).

A UV-based method from the literature14 was used to compare the aqueous thermodynamic 

equilibrium solubilities of dyes 3 – 5. Thus 0.1 M stock solutions of the test compounds in 

DMSO were diluted with PBS to 0 – 100 μM in a 96-well plate, so that the highest 

concentration contained only 1 % DMSO. The plate was shaken horizontally for 6 h at 25 °C 

and kept overnight for equilibration. Thereafter, the plate was centrifuged at 1000 rpm for 20 

min, the supernatant was pipetted into a 96-well UV-transparent plate and analyzed using a 

microplate reader, λ = 680 nm, vs a blank (Fig 2c).
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Data from the experiments described above show the featured sulfonic acid 4 is significantly 

more hydrophilic than the dinitro- and diamino-compound 3 and 5 (Fig. 2c). In fact, the 

disulfonic acid 4 is soluble in PBS pH 7.4 up to 200 μM and even more soluble (more than 1 

mM) in carbonate buffer pH 9 (Fig. S4a). At pH 4, the solubility of 4 decreases (<20 μM) 

whereas 5 is more soluble (<50 μM, Fig. S4b).

Compound 5 is only very weakly fluorescent, and no staining was observed via confocal 

microscopy when this solution was incubated with 4T1 murine breast cancer cells. After 

acylation to obtain disulfonic acid BODIPY 4, bright fluorescent was observed in 0.1 % 

CrEL/PBS, and the fluor was clearly internalized into lysosomes of the same cells (Fig. 3).

Failure to obtain the sulfonic acid system D led us to hypothesize the aza-BODIPY 

framework with 2- and 6-sulfonic acids is too electron deficient to hold the BF2 fragment. 

This would explain why the BODIPY disulfonic acid C is isolable whereas we were not able 

to obtain D. Extrapolating this logic, we also hypothesized that aza-BODIPY dyes generally 

would be less stable than BODIPY systems even if there were no 2-, 6-substituents. 
Consequently, the stabilities of representative compounds were compared (Fig. 4).

Heating the tetramethyl BODIPY A and our hydrophilic aza-BODIPY 4 in non-

deoxygenated 1:1 dioxane:water (Fig. 4) proved BODIPY A persisted at 90 and 100 °C, but 

the aza-BODIPY system showed significant decomposition after 30 min at 90 °C, and was 

mostly decomposed under the same conditions but at 100 °C.

 Conclusions

Our failure to obtain the disulfonic acid D illustrates a difference between the chemistry of 

BODIPY and aza-BODIPY dyes; BODIPY systems are more electron-rich and can support 

strong electron withdrawing groups attached directly to the core, whereas similar electron 

withdrawing groups may destabilize aza-BODIPY systems with respect to bonding to the 

BF2 fragment. Consistent with this, the diformyl BODIPY E and the formyl aza-BODIPY F 
are known, but same authors have reported being unable to form the diformyl aza-BODIPY 

G.15 Our interpretation of these observation is that the diformyl aza-BODIPY G may be 

unstable, even though the corresponding BODIPY is known. The fact that the 

monoformylated aza-BODIPY F was isolated was possible even though monosulfonation 

was not, because formyl groups are less electron withdrawing.16

Parenthetically, we note that, consistent with the observations above, attempts to derivatives 

of 3 with para- rather than meta-nitro groups failed because the BF2 fragment could not be 

inserted.

The negatively charged cysteic acid derivative 4 is significantly more hydrophilic than its 

parent diamine 5, and it has amino groups for functionalization with carboxylic acid 

derivatives. Use of neutral carboxylic acid derivatives for such functionalizations will give 

products with two negative charges overall. This is desirable because such negatively 

charged fluorescent derivatives tend to have an intrinsic repulsion for negative head groups 

on the cell membrane. Intrinsic repulsion reduces non-specific binding of conjugates and 
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facilitates studies of aza-BODIPYs designed to selectively bind certain cell surface 

receptors.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1a

Figure 1b

Fig. 1. 
Structures of BODIPYs and aza-BODIPYs.
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Fig. 2. 
a UV and b fluorescence (excitation λ 650 nm) spectra of compound 4 in pH 7.4 PBS 

+ 0.1 % CrEL. c Solubility profile of 3, 4 and 5 in PBS at pH 7.4 (analyses performed in 

triplicate for each compound).
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Fig. 3. 
a Compound 4 is readily internalized by murine 4T1 breast cancer cells. A lysotracker dye 

(b) colocalized with the intracellular fluorescence (c). d Bright field image for reference.
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Fig. 4. 
Fluorescnce studies to monitor stabilities of the fluors. The t1/2 of aza-BODIPY 4 is 50 min 

at 90 °C and 2 min at 100 °C, whereas BODIPY A gave less than 10 % decomposition under 

the same conditions.
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Fig. 5. 
The diformyl BODIPY E and the mono-formyl aza-BODIPY F are known, but the diformyl 

aza-BODIPY has been proven difficult to prepare.
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Scheme 1. 
Synthesis of disulfonated aza-DIPY.
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Scheme 2. 
Attempt to sulfonate aza-BODIPY.
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Scheme 3. 
Synthesis of aza-BODIPY containing cysteic acid.
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