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ABSTRACT 

 
 aza-BODIPY dyes are fluorescent dyes that have numerous applications due to 

their photophysical properties, which can be tuned via various structural modifications of 

the dye’s unique scaffold. These dyes are known to interact with certain peptides and 

proteins as well as protein aggregates. The neurotoxic Aβ1-42 peptide is of particular 

interest due to its implications in the development and progression of Alzheimer’s 

disease. Many approaches to synthesizing these dyes exist, but they are not facile as they 

require long reaction times, special reaction conditions, and extensive purifications to 

obtain desired aza-BODIPY dyes.  

 This thesis highlights several initial attempts on improving the synthesis of aza-

BODIPY dyes, making the reactions quicker, safer, easier to carry out, and potentially 

more economical to perform. Specifically, two steps leading to the formation of enones 

and nitrobutanone derivatives (intermediates en route to the dyes) were explored and 

improved by introducing the mechanomical approaches, thus allowing for a reduction in 

the amount of solvent or even in some cases eliminate the need for solvent all together. 

The introduction of tetramethylguanidine as the base allowed for the synthesis of 

nitrobutanone derivatives at room temperature. Further improvement included the 

mechanochemical synthesis of aza-BODIPY dyes by simply grinding a substituted aryl 

pyrrole with acetic anhydride, acetic acid, and sodium nitrite to form the aza-BODIPY 

precursor in moderate yields. 
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CHAPTER 1: INTRODUCTION 
 
 
1.1  General Considerations of BODIPY and aza-BODIPY Dyes      
 
 Boron-dipyrromethane scaffolds, commonly known as BODIPY dyes (Figure 

1.1), are a class of versatile fluorescent dyes that have found multiple applications in a 

variety of disciplines.1-5 The main interest in these types of dyes, which were accidentally 

synthesized by Treibs and Kreuzer in 1968,6 is due to the fact that their photophysical 

properties can be tuned by incorporation of various substituents around the BODIPY 

core. BODIPY and its derivatives display high extinction coefficients, high fluorescent 

quantum yields and high photostability making them suitable for use in dye lasers.  

 
Figure 1.1 General Structures of BODIPY and aza-BODIPY Dyes. R, R1, R2 are the substituents 

 
 
 

 On the structural level, BODIPY dyes are of planar geometry, where the two 

nitrogen atoms are slightly polarized, which provides for both nucleophilic and 

electrophilic reaction sites. These reaction sites can be easily exploited to introduce 

various substituents onto the backbone enabling the synthesis of numerous structurally 

and functionally diverse derivatives. This allows one to customize the dye to have a 

particular characteristic, such as solubility in particular media, binding ability to certain 

molecules and variable photophysical properties including extinction, emission 

wavelengths and fluorescent lifetimes. Near-IR analogues of the BODIPY dyes are so-
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called aza-BODIPY dyes (Figure 1.1), which have a nitrogen atom in the meso-position 

instead of carbon and its substituent. In principle, aza-BODIPYs should have a similar 

range of applications as BODIPY dyes have; yet these applications are relatively 

unexplored as the syntheses of aza-BODIPY dyes are typically lengthy, multistep 

processes. 

 

1.2  Literature Preparations of aza-BODIPY Dyes 

Approach 1 – aza-BODIPY via Grignard addition to cyanoarenes (Scheme 1.1) 

 The Gresser group discovered a unique synthesis of aza-BODIPY dyes by 

reacting various 1,2-disubstituted benzenes with a Grignard reagent (Scheme 1.1). 

Specifically, phthalonitrile reacts with an arylmagnesium bromide (Grignard reagent 

where R = OMe, NO2, CN, etc.) in benzene. This provides diarylazadiisoindolylmethene, 

which is then treated with BF3!OEt2 in the presence of diisopropylamine in refluxing 

benzene to create the aza-BODIPY dye in high yield.  

 

Approach 2 – aza-BODIPY dyes via pyrrole condensation (Scheme 1.2) 

 Zhao and Carreira developed an efficient approach that relies on the formation of 

pyrroles from an alkene and a ketone followed by dimerization to form the aza-BODIPY 

dyes (Scheme 1.2). First, the pyrroles must be synthesized in a four-step process. 

 
 

Scheme 1.1 Synthesis of Difluoroboryl Complexes of 3,3’-diarylazadiisoindolylmethenes. 
!
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Notably, despite the multistep synthesis, only one purification (on the last step) is 

required. The first step of this sequence requires addition of iodine monochloride (ICl, 

the source of I+) to the alkene and subsequent ring opening of the iodonium species with 

NaN3. Subsequently, the treatment of the product with tBuOK and heating of the reaction 

mixture in a sealed tube furnishes a suitable precursor, which is treated with a proper 

ketone in the presence of a strong base (NaH) to give the desired pyrrole. Next, the 

pyrrole derivative is dissolved in a solution containing acetic acid and acetic anhydride. 

This is followed by the addition of sodium nitrite to provide the precursor for the aza-

BODIPY dye, which when treated with diisopropylethylamine (Hünig’s base) followed 

by the addition of BF3!OEt2 to yield aza-BODIPY dyes in moderate to high yields.  

 

Approach 3 –  aza-BODIPY synthesis via enone, Michael addition, dimerization 

sequence (Scheme 1.3) 

 This is the most facile with regard to the number of steps and the operational 

simplicity. In general, the synthesis begins with an aldol reaction between a properly 

substituted aldehyde and ketone. The enone is furnished upon reflux in the presence of a 

strong base for 12 to 24 hours. Subsequently, conjugate addition of nitromethane in the 

presence of organic base is carried out at elevated temperatures to provide the 

 

Scheme 1.2 Synthesis of aza-BODIPY Through Pyrrole Dimerization 
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corresponding nitrobutanones in moderate to high yields. Once isolated, the ketone is 

treated a large excess of ammonium acetate in a high boiling alcohol over 1-2 days and/or 

until the mixture turns blue/green in color.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3  Applications of aza-BODIPY Dyes 

 Tunable fluorescent properties of aza-BODIPY dyes are a main driving force 

behind the ever expanding applications of these molecules as probes, labels, and sensors. 

The unique framework of aza-BODIPY provides an incredible amount of freedom to 

customize the molecule to meet the needs of a given application.  

 

Scheme 1.3 Standard Synthesis of aza-BODIPY 
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 Aza-BODIPYs are near-infrared (NIR) absorbing molecules, which means that 

their emissions and absorptions are in the longer wavelengths in the visible light spectra. 

This property is intriguing and potentially useful since it allows these dyes to be used for 

photovoltaic applications. Specifically, application of aza-BODIPY dyes in bulk 

heterojunction (BHJ) solar cells produced 

promising results.7 BHJ are novel devices that have 

shown a lot of promise for conversion of solar 

irradiation into electricity. Solar cells containing 

some aza-BODIPY dye (Figure 1.2, a representative 

example is shown) were fabricated. The devices 

showed a 10% increase over cells not containing the dye in external quantum efficiency 

(EQE) in the 700 nm range.7 The aza-BODIPY, therefore, increased the efficiency of the 

solar cell in the particular wavelengths that were previously lacking. The addition of the 

aza-BODIPY dye to the solar cells allows the cell to absorb wavelengths of light 

produced by the sun, which cells without the dye cannot absorb. This creates a much 

more effective and efficient photovoltaic cell that will be able to provide more electricity 

with the same amount of sunlight. 

Another significant area for aza-BODIPY application is photodynamic therapy 

(PDT), which is an emerging treatment for neoplastic and non-malignant growths. This 

therapy involves a photosensitizing drug, light, and oxygen.8 The photosensitizing drug 

undergoes a series of photochemical reactions (Figure 1.3)9 that produce singlet oxygen,  

 
 

Figure 1.2 An aza-BODIPY Used in 
BHJ Solar Cell  
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which in turn damages local tissues. If the light is specifically targeted to the area 

containing the lesion, the singlet oxygen can damage the vasculature supplying the 

tumor/growth thus killing that tissue. Singlet oxygen has an extremely short half-life (0.6 

x 10-6s)8 therefore keeping the damage to surrounding, healthy tissues to a minimum. For 

the therapy to be effective, the photosensitizing agent must meet the following criteria: 

low toxicity in the absence of light, low side effect profile, appropriate hydrophobic 

balance for selective accumulation in tumor tissues, high extinction coefficients at long 

wavelengths for deep tissue penetration, low quantum yields for photobleaching, and 

high singlet to triplet intersystem crossing efficiencies.8 Aza-BODIPY dyes, which have 

absorbance and fluorescent emissions at around 650nm, seem to be prime candidates10 

for the photosensitizing agent as their absorbance and fluorescence emissions can be 

displaced to even longer wavelengths with an electron donating group oriented para to 

the pyrrole ring (Figure1.4).  

 

 

 

 

 
Figure 1.3 Photochemical Generation of Singlet Oxygen9 

 

Figure 1.4  A Para-OMe Substituted, Dibromo-Containing aza-BODIPY Used in PDT 

!
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This means that the absorptions and emissions 

are in the near infrared (NIR) region, which is 

significant since NIR light penetrates into 

most biological tissues deeper than visible 

light without damaging the tissues.11 In regard 

to the specific example (Figure 1.4), it turns 

out that the methoxy substituent is important in many ways: the molecule containing the 

OMe substituent generates more of the singlet oxygen species in the presence of light as 

compared to aza-BODIPY that lacks this type of substituent. Also, the cytotoxicity of the 

molecule in the dark is around 1000x smaller than that of this aza-BODIPY (Figure 1.4) 

when exposed to light. Aza-BODIPY’s also have higher molar extinction coefficients 

than porphyrins, which are typically the organic dyes used in PDT. An important aspect 

of PDT is how well the photosensitizing agent targets the specific tissue in which cell 

death is desired. In the case of the aza-BODIPY dyes, it was shown that simple addition 

of strong electron-withdrawing groups in the para-positions on the 1,7 phenyl rings and 

electron donating groups on the para-positions of the 3,4 phenyl rings (Figure 1.5) yields 

aza-BODIPYs that are highly cell permeable.12 This sets up a so-called push-pull effect, 

where the electrons are being pushed from one region of the highly conjugated species 

and pulled to another. Furthermore, these dyes showed no cytotoxicity at concentrations 

as high as 100µM within the cell making them great potential candidates for use in PDT. 

One downfall, however, is the aqueous solubility of aza-BODIPY’s is quite modest, 

which diminishes the delivery of the dyes to the tissue. 

 
Figure 1.5 An Example of a Push-Pull aza-
BODIPY; (OMe–“push”; CN–“pull”) 
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 Another useful application of aza-BODIPY dyes is in the areas of molecular and 

ionic recognition, which are important for the development of colorimetric and/or 

fluorometric sensors. Until recently, a facile method to develop aza-BODIPY dyes that 

possess ion sensing capabilities was relatively non-existent. These sensors were 

originally made with BODIPY dyes, as the meso carbon allowed for fairly 

straightforward incorporation of ion sensing moieities.13 In the case of aza-BODIPY, a 

red shift in both the absorption and fluorescence emission maxima yields dyes with 

emissions in NIR range.14 Synthetic approach 1 (Scheme 1.1) now allows for the facile 

synthesis of fused ring aza-BODIPY molecules which greatly expands the opportunity 

for modifications thereby enhancing its ion bonding properties.13 Figure 1.6 illustrates the 

synthesis of a novel aza-BODIPY that has the ability to sense NH4
+ ions. 

 

Hardly any absorption intensity is observed in molecule resulting from the synthesis 

highlighted in figure 1.6 upon the excess addition of Zn2+, Cd2+, Hg2+, Co2+, Fe3+, Fe2+, 

Ni2+, Mn2+, Cu2+, Mg2+, Na+, Al3+, and Ca2+.13 However the addition of NH4
+ to a THF 

solution containing the green aza-BODIPY dye caused a stark color change to a red/pink, 

most likely due to fluorescence quenching (Figure 1.7).  

!
Figure 1.6 Synthesis of an Ion-Sensing Fused-Ring aza-BODIPY 
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Lastly, aza-BODIPY dyes have been shown to be viable sensors for 

distinguishing between unordered and ordered soluble oligomers of amyloid peptides, 

such as Aβ1-42.5 This research has immediate practical implications in the study of 

human protein misfolding diseases such as Alzheimer’s disease (AD), for example. AD is 

an age-relative cognitive disorder, which on the molecular level is characterized by the 

aggregation/misfolding of the so-called Aβ peptides. These peptides are typically 

composed of 39-43 amino acids (hence the commonly used abbreviations Aβ1-40, Aβ1-

42, etc), and the most neurotoxic species being Aβ1-42.15, 16 Aβ peptides are formed via 

the proteolytic cleavage of amyloid precursor protein (APP), which is a transmembrane 

glycoprotein of an unknown, yet crucial for normal neuronal development, function.17 

APP undergoes several cleavages carried out by α-, β-, and γ-secretase. Aβ peptides are 

formed when β-secretase cleaves APP into N- and C-terminal terminal fragments APPsβ 

and CTFβ, respectively. CTFβ is further cleaved in the transmembrane domain by γ-

secretase thus generating the β-amyloid (Aβ) peptide. Because the β-secretase-mediated 

cleavage of APP forms Aβ, it is referred to as the amyloidogenic pathway. Conversely, 

cleavage of APP by α-secretase prevents the formation of Aβ and is thus said to be the 

!
Figure 1.7 NH4

+ Sensing by aza-BODIPY Shown in Figure 1.613  
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non-amyloidogenic pathway. It is important to note that the Aβ peptides form soluble 

oligomeric species, commonly believed to have the highest levels of neurotoxicity, which 

undergo further subsequent aggregation to form insoluble fibrils that comprise the 

amyloid plaques.18 

Currently, the most commonly used dyes to study in vitro amyloid aggregation 

are Congo red (CR) and thioflavin T 

(ThT) (Figure 1.8). 

To be viable, the dyes must exhibit 

distinct properties when bound to the 

specific proteins when compared to the 

non-bound dye; in other words, a 

spectral shift or intensity change 

should be observed when the dye is 

bound to biomacromolecules or their aggregates/assemblies. Under certain conditions 

both CR and ThT can provide a reliable view of amyloid β assembly. However, there are 

numerous limitations especially when these dyes are used to assess the ability of small 

molecules inhibiting amyloid aggregation. The use of CR as a reporter dye for this assay 

is questionable as there are reports that the dye affects the aggregation of amyloids, in 

some cases as much as the small molecule inhibitors,19 therefore making it difficult to 

determine if the dye or the small molecule inhibitor is responsible for the amyloid 

disaggregation and to what extent. Importantly, neither CR nor ThT can recognize 

soluble, unordered oligomers of amyloid; yet they are able to recognize the aggregated, 

ordered, β-sheet rich forms of amyloids. Recent accounts demonstrated that BODIPY and 

!
Figure 1.8 Structures of Congo red (CR) and 
Thioflavin T (ThT) 
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aza-BODIPY dyes were able to recognize both the unordered and ordered forms of 

soluble oligomers of Aβ1-42.1, 20-21 Considering that the structure of the aza-BODIPY 

dyes can be modified and in turn this might affect the photophysical properties of the 

dyes (most significantly by shifting the emission more towards the NIR region), aza-

BODIPY dyes might be a superior alternative to CR and ThT.  

 

CHAPTER 2: SYNTHESIS 
 
2.1   General Outline 
 

The synthesis22 of aza-BODIPY chosen for our general purposes was described in 

chapter 1 (Scheme 1.3). The first step (not shown) involves the aldol condensation of a 

benzaldehyde and an acetophenone. This is done under basic conditions and can either be 

accomplished in refluxing methanol or the reagents can simply be ground together with 

powdered NaOH using a mortar and pestle, i.e., a solvent free, mechanochemical 

approach. The next step, a 1,4-conjugate addition of nitromethane to the newly formed 

enone is typically done in a solvent in the presence of a base (diethylamine) under reflux 

for 16 hours. The next step is also accomplished in refluxing alcohols and requires 48 

hours to complete. The final step in the main synthesis of aza-BODIPY is the addition of 

the boron group to furnish the aza-BODIPY dye over 24 hours. 

Although this synthesis is convenient and easy to implement, it has some rather 

large setbacks. First, each step takes about a day or more to complete. Considering that 

isolation and purification is required for every step (although simple, these reactions 

produce side products that complicate purification), the preparation of a single dye might 

take more than a week. However, most steps are in the 90% yield range, which makes 
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this approach quite attractive. One has to consider, however, that the cyclization step at 

its best, using this method, only yields around 40%. Potentially, this means that a 

considerable amount of starting materials will be required to produce a modest amount of 

desired dye. Therefore, more facile and efficient syntheses are required. 

 

2.2   Enone Formation  

In order to evaluate the effect that various substituents have on the photophysical 

properties of the aza-BODIPY dye as well as the interaction of the aza-BODIPYs with 

amyloids, we set out to explore the synthesis of various substituted enones using the aldol 

condensation of a ketone and an aldehyde. Mechanistically, this is a fairly straightforward 

step. The primary carbon of the ketone gets deprotonated by a strong base, forming a 

suitable nucleophile for the electrophilic aldehyde to furnish an aldol product. Since the 

reaction is done under basic conditions, the OH-group of the aldol is eliminated via an 

E1cb mechanism to produce the enone. Table 1 illustrates the general scheme and some 

of the enones we attempted to synthesize. 

Table 1. Synthesis of Dinitro-Containing Enone 1.1 

!
Entry Base Solvent Yield / % 

1 NaOH –a –b 

2 NaOH MeOH –b 

3 Ca(OH)2 DCMc –b 

4 Ca(OH)2 EtOH –b 
a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
c – grinding, with use of solvent 
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Aza-BODIPYs containing p-nitro substituents are rarely observed in literature. 

For this reason, as well as to explore dyes with electron withdrawing groups (EWG), 

multiple attempts were made to synthesize this corresponding enone 1.1 containing two 

nitro groups. Initially, grinding of the ketone and aldehyde with NaOH was attempted 

(Table 1, entry 1) and after a few minutes of grinding, the mixture turned a purple-grey 

color. Following a work up, thin layer chromatography (TLC) analysis showed that the 

resulting substance was a mixture of products that contained mostly starting materials. 

Next, a more traditional approach, i.e., stirring the reagents and reactants in a solvent 

overnight, was implemented (Table 1, entry 2). However, TLC analysis showed that a 

mixture of products was produced. Further experimentation, in regard to the nature of the 

solvent and base (Table 1, entries3 and 4), was carried out, albeit with unsatisfactory 

results.  

 While p-nitro substituents did not yield the desired product, other withdrawing 

groups were explored, starting with the cyano group (Table 2).  

 

Table 2. Synthesis of Enone 1.2 

!
Entry Solvent Yield / % 

1 –a –b 

2 MeOHc     48% 
a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
c– grinding, with use of solvent 
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This reaction was run on three separate occasions, and on scales ranging from 0.5 to 2 

grams of ketone that all provided the corresponding enone in consistent, moderate yields. 

These yields are consistent with literature accounts. Importantly, the purification was 

accomplished by a single recrystallization that gave materials suitable for the next step.  

 The preparation of enones containing EWGs was also explored by other members 

in the group (Chart 1). Despite 

considerable experimentation, i.e., 

variation of the base, solvent, and 

solvent free conditions, which were 

similar to those described in Tables 1 

and 2, only complex mixtures of 

unidentifiable products were recorded. 

Overall, a clear pattern started to 

emerge: most of the pull-pull configurations (EWGs on the enone) containing the same 

substituents on both the ketone and aldehyde were unavailable using this procedure. 

 The next set of reactions (Table 3), investigated compounds that featured EWGs 

on the aldehyde and electron-donating groups (EDGs) on the ketone. Entries 1 and 2 

were accomplished by grinding the reagents in a mortar with a pestle. Entry 3 also 

followed the grinding procedure, but a few milliliters of MeOH were added to facilitate 

the grinding process of the dry reagents. These so-called pull-push enones, the pull 

coming from the aldehyde side, were synthesized in a quick and efficient manner with 

little to no purification needed. The yields obtained, excluding entry 3, seem to  

Chart 1. Aldehydes and Ketones for Pull-
Pull Enones 

!
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align with literature values concerning the synthesis of similar aryl enones. While the 

yields obtained may not seem to be that great, the simplicity of the mechanism is 

adequate compensation. It is important to note that the compounds were ground in a 

mortar, which takes approximately 3 minutes, as compared to the literature preparation in 

which the reagents are refluxed for 12-24 hours. Thus, the enones are prepared in a more 

facile manner than those described in 

literature.  

Other combinations of EDG-

containing ketones and EWG-containing 

aldehydes (Chart 2) creating pull-push 

enones were explored by other group 

members. These enones were obtained in 

Chart 2. Ketones and Aldehydes Used for 
Pull-Push Enones 

!

Table 3. Synthesis of Push-Pull Enones. 

!
Entry Enone R Base Solvent Yield / % 

1 1.3 OMe NaOH –a 45% 

2 1.3 OMe NaOH –a    68%  

3 1.4 NMe2 NaOH MeOHc    32% 

4 1.5 

 

NaOH –a –b  

a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
c – grinding, with use of solvent 
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yields comparable to those described in Table 3.  

The same push-pull rationale applies to the enones shown in Table 4 except that 

the EWGs (NO2 and CF3) are introduced on the ketone and the EDG (OMe) was present 

on the aldehyde. Not surprisingly, the results (entry 1 and 2, Table 4) were similar to 

those of the molecules in which the substituents were flipped. The only problem 

encountered with this batch of compounds came in entry 3 where the trifluoromethyl 

substituent was used.  

 

 Other compounds containing 

EDG on the aldehyde side were 

synthesized within the group (Chart 3). 

Enones resulting from the combination 

of 3b and 3e and of 3a and 3c were 

easily obtained and purified, using a 

single recrystallization. Conversely, the 

Table 4. Synthesis of Pull-Push Enones 

!
Entry Enone R Base Solvent Yield / % 

1 1.6 NO2 NaOH –a 39% 

2 1.6 NO2 NaOH DCMc     42% 

3 1.7 CF3 NaOH DCMc     –b 
a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
c – grinding, with use of solvent 

Chart 3. Aldehydes and Ketones Utilized for 
Push-Pull Enones. 

!
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pairings of molecules 3b and 3d as well as 3b and 3c yielded complex mixtures of 

unidentifiable products. These results reaffirm, yet again, the unpredictable nature the 

electronic effects could have on the formation of the enones.  

The final grouping contains enones that could be viewed as exotic or non-standard 

with respect to their substituents (Table 5).  These also happened to be the compounds 

that did not turn out as expected. Enones 1.9 and 1.11 required extensive purification.  

 

 

 

 

Table 5. Synthesis of Exotic Enones. 

!
Entry Aldehyde Ketone Enone Solvent Yield / % 

1 
  

1.8 
DCMc –b 

2 
  

1.9 
DCMc 25% 

3 
  

1.10 
DCMc –b 

4 

  

1.11 

MeOHc 45% 

a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
c – grinding, with use of solvent 
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2.3   Michael Addition of Nitromethane to the Enone  

 The next step in the synthesis involves the Michael addition (also referred to as 

1,4-conjugate addition) of nitromethane to the enone in the presence of a base to produce 

nitrobutanone derivatives. The general scheme for this synthesis is highlighted below 

(Table 6).  

 According to literature, the standard base for this reaction is diethylamine. The 

addition of a few milliliters of MeOH was required if all of the solid starting material did 

not dissolve in just the nitromethane and base alone. Entries 1 and 4 seemed to be the 

only combination of substituents that yielded acceptable quantities of product, which was 

purified by a single recrystallization or by simply washing the product with solvent to 

Table 6. Formation of Nitrobutanone Species via Reflux. 

!
Entry R1 R2 nitrobutanone Solvent Yield / % 

1 NO2 OMe 2.1 MeOH 58% 

2 OMe NO2 2.2 CH3NO2  –b    

3 OMe NO2 2.2 MeOH –b      

4 NMe2 NO2 2.3 CH3NO2 69% 

5 CN CN 2.4 CH3NO2 –b   

6 

  

 

2.5 CH3NO2 –b   

a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
c – grinding, with use of solvent 
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remove unreacted starting materials. The electronics of the other substituent groups 

effected the molecule enough that a facile Michael addition to the enone was not 

observed. Because this issue was so prevalent (more entries that report mixtures which 

contained substantial amounts of unreacted starting materials as opposed to a single 

product), the decision was made to conduct the reaction in the presence of a stronger 

base, specifically 1,1,3,3-tetramethylguanidine (Table 7).  

 Considering the basicity of the 1,1,3,3-tetramethylguanidine, the conjugate 

addition reaction was investigated at ambient temperature. This modification could be 

rather advantageous because procedures that utilize nitromethane in the presence of a 

base at elevated temperatures should be carried out with caution due to the explosive 

nature of nitromethane. Although in our case we never encountered any issues, large 

scale preparations may present a concern. 1,1,3,3-tetramethylguanidine is stronger than 

diethylamine and should therefore facilitate the 1,4-conjugate addition. However, it is 

still weaker than KOH and NaOH that cause ignition when grinded with nitromethane.  

Table 7. Synthesis of Nitrobutanones Using a Mechanochemical Approach. 

!
Entry (R1) (R2) nitrobutanone Solvent Yield / % 

1 NO2 OMe 2.1 –a 17% 

2 NO2 NMe2 2.6 –a –b 

3 NMe2 NO2 2.3 –a  43%    

4 OMe NO2 2.2 –a –b 

5 NMe2 CF3 2.7 –a – b 

6 CN CN 2.4 –a 34%  
a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
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Due to encountered problems, it became apparent that it might be difficult (or 

even impossible) to predict whether a certain combination of substituents would yield 

anything of worth. Even though a wide range of enones could be made (albeit, with 

limited success), the issues with Michael addition (despite the discovered 

mechanochemical approach to nitrobutanones) force the re-evaluation of the synthetic 

approach.  

 

2.4   Nitroethenyl Formation as a Step Toward Nitrobutanones 

 Instead of performing an aldol condensation between an aldehyde and a ketone, 

the aldehyde was treated with nitromethane under basic conditions to furnish nitroethenyl 

derivatives (Table 8). Mechanistically, this reaction is fairly straightforward and features 

the deprotonation of the acidic hydrogen of nitromethane, thus creating a nucleophile, 

which can then attack the very electrophilic carbonyl of the aldehyde, followed by the 

Table 8. Synthesis of Nitroethenyls. 

!!
Entry (R) Nitroethenyl Base Solvent Yield / % 

1 OMe 2.8 K2CO3 –a –b 

2 CN 2.9 n-But2NH CH3COOH 7%c 

3 CN 2.9 n-But2NH CH3COOH   50%d 

4 CN 2.9 Pyridine CH3COOH 63% 
a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
c – 60 °C 
d – 90 °C 
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elimination of the OH-group via an E1cb mechanism in a similar fashion to that of the 

enone formation (Scheme 1.3).  

  The first nitroethenyl compound attempted involved the para-substituted 

methoxybenzaldehyde and potassium carbonate by grinding (Table 8, entry 1). A 

complex mixture of unidentifiable compounds was obtained, which indicated that maybe 

the base was not quite strong enough and that the reaction potentially needed the support 

of being run in a solvent. Adopting a modified literature procedure and using p-

cyanobenzaldehyde as the starting material enabled the formation of the desired product 

(Table 8, entry 2). The yield of this reaction was not impressive, yet the fact that the 

product was easily isolable from the reaction mixture prompted further investigation. 

Conducting the reaction at elevated temperature (entry 3) appeared to have significantly 

increased the yield of the product. Further experimentation, i.e., utilization of pyridine as 

the base (entry 4), allowed a higher yield of the desired product.  

 

2.5   Nitroethenyl Ketone Addition 

 With compound 2.9 at hand, the conjugate addition of a ketone to form the 

nitrated aryl butanone was explored (Table 9). Regretfully, the addition of p-

methoxyacetophenone under basic conditions (KOH) to 2.9 under mechanochemical 

conditions yielded a complex mixture of products (entry 1). However, upon some 

experimentation (nature of the base, solvent, as well as various acetophenone 

derivatives), it was found that p-dimethylaminoacetophenone, when dissolved in DMSO 

and exposed to sodium hydride, could provide the desired product in a moderate yield 

(entry 2).  
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 Despite some success, further exploration of this approach was not pursued as it 

was becoming clear that it was just as unpredictable as the methods described above 

(Scheme 1.3).  

 

2.6   Dimerization 

With a few nitrobutanone derivatives in hand, the next step in the synthesis of 

aza-BODIPY dyes was explored (Table 10). Regretfully, every starting material yielded a 

complex mixture of unidentifiable products, requiring extensive purification to isolate the 

aza-BODIPY dye precursor. It should be noted, however, that the formation of the 

product was confirmed by the formation of extensively colored blue-purple products and 

by the presence of the characteristic peaks in the NMR spectra of the crude product.  

From a mechanistic standpoint, the dimerization of the nitro aryl butanones is fairly 

complex (Figure 2.1). Specifically, there are three distinct pathways, i.e., i), ii), and iii), 

with each being able to alter the equilibrium (especially considering at the various 

intermediates are prone to electronic effects of the substituents) and produce by-products. 

The intermediates can combine in different combinations to create the desired product. 

Table 9. Representative Examples of the Conjugate Addition to Nitroethenyls 

!!
Entry (R) Nitrobutanone Base Solvent Yield / % 

1 OMe 2.10 KOH –a –b 

2 NMe2 2.11 NaH DMSO 37% 
a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
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This is a key detail when it comes to explaining the results of the compounds made in 

Table 10. The procedure is known to work with unsubstituted phenyl groups attached to 

the pyrroles as shown in Figure 2.1. Therefore, the electronics of the molecule must be 

altered in such a way by the para-substitutions that the rates of these three separate routes 

are sufficiently altered to yield numerous amounts of side products. 

 

 

 

 
Figure 2.1 Proposed Mechanistic Rationale, which Highlights the Complexity of the Dimerization 

Process23 
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Due to the fact that the mixtures were obtained in all cases (Table 10), extensive 

purification was required. Yet the main objective of this research was to eliminate the 

need for lengthy purification steps in the synthesis of the dyes. Therefore, many of the 

compounds listed in Table 10 were not purified to be pursued further as time was better 

used to find a way to optimize this process. One exception to this was entry number 5. 

This compound seemed to be fairly pure and so it was utilized for the synthesis of the 

corresponding aza-BODIPY dye. 

 

Table 10. Dimerization of Nitrobutanones. 

!

Entry R1 R2 
Nitrobutanone 

dimer 
Method Yield / % 

1 NO2 OMe 3.1 Microwave –b 

2 NO2 OMe 3.1 Reflux 12h –b 

3 NMe2 NO2 3.2 Reflux 12h –b 

4 NMe2 CF3 3.3 Reflux 12h –b 

5 CN CN 3.4 Reflux 12h –b 

6 CN NMe2 3.5 Reflux 12h NoRxn 
a – grinding, the reaction is done without solvent 
b – complex mixture of unidentifiable products was obtained 
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2.7   BF2 Incorporation 

 With compound 3.4 in hand, installation of the BF2 group was conducted by the 

addition of BF3•OEt2 under basic conditions (Et3N). The base deprotonates the nitrogen 

of the left pyrrole ring allowing it to coordinate the vacant orbital of BF3. Once this 

occurs, the nitrogen on the other pyrrole ring, due to its proximity, displaces one of the 

fluorine atoms (most likely in an Sn2 like manner) to furnish the aza-BODIPY dye. 

 Scheme 2.1 demonstrates the final step in the synthesis. A complex mixture of 

products was obtained and after several rounds of column chromatography, no pure 

material could be isolated. Despite disappointing results, the anticipated unique properties 

of these dyes might warrant further experimentation.   

 

 

 

 

 

 

 

 

2.8   Miscellaneous Synthesis of aza-BODIPY Dyes 

 The problematic nature of the synthesis previously highlighted called for some 

additional experimentation while still attempting to produce a quicker, simpler, and 

predictable synthesis of aza-BODIPYs (Scheme 2.2). In both cases, these compounds and 

methods are intriguing and shall be explored further in due time. 

!
Scheme 2.1 Coordination of BF2 
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2.9   Synthesis of aza-BODIPY via the Dimerization of Pyrroles 

 The complications that arose in the previously mentioned synthetic procedure 

(Scheme 1.3) forced the issue of finding a more efficient synthesis of aza-BODIPY dye 

and its precursors. The method that furnished the most promising and intriguing results is 

highlighted in Scheme 2.3. This synthesis yielded the dimerized precursor at moderate to 

high yields at a sufficient purity when performed mechanochemically as well as with 

refluxing alcohol solvents. 

 

 

!
Scheme 2.2 Miscellaneous Syntheses of aza-BODIPY Precursors 

!
 

Scheme 2.3 Synthesis of aza-BODIPY via Dimerization of Pyrroles 
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CHAPTER 3: EXPERIMENTAL PART 

3.1   Materials and Methods 

All reagents and solvents were from commercial sources (Sigma-Aldrich or 

Acros) and were used as received. Column chromatography was performed using silica 

gel (230-400 mesh) or basic alumina (Brockman I). Fraction collection was monitored by 

TLC (silica gel 60 F254) and the spots were visualized by UV.  

1H NMR spectra were recorded on a Bruker (400 MHz) spectrometer. 1H NMR 

chemical shifts are reported in ppm on the δ-scale relative to tetramethylsilane (δ = 0.00). 

Multiplicities are reported as singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m).  

 

3.2   Procedures 

General procedure A: solvent-free, mechanochemical synthesis of enones 

Benzaldehyde derivative (7 mmol) and acetophenone derivative (7 mmol) were 

mixed with a pestle in a mortar to obtain a homogenous looking mixture. Freshly 

grounded NaOH (10 mmol) was added in one portion, and the grinding continued for 

about 5 min or until no change in the appearance and/or consistency of the paste was 

noted. The reaction mixture was dissolved in CH2Cl2 (100 ml), transferred to a separatory 

funnel, and washed with brine (2 x 75 ml). Organic solvent was removed in vacuo and 

the residue was recrystallized from EtOH to give the desired product. 

General procedure B: mechanochemical synthesis of enones in small amount of solvent 

Benzaldehyde derivative (7 mmol) and acetophenone derivative (7 mmol) were 

mixed with a pestle in a mortar to obtain a homogenous looking mixture. Approximately 

2 mL of either CH2Cl2 or MeOH was added to form a paste. Freshly grounded NaOH (10 
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mmol) was added in one portion, and the grinding continued for about 5 min or until no 

change in the appearance and/or consistency of the paste was noted. The reaction mixture 

was dissolved in CH2Cl2 (100 ml), transferred to a separatory funnel, and washed with 

brine (2 x 75 ml). Organic solvent was removed in vacuo and the residue was 

recrystallized from EtOH to give the desired product. 

General procedure C: synthesis of enones in refluxing alcohols 

 Benzaldehyde derivative (7 mmol) and acetophenone derivative (7 mmol) were 

combined and added to a round bottom flask containing MeOH (20 mL). Freshly ground 

NaOH powder (10 mmol) was added in one portion along with a stirring bar. The mixure 

was then placed into a heating bath set at 90 °C, connected to a condenser, and allowed to 

reflux for 6 hours, noting a visible color change after about 30 min of reflux. The reaction 

mixture was dissolved in CH2Cl2 (100 ml), transferred to a separatory funnel, and washed 

with brine (2 x 75 ml). Organic solvent was removed in vacuo and the residue was 

recrystallized from EtOH to give the desired product. 

General procedure D: synthesis of nitrobutanones in refluxing Et2NH 

 An enone (1 mmol) was added to a round bottom flask containing a stirring bar. 

Et2NH (5 mmol) was added followed by nitromethane (5 mmol). The mixure was 

connected to a condenser, placed into a heating bath set at 90 °C, and allowed to reflux 

for 6 hours. The cooled reaction mixture was diluted with in CH2Cl2 (100 ml), transferred 

to a separatory funnel, washed with 1M HCl (75 mL), followed by brine (2 x 75 ml). 

Organic solvent was removed in vacuo and the residue was recrystallized from EtOH to 

give the desired product. 
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General procedure E: synthesis of nitrobutanones: a mechanochemical approach 

 An enone derivative (1 mmol) was placed in a mortar and 1,1,3,3-

tetramethylguanidine (5 mmol) was added. The mixture was thoroughly ground with a 

pestle to form a homogenous paste at which point nitromethane (5 mmol) was added. The 

grinding continued for about 5 min or until no change in the appearance and/or 

consistency of the paste was noted. The reaction mixture was dissolved in CH2Cl2 (100 

ml), transferred to a separatory funnel, washed with 1M HCl (75 mL), followed by brine 

(2 x 75 ml). Organic solvent was removed in vacuo and the residue was recrystallized 

from EtOH to give the desired product. 

General procedure F: synthesis of nitro ethenyls: a mechanochemical approach 

 Benzaldehyde derivative (5 mmol) was added to a mortar where it was thoroughly 

mixed with K2CO3 (50 mmol). Nitromethane (5 mmol) was then added and the grinding 

continued for about 5 min or until no change in the appearance and/or consistency of the 

paste was noted. The reaction mixture was dissolved in CH2Cl2 (100 ml), transferred to a 

separatory funnel, and washed with brine (2 x 75 ml). Organic solvent was removed in 

vacuo and the residue was recrystallized from EtOH to give the desired product. 

General procedure G: synthesis of nitro ethenyls via reflux 

 Benzaldehyde derivative (13 mmol) was dissovlved in glacial acetic acid (10 mL) 

in a round bottom flask. Nitromethane (26 mmol) was then added via syringe and the 

mixture was allowed to reflux for 30 min with a noted color change after 5 min. The 

reaction mixture was dissolved in CH2Cl2 (100 ml), transferred to a separatory funnel, 

and washed with brine (2 x 75 ml). Organic solvent was removed in vacuo and the 

residue was recrystallized from EtOH to give the desired product. 
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General Procedure H: formation of nitrobutanones from grinding nitroethenyl and ketone 

 Nitroethenyl derivative (5 mmol) and acetophenone derivative (5 mmol) were 

mixed with a pestle in a mortar to obtain a homogenous looking mixture. Freshly 

grounded KOH (5 mmol) was added in one portion, and the grinding continued for about 

5 min or until no change in the appearance and/or consistency of the paste was noted. The 

reaction mixture was dissolved in CH2Cl2 (100 ml), transferred to a separatory funnel, 

and washed with brine (2 x 75 ml). Organic solvent was removed in vacuo and the 

residue was recrystallized from EtOH to give the desired product. 

General procedure I: formation of nitrobutanones via nitroethenyl ketone conjugation 

 Nitroethenyl derivative (3 mmol) and acetophenone derivative (3 mmol) were 

added to a round bottom flask and dissolved in 5 mL of dimethylsulfoxide (DMSO). 

Another 5 mL of DMSO was used to dissolve 2 equivalents (5 mmol) of NaH, which was 

then dripped into the flask containing the other reagents on ice. Once the NaH was added, 

the flask was placed on a stirring plate and allowed to stir under nitrogen for 1.5 hours. 

The reaction mixture was then poured over ice along with 50 mL of brine to cause the 

product to precipitate from solution. The product was collected by filtration.  

General procedure J: dimerization of nitrobutanones via MW irradiation 

 The nitrobutanone derivative (0.1-0.5 mmol) was added to a pressure vial 

containing a stirring bar where it was dissolved in trifluoroethanol (1 mL). Ammonium 

acetate (6.5-32.5 mmol) was added before the pressure vial was capped and sealed. The 

vial containing the reaction mixture was placed in the microwave, and heated at 70 °C for 

45 min. The reaction mixture was dissolved in CH2Cl2 (50 ml), transferred to a separatory 

funnel, washed with Na2CO3 (50 mL), followed by brine (2 x 50 ml). Organic solvent 
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was removed in vacuo and the residue was recrystallized from EtOH to give the desired 

product. 

General procedure K: dimerization of nitrobutanones in refluxing alcohols 

 The resulting nitrobutanone (0.1-0.5 mmol) was added to a pressure vial 

containing a stirring bar where it was dissolved in trifluoroethanol (1 mL). Ammonium 

acetate (6.5-32.5 mmol) was added before the pressure vial was capped and sealed. The 

vial containing the reaction mixture was placed in an armor bead bath set at 70 °C and the 

mixture was heated at reflux for 12 hours. The reaction mixture was dissolved in CH2Cl2 

(50 ml), transferred to a separation funnel, washed with Na2CO3 (50 mL), followed by 

brine (2 x 50 ml). Organic solvent was removed in vacuo and the residue recrystallized 

from EtOH to give the desired product. 

General Procedure L: installation of the difluoroboron group 

 The aza-BODIPY dimer precursor (0.06-0.1 mmol) was added to a pressure vial 

containing dichloroethane (2 mL) and a stirring bar. Next, about 0.05 mL of both BF2-

OEt2 and Et3N were added to the solution via syringe. The mixture was placed in the 

armor bead bath set at 90 °C for 1-1.5 hours. The resulting mixture was dissolved in 

CH2Cl2 (50 ml), transferred to a separatory funnel, washed with Na2CO3 (50 mL), 

followed by brine (2 x 50 ml). Organic solvent was removed in vacuo and the residue 

was recrystallized from EtOH to give the desired product. 

 

General procedure M: dimerization of hydrocarbon substituted pyrrole 

 Pyrrole derivative (2 mmol) was added to a round bottom flask. 7 Glacial acetic 

acid (7 mL) and acetic anhydride (3 mL) were then added to the flask, producing a 
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homogenous mixture. Next, NaNO2 (2 mmol) was added to produce an emerald green 

solution. The mixture was allowed to stir at room temp for 30 min before being placed in 

a heat bath where it was heated at reflux for another 30 min. The reaction mixture was 

then poured into Na2CO3 (50 mL) before being put in a separatory funnel and extracted 

with CH2Cl2 (75 mL). 

General procedure N: azidification of bromoacetyl pyrene 

 The bromoacetyl pyrene (3 mmol) was dissolved in DMSO (30 mL) at room 

temperature before being transferred into a round bottom flask that had been chilling on 

ice for 10 min. NaN3 (4 mmol) was then added in one portion, and the resulting mixture 

was allowed to stir on ice for 30 min. The flask was then removed from the ice and 

allowed to stir at room temperature for an additional 1.5 hours. The reaction mixture was 

then poured over ice along with 50 mL of brine to cause the product to precipitate. The 

product was then isolated by filtration. 

 

3.3   Spectroscopic Characterization of Synthesized Compounds 

 

1.2 prepared according to general procedure B in 48% yield.  

1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.6 Hz, 2H), 7.83 (d, J = 8.6 Hz, 2H), 7.82 (d, 

J = 15.7 Hz 1H), 7.73 (m, 4H), 7.53 (d, J = 15.7 Hz, 1H) 

 

O

CNNC
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1.3 prepared according to general procedure A in 57% yield. 

1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 8.6 Hz, 2H), 8.07 (d, J = 8.7 Hz, 2H), 7.81 (m, 

4H), 7.67 (d, J = 15.7 Hz, 1H), 7.03 (d, J = 8.7 Hz, 2H), 3.93 (s, 3H) 

 

1.4 prepared according to general procedure B in 32% yield. 

1H NMR (400 MHz, CDCl3) δ  8.29 (d, J = 7.2 Hz, 2H), 8.04 (d, J = 9.2 Hz, 2H), 7.82 (d, 

J = 15.2 Hz, 1H), 7.80 (m, 2H), 7.72 (d, J = 15.6 Hz, 1H), 6.74 (d, J = 9.2 Hz, 2H), 3.12 

(s, 6H) 

 

1.6 prepared according to general procedure A in 41% yield. 

1H NMR (400 MHz, CDCl3) δ 8.36 (d, J = 8.9 Hz, 2H), 8.14 (d, J = 8.9 Hz, 2H), 7.83 (d, 

J = 15.6 Hz, 1H), 7.82 (d, J = 8.6 Hz, 2H), 7.37 (d, J = 15.6 Hz, 1H), 6.97 (d, J = 8.8 Hz, 

2H), 3.88 (s, 3H) 

 

1.9 prepared according to general procedure B in 25% yield. 

O

OMeO2N

O

NMe2O2N

O

NO2MeO

O

NO2Me2N
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1H NMR (400 MHz, CDCl3) δ  8.33 (d, J = 8.9 Hz, 2H), 8.11 (d, J = 8.9 Hz, 2H), 7.82 (d, 

J = 15.5 Hz, 1H), 7.56 (d, J = 8.9 Hz, 1H), 7.26 (d, J = 15.5 Hz, 1H), 6.70 (d, J = 8.96 

Hz, 2H), 3.07 (s, 6H) 

 

1.11 prepared according to general procedure B in 45% yield. 

1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 16.3 Hz, 1H), 7.34 (d, J = 16.3 Hz, 1H) 

 

2.1 prepared according to general procedure D in 58% yield. 

1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 8.8 Hz, 2H), 7.90 (d, J = 9.2 Hz, 2H), 7.50 (d, 

J = 8.8 Hz, 2H), 6.94 (d, J = 9.2 Hz, 2H), 4.90 (m, 1H), 4.75 (m, 1H), 4.37 (m, 1H), 3.89 

(s, 3H) 

 

2.3 prepared according to general procedure D in 69% yield. 

1H NMR (400 MHz, CDCl3) δ  8.30 (d, J = 8.84 Hz, 2H), 8.05 (d, J = 8.9 Hz, 2H), 7.12 

(d, J = 8.7 Hz, 2H), 6.66 (d, J = 8.7 Hz, 3H), 4.76 (q, J = 7.5 Hz, 1H), 4.66 (q, J = 7.1 Hz, 

1H), 4.14 (m, 1H), 3.61 (m, 1H), 3.45 (m, 1H), 2.90 (s, 6H) 

O

FF

F
F

F
F

F
F

F
F

O

OMeO2N

O2N

O

NO2Me2N

O2N
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2.4 prepared according to general procedure E in 34% yield. 

1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 8.8Hz, 2H), 7.66 (m, 4H), 7.59 (d, J = 8.4Hz, 

2H), 5.32 (t, J = 10.8Hz, 1H), 4.45 (m, 2H), 2.33 (m, 2H) 

 

2.9 prepared according to general procedure G in 57% yield. 

1H NMR (400 MHz, CDCl3) δ 8.0 (d, J = 14 Hz, 1H), 7.77 (d, J = 8.8 Hz, 2H), 7.67 (d, J 

= 8.0 Hz, 2H), 7.62 (d, J = 13.6 Hz, 1H) 

 

 

2.11 prepared according to general procedure I in 37% yield. 

1H NMR (400 MHz, CDCl3) δ 7.79 (m, 2H), 7.68 (d, J = 8.4Hz, 2H), 7.52 (d, J = 8.4 Hz, 

2H), 6.71 (d, J = 9.2 Hz, 2H), 3.9 (m, 2H), 3.35 (m, 3H), 3.01 (s, 6H) 

 

4.1 prepared according to general procedure M in 5% yield (isolated as AcOH salt). 

1H NMR (400 MHz, CDCl3) δ 9.18 (bs, 1H), 2.41 (s, 6H), 2.39 (q, J = 7.6 Hz, 4H), 2.29 

(s, 6H), 1.05 (t, 7.6 Hz, 6H) 

O

NC CN

O2N

NC

NO2

O

NMe2NC

O2N

NH N

N
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CHAPTER 4: CONCLUSIONS 
 

 This research aimed to develop more facile syntheses for aza-BODIPY dyes since 

these dyes have numerous useful applications, especially concerning the early detection 

of Alzheimer’s disease. While a completely facile and efficient synthesis of aza-BODIPY 

was not obtained, the overall approach based on the most efficient of the available 

reaction sequences was, in fact, improved. The formation of the substituted enones was 

greatly improved as the reaction times were reduced to minutes due to the grinding 

method. While the rate of these reactions was greatly improved, the scope of enones was 

fairly limited; and it appeared difficult, if not impossible, to determine whether certain 

combinations of substituents would yield easily isolable products or complex mixtures.  

 The second step, involving the Michael addition of nitromethane to the enone 

yielded the most improvement. The literature preparation calls for refluxing the enone 

and nitromethane in diethylamine. This method is less than ideal as reflux takes a long 

time to complete, and heating nitromethane is not ideal due to its explosive properties. 

Simply grinding the enone in nitromethane in the presence of tetramethylguanidine 

greatly improved not only the rate of the reaction but also the safety of the operation. 

This would be required for larger scale preparations. It is also important to note that the 

subsequent dimerization step was also improved at least in terms of scalability. The 

literature synthesis calls for heating under microwave irradiation. Unfortunately, the 

available microwave could only run reactions on a 50-100 mg scale. This is problematic 

as the yields of this step are already low. Thus, a longer but more easily scaled up method 

based on conventional reflux was adopted: the reagents were combined in a flask and 

refluxed for 1.5 hours.  
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 The problems encountered in this synthesis called for investigation of additional 

alternatives. It was found that a substituted aryl pyrrole can be dimerized into the aza-

BODIPY precursor in moderate yields and purity simply by grinding the pyrrole, acetic 

acid, acetic anhydride, and sodium nitrite for 5 minutes in a mortar. This method has the 

potential to be a general case and could provide a viable complementary approach to aza-

BODIPY dyes.  
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