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Abstract 

 

This thesis is focused on the expansion of the synthetic study of aza (dibenzo) BODIPY 

analogues. It describes a more detailed investigation of the formation of the precursor 

aminoisoindolines using reaction of alkyl and benzyl acetylenes with bromo 

benzamidine under microwave conditions. Treating the amidine with 1-hexyne under 

Sonogashira copper-free cross coupling reaction conditions led to unexpected formation 

of the six-member ring compound, 3-butyl isoquinoline-1-amine was isolated in 31% 

yield. However, using aryl acetylene in the synthesis of the precursor aminoisoindolines 

successfully produced the required 5-member ring compounds (aminoisoindolines) in 

good yield. Therefore, a variety of new symmetrical and unsymmetrical aza BODIPYs 

and their precursors aza (dibenzo) dipyrromethenes bearing electron withdrawing or 

electron donating substituents have been smoothly synthesised and isolated in good 

yield. Initially the synthesis of unsymmetrical analogues was achieved using simple 

mixed condensation reactions. Approximately statistical mixtures were produced when 

the precursor aminoisoindolenes were electronically similar. However, when they were 

different, the reaction favoured the formation of the two symmetrical derivatives. 

Consequently, a new synthetic procedure has been developed to control the synthesis of 

unsymmetrical analogues by converting of the amino group of one aminoisoindoline 

into good leaving groups such as triflate or tosylate. This successfully led to favour 

formation of the unsymmetrical aza (dibenzo) dipyrromethenes with reaction yields of 

up to double those obtained via the mixed condensation synthetic method (50% - 64%). 

Complexation of symmetrical and unsymmetrical aza (dibenzo) dipyrromethenes with 

BF3.OEt2 was successfully optimized by treating the mixture with TMS-Cl to remove 

the fluoride ion which led to shift the equilibrium towards the target aza BODIPYs with 

remarkable improvement in the outcome. 

The final part of the thesis describes attempts to cyclise aza dipyrromethenes to form 

porphyrin-like macrocycles. Unfortunately, these attempts were unsuccessful due to a 

combination of low reactivity and isomerisation of the precursors in the presence of any 

metal. 
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1.0. Introduction  of BODIPYs 

BODIPY (4-bora-3a,4a-diaza-s-indacene)1, 2   is a class of fluorescent dyes also referred 

to as boron dipyrrin or boron dipyrromethene.3 This class of compounds was first 

reported by Treibs and Kreuzer in 1968.1 However, it was towards the end of the 1980s 

that it began to attract attention and by 1990s was a booming and successful area of 

research.4 A range of physical and chemical properties of BODIPY dyes make them 

excellent for optimal laser performance.5 They are chemically robust, have a high 

thermal resistance, low photodegradation and high solubility in most organic solvents 5, 

6 Moreover, they possess an interesting photophysical signature.7 They usually display 

strong absorption in the visible region and bright fluorescence spectral bands often in 

the green-yellow part of the visible spectrum.8 Their absorption and emission bands 

tend to be relatively sharp resulting in creating pure colours with molar absorption 

approaching 105 M-1 cm-1,8 high fluorescence quantum yields, and excellent 

photochemical stabilities,9 in addition to facile synthesis and structural versatility.10 

BODIPY cores consist of two pyrrole units linked via a methine bridge at the 2 position 

as well as via a boron atom co-ordinated to each of the pyrrole nitrogen heteroatoms, 

structure 2 (Figure 1.1).11, 12 The IUPAC name and the numbering system of the 

BODIPY structure 2 is based on the s-indacene structure 3 (Figure 1.1, A) and not 

dipyrromethene 1 which it resembles. As in the related porphyrin structures the meso-

position refers to the central 8-position.13  Figure 1.1 A shows the numbering system for 

BODIPY structures, which was derived from indacene. This numbering system differs 

to that used for dipyrromethenes, however the Ŭ, ɓ, and meso positions are defined in 

the same way.13  

 

 

 

Figure 1.1: A) Structure of dipyrromethene, IUPAC numbering, and B) the resonance 

of the BODIPY core.14  

ɓ 

Ŭ 

A) 

B) 
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The formal structure of a BODIPY dye is a complex, composed of a central 

disubstituted electron-deficient boron surrounded by a monoanionic dipyrromethene 

ligand. The boron dipyrrin core is overall neutral but contains a formal positive charge 

delocalized over the ring structure while the formal negative charge locates on the boron 

atom.7 Thus, it is formally a betaine compound 4 (Figure 1.1, B) however unlike most 

betaines it relatively nonpolar in nature hence the formal charges are not depicted on 

the structures, it is possible to explain the reactivity of the BODIPY core by using the 

resonance structures (Figure 1.1, B).14 The BODIPY parent core, known as ñthe little 

sister of porphyrinò, is a particular intriguing structure as the boron difluoride BF2 

complexes a fragment of a hybrid porphyrin macrocycle.15  

 

 

Figure 1.2: Structure of BODIPY 2 and Porphyrin unit 5. 

The absorption and emission wavelengths for classical BODIPY chromophores lie in 

the range 470ï530 nm.11 This limits their application as activity in the far-red or NIR 

region would be more useful in a number of applications including biological imaging. 

Also, BODIPY derivatives have some undesirable characteristics for many applications 

in biotechnology, particularly their small Stokes of approximately 10 - 30 nm.11 A 

variety of strategies have therefore been developed to access BODIPYs that emit in the 

far-red or NIR region, and to obtain BODIPY dyes with large Stokes shifts and high 

quantum yields by a range of structural modifications of the BODIPY core.11, 16 These 

include, replacement of the meso-carbon of the BODIPY by a nitrogen atom to form 

the analogous aza-BODIPY dyes (Figure 1.3 A).17 In addition to a variety of extensions 

of the  ́conjugation such as functionalization of Ŭ-positions of the pyrrole rings by 

introduction of diaryl substituents, vinyl, styryl and aryl ethynyl substituents at the Ŭ-

positions 3, 5 position of the BODIPY unit.18 However, it should be noted that some of 

these changes decreased the fluorescence quantum yields and this may be attributed to 

nonradiative energy loss due to spinning motions about the C-aryl single bonds19 (i.e. a 

possible rationale for this is that energy loss because of the rotation about the C-aryl 
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single bonds of the aromatic substituents).19 Furthermore some systems such as the bis-

styryl derivatives decreased the (photo)- chemical stability as they are prone to 

photooxidation20 (example is shown in Figure 1.3 B). An example or a different 

modification, rigidification of rotatable moieties, is shown in Figure 1.3 C.21 

Functionalization of 3,5 position with electron donating substituents (push) group on 

the BODIPY unit (behaving as electron deficient (pull) group) causes pushīpull effect 

within the molecule (Figure 1.3 D).22 Another modification strategy has been developed 

towards the extension of the  ́conjugation by the annulation of aryl moieties on the 

pyrrole ring.23 Depending on the position of the aromatic ring fusion, i.e. [b]-bond or 

[c]-bond, two isomeric structures can be identified (Figure. 1.3 E and F). This not only 

alters the absorption but also provides a more rigid aromatic core.20 

 

 

 

Figure 1.3: Modification examples to BODIPY unit.  
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Table 1.1 illustrates some examples from the literature that demonstrate the effect of 

structural modification of BODIPY derivatives on the absorption and emission 

wavelengths.20, 23 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.1: Absorption and emission wavelengths of BODIPY derivatives from the  

literature.20, 23 

ɚmax abs = 498 nm MeOH 

ɚmax em = 508 nm MeOH 

 

ɚmax abs = 555 nm CHCl3 

ɚmax em = 588 nm CHCl3 

 

ɚmax abs = 634 nm MeOH 

ɚmax em = 588 nm MeOH 

 

ɚmax abs = 564 nm MeOH 

ɚmax em = 593 nm MeOH 

 

ɚmax abs = 650 nm CHCl3 

ɚmax em = 672 nm CHCl3 

 

ɚmax abs = 634 nm MeOH 

ɚmax em = 658 nm MeOH 

 

ɚmax abs = 658 nm toluene 

ɚmax  em = 690 nm toluene 

 

ɚmax abs = 718 nm CH2Cl2 

ɚmax em = 756 nm CH2Cl2 

 

ɚmax abs = 609 nm toluene 

ɚmax em = 650 nm toluene 

 



Chapter 1. Introduction and literature review  
 

 

6 

1.1. Synthesis of BODIPYs  

The original synthesis of BODIPYs was an unexpected discovery by Treibs and 

Kreuzer.1 They found that the acylation of 2,4-dimethyl pyrrole 6 with acetic anhydride 

(Ac2O) using boron trifluoride diethyl etherate (BF3.OEt2) as a Lewis acid catalyst, 

resulted in the formation of two brightly fluorescent compounds, products 9 and 10, in 

a low yield of 7 % and 9 % respectively, as shown in Scheme 1.1.1 The low yield was 

due to an insufficient amount of BF3.OEt2 and the occurrence of over acylation which 

led to a mixture of products rather than the desired 2 acyl pyrrole 7.1 However, the 

authors improved their yields by first forming and isolating dipyrromethene 8, followed 

chelating this ligand using a large excess of BF3.OEt2 in the presence of an excess of 

triethylamine, which acted as a base.1  

 

 

 

 

Scheme 1.1: Synthesis of the first BODIPY dyes 9 and 10 by Treibs and Kreuzer.1 

 

Thus, the first step in the standard synthesis of the BODIPY unit begins with the 

preparation of the corresponding dipyrromethene. Two distinct synthetic approaches 

have been adapted from porphyrin chemistry to form this ligand.1, 13 The first approach 

can be seen in Scheme 1.2; it starts with an acid-catalysed condensation of pyrrole 11 
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with an aldehyde 12 forming a dipyrromethene 13.24 Typically, pyrrole is used as the 

solvent, so it is in excess, in order to prevent polymerization.25 An alternative more 

convenient water based system, the HCl-catalysed synthesis of 5-aryl dipyrromethane 

13 that does not require the use of large excess of pyrrole has also been reported.26 Since 

this protocol does not require a large excess of pyrrole it is better suited for the large-

scale synthesis. Additionally water is an inexpensive and environmentally benign 

(ógreenô) solvent compared to pyrrole.14 As dipyrromethanes 13 are unstable and 

sensitive to light, air, and acid, it is best to use them immediately upon preparation. 

Treatment of dipyrromethane 13, with an oxidant such as 2,3-dichloro-5,6-dicyano-1,4-

benzoquinone (DDQ) or the milder 2,3,5,6-tetrachloro-1,4-benzoquinone (p-chloranil), 

yields dipyrromethene 14 (dipyrrin).27, 28  

It should be noted with this method that there are only a few cases where the aldehyde 

in the first step is not aromatic or heteroaromatic, since this reaction tends to fail with 

nonaromatic aldehydes.27 On the other hand, numerous aromatic aldehydes ArCHO 12 

are commercially available, making this approach a popular method for introducing 

aromatic functionalities at the meso-carbon.14 The target boron dipyrrin dye 15 is 

obtained by treating dipyrrin 14 with an excess of base and BF3.OEt2.
27 All  three 

reactions can be conducted sequentially, purifying after each step, or in a one-pot 

procedure, by the stepwise addition of the reagents to the reaction mixture. 

Unfortunately, the latter strategy results in lower yields although it is operationally 

easier.14  

 

Sheme 1.2: Synthesis of BODIPY 15 by an acid-catalysed condensation of pyrrole 11 

with an aromatic aldehyde 12, followed by oxidation and boron complexation.14  

 

The alternative is the second approach that involves the acid-catalysed condensation of 

a 2-acylpyrrole 18 with a pyrrole 16 that is unsubstituted at its 2-position.14 Under these 

acidic conditions, the dipyrrinium salt 19 is initially  formed followed by deprotonation 

of salt 19 with base and fluoroboration with BF3.OEt2 to yield BODIPY dye 20 (Scheme 

1.3).29 A key contrast with the previous procedure is that it is not limited to an aryl 
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group, (the substituent that ends up at the meso-position is not limited to an aryl group); 

hence, a larger range of boron dipyrrins can be made using this approach.14 Additionally 

this allows for the synthesis of unsymmetrical boron dipyrrins such as 20 (R1 Í R2)
 30 

via the condensation of two different pyrrole moieties alongside symmetrical 

dipyrrinium salts such as 19 (R1 = R2 , Scheme 1.3) via a similar procedure.14 As shown 

in Scheme 1.3, the acylation and condensation of a 2-unsubstituted pyrrole 16 are done 

consecutively, forming in situ 2-acylpyrrole 18 that immediately reacts further to 

symmetrical dipyrrinium salt 19 (Scheme 1.3).14  Moreover, the acylating agent 17 used 

in this reaction can be varied it can be either an acid chloride 31, 32 acid bromide,33 

anhydride ,34 or ortho ester.35 Burgess and Wu discovered an alternative to forming 

symmetrical dipyrrinium salts such as 19 (R1 = R2). They serendipitously discovered 

that in the presence of phosphorous oxytrichloride (POCl3) pyrrole-2-carbaldehyde 

derivatives 21 self-condense. Treatment with excess base and BF3.OEt2 yielded 

BODIPY 20.36  

 

Scheme 1.3: Formation of dipyrrinium salts 19 and BODIPY dyes 20 by condensation 

of 2-acylpyrroles 18 and 2-unsubstituted pyrroles 16.14  

X= Cl or Br or O(CO) R 

R1=R2, R3=H 
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1.2. Synthesis of benzo fused BODIPY fluorophores 

Kang and Hangland reported the first diisoindole BODIPYs in 1995.37 Their synthetic 

pathway uses the Paalï Knorr synthesis; this depends on the condensation of 2-

acylacetophenone 24 with ammonia or ammonium salts38 followed by treatment with 

Et3N and BF3.OEt2. This afforded the corresponding benzo fused BODIPY 26.20 The 2-

acylacetophenone 24 is synthesised by reacting of o-hydroxy-acetophenone derivatives 

with N-arylhydrazones, then treated with lead(IV) salt (Scheme 1.4).39 

 

 

 

Scheme 1.4: Synthesis of diisondole -BODIPYs 26 by Kang and Haugland using the 

PaalïKnorr strategy.39  

 

 

Following this methodology symmetrical BODIPYs analogues can be formed in good 

yields,20 whereas condensation of different 2-acylacetophenone precursors produced 

unsymmetrical diisoindole BODIPYs in lower yield.20 Also, during this strategy various 

dibenzo dipyrrins with a hydrogen atom in the meso position can be synthesised and 

examples are shown in Figure 1.4.20  
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Figure 1.4: Examples of diisondole -BODIPYs using the PaalïKnorr strategy.20 

 

In the late nineties (1998) Ono and co-workers published synthetic procedures to 

synthesise diisoindole BODIPYs. They started with formation of a masked isoindole 30 

instead of ordinary isoindole via Diels Alder reaction by reacting cyclopentadiene or 

cyclohexadiene with ɓ-sulfonyl nitroethylene followed by a Barton Zard reaction with 

ethyl isocyanoacetate.40  

 

 

 

Scheme 1.5: Synthesis of a óómaskedôô isoindole 30.40 

 

 

The alternative masked isoindoles could be synthesised in good yield because they have 

more stability during the separation and purification on silica gel and in acidic or basic 

solutions compared with simple isoindoles moieties.20 This methodology supplements 

the Barton Zard strategy that proved difficulty  in synthesis of simple isoindoles due to 

poor electrophilicity of the nitrobenzene.40 Following this procedure diisoindole 

BODIPY can be synthesised through four steps initiated from the masked isoindole.18 

After reducing the ester by LiAlH 4, it was reacted with acyl chloride followed by adding 

Et3N and BF3.OEt2 producing BODIPY 32 with fused bicyclo [2.2.2] octadiene units. 

Finally, it was converted to BODIPY 33 by retro Diels Alder reaction.18  

ɚmax abs = 634 nm 

ɚmax em = 658 nm 

ɚmax abs = 673 nm 

ɚmax em = 704 nm 
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Scheme1.6: Synthesis of diisoindole-BODIPYs by a retro DielsïAlder reaction.18  

 

Because of the extended  ́ conjugation, all the resulting derivatives of diisoindole 

BODIPYs showed increase in the intensity of absorption which almost doubled.20 Also, 

these BODIPY dyes exhibited absorption and emission maximum wavelength that 

showed a bathochromic shift around 70 to 80 nm compared with the corresponding non 

benzo fused BODIPYs.20  

 

 

 

 

 

 

 

 

 

 

Table 1.2: Absorption and emission wavelengths of benzo fused BODIPYs 33a, and 

33b compared with non-benzo fused BODIPY.18 

compound ɚmax abs  
 

ɚmax em  Example of non-benzo fused 

BODIPY 

 

 

 

558 nm 

 

564 nm 

 

 

 

 

 

 

  

 

561 nm 

 

569 nm 

32a, 33a R = CH3         54 %, 100 % 

33b, 33b R = C6H5I   25 %, 100 %         

ɚmax abs = 493 nm  

ɚmax em = 519 nm  
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1.3. Synthesis of a different  Class of -́Extended BODIPY derivatives 

Recently, a new class of -́extended BODIPY derivatives have garnered interest. The 

structures are directly relevant to the aza analogues (reported earlier by our group)41 that 

are the subject of this research and thesis. Jiao et al, extended the ́ -conjugation beyond 

the dipyrromethene unit, resulting in a more rigid framework which is significantly 

different from classical BODIPYs in their electronic configuration.42 They are accessed 

by the facile condensation of aldehyde and pyrrole in aqueous solution in the presence 

of HCl, for example see Scheme 1.7. In spite of the low yields this is a facile one pot 

reaction using commercially available reagents hence can furnish significant quantities 

of the extended BODIPY (100 mg in a single experiment). They explored the use of a 

slight excess of the mesitaldehyde (1.0 equivalent) with pyrrole (0.7 equivalent) in a 

H2O: MeOH (3:1) solvent system in the presence of catalytic HCl.42 The product could 

be directly observed by thin-layer chromatography (TLC). Unlike with dipyrromethene, 

there was no need for oxidation and the product was used directly for further 

complexation with BF3·OEt2 to provide the extended BODIPY 35.42 Extended BODIPY 

35a was obtained in 10 % yield, while a similar condensation of 2,6-

dichlorobenzaldehyde and pyrrole in a H2O: THF (5:1) mixture gave extended BODIPY 

35b in 7 %. The crystal structure analysis of 35b further confirmed the unique -́

extended dipyrromethene core structure.42 The two Ŭ-vinyl double bonds both adopt an 

E configuration. Both ́ -extended BODIPYs displayed intense absorption and moderate 

emission with maxima around 565 and 620 nm, respectively, and showed interesting 

reactivity toward various nucleophiles such as phenethylamine.42 

 

 

 

Scheme 1.7: Synthesis of Ex-BODIPYs 35a (in H2O: MeOH), and 35b (in H2O: 

THF).42 

34a R = R1 =CH3 

34b R = Cl, R1= H 

35a R = R1 = CH3 10 % 

35b R = Cl, R1= H 7 % 
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1.4. Introduction  to aza BODIPYs and their  precursor aza 

dipyrromethenes 

A subset of BODIPY structures is known as aza-BODIPYs. In this group the methine 

carbon atom in position 8 is replaced with a strongly electron-withdrawing imine 

nitrogen (Figure 1.5). Aza dipyrromethene 36, the key precursor to aza-BODIPY 37, 

were reported in the 1940s,  but were not extensively researched.43 However, the drive 

to find compounds with far-red or NIR region led to increased research into the 

application of aza dipyrromethenes over the last few decades.44 OôShea and co-workers 

have reported that the aza-BODIPYs modification to the BODIPYs core effectively red 

shifted the absorption properties whilst conserving the extinction coefficients, 

fluorescence intensity and photostability.45 As a result the aza-BODIPY dyes can form 

efýcient sensitizers for photodynamic therapy (PDT).46, 47  

 

 

 

 

Figure 1.5: Aza dipyrromethene unit 36 and the corresponding aza-BODIPY core 37. 

 

1.5. Applications 

As previously mentioned with BODIPYs, aza-BODIPY dyes and their various sub-

structures have a wide variety of applications ranging from laser dyes to labelling 

reagents, chemo sensors to fluorescent switches.9 However a key area of application is 

in photodynamic therapy (PDT).48 PDT is a non-invasive process that is used to treat 

malignant and premalignant diseases.48 The process is via the action of three 

components that result in targeted cellular and tissue damage.48 Firstly the 

photosensitiser accumulates within a tumour. In the second stage it is then irradiated 

with a suitable low energy light such that it doesnôt damage healthy body tissue.48 

Finally upon irradiation the photosensitiser is excited, it can then transfer its excited 

state energy to the tumour via generation of a singlet oxygen, thus leading to the death 

of the tumour.43 The singlet oxygen generated has the ability to react with most organic 

molecules, as a result of the spin-allowed nature of these procedures.48 Thus, this singlet 
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oxygen generation is a key process and a photosensitiser that can quantitatively generate 

singlet oxygen is required in PDT.48 Many photosensitisers that have been cleared for 

medical use still suffer from some key flaws such as low absorption in the near infra-

red region, which decreases its efficiency, and toxicity which results in unwanted side 

effects. However it has been found that BODIPY and aza-BODIPY structures have 

more favourable properties as a photosensitiser as they address these issues due to their 

significant fluorescence quantum yield and for example high photostability.49 As 

mentioned earlier aza-BODIPY structures, due to the red-shifted absorption properties 

when compared to BODIPY structures, have particular importance as photosensitisers 

for PDT.46, 47 

1.6. Synthesis of aza dipyrromethenes  

The synthetic strategies to prepare aza dipyrromethenes were first reported by Rogers 

1943.50 He attempted a Leuckart reaction by heating ammonium formate with 4-

nitro1,3-diphenylbutan-1-one 38 under solventless conditions wherein unexpectedly an 

intense blue colour was observed. A similar result was observed when 4-oxo-2,4-

diphenyl butane nitrile 40 was used as substrate (Scheme 1.8)51  giving 39 as óóa new 

chromophoric system, having a formal relationship to the phthalocyaninesôô.51 

However, possibly due to the success of phthalocyanines as blue dyes, aza 

dipyrromethenes were not investigated in much detail for a further 50 years.52 Due to 

the limited analytical instrumentation at that time, which were limited to melting points, 

elemental analysis, and molecular weight determinations, it was not easy to determine 

the structural assignment of the resulting coloured compound.52  

 

Scheme 1.8: Synthetic strategies to aza dipyrromethenes 39 formation developed by 

Rogers.50 

Through the degradation reactions and re-synthesis published by Rogers the resulting 

product 39 was characterised.50 Degradation reaction includes heating of 39 with 

hydriodic acid to form 2,4-phenyl pyrrole 41. Then 2,4-phenylpyrroles 41 were 

converted into their corresponding 5-nitroso derivatives 42, at room temperature 

reaction with sodium nitrite in EtOH/aq HCl; the nitrosation reaction occurred 
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selectively at the unsubstituted Ŭ-pyrrole position to produce the desired product 42.11, 

53 Then it was condensed with a second molecule of 2,4-phenylpyrrole 41 under high 

temperature in acetic acid to confirm aza dipyrromethene structure 39 (Scheme 1.9).11, 

53 Further, reduction of compound 42 in the presence of Adamsôs catalyst H2, PtO2, led 

to generation of 5-amino-2,4-diphenyl pyrrole 43 which oxidised upon exposure to air, 

then self-condensed with the loss of ammonia producing aza dipyrromethene 39 in low 

yield.51,52 

 

Scheme 1.9: The cycle of degradation and resynthesis of tetra aryl aza 

dipyrromethenes compound 39.51, 52 

The synthesis is most facile when there are four phenyl substituents, however it is 

possible to obtain the diphenyl products 44 (Figure 1.6) by following the procedure 

described in Scheme 1.9, starting with 2-phenyl pyrrole.11 

 

Figure 1.6: Structure of diphenyl aza dipyrromethene 44. 

It was not until the 1990ôs that the first reactions of aza dipyrromethenes with boron 

electrophiles were reported (Scheme 1.10).53, 54 For example treatment of 3,5-

tetraphenyl aza dipyrromethene 39 with BF3.OEt2 resulted in the formation of aza-

BODIPY 45 Unfortunately, this method did not yield the less substituted aza-BODIPY 

46 after treatment of the corresponding aza-dipyrromethene 44 with boron trifluoride.54  
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Scheme 1.10: First synthetic procedure in the formation of aza-BODIPY dyes.11 

Later, OôShea group has optimised this synthetic route by using different ammonium 

sources. The reaction performed by heating of 4-nitro1,3-diphenylbutan-1-one 47 with 

ammonium acetate instead of ammonium formate in either ethanol or butanol as 

solvents under reflux. This was smoothly performed, led to a significant development 

in the outcome yield. However, it was observed that use of alcohol solvents usually 

causes the aza dipyrromethenes to precipitate from the reaction mixture, thus, enabling 

easier isolation and enhanced yields.46 Using mild condition such as replacing of 

formate with acetate led to improve the reaction outcome, by following this procedure 

several derivatives of aza dipyrromethene have been synthesized in moderate yield  

(25%-50%) as described in Scheme 1.11.46 However, using compound 47 as starting 

material allowed the synthesis of aza dipyrromethenes with only two different aryl 

substituents.52  

 

 

 

 

 

 

Scheme 1.11: General route to formation of aza dipyrromethene 48.52 

compound Ar1 Ar2 Time/h Yield % 

48a 
 

Ph Ph 48h 42 % 

48b 
 

Ph p-OMePh 24h 47 % 

48c 
 

p-OMePh Ph 48h 48 % 

48d 

 
 

p-BrPh Ph 48h 24 % 
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Scheme 1.12 shows a possible mechanism for formation of the aza dipyrromethene core 

from the nitromethane adducts. Initially  pyrrole A is formed, this is then nitrosylated in 

situ to give B which then condenses with another molecule of the pyrrole (Scheme 

1.12).11 

 

 

Scheme 1.12: Synthetic mechanism of aza dipyrromethene from nitro 

butyrophenones.11 

 

Another approach has been developed in order to synthesise unsymmetrical aza 

dipyrromethenes by condensing diaryl pyrroles and nitroso diaryl pyrroles in acetic 
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anhydride/acetic acid mixture at 100 oC.55 Work up by cooling the reaction mixture with 

ice then extraction with DCM, and purified by slow evaporation of a chloroform 

solution at room temperature giving the pure  aza dipyrromethene 51 as dark blue 

material in good to excellent yields (Scheme 1.13).55 Following this approach led to 

synthesise derivatives of aza dipyrromethene with one to four different substituted aryl 

rings depending on the pyrrole building blocks.55 

 

 

 

 

 

 

 

 

 

 

Scheme 1.13: Synthetic strategy to formation of unsymmetrical aza dipyrromethene.55  

 

Moreover, it has been observed that the addition of strongly electron donating groups 

along with the increase in conjugation provides a means to further increase the red 

shifting of the fluorescence emission.44 This has been demonstrated with the addition 

electron donating groups on the para position of the 5-Ar substituents which led to 

increased extinction coefficients and red shifts in the absorption maximum.11 Figure 1.7 

shows examples from the literature demonstrating the effect of adding electron donating 

groups on the 5-positions of Aryl substituents on the absorption and emission. In Figure 

1.7B, installation of the electron donating groups (NMe2) on the para phenyl  

substituents led to increase the absorption and emissions by 149 nm compared with non-

compound Ar1 Ar2 Ar3 Ar4 Yield

% 

51a Ph Ph pMeNC6H4 Ph 35 % 

51b Ph Ph p-BrC6H4 Ph 92 % 

51c Ph Ph p-Et2NCH2C6H4 Ph 94 % 

51d p-MeOC6H4 Ph Ph p-MeOC6H4 72 % 

51e Ph p-FC6H4 p-Et2NCH2C6H4 p-MeOC6H4 88 % 

51f Ph p-FC6H4 Ph p-MeOC6H4 94 % 
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phenyl substituents (Figure 1.7A).3, 56 The increase of the absorption and emission 

properties in these motifs led to properties as effective photosensitizers and agents of 

photodynamic therapy, like photofrin or protoporphyrin.57 

 

 

 

 

 

 

 

 

 

 

                   

 

 

 

Figure 1.7: A selection of aza-BODIPY structures showing the effect of electron 

donating groups on the absorption and emission properties, and the absorption spectra 

of A in CHCl3 (green ɚmax  650 nm), and B in CHCl3 (solid red line ɚmax 799 nm), ethanol 

(dashed red line ɚmax 799 nm), and toluene (dotted red line ɚmax 798 nm), (conc. 4 × 10-

6 M).56  

 

ɚmax abs = 650 nm 

ɚmax em = 672 nm 

 

ɚmax abs = 799 nm 

ɚmax em = 823 nm 
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1.7. Synthesis of benzo-fused aza BODIPYs  

A variety of modifications have been explored to optimize the aza-BODIPY scaffolds 

in order to further shift the absorption and emission properties towards the far red and 

NIR region.58,59 Vollman reported the first synthesis of benzo fused aza 

dipyrromethenes in 1972 by the reaction of phthalonitrile with 2.5 equivalents of aryl 

magnesium bromides, at room-temperature in dry benzene. By using steam distillation 

and recrystallisation from pyridine , benzo fused aza dipyrromethenes were isolated in 

low to moderate yield.60  

 

 

 

 

 

 

Scheme 1.14: Synthesis of benzo fused aza dipyrromethene by Vollman.47, 60 

 

 

To date a number of novel ring-fused aza-BODIPY scaffolds have been reported.61 

These fused ring systems are identified as [b]-fused, and/or [c]-fused (fusion at the ɓ 

sites), aza BODIPYs depending on the bonds involved in annulation of the aromatic 

group onto the pyrrole ring, or boron-fused where the ring fusion is via intramolecular 

B-O ring formation (Figure.1.8).61 These fused ring derivatives can be classified into 

four key groups as shown in Figure 1.8.61 

53a Ar =  phenyl  34 % 

53b Ar =  4-CH3 phenyl  24 % 

53c Ar =  4-OCH3 phenyl  7 % 



Chapter 1. Introduction and literature review  
 

 

21 

 

 

 

Figure1.8: Type of the ring-fused aza-BODIPY analogues.61 

 

1.7.1 Synthesis of [b] -fused aza dipyrromethenes and aza-BODIPYs 

from ri ng-fused pyrroles  

The first report of the conformationally restricted six-membered ring-fused aza-

BODIPYs was by Carreira and co-workers in 2005.47 By simply replacing 2,4-diaryl 

pyrroles with stable ring-fused pyrrole precursors 54, they developed a convenient 

synthetic route to constructed [b]-fused aza dipyrromethene 55 and aza-BODIPY 56 

(Scheme 1.15).47 Since then, their reported preparation of [b]-fused aza-BODIPYs 56 

by direct cyclization of substituted pyrroles has become a popular method that furnishes 

the desired products in good to excellent yields 76 %.61 However, the precursors 

themselves, the fused pyrroles, require a multiple-step synthesis. Hence it limits the 

effectiveness of this strategy to conveniently access a diverse range of ring-fused aza 

BODIPYs (Scheme 1.15).47 
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Scheme 1.15: Synthesis of [b]-fused aza dipyrromethene 55 and aza-BODIPY 56.47  

 

 

1.7.2 Synthesis of [c]-fused (fusion at the ɓ sites) aza dipyrromethenes 

and aza-BODIPYs  

1.7.2.1 From phthalonitrile  and their  derivatives 

In 2008, Lukyanets and Kobayashi reported the synthetic method to synthesise [c]-fused 

aza-BODIPYs (Figure 1.8), following Vollman procedure as mentioned previously. 

Reaction of phthalonitrile 52 with aryl magnesium bromides in dry benzene at room 

temperature for 1 h, steam distillation and recrystallization from pyridine and methanol 

provided [c]-fused aza dipyrromethenes 53a and 53d in moderate yields, 28 % and 27 

% respectively (Scheme 1.16).44 Following chelation by treatment with BF3OEt2, the 

resulting [c]-fused aza-BODIPYs 57a and 57d were obtained in good yields.44 As 

expected, these exhibited significant shift in the absorption and fluorescence spectra. 

The fused aza dipyrromethenes 53a and 53d displayed intense absorption bands at 653 

nm and 658 nm respectively.44 Thus they exhibit a red-shift analogous to that observed 

in the spectra of aza dipyrromethenes systems with extended -́conjugated.62,63 The 

fluorescence spectra of 53a and 53d exhibit emission at 701 nm, and 705 nm 

respectively. Complexation to the corresponding aza-BODIPYs increased the red-shift 

further.44 The fused aza-BODIPY moieties 57a and 57d exhibit intense absorption at 

715 nm, and 724 nm respectively alongside intense emission at 736 nm, and 749 nm 

respectively.44 Thus they have an expanded scope for application most notably, the 
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application of the ring-fused aza-BODIPY 57a as potential donor unit for NIR-

absorbing organic solar cells.64 

 

 

 

 

 

 

 

 

 

Scheme 1.16: Formation of benzo fused aza-BODIPY 57 from phthalonitrile.44 

 

The ready availability of the starting materials, (phthalonitriles and their derivatives), 

and aryl magnesium bromides either commercially or via a facile synthesis make this 

strategy very attractive.61 Thus this has proved itself to be an efficient strategy to access 

a number of symmetric aromatic [c]-fused aza-BODIPYs with additional aryl 

substituents at the 3,5- positions.61 Nonetheless as noted by Gresser et al, in 2011, the 

high reactivity of Grignard reagent limited the substrate scope of this method as it led 

to a number of side products.65 Gresser and co-workers were able to overcome this to 

some extent by modifying the reaction conditions to limit  side products and optimise 

yield. They found the use of one equivalent of phenyl Grignard reagent in diethyl ether 

at 20  followed by reaction in formamide instead of using water steam distillation 

furnished the desired products in better yields.65 Scheme 1.17 shows the suggested 

mechanism which involves reacting of phthalonitrile with phenyl Grignard, then 

evaporating the solvent produced crude, likely to be the magnesium salt of 1-

arylisoindoylimines 58. Heating of the resulting material with formamide under reflux 

for a few minutes gave the activated amine species 59 which could be easily converted 

to compound 60. Condensation of compounds 59 and 60 following by loss of ammonia, 

led to give the desired benzo fused aza dipyrromethene 53. Under these conditions the 

yield of 53 was increased from 28 %, to 55 %. Finally the aza-BODIPY 57 was also 

successfully prepared in good yields 78 %.65 

53a Ar =  phenyl  28 % 

53d Ar = 4-tert-butylphenyl  27 % 

57a Ar =  phenyl  70 % 

57d Ar =  4-tert-butylphenyl  73 % 
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Scheme 1.17: Synthesis of benzo-fused aza-dipyrromethene 53 and its BF2 complexes 

57.65, 66 

 

 

Another successful application inspired by this route is the synthesis of the ring-

expanded aza-BODIPY dye 62 by Mack et al (Scheme 1.18).67 Here, 1,2-

dicyanoacenaphthylene 61 which was prepared using the methods of Rieke and co-

workers68 was used as a synthetic precursor to furnish the NIR absorbing ace 

naphthalene-fused ring in 54 % yield (Scheme 1.18). This ace naphtho-fused aza-

BODIPY 62 is particularly suitable for application in solar cells due to its relatively 

wide ranging absorption band at 628 nm.67 
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Scheme 1.18: Synthesis of ace naphthalene-fused aza-BODIPY 62.67  

 

A number of benzo fused aza-BODIPY dyes were synthesized using this route including 

the first chiral aza-BODIPY derivatives. One featured a binaphthyl substituent 63, 64 69 

and another benzo-fused aza-BODIPY 65 with tert-butyl dimethyl silyl groups at the 

phenyl substituents.70 

 

                 

 

 

 

 

Figure 1.9: Derivatives of benzo fused aza-BODIPYs.69, 70 



Chapter 1. Introduction and literature review  
 

 

26 

The first synthesis of unsymmetric aza diisoindolylmethenes and their BF2 complexes 

was reported by Shen and co-workers (Scheme 1.19).71 Treatment of phthalonitrile with 

a solution of potassium tert-butoxide in dry dimethylformamide (DMF) at 0  for 3 h 

produced compound 66 in 79 % yield. This unsymmetrical compound, containing an 

amine group on one side, was subsequently treated with dimethylamine in 

tetrahydrofuran (THF) to form compound 67 in 69 % yield. Treatment of 67 with 

BF3.Et2O under basic conditions in dichloromethane resulted in the formation of BF2 -

chelated complex 68.71 

 

Scheme 1.19: Synthesis of unsymmetrical benzo-annulated aza BODIPY 68.71 

 

 

The postulated mechanism for the formation of 66 includes deprotonation of 

phthalonitrile at the ortho position of the CN group using potassium tert-butoxide in 

DMF initiates the reaction.72 The phthalonitrile anion acts as a nucleophilic reagent to 

attack the cyano moiety of a second phthalonitrile molecule, this then leads to the 

formation of C-C bond.72 This is followed by a further nucleophilic reaction and finally 

two electrons reduction process to furnish the aza diisoindolymethene with an amino 

group on one side.72 It should be noted that in this mechanism the activation of C-H 

bond in phthalonitrile by the concomitant formation of anion with potassium tert-

butoxide is the key step. This versatile method has been extended to furnish other benzo-

fused aza-BODIPY derivatives, such as tert-butyl or tert-butyl thiol (69, 70, and 71) 

(Scheme 1.20).71 
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Scheme 1.20: Synthesis of derivatives of aza-diisoindolymethene from mono 

and bis substituted phthalonitrile.71 

 

 

Another synthetic strategy has been used to synthesise a variety of benzo fused aza 

dipyrromethenes from benzonitriles with different functional group such as benzene, 

benzonitrile and thiophene (Scheme 1.21 inset).73 In this process a molecule of the 

benzonitrile is lithiated by LDA in the ortho-position to the cyano group at low 

temperature to form 73.73, 74 Subsequent coupling with the second molecule of 

benzonitrile leads to the formation of the intermediate 74 (Scheme 1.21). Condensation 

of the intermediate 74 after reduction with formamide led to produce the benzo fused 

aza dipyrromethenes.73 Unfortunately, as a result of the low solubility of the 

corresponding aza-BODIPYs, the BF2 complexes could not be obtained with the 

exception of the compound 75. It was successfully converted to the corresponding aza-

BODIPY 76 after the treating with BF3.OEt2. They could obtain zinc(II) complexes of 

the benzo fused aza dipyrromethenes which demonstrated strong absorption in the 621ï 

653 nm region and these had no detectable fluorescence.73 

69a (R= t-Bu) 

70a (R= S-t-Bu) 

69b (R= t-Bu) 

70b (R= S-t-Bu) 

71a (R= S-t-Bu) 71b (R= S-t-Bu) 
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Scheme 1.21: Formation of benzo-fused aza dipyrromethenes by reacting of ortho- 

lithiated nitriles with benzonitrile.73 

Our group has reported a straightforward synthetic pathway for a new type of aza 

(dibenzo) dipyrromethenes and the corresponding aza-BODIPY derivatives via the 

aminoisoindoline precursors.41 The synthesis of the aminoisoindolines starts with the 

precursor amidine 79 under palladium catalysed cross coupling with a variety of 

arylacetylenes and furnishes a number of aminoisoindolines.75 The aminoisoindolines 

80 and 81 undergo efficient self-condensation to form the  ́extended aza (dibenzo) 

dipyrromethene derivatives 81 and 82.41 Typically the aminoisoindolines 80 and 81 

were heated under reflux in toluene for 2 h, and the products were isolated by 

crystallization from dichloromethane and methanol to obtain deep red crystals of aza 

(dibenzo) dipyrromethene derivatives 82 and 83. The straightforward treatment of aza 

(dibenzo) dipyrromethene precursors 82 and 83 with BF3·OEt2 furnished the 

corresponding aza (dibenzo) BODIPY analogues 84 and 85 in moderate yield (Scheme 

1.22).41 
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Scheme 1.22: Synthesis of aza BODIPYs from aminoisoindolines and X-ray 

crystal  structure of compound 85.41 

 

Furthermore, X-ray crystallography and analysis of 82 and 83, showed that the same 

Z,Z configuration present in the starting material was reproduced in the aza (dibenzo) 

dipyrromethene products.41 However, it is immediately apparent from the crystal 

structure of 85 (Scheme 1.22), that the aza BODIPY analogues display the opposite of 

the configuration of their precursors i.e., the E,E configuration. However, this may 

solely be a result of the crystal packing and solid-state interactions favouring in this case 

80 R = H 76 % 

81 R = OCH3 85 % 
82 R = H 82 % 

83 R = OCH3 87 % 

84 R = H 32 % 

85 R = OCH3  49 % 

 

                                   85 

 

 

 

 

 85 

 

                  83 



Chapter 1. Introduction and literature review  
 

 

30 

the E,E configuration.41 The photophysical properties of these analogues are promising. 

Aza (dibenzo) dipyrromethenes exhibited a relatively broad profile in the visible region 

with a maximum at 465 nm in dichloromethene.41 Addition of further conjugation via 

the introduction of 4-methoxy substituents in 83 led to shift the absorption to 491 nm, 

as observed in similar classical BODIPYs.65 Analogous to their precursors, boron 

complexes 84 and 85 show absorption maxima at 439 and 469 nm, respectively, (Figure 

1.10) supporting a similar trend of the substituent effect. However, unlike their 

precursors 82 and 83, they show fluorescence with significant Stokes shifts of around 

90 nm, albeit with low quantum yields (84 Ḑ 5 %, 85 Ḑ 0.5 %).41      

 

 

 

 

 

 

 

 

 

Figure 1.10: UVīvis absorption spectra for compound 84 (blue solid line), and 

compound 85 (green solid line), and normalized fluorescence emission (blue dotted 

line) spectra of 84 and for 85 (green dotted line), in DCM and the excitation spectrum 

of 84 (dashed line, lmax em = 537 nm).41 

 

1.7.3 Synthesis of [b] and [c] fused aza dipyrromethenes and aza 

BODIPYs  

1.7.3.1 From benzo [c, d] indole-2-amine 

Synthesis of [b] and [c]-fused aza dipyrromethenes and aza-BODIPYs from benzo [c, 

d] indole-2-amine provides an alternative route for building ring-fused aza 

dipyrromethenes and their corresponding aza-BODIPYs.76  The first reported of naphtho 

[c] and [b] fused aza-BODIPYs was by Vasilenko and co-workers in 1986 using 2-benz-

[c,d] indolamine hydroiodide and 2-(methylthio)benz[c,d]-indole-hydroiodide (Scheme 

1.23 inset).77 Subsequently in 2015 Kobayashi and Shimizu reported the use of a Schiff-
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base reaction involving titanium tetrachloride to catalyse  this reaction. This allowed 

them to access the benzo[c,d]indole- containing-aza-BODIPY skeleton 86 by a facile 

treatment of commercially available benzo[c,d] indole-2(1H)-one (lactam) 88 and 

heteroaromatic amine 87, with titanium tetrachloride in triethylamine.76 Then BF3.Et2O 

was added to the reaction mixture producing compound 86 in 41 % yield. (Scheme 

1.23).76 The aza-BODIPY 86 demonstrated strong fluorescence in solution and showed 

good solid-state emission.76 However, the absorption and emission is centred at around 

540 nm, which is not ideal for potential applications as a NIR dye.76 Following this 

synthetic pathway compound 90 was successfully achieved by reacting 

diketopyrrolopyrrole (DPP) 89 as the starting material with heteroaromatic amine 87 in 

1.0 % yield. In comparison to 86 the dimer 90 exhibited a significantly red-shifted 

absorption maximum at 747 nm which is more suitable for NIR applications. So far 

these remain the only two synthetic strategies towards fused aza-BODIPY structures 

utilizing benzo [c, d] indole-2-amine.76, 77 

 

 

Scheme 1.23: Synthesis of aza-BODIPYs 86 and 90 from benzo [c, d] indole-2-

amine.76 ,77 
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1.7.3.2 Postmodifications of ring-fused aza-BODIPYs 

The final route towards [b] and [c]-fused aza dipyrromethenes and aza-BODIPYs is via 

postmodification of ring-fused aza-BODIPY dyes.61 Large numbers of aza-BODIPY 

chromophores, in particular tetraphenyl and hexaphenyl aza BODIPYs, are readily 

available via facile synthesis.61 Thus, further annulation onto these pre-synthesised 

cores provides a promising strategy to access various ring-fused aza-BODIPYs with 

extended  ́-conjugation, that complements the three strategies previously discussed.61 

A number of ring-fused aza-BODIPYs have been reported recently via post 

functionalization of the parent aza-BODIPY chromophores.78, 79, 80 In particular Jiao and 

co-workers have reported efficient postfunctionalisation strategies primarily of 

tetraphenyl and hexaphenyl aza-BODIPY derivatives, typically using regioselective 

intramolecular oxidation reactions or palladium catalysed CïH activation followed by 

intramolecular coupling reactions.78, 79,80 This route of annulation of tetraphenyl or 

hexaphenyl substituted aza-BODIPYs provided access to [b]-fused 92, and [b], [c]-

fused 91 derivatives in moderate yields.78, 79  

 

Figure 1.11: Structures of [b]-fused aza BODIPY 92 and fully fused system 91. 

 

In 2017 Jiao, Hao and co-workers reported the preparation of three novel [b] fused aza-

BODIPYs 96 a-c including an interesting nine-ring fused structure (Scheme 1.24).78 

Regioselective bromination of aza BODIPY 93, using a literature procedure, led to 2,6-

dibromo aza BODIPY 94 in nearly quantitative yield (Scheme 1.24). Suzuki coupling 

of 2,6-dibromo aza BODIPY 94 with an aromatic boronic acid was followed by an 

iron(III)  chloride mediated intramolecular oxidative aromatic coupling which led the 

desired ring fused aza-BODIPYs 96 a-c. The oxidative ring fusion reaction proved to 

be highly regioselective with qualitative isolated yields over 93 %, and none of the [c] 

fused product, or any other fused derivatives were observed.78  
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Sheme 1.24: Regioselective formation of [b]-fused aza BODIPYs via postmodification 

of ring-fused aza-BODIPYs, and X-ray crystal structures of compounds 95a and 96a.78 

 

 

93a R1= OCH3 

93b R2= OC12H25 

94a R1 = OCH3  99 % 

94b R1 = OC12H25  99 % 

96a R1= OCH3, R2= OCH3, R3= H 96 % 

96b R1= OC12H25,  R2= OCH3, R3= H 96 % 

96c R1= OC12H25,  R2= H, R3= t-Bu 9 3% 
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The resultant aza-BODIPYs 95 a-c show nearly identical strong absorption centred at 

around 683 nm and moderate fluorescence emission centred at 716 nm, respectively, in 

toluene. Compounds 96 a-c show absorption at around 790 nm and fluorescence 

emission centred at 807. In comparison with 95 a-c, this ring fusion brings more than 

100 nm red-shift in both the absorption and emission bands.78 

 

 

 

 

 

 

 

 

Figure 1.12: UV- vis absorption spectra or compound 95a (black solid line), and 

compound 96a (red solid line),  and fluorescence emission spectra (dotted lines) of 95a 

(black) and 96a (red) in toluene.78 

 

 

Attempts to form the fully fused system 91 via treatment of compound 95a with a large 

excess of FeCl3 led mainly to the product 96a-c instead of the fully fused product 

(Scheme 1.24).78 Varied conditions of oxidants, solvents, temperatures, and light 

irradiation did not lead to further fusing of 96a-c to generate the expected [b],[c] fused 

product.78 Jiao, Hao and co-workers reported the successful synthesis of the [b],[c] 

fused aza BODIPY 99 (Scheme 1.25) from the oxidative ring-fusion reaction of 

hexaphenyl aza BODIPYs .80 In analogous porphyrin systems Osuka 81 and Gryko 82 

had both demonstrated that the electron-rich directing groups were conclusive for the 

successful oxidative ring fusion.80 Thus Jiao, Hao and co-workers rationalized that the 

addition of the electron-rich directing groups on a specific phenyl group of hexaphenyl 

aza BODIPYs would be able to activate it for efficient oxidative annulation and thus 

form the [b], [c] fused 99. Hence, 97 which bears two methoxy (electron rich directing) 
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groups on the meta-positions of 1,7 phenyls was prepared. Suzuki coupling reactions of 

aza dipyrromethene 97 with 4-tert-butylphenyl boronic acid followed by complexation 

with BF3.Et2O yielded the desired product 98a in 65 % (Scheme 1.25).80 In this reaction 

compound 97 underwent Suzuki coupling reaction instead of its corresponding boron 

complex due to formation of some BF2 decomposition products. Treatment 98a with 40 

equivalents of FeCl3 gave the desired fully  fused 99a in 11 % yield. Halving the amount 

of FeCl3 to 20 equivalents, gave the corresponding [b] ring-fused product 100a in 31 % 

yield. To activate the system towards formation of [b], [c] ring fused systems they 

synthesized 98b and 98c with two additional methoxy groups on the meta-positions of 

2,6-phenyls. Applying the same reaction conditions as to 98b and 98c led to the 

corresponding [b], [c] ring fused aza-BODIPYs 99b and 99c in 19 %  and 41 % yields 

respectively (Scheme 1.25).80 As expected, compound 98b and 98c demonstrated higher 

reactivity; they required only 20 equivalents of FeCl3 to initiate oxidative ring-fusion 

reaction to form the fully  annulated system.80 As mentioned previously the [b], [c] 

fusion results in an over 100 nm red-shift compared to the parent in the absorption 

spectrum. Hexaphenyl aza BODIPYs 98 a-c showed absorption maxima at 675, 684, 

and 674 nm, respectively, which were red-shifted to 787, 808, and 791 nm, respectively 

in 100 a-c. Notably the [b],[c] fused 99 a-c showed a further red shift, with near-infrared 

absorption in the range 826 ï 878 nm and emission in the range 832 ï 907 nm.80   Figure 

1.13 shows the UV-Vis absorption and fluorescence emission spectra of compounds 

98a, 99a and compound 100a.80 

 

 

 

 

 

 

 

 

Figure 1.13: UV-vis absorption (a), and fluorescence emission (b) spectra of compound 

98a (black lines), compound 100a (red lines), and compound 99a (blue lines) in 

toluene.80 

 

(a) 

(b) 



Chapter 1. Introduction and literature review  
 

 

36 

  

        

            

Scheme 1.25: Results of ring-fused aza-BODIPYs depending on the equivalents of 

FeCl3 used.80 

Applying the concept of using electron rich methoxy groups to direct the oxidative 

cyclisation, later in 2017 Jiao, Hao and co-workers reported the synthesis of [c] fused 

98a R1=  H, R2= t-Bu 65 % 

98b R1= R2= OCH3 75 % 

98c R1= OCH3, R2=  H 63 % 

31 % with 20 equiv FeCl3 70 % with 10 equiv FeCl3 33 % with 10 equiv FeCl3 

11 % with 40 equiv FeCl3 19 % with 20 equiv FeCl3 41 % with 20 equiv FeCl3 
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aza BODIPYs. They used an analogous strategy to previously described i.e. bromination 

followed by Suzuki coupling and palladium catalysed intramolecular CīH activation 

reaction.79, 83 However, oxidative annulation still generated exclusively [b]-fused 

compound 103 in 87 % yield (Scheme 1.26).79 Bromination of hexaphenyl aza BODIPY 

102 led to dibromo hexaphenyl aza BODIPY 104 in 82 % yield. The regioselectivity 

can be explained by the three electron rich directing methoxy groups on the 1,7-phenyls 

of aza BODIPY compound 104, Pd(OAc)2 catalysed intramolecular CīH activation of 

dibromo hexaphenyl aza BODIPY 104 led to the [c]- fused isomer 105 in 46 % yield. 

(Scheme 1.26). This compound 105 showed absorption at 745 nm whereas the unfused 

precursor to 102 absorptions at 694 nm. This 51 nm red-shift is lower than that achieved 

via the corresponding b fused ring systems.79 

 

Scheme1.26: Synthesis of fused aza BODIPYs 103 and 105.79 
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1.8. Boron fused aza-BODIPYs 

A number of boron fused aza-BODIPYs have been prepared primarily using a 

brominating agent to cause demethylation of a methoxy substituent followed by 

spontaneous cyclisation.61 For example OôShea et al reported the synthesis of boron 

fused aza-BODIPYs 107 a-d from the tetra aryl-substituted aza-BODIPYs precursors 

106 a-d, which in turn can be synthesized in four steps from commercially available 

materials.84 Treatment of the tetra aryl-substituted aza-BODIPYs 106 a-d with BBr3 

resulted in demethylation of the methoxy groups to the corresponding bisphenols 

followed by spontaneous cyclization to give the corresponding boron fused 107 a-d in 

21 to 61 % yield. However, the methoxy and methylamine substituted 106 e and 106 f 

did not yield any products. They also observed that prolonging the reaction time or 

amount of BBr3 led to further bromination on the benzene and pyrrole rings. These 

compounds were also isolated and analysed. As expected, the restrictions caused by the 

B-O bonds led to a shift in 107 a absorption by 86 nm and in its emission maxima by 

58 nm compared to the unfused parent compound 106 a.85 

 

 

 

 

 

 

 

 

Scheme 1.27: Synthesis of boron fused aza BODIPYs 107 a-d.85 

 a b c d e f 

R H H H H OMe NMe2 

R1 H Br  Br  Br  Br  Br  

X1 H H Br  Br  H H 

X2 H H H Br  H H 

Yield (%) 62 36 41 21 n/a n/a 
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1.9. Aim of the Project 

In recent years, the investigation of BODIPYs has attracted many researchers due to 

their interesting photophysical properties. They exhibit absorption bands close to the 

NIR region, which led to increased research into their applications. The first synthesis 

of the precursor azadipyrromethenes in our group was achieved during the development 

of a new synthetic strategy towards new classes of meso-aryl tetrabenzotriazaporphyrins 

(TBTAPs). However, later our group developed new straightforward synthesis 

pathways to access this new type of azadipyrromethene from self-condensation of 

aminoisoindolines under reflux, then converting to the corresponding aza BODIPYs. 

Aminoisoindolines were smoothly achieved by reacting a 2-bromo amidine with aryl 

acetylene via copper-free Sonogashira cross-coupling, followed by a cycloismerization 

reaction under microwave irradiation .75 The resulting  aza BODIPYs bear structural 

similarity to the traditional aza BODIPYs, but differ significantly in the electron 

configuration leading to notably different absorption and emission properties (Figure 

1.14).41  

 

 

 

 

 

Figure 1.14: Traditional aza BODIPY structure, compared with the resulting aza 

BODIPY in Cammidge groupôs previous work. 

 

The bond arrangement in the traditional aza BODIPY is not possible in the resulting 

structure due to presence of the external units (phenyl methylene) at the Ŭ position and 

benzo fusion at the ɓ position on the aza BODIPY structure (Figure 1.14). Building on 

this work, this project aims to investigate the scope of the processes, starting with 

extension to alkyl and benzyl acetylenes, alkylated aminoisoindolines and use as the 

precursors in the synthesis of aza (dibenzo) dipyrromethenes and the corresponding aza-

BODIPYs, to access aza BODIPYs that have similar ́  systems to that found in the 

traditional aza BODIPYs. To achieve this aim, 1-hexyne was selected for the synthesis 

of alkyl aminoisoindoline, which is the key intermediate in the synthesis of the main 

 

traditional aza BODIPYs aza BODIPYs in the Cammidge 

group previous work 
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target. The resulting structure is expected to change the chemistry significantly by an 

oxidation reaction with loss of two hydrogens as described in Figure 1.15. 

 

 

 

Figure 1.15: Target structure. 

 

The second aim is investigating the reactivities and electronic effects of different 

derivatives (such as donor and acceptor substituents), and alternative aryl units on the 

synthesis and properties of these molecules. and investigate whether a synthetic strategy 

could be developed to efficiently give unsymmetrical derivatives. There are no 

unsymmetrical derivatives reported to date and the investigation of electronic effects 

has not been investigated. 

The last aim is investigating the extension of  ́ conjugated system on the aza 

dipyrromethenes either by ring fusion reactions of the parent aza BODIPYs, or 

formation of the macrocycle structures from the aza (dibenzo) dipyrromethene 

derivatives. 
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2.1 Attempted syntheses of alkyl  aza (dibenzo) dipyrromethenes 

(ADBDP) 

Aza (dibenzo) dipyrromethenes are precursors to a subset of BODIPY analogues. In 

this class of compounds, the methine carbon at the meso position is replaced with 

strongly electron withdrawing nitrogen atom as we mentioned in the introduction 

chapter. Several modifications have been published to optimize the aza-BODIPY 

scaffolds in order to further shift the absorption and emission properties towards the far 

red and NIR region.58,59 In 2014 our group has published a new class of conjugated 

boron aza (dibenzo) dipyrromethenes and its precursors aza (dibenzo) dipyrromethenes 

through relatively straightforward synthetic procedure from readily available 

aminoisoindoline derivatives.41 In this synthetic pathway the aminoisoindolines are the 

key intermediate which can be smoothly accessed from 2-bromobenzoamidine 79 as 

described in Scheme 2.1. Heating of aminoisoindolines 80 and 81 under reflux in 

toluene at 120  produces the ́ -extended aza-(dibenzo) dipyrromethene derivatives 82 

and 83 in good yield. Aza (dibenzo) dipyrromethene derivatives smoothly converted to 

the corresponding aza BODIPYs 84 and 85 by treating with BF3.OEt2 in the presence 

of TEA as a base in dry DCM (Scheme 2.1).  

 

 

 

 

Scheme 2.1: The full  synthetic route towards aza BODIPYs 84, and 85 and their 

precursors (ADBDPs) 82, and 83.41 

82 Ar = phenyl  

83 Ar = 4-OCH3 phenyl 

80 Ar = phenyl 

81 Ar = 4-OCH3 phenyl 

84 Ar = phenyl 

85 Ar = 4-OCH3 phenyl 
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The resulting structures include modifications on the parent core such as, replacement 

of the carbon atom on the methine bridge (meso-carbon) with nitrogen, extended the  ́

conjugation system via benzo fused the pyrrole rings at the ɓ position on the ADBDP 

unit, and functionalization of pyrrole units at the Ŭ position via conjugation to a benzene 

ring.44 There is contrasting spectroscopic behaviour when comparing the resulting 

molecule with traditional BODIPY derivatives, presumably as a result of the local 

aromaticity that is preserved in the benzene rings giving a different electronic structure 

to that found in BODIPYs, they display absorption in the visible region with a maximum 

~ 465 nm in DCM.41 

Based on the success of this strategy this project aims to investigate the scope of this 

process and extend this strategy to furnish a range of aza (dibenzo) dipyrromethanes 

(ADBDP), and the corresponding aza-BODIPYs that could have interesting properties 

and applications. A key stage to achieve this aim would involve extending the copper 

free Sonogashira coupling to alkyl and benzyl acetylenes. This seemingly simple 

structural modification is expected to change the chemistry significantly due to the 

potential tautomerism of the intermediate and its subsequent impact on the electronic 

configuration of the BODIPY unit (Figure 2.1). 

 

Previous work41 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Target structure of alkyl aza BODIPY. 

  

 

  

 

 

 

Target structure 
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2.1.1 Attempted syntheses of alkyl  aminoisoindolines for  use in the 

synthesis of aza (dibenzo) dipyrromethenes (ADBDP) and aza 

BODIPYs and competing formation of aminoisoquinolines. 

Aminoisoindoline derivatives have been used as key intermediates in the synthesis of 

aza BODIPYs and its precursor ADBDP. Previously our group has published successful 

synthesis of aminoisoindoline derivatives following the procedure reported by Hellal 

and Cuny75 as mentioned in the introductory section. This led us to consider extending 

it to embark on the formation of aminoisoindoline derivatives starting with extension to 

alkyl and benzyl acetylenes as the key intermediates in the synthesis of aza-BODIPYs 

(Scheme 2.2). 

 

 

 

Scheme 2.2: Outline plan toward hexyl aminoisoindoline 109 and its corresponding 

aza (dibenzo) dipyrromethene 110 and aza BODIPY 111 using 1-hexyne. 

 

The first stage in the formation of the aminoisoindoline derivatives begins by following 

the procedure published by the Meijere group for the synthesis of amidine 79, by 

converting 2-bromobenzonitrile 108 to its corresponding 2-bromobenzamidine 

hydrochloride 79. 86 Consequently 2-bromobenzonitrile 108 was treated with a solution 

of lithium bis(trimethylsilyl)amide in dry THF, and the mixture left stirring under 
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nitrogen at room temperature for 4 h. Then the mixture was quenched with a solution 

of HCl (5N) in isopropanol to obtain 2-bromobenzimidamide hydrochloride 79 as a 

white sold in 95 % yield. Compound 79 was characterised by 1H-NMR spectroscopy 

where N-H protons are clearly visible as broad peaks at 9.49 ppm and 9.25 ppm (Figure 

2.2). The spectra matched the published 1H-NMR spectrum for compound 79. 

 

 

Figure 2.2: 1H-NMR spectrum of 2-bromobenzimidamide hydrochloride 79. 

 

The mechanism of formation of compound 79 includes a nucleophilic attack by the 

nitrogen bis trimethylsilyl anion (stabilized by a lithium cation) at the partially positive 

carbon atom of the nitrile group. Acid work up removes the trimethylsilyl groups 

yielding 2-bromobenzamidine 79 (Scheme 2.3). 

 

 

 

Scheme 2.3: Formation mechanism of compound 79. 

 

The next stage was based on the procedure developed by Hellal and Cuny, which 

involves synthesis of the aminoisoindolines using aryl acetylene derivatives.75 The 

starting material 79 underwent a palladium catalysed copper-free Sonogashira cross-

coupling followed by a cycloismerisation reaction under microwave irradiation to give 

aminoisoindolines in good yield.75 In this pathway the copper was replaced by an amine 
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as a base. As in Sonogashira cross coupling the unfavourable homocoupling of the 

terminal alkyne was formed. In the original procedure the one-pot reaction was 

accomplished by reacting amidine, phenyl acetylene, catalytic amounts of palladium 

and BINAP as ligand, in the presence of DBU as a base. The reaction was carried out 

in DMF as the solvent, and this mixture was placed in a microwave vial then irradiated 

under microwave at 120 ºC for 1 h. After that the mixture was separated and washed 

with a saturated solution of NaHCO3 and purified by column chromatography and 

crystallised from DCM: PE (1:1) giving the pure aryl aminoisoindolines as yellow 

crystals in good yield.75 1H-NMR spectrum of aminoisoindoline compounds illustrates 

the characteristic vinyl proton at ~ 6.65 ppm confirming that this one pot reaction is 

stereo selective producing the (Z)ïisomer as major product.78 The suggested copper-

free Sonogashira reaction mechanism is illustrated in (Scheme 2.4). The first step of the 

mechanism involves oxidative addition of the aryl halide to the active catalyst [Pd(0)L2], 

to form the four-coordinated palladium complex. The acetylene ligand consequently 

coordinates to palladium metal followed by deprotonation of the ligated alkyne occurs 

through the action of a base, DBU. Then trans/cis isomerization and reductive 

elimination occur stepwise reforming the catalytic species [Pd(0)L2] ready to start a new 

cycle.87  

 

 

 

 

 

 

 

 

 

 

Scheme 2.4: Suggested copper-free Sonogashira cross-coupling reaction.87 
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The mechanism described above was commonly preferential if  the amine is a less good 

ligand than the alkyne for the palladium(II).88 In the case of synthesis of aryl 

aminoisoindoline, coupling is immediately followed by a regioselective 5-exo-dig 

cycloismerization domino reaction to give the final product. The suggested mechanism 

includes three steps clarified in Scheme 2.5. The reaction is initiated by coordination of 

the palladium catalyst to the alkyne, followed by the loss of HCl. Finally, protonation 

recovers of the catalyst. 

 

 

 

Scheme 2.5: Suggested mechanism for the 5-exo-dig cyclodimerization. 

 

Accordingly, in order to achieve the alkyl aminoisoindoline compound 109, 1-hexyne 

was selected due to it is availability and likely solubility to the final compound.  

Attempting to synthesise compound 109 following the identical conditions as described 

above. A product with the expected (m/z 200) mass was isolated. However, the 1HNMR 

spectra of the resulting compound demonstrated that the expected aminoisoindoline 109 

was not formed. A new singlet of 1H appeared at 6.84 ppm instead of the expected 

triplet peak for the alkene proton in the target compound (labelled * , Figure. 2.3). Which 

reasoned this corresponds to the newly formed C-H proton, formed via cyclisation to 

yield a different ring system. The alkyl chain gives a characteristic set of peaks starting 

with a triplet integrating to two protons corresponding to alkyl proton followed by the 

rest of peaks giving 2H, 2H multiplets, and 3H triplet respectively at correspondingly 

lower values. 
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Scheme 2.6: Unsuccessful synthesis toward alkyl aminoisoindoline 109. 

 

 

 

Figure 2.3: 1H-NMR spectrum of the resulting product from reacting of amidine 79 

with 1-hexyne under microwave condition.  

 

It was suspected that the cyclisation might be occurred in different way producing the 

6-member ring compound. On close inspection of the literature, it found this has been 

observed before, as in some cases, the competition between 5 and 6 membered ring 

compounds (isoindoline and isoquinoline) have been observed to vary depending on 

conditions used. Fortunately, the resulting crystals were suitable for X-ray 

crystallography and, as expected, it confirmed the structure assignment for 3-n-butyl-

isoquinolin-1-amine, which crystallises to form H-bonded pairs of molecules as shown 

in Figure 2.4. The results, performed and analysed by our collaborator Dr David 

Hughes, show that all the non-hydrogen atoms of the isoquinoline rings of the resulting 

molecule form a good planar array; the carbon atoms of the n-butyl group lie close to 

this plane and show an all-trans chain.  One of the amino H atoms forms a good 

hydrogen bond to the N atom of a neighbouring molecule, and this bonding is repeated 

about a centre of symmetry, thus forming an eight-membered ring which links the pair 

of molecules in a dimer unit. Structural data and tables are given in the Appendix.  

Ar -H *  

a b c 

d 

N-H 
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Figure 2.4: Crystal structure of 3-butyl isoquinoline -1-amine compound 112. 

 

Using 1-hexyne failed to produce the desired aminoisoindoline 109 however, the 

isomeric isoquinoline 112 was isolated in 31% yield. Subtle changes in reaction 

conditions and the starting alkyne clearly affect chemical control in the formation of 5 

versus 6 membered rings. The suggested mechanism of this reaction includes a 

nucleophilic attack where an amine group attacks on the triple bond to give 6-endo dig 

cyclisation compound (Scheme 2.7 inset).89 

 

 

 

Scheme 2.7: Synthesis of compound 112. 
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2.2 Introduction  to isoquinoline 

Isoquinoline (2-azanaphthalene) is composed of a benzene ring fused to a pyridine ring 

(Figure 2.5). It is an important heterocyclic system and a structural isomer of 

quinoline.90  

 

 

 

Figure 2.5: Structure of isoquinoline core. 

Isoquinoline was initially  extracted from coal tar in 1885 by Hoogewerf and van Dorp.90 

In 1914, Weissgerber reported a faster route by selective extraction of coal tar, 

exploiting the fact that isoquinoline is more basic than quinoline, followed by fractional 

crystallization of the acid sulfate.91 More recently the synthesis of isoquinolines has 

attracted considerable attention given the wide range of biological activities exhibited 

by isoquinoline derivatives.92 Of the many reported routes the transition metal catalysed 

route to construct the isoquinoline core is particularly significant.93 As compared to the 

classical synthetic methods, such as the Pomeranz-Fritsch reaction, which is mostly 

subjected to harsh condition such as using strong acids, or performed the reaction under 

multiple steps which effects the resulting yield, while the transition metal catalysed 

route requires milder conditions.94 In particular, the palladium catalysed methodology 

have garnered the most attention because of the considerable role that palladium plays 

in carbonīcarbon bond coupling95 and annulation reactions of alkynes.96  

Recently, 2-alkynylbenzonitriles have been used as precursors for the construction of 

the isoquinoline or isoindoline derivatives through aminative 6-endo-dig and 5-exo-dig 

cyclization, respectively. In these cases, competition between 5 and 6 membered ring 

formation has been observed to vary depending on conditions used. Moreover, 2-

alkynylbenzonitriles precursor would lead to the products without elimination or 

formation of any side products hence have the potential to attain 100 % atom economy 

in this case.97 For example, 1-aminoisoquinoline (Table 2.1 E) have been successfully 

formed by the reaction of secondary amines with 2-alkynylbenzonitriles, under solvent-

free condition and using copper-based catalysts. Here it is clear that the secondary 

amines influence the regioselectivity of the reaction i.e. they favour 6-endo-dig 

https://en.wikipedia.org/wiki/Quinoline
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cyclization as opposed to the 5-exo-dig.97 However, attempting this annulation with 

primary aliphatic amines and secondary aromatic amines generated a complex 

mixture.97 On the other hand, other catalysts such as triflates of Zn, favoured the 

formation of 1-aminoisoindoles via 5-exo-dig cyclization.97 Nonetheless, it should be 

noted that it has also been reported under different conditions, the use of zinc as a 

catalysts with this precursor favours 6-endo-dig resulting in naphthalene amino esters.98 

Thus, it appears both the catalyst and reaction conditions impact the product formed. 

Rare earth catalyst such as lanthanides have also been used to catalyse sequential 

addition/annulation reaction of secondary amines with 2-alkynylbenzonitrile 

derivatives,99 resulting in a tandem procedure for the preparation of aminoisoindoline 

(Scheme 2.8). The authors Pengqing and Yinlin  suggest that the reaction is initiated by 

deprotonation of the amine by the lanthanide catalyst, resulting in coordination to form 

Ln-N species A and a sequential insertion of CN triple bond to the Ln N species to 

furnish lanthanide-amidinate intermediate B. This is followed by cis-addition of Ln N 

bond to C-C bond leading to cyclization, resulting in intermediate C. Finally the desired 

aminoisoindoline is obtained via protonation of C with another amine.99  

 

 

 

Scheme 2.8: Synthesis of aminoisoindoline by using rare earth catalyst and 

secondary amine.99 

 

Additional synthetic procedures have been published by Xien Shen, this includes 

reaction of 2-alkylbenzonitrile with aliphatic amines in the presence of a catalytic 

amount of Ti(NMe2)4, in toluene or benzene.100 This has shown excellent 
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regioselectivity with regards to the 5-exo-dig cyclization for the preparation of 

substituted aminoisoindolines. Moreover only Z isomers were isolated as the final 

products.100 Table 2.1 gives a comparative summary of the four different catalysts 

discussed above and the resulting products. 

 

 

  

 

NHR2 

 

 

solvent 

 

 

Time/h 

 

 

temperat

ure 
 

  
CuOTf·PhMe 

 

 

Solvent 

free 

24 h 120 o C 

 

62 % 20 % 

Zn(OTf)2 

 

Solvent 

free 

24 h 120 o C 

 

8 % 76 % 

La[N(SiMe)2]3 

  

Toluene 6 h 25 o C 0 % 97 % 

Ti(NMe2)4 

 

 

C6D6, or 

toluene  

18 h 115 o C 0 % 95 % 

 

Table 2.1: Comparative summary of synthesis of aminoisoindolines and amino 

isoquinolines using different catalysts. 

 

Yang et al, have reported a strategy for the one-pot synthesis of isoquinoline from 2-

alkynylbenzaldehyde as shown in scheme 2.9.101 This includes reacting of 2-bromo 

arylaldehydes with a range of terminal acetylenes under standard Sonogashira coupling 

conditions. They found that replacing of copper catalyst by a combination of 2 mol % 

of Pd(OAC)2 and 4 mol % of PPh3 led to doubling the yield. DMF was used as the 

solvent, KOAc as the base and microwave irradiation as the heating source. After 

completion of palladium-catalysed coupling, ammonium acetate was used as an 

ammonia source for the imination step.101  
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Scheme 2.9: Synthesis of isoquinolines by microwave-assisted One-Pot 

reaction from 2-alkynylbenzaldehyde.101 

 

Another reported route for the formation of the 1-aminoisoquinolines from 2-

Alkynylbenzamides is by using gold(III) catalyst in the presence of ammonium acetate 

(Scheme 2.10).102 This synthetic route starts with the coupling of 2-bromobenzamides 

with terminal alkynes under Sonogashira cross coupling condition to produce the 

corresponding 2-alkynylbenzamides 115. The 1-aminoisoquinolines 116 are produced 

after coordination of the gold(III) catalysts to carbon ï carbon triple bond in the alkyne 

which results in the regioselective 6-endo-dig cyclization in 92 % yield.102 

 

 

 

 

Scheme 2.10: Synthesis of isoquinolines 116 from 2-alkynylbenzamides by using 

gold(III) catalyst.102 

 

(i) Pd(OAc)2, PPh3, KOAc, microwave, 80 , 1 h, DMF 

(ii ) NH4OAc, microwave, 150 , 2 h 

R= 4-OCH3 Phenyl 
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2.3 Synthesis of 2-hexynalbenzonitrile and use it  as precursor in the 

synthesis of alkyl  aminoisoindoline. 

The unexpected result led to identifying useful conditions to 6-endo-dig regioselectivity 

which could have application for forming interesting isoquinoline units. However, in 

order to obtain the target, the desired alkyl aminoisoindoline 109, another route has to 

devise. This synthetic pathway includes three steps as described in Scheme 2.11. The 

fi rst step starts with changing the amidine to its precursor 2-bromobenzonitrile to 

produce the corresponding 2-hexylbenzonitrile 117 which could be accomplished 

according to the literature under Sonogashira cross coupling reaction.99 The next step 

involved treating 2-hexylbenzonitrile 117 with a solution of lithium bis(trimethylsilyl) 

amide in dry THF to produce the corresponding 2-hexylbenzoamidine 119. The final 

step was applying microwave heating conditions using Pd catalyst, hoping this might 

allow the formation of the desired alkyl aminoisoindoline 109. 

 

 

 

 

 

Scheme 2.11: Outline of suggested pathway to formation of compound 109. 

117 R = C4H9  82 % 

118 R = 4-OCH3 Phenyl  68 % 

119 R = C4H9  

120 R = 4-OCH3 Phenyl  

109 R = C4H9  

81 R = 4-OCH3 Phenyl  
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This plan was inspired by the suggestion that the mechanism for the formation of aryl 

aminoisoindolines involved the aryl ethynyl amidine as the intermediate before the 

cyclisation step as described earlier. So, the next decision was to start synthesising 4-

methoxy phenyl ethynyl amidine 120 directly to ensure the effectiveness of the 

synthesis, and as the resulting 4-methoxy phenyl aminoisoindoline 81 could be easily 

identified due to its availability  from previous synthesis. Compound 118 was 

successfully synthesised via a Sonogashira cross coupling, it was the first fraction that 

eluted from the column chromatography and was isolated as white crystals in good 

yield, 68 % (Scheme 2.11). The 1H-NMR spectrum of compound 118 as shown in 

Figure 2.6 showed doublet at 6.91 ppm with coupling constant J = 7.8 Hz for the protons 

in the phenyl ring labelled a, the other phenyl protons appeared as a doublet overlapped 

with other signal refer to the benzene ring protons labelled b, benzene ring protons 

appeared in the expected aromatic region. The methoxy protons clearly appear as a 

singlet peak at ŭ 3.84 ppm. MALDI -MS spectrum showed a clear peak at m/z 233 

confirming 118 was formed.  

 

  

 

 

 

 

 

 

 

Figure 2.6: 1H-NMR spectrum of compound 118. 

 

For the next step, treating compound 118 with a solution of lithium bis(trimethylsilyl) 

amide in dry THF, led to the production of compound 120 in excellent yield 80 %. The 

structure of compound 120 was confirmed by NMR spectroscopy and X-ray diffraction 

analysis as shown in Figure 2.7. As expected, the 1HNMR spectrum retains the same 

features present in the precursor nitrile but they are shifted slightly and the N-H signals 

 

 

a b 

O-CH3 
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are not observed, most likely due to exchange in the CD3OD solvent. The crystal 

structure confirmed the product, but the data (appendix) were of low quality so 

additional analysis of the structure was not undertaken.  

 

 

Figure 2.7: 1H-NMR spectrum and X-ray crystal structure of compound 120. 

 

In the final step, compound 120 underwent a cycloismerisation reaction, following a 

microwave assisted protocol developed by Hellal and Cuny.75 Compound 120 was 

treated with catalytic amounts of palladium catalyst and BINAP as ligand, in the 

presence of DBU as base and employing DMF as the solvent for the reaction. The 

mixture was irradiated under microwave heating at 120 ºC for 1 h, after which an 

aqueous work up was performed, and recrystallisation with DCM: PE to give the pure 

aminoisoindoline 81 as yellow crystals in 65 % yield. Thus, this pathway to the 

synthesis of 4-methoxy phenyl aminoisoindoline 81 has confirmed that compound 120 

is an intermediate in the one pot reaction, this provides evidence that supports the 

proposed reaction mechanism.  

Then, moving to the first step was applied using 1-hexyne under normal Sonogashira 

condition, compound 117 was produced in excellent yield 82 % (Scheme 2.11). 

Compound 117 was characterised using 1H-NMR and 13C-NMR spectroscopy and 

demonstrated all signals as in the reference.103 The next step involved synthesis of 2-

hexyl benzamidine hydrochloride 119 by treating of 2-hexylbenzonitrile 117 with a 

solution of lithium bis(trimethylsilyl)amide in dry THF (Scheme 2.12). The mixture 

was quenched with a solution of HCl (5N) in isopropanol then it was diluted by H2O 

and extracted by ethyl acetate. The resulting product was separated by using several 
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column chromatography. A product with molecular weight 366 was isolated. The 1H 

NMR spectroscopy indicates a butyl and propyl chains, and the aromatic region showed 

this compound has two benzene rings as shown in Figure 2.8. While the Infrared spectra 

showed a nitrile CN group, alkyl, alkene and NH functional groups.  

 

 

 

Scheme 2.12: Unsuccessful attempt to synthesis of compound 119. 

 

 

 

Figure 2.8: 1H-NMR spectrum and MLADI  mass spectra of the resulting compound 

with molecular weight 366. 

 

Our explanation was the reaction with the strong base led to the starting material being 

deprotonated on the position *  as shown in Scheme 2.13, then reacting with itself to 

give the suggested structure shown in the Scheme 2.13. 
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Scheme 2.13: Suggested resulting structure resulting from the reaction between 

compound 5 and lithium bis(trimethylsilyl)amide in THF. 

 

There are a few literature methods published for converting nitriles to the amidines. 

Pavel and his co-workers had synthesised para-substituted aryl amidines following a 

development based on the Pinner amidine synthesis.104 In this synthesis para-

substituted aryl amidines were synthesised by three methods as described in the Scheme 

2.14.  

 

Scheme 2.14: Synthesis of 4- substituted aryl amidines.104 

Method (i) as shown in Scheme 2.14 involved treatment of compound A with the 

sodium methoxide as the base in methanol at room temperature, followed by adding of 

dry ammonium chloride. Pavel et al, had proven that the use of basic conditions are 

more suitable for nitriles with electron withdrawing group substituents, while for nitriles 

*  

 

 

 

 

 

 

Possible product 
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with electron donating substituents the acidic condition is the preferred method.104 

Following this method was unsuccessful in the formation of 2-alkyl benzo amidine 119, 

the starting material remained unreacted. The second method (ii)  was then attempted 

(Scheme 2.14). This involves treatment of compound a with thionyl chloride in 

methanol at room temperature, then after the formation of the intermediate methyl 

imidate hydrochloride C, methanolic ammonia solution is added in one portion.104 

Unfortunately, this method too did not produce the target product. This may be due to 

the equilibrium reaction between the starting material and the intermediate compound 

during the process and with the presence of thionyl chloride, the reaction shifts to the 

starting material. The third method reported method (iii) , includes treatment of nitriles 

with HCl in methanol at room temperature. This method was not attempted because in 

case of hexyl benzonitrile the triple bond will  likely undergo electrophilic addition 

converting to the alkene under these conditions. 

 

Scheme 2.15: Synthesis attempts of formation of compound 119. 

 

As previously mentioned, the synthesis of aminoisoindolines by the lanthanide-

catalysed tandem intermolecular cross-disinsertion reaction of 2-alkynylbenzonitriles 

and secondary amines have been recently reported (Scheme 2.16).99  

 

Scheme 2.16: Synthesis of aminoisoindoline from 2-phenylalkynylbenzonitrile.99 

Inspired by these works, it was decided to follow this synthetic procedure. Compound 

117, with piperidine as the base (due to its availability in the lab), in the presence of 
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lanthanide catalyst such as lanthanum bis(trimethylsilyl)amide, was stirred in toluene at 

room temperature. TLC showed starting material remained even when doubled the 

equivalence of the amine or attempted heating the mixture under reflux. Unfortunately, 

these were unsuccessful conditions to produce the desired alkyl aminoisoindoline. 

Using alternate lanthanide sources like lanthanum(III)  acetylacetonate hydrate or 

replacing the amine with bis(trimethylsilyl)amine did not help to convert the starting 

material towards the target product. The final attempt was made using palladium as a 

catalyst and BINAP as a ligand to assist the cyclisation but unfortunately starting 

material did not react. It is not clear why these reactions were unsuccessful in our hands, 

but it is to be noted that in the procedure that we followed99 the authors do not report 

any examples with piperidine, (lit  examples use pyrrolidine). There might be some 

subtle influence of the secondary amine on these reactions. Therefore, it was decided to 

not investigate it further. 

Then, replacing the 1-hexyne with 3-phenyl-1propyne 124 was attempted, with the idea 

that the aromatic substituent influences the electronic properties of the alkyne thus 

favouring the 5-exo-dig cyclisation required. The reaction was performed following the 

procedure reported by Hellal and Cuny as explained earlier.75 TLC for the crude showed 

complicated mixture of spots and MALDI -TOF mass spectrum showed no significant 

peak corresponding to our desired compound 125, as such the crude was not analysed 

further.  

 

Scheme 2.17: Unsuccessful attempt to synthesis of compound 125. 

 

2.4 Alternative syntheses using different  terminal  acetylenes.  

All  the previous attempts towards aminoisoindolines using alkyl acetylene 

unfortunately were unsuccessful. Therefore, synthesis of aminoisoindoline using an 

acetylene ester was the next target, by following the synthetic protocol which has been 
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discussed earlier.75 Unfortunately, using the ethyl propiolate 126 failed to give the target 

product 127. TLC showed a complicated mixture, and most of 2-bromobenzoamidine 

79 remained unreacted. This might be due to the fast formation of the acetylene 

homocoupling compound. Trace amounts of other compounds were also isolated by 

several separations via column chromatography. 1H-NMR spectroscopy of the resulting 

product indicates two unsymmetrical benzene rings as well as a N-H proton (Figure 

2.9). 13C-NMR showed clear peaks for the C=N and C=O. No additional analysis was 

performed due to the poor generated yield. Accordingly, we suggest that the reaction 

started with coupling of the acetylene in the bromo position of the amidine compound 

followed by amination reaction by the other amidine molecule to give the intermediate 

128 which might have cyclised to provide compound 129 as shown in Scheme 2.18.  

 

 

 

 

Scheme 2.18: Suggested resulting structures from the reaction between 2-

bromobenzoamidine and ethyl propiolate. 

 

 

 

 

 

 

Suggested intermediate. 

 

 

 

 

 

 

Suggested structure. 
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Figure 2. 9: 1H-NMR spectrum of product from the reaction between 2-

bromobenzoamidine and ethyl propiolate. 

 

In order to obtain the target product, the standard Sonogashira cross coupling reaction 

was followed starting with 2-bromobenzonitrile 108. Unfortunately, this reaction was 

unsuccessful, most of the 2- bromobenzonitrile remained unreacted and 1,6-diethyl 2,4-

hexadienedioate 132 was isolated as a yellow oil in 30 % yield. An explanation is that 

the ester acetylene homocoupling compound seems to be produced first, then reduced 

to the corresponding alkene (either cis or trans), due to effect of the Pd catalyst as shown 

in Scheme 2.19. 

 

 

 

Scheme 2.19: Attempt to synthesise compound 131 using Sonogashira cross coupling 

reaction. 
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Formation of compound 132 was confirmed by 1H-NMR spectroscopy. Two doublets 

appeared at 7.57 ppm and 5.65 ppm with coupling constant J = 12 Hz in addition to 

ethyl chain protons at 4.20 ppm and 1.29 ppm respectively.  

 

 

 

Figure 2. 10: 1H-NMR spectrum of compound 132. 

. 

Then the reaction was repeated by replacing the ethyl ester with an aromatic acetylene 

ester to allow for easy monitoring by TLC. Also, it was assumed this might assist the 

successful coupling at the bromo position in the amidine compound to give the required 

intermediate followed by the cyclisation to give the target aminoisoindoline compound 

134. Therefore, 2-bromobenzoamidine 79 was reacted with 2-naphthyl propiolate 133 

under microwave condition. This reaction failed to give the target product, the major 

resulting compound was naphthol 135, this was confirmed by 1H-NMR spectroscopy. 

While the other compound 136 showed two doublet peaks at 6.5 ppm J = 7 Hz and at 

8.03 ppm J = 7 Hz which indicate those peaks for the cis alkene protons, in addition a 

broad singlet peak around 10 ppm which must be N-H or O-H this confirmed by treating 

the sample with deuterium oxide. Four protons for the benzene ring appeared in the 

aromatic region. 13C-NMR indicates 10 carbons of which one of them was a carbonyl 

carbon and appeared at 162 ppm (Figure 2.11). Fortunately, this compound gave 

suitable crystals for X-ray diffraction analysis confirmed the structure assignment for 

2-(2-bromophenyl)-4(3H)-pyrimidinone 136 (Scheme 2.20 inset). We are awaiting full 

analysis from our crystallography collaborator. 
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Scheme 2.20: Resulting compounds 135 and 136 from reaction of amidine 79 and 2-

naphthyl propiolate under microwave condition, and Xray crystal structure of 136.  

 

 

 

 

Figure 2. 11: 1H-NMR and 13C-NMR spectrum of compound 136. 
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The proposed explanation for this reaction is that the lone pair on the amine amidine 

initiates the coupling by attacking the partially positive carbon on the carbonyl of the 2-

naphthyl propiolate compound followed by the cyclisation to produce compound 136 

in 20 %. The resulting naphthoxide is protonated during the workup to give the naphthol 

135 in 46 % yield. 

 

2.5 Symmetrical and unsymmetrical aza (dibenzo) dipyrromethenes 

(ADBDP)  

With the lack of success in formation of aminoisoindolines using alkyl terminal, the 

attention was turned to synthesise aminoisoindolines using aryl acetylenes and focus on 

expanding the range of derivatives available and investigating the reactivities and 

electronic effects of different derivatives (such as donor and acceptor substituents). 

Cammidge group has already synthesised and published the successful synthesis of 

aminoisoindolines using aryl acetylene derivatives, and the resulting aminoisoindolines 

were used as the intermediates in the synthesis of aza-BODIPYs, TBTAPs and 

SubTBDAPs (Scheme 2.21).41 

 

 

Scheme 2.21: Synthesis of aza-BODIPYs, TBTAPs and SubTBDAPs from 

aminoisoindolines.41 
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The synthesis of symmetrical aza (dibenzo) dipyrromethene derivatives can be 

accomplished smoothly by heating aminoisoindoline derivatives in toluene under reflux 

at 120 oC.41 As stated previously this class of compounds is relatively under explored. 

However, this project aimed to investigate the effects of electron withdrawing, electron 

donating, and alternative aryl units on the synthesis and properties of these molecules 

and investigate whether a synthetic strategy could be developed to efficiently give 

unsymmetrical derivatives. There are no unsymmetrical derivatives reported to date and 

the investigation of electronic effects has not been investigated.  

 

 

 

 

Scheme 2.22: Structures of the symmetrical and unsymmetrical aza (dibenzo) 

dipyrromethenes. 

 

2.5. 1 Selection of aminoisoindolines precursors 

The synthesis of new aminoisoindoline compounds were carried following the general 

condition that published by Hellal and Cuny.75 Amidine 79 was reacting with a 

commercially available 3-methoxy phenyl acetylene, in the presence of catalytic 

amounts of bis(acetonitrile)palladium(II) chloride and BINAP as ligand, DBU was 

added as a base, and DMF as the solvent. The reaction mixture was irradiated under 

 

 

 

 

Unsymmetrical dimer 
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microwave at 120 ºC for 1 h. Workup by quenching the reaction with ethyl acetate then 

washing the mixture with a saturated solution of NaHCO3, purified by crystallisation 

from DCM: PE (1:1) giving the pure 3-methoxy phenyl methylene aminoisoindoline 

137 as yellow crystals in good yield. The reaction was also performed using different 

aryl acetylenes such as (4-methoxy phenyl acetylene, and 4-pentyloxy phenyl 

acetylene) they both succeeded in converting the amidine 79 to the aminoisoindoline 

derivatives 81 and 138 in good yield Ó 70 %. 

 

 

 

 

 

 

Scheme 2.23: Synthesis of aminoisoindoline compounds 137, 81 and 138. 

 

Figure 2.12 shows stack 1HNMR spectrum of compound 137 and compound 81 in 

deuterated chloroform. In both spectra the alkene proton is clearly appear as a singlet 

peak at 6.72 ppm and 6.75 ppm in compounds 137 and 81 respectively. A broad singlet 

corresponding to the proton on the 3-methoxy phenyl ring in compound 137 appeared 

at 7.83 ppm labelled a, other phenyl protons in compound 137 appeared as doublet of 

doublet at 6.83 ppm labelled b, in addition to doublet and triplet signals at 7.56 ppm 

and 7.30 labelled d and c respectively. While in compound 81 the 4-methoxy phenyl 

protons labelled a1 and b1 appear as doublets at 8.08 ppm and 6.94 ppm with coupling 

constant J = 8.8 Hz. Methoxy protons appears in both spectra as a singlet at 3.89 ppm 

and 3.83 ppm in 137 and 81 respectively. The analysis confirmed that the 5-exo-dig 

cyclisation was successful, and this one pot reaction is stereo selective producing the 

(Z)ïisomer as the isolated product. The other aryl aminoisoindolines (4-pentyloxy 

137  R1= OCH3 ,  R2 = H 

81    R1=H , R2 = OCH3 

138  R1=H  , R2 = OC5H11 
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phenyl methylene aminoisoindoline) 138 was also fully  characterised by 1H-NMR, 13C-

NMR, MALDI - TOF mass spectrometry, and as expected showed similar characteristic 

peaks for the aminoisoindoline with variations only observed at the aryl substituent. 

 

 

 

 

Figure 2. 12: 1H-NMR spectrum of compounds 137 (blue colour) and 81 (red colour). 

 

Next, the focus was on the synthesis of aminoisoindolines bearing electron withdrawing 

substituents. It was expected this would affect the electronic properties in the target 

ADBDP and aza-BODIPY molecules. 4-Nitro and 4-cyano substituents were selected 

due to their high electron withdrawing ability via both resonance and inductive effects. 

Following the identical procedure reported by Hellal et al., a solution of 1-ethynyl 4-

nitro benzene 139 and DBU in dry DMF was added to a mixture of amidine 79, BINAP 

and PdCl2(MeCN)2. The mixture was then irradiated in a microwave reactor at 120 °C 

for 1 h (Scheme 2.24). 
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Scheme 2.24: Synthesis attempt to formation of compound 140. 

 Unfortunately, this reaction yielded a very complicated reaction mixture, the products 

obtained could not be isolated pure in spite of several chromatographic separations. The 

major fraction obtained contained only two spots by TLC, but unfortunately it could not 

be purified further nor suitable crystals for X-ray diffraction obtained. It was suspected 

that one of these compounds is the aminoisoindoline 140 so, another strategy has been 

applied in order to isolate the components of the mixture. By treating the mixture with 

p-toluene sulfonyl chloride in the presence of Et3N in dry DCM, it was expected that 

formation of the corresponding aminoisoindoline tosylate compound might lead to 

easier separation. Unfortunately, no reaction occurred. The 1H-NMR spectra of the 

mixture shows two singlet peaks at 7.05 ppm, and 6.79 ppm corresponding to the alkene 

protons in both compounds, as well as 16 protons on the aromatic region for the 

presence of two phenyl substituents and two core benzene rings.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 13: 1H-NMR spectrum of the resulting mixture from the reaction of 

amidine 79 and 1-ethynyl 4-nitro benzene under microwave condition. 

 

HC=C Ar -protons 
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As mentioned previously competition between formation of 5 and 6 membered ring 

compounds (isoindoline and isoquinoline) can occur depending on the reaction 

condition used, they have been observed in the literature. For example, reacting 2-[(4-

nitrophenyl)ethynyl] benzonitrile 141 with secondary amine 142 in the presence of 

CuOTf. PhMe as a catalyst in toluene at 120  can access both the aminoisoindoline 

144 and aminoisoquinoline 143 in a ratio of 1:1 as illustrated in Scheme 2.25.97 

 

 

 

 

Scheme 2.25: Competition between formation of aminoisoquinoline 143 and 

aminoisoindoline 144.97 

 

Comparing between the 1H-NMR spectrum for compound 143, compound 144 and the 

mixture spectrum, the alkene singlets in the compound 143 and 144 appeared at 7.85 

ppm and 6.56 ppm respectively, this was close to the chemical shift for the two singlet 

peaks in the 1H-NMR spectrum for the mixture obtained. The singlets appeared at 7.05 

ppm and 6.79 ppm. However, there is no conclusive evidence for the outcome of this 

reaction due to other possibilities. The reaction also, might result in a mixture of E and 

Z aminoisoindoline isomers 140 and 145. 
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Scheme 2.26: Attempted formation of compound 140 from the reaction of amidine 79 

and 1-ethynyl 4-nitro benzene under microwave condition. 

 

After unsuccessful formation of 4-nitro phenyl methylene aminoisoindoline 140 

following the microwave conditions, an alternative stepwise route was attempted 

(Scheme 2.27). Synthesis of the intermediate 4- nitro amidine 151 was the next target, 

then it would undergo cyclisation reaction using palladium(II)  catalyst under 

microwave conditions, this might be producing the desired product 140. The 

intermediate 151 can be accomplished via three steps as shown in Scheme 2.27. Firstly, 

2-bromobenzonitrile 108 was treated with dimethyl ethynyl carbinol 147 under 

Sonogashira conditions to produce the corresponding compound 148 in excellent 

yield.103 Then compound 148 was subjected to the reported modified Sonogashira 

coupling with 1-idol-4- nitrobenzene 149 in the presence of PdCl2(PPh3)2, CuI, and 

Bu4NI in a heterogeneous mixture of toluene and aqueous NaOH under nitrogen at 80 

°C for 24 h.105 Yeung et al., found this procedure was very effective to reduce the 

amount of the resulting homo-coupling compound and assist to increase the target 

compound yield by more than 23 % compared with the outcome when the normal 

 

 

 

 

 

 

 

 

 

 

 

 
suggested structures. 
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Sonogashira condition performed.105 Following this procedure compound 150 was 

obtained in good yield. In the third step, compound 150 was treating with LiTMS in dry 

THF produced the corresponding amidine 151 in low yield. Figure 2.14 shows stacked 

1H-NMR spectra of both 150 and 151 in deuterated methanol, they both display set of 

peaks for all of the phenyl and benzene protons. 

 

 

 

 

Scheme 2.27: Stepwise synthesis route toward compound 140. 

 

 

 

Step 1 

Step 2 

Step 3 

Step 4 



Chapter 2. Results and Discussion  
 

 

73 

 

  

 

Figure 2. 14: 1H-NMR spectrum of compounds 150 (red colour) and 151 (blue 

colour). 

After the intermediate 151 has been successfully synthesis, it underwent a microwave 

irradiation in the presence of Pd(II)  catalyst. Unfortunately, this reaction was poor, 

giving a complicated mixture that was difficult  to separated and analyse. The major 

product formed 152 which was separated by several columns and isolated in poor yield. 

The 1HNMR spectra of compound 152 indicates that the intermediate amidine 

hydrochloride salt 151 converted to the free amidine 152 (Figure 2.15). 

 

 

 

Figure 2.15: 1H-NMR spectrum of compound 152 in deuterated chloroform. 
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Therefore, the attention was switched to the 4-cyano derivative. Using of 4-ethynyl 

benzonitrile 153 under the microwave conditions that are described above led to the 

successful synthesis of the corresponding 4-benzonitrile methylene aminoisoindoline 

154 in 65 % yield.  

 

 

 

Scheme 2.28: Synthesis of compound 154. 

 

The structure of product 154 was confirmed by 1HNMR spectroscopy which showed 

the alkene proton appears as a singlet at 6.8 ppm and the set of peaks of the 4-cyno 

phenyl and benzene ring protons in the aromatic region (Figure 2.16). MALDI - TOF 

mass spectrometry showed a clear peak at m/z 245confirming that compound 154 was 

formed. 

 

 

 

Figure 2. 16: 1H-NMR spectrum of compound 154. 
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Table 2.2 summarises the derivatives of aryl acetylene used to synthesise 

aminoisoindolines and their outcomes. All  aminoisoindoline compounds were furnished 

easily and fast, they were isolated in good yield, except when we used 1-ethynyl-4-

nitrobenzene, where the reaction produced an inseparable mixture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.2: Summary of the synthesis of aminoisoindoline derivatives. 

 

Entry  

 

Ar  

 

Resulting product 

 

Yield%  

1  

 

 

 

 

 

74 % 
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72 % 

3  

 

 

 

 

 

73 % 
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65 % 
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Unknown products - 



Chapter 2. Results and Discussion  
 

 

76 

2.5.2 Synthesis of symmetrical aza (dibenzo) dipyrromethenes 

(ADBDP) from self-condensation of aminoisoindolines. 

The synthesis of aza (dibenzo) dipyrromethenes via dimerization (self-condensation) of 

aminoisoindolines has been previously reported by our group.41 The aminoisoindoline 

derivatives were initially  refluxed in toluene at 120 C for 2-24 h, until the 

aminoisoindoline is completely consumed. This reaction was reproducibly carried out 

using different aminoisoindolines with donor and acceptor substituents. These self-

condensation reactions gave the required symmetrical compounds as red crystals in 

good to excellent yield averaging 60-80 %. The likely mechanism of this reaction 

includes a nucleophilic attack where an amine group of one molecule attacks the 

partially positive carbon between the two nitrogens on the other molecule followed by 

extrusion of ammonia and tautomerisation of the resulting structure resulting in the 

target symmetrical ADBDPs. 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2.29: Synthesis of aza (dibenzo) dipyrromethenes. 

 

Using toluene as the solvent was not a good choice for the synthesis of compound 157 

because it was unable to dissolve the starting material 154, which remained unreacted 

during the reaction for a long period of time then started to dimerise after 24 h. 

Therefore, the solvent was replaced with diethylene glycol dimethyl ether (diglyme) 

and heated at 200 . After 2 h the colour of the solution changed to a red colour and 

TLC showed formation of the desired product 157. The reaction was left to continue for 

Method 1 = toluene, 120 , 24 h  

(83 Ar = 4-OCH3 phenyl, 155 Ar = 3-OCH3 phenyl, 156 Ar = 4-OC5H11 phenyl) 

Method 2 = diglyme, 200 , 24 h  

(157 Ar = 4-CN phenyl) 
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over 24 h until the starting material was almost consumed. All  the aza (dibenzo) 

dipyrromethene compounds were purified by column chromatography eluting with 

DCM, followed by recrystallisation with 1:1 DCM and MeOH to produce red crystals 

in good yield. Compounds 155 and 157 gave crystals suitable for X-ray crystallography 

which confirmed these structures and showed that the configuration of the alkene double 

bonds were Z, Z as shown in Figure 2.17. The crystallography results, performed and 

analysed by UEA collaborator Dr David Hughes, are similar for the two structures 155 

and 157. Compound 157 is representative, and the data show all the bonds in the chain 

of N (2) -C (1) ï N (41) ï C (21) ï N (22) are very similar, at ca 1.34 Å, suggesting 

delocalisation.  However, the amino nitrogen atoms are different - the hydrogen on N 

(2) comes up strongly in early difference maps while the hydrogen on N (22) appears 

weaker.  It is assumed that there is only one hydrogen atom here, shared unequally 

between the two nitrogen atoms. After refinement, the ratio of hydrogen (2):H (22) 

is ca 0.64:0.36. Both these hydrogen atoms are involved in hydrogen bonds to the 

opposite nitrogen atom in the molecule. 

 

 

  

  

 

 

 

 

 

 

 

Figure 2.17: Crystal structures of compounds 155 and 157. 

 

These aza (dibenzo) dipyrromethene derivatives were further characterized by NMR 

spectroscopy and MALDI -TOF mass spectrometry to confirm their identity. The 
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1HNMR spectra of compound 157 is shown below (Figure 2.18). The key characteristic 

peak for the amine protons is observed at 13.35 ppm. The vinyl (C=CH) proton is seen 

as a singlet, integrating to two protons at 7.0 ppm. Moreover, the aromatic region shows 

eight protons of the isoindoline benzene rings and the phenyl groups. The other aza 

dipyrromethene compounds 83, 155, and 156, were also fully  characterised by 1HNMR, 

13CNMR, MALDI -TOF mass spectroscopy and as expected showed similar 

characteristic peaks for the desired compounds with variations only observed at the aryl 

substituents. 

 

 

 

Figure 2. 18: 1H-NMR spectrum of compound 157. 

 

 

Table 2.3 summarises the synthesis of symmetrical aza dibenzo dipyrromethene 

derivatives isolated from smooth and efficient self- condensation producing the desired 

compounds in good yield.  
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Table 2.4: Summary of the synthesis of aza (dibenzo) dipyrromethene derivatives. 

 

During the separation of all these derivatives a side product was noticed, it was the first 

fraction eluted from the column chromatography and was green in colour. The amount 

isolated of this fraction was very small, nonetheless a concentrated sample of it were 

collected over the course of several reactions, during formation of compound 156. The 

1HNMR spectrum for this fraction was unclear, and MALDI -TOF mass spectrometry 

gave three main ion peaks. One of them at m/z 835 indicates it could contain a TBDAP-

(OC5H11)2 molecular structure 158 as shown in Figure 2.19. We were unable to purify 

this fraction further. Previously in our group when other aza dipyrromethene derivatives 

were synthesised we had made similar observations. However, this was not an important 

issue to investigate extensively due to the trace yields that were collected. Moreover, 

Ar  solvent Time and 

temperature  

Resulting 

compound 

Yield %  

 

 

toluene 24 h 

120  

 

82 % 

 

 
 

toluene 24 h 

120  

 

84 % 

 

 

toluene 24 h 

120  

 

80 % 

 

toluene 

 

48 h 

120  

 

40 % 

diglyme 24 h 

200  

 

60 % 
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previously in our group experiments were carried out re-subjecting the aza 

dipyrromethenes to the formation of TBTAPs reaction conditions (MgBr2, diglyme, 220 

), but no more than trace hybrid macrocycles were observed.106 

 

Figure 2. 19: MALDI -TOF mass spectrum of the green fraction isolated from 

synthesis of 156. 

 

2.5.3 Synthesis of unsymmetrical aza (dibenzo) dipyrromethenes 

(ADBDPs). 

Unsymmetrical aza (dibenzo) dipyrromethene derivatives had not yet been investigated, 

and such systems could present interesting properties. In particular, systems bearing 

complementary donor and acceptor fragments are expected to show valuable modified 

properties. We started the investigation following the standard procedure i.e., heating a 

1:1 mixture of 3-methoxy phenyl methylene aminoisoindoline 137 and 4-methoxy 

phenyl methylene aminoisoindoline 81 using toluene as the solvent at 120 . Following 

this reaction by TLC showed a major red spot corresponding to the aminoisoindoline 

dimerization products as well as two other minor spots close to the baseline which refer 

to the starting materials. The red dimers were isolated and the 1HNMR spectrum proved 

the product to be a mixture of the symmetrical and unsymmetrical condensation 

products, as expected. Closer analysis of the 1HNMR spectrum of the resulting mixture 

showed a total of four singlet peaks refer to the methoxy protons appearing in the range 

of 3.61 ppm - 3.70 ppm, two of them overlapping at 3.61 ppm. Vinyl  protons appear as 

sets of four singlets overlapping at 6.75 ppm and 6.80 ppm, this indicates formation of 

symmetrical and unsymmetrical aza (dibenzo) dipyrromethene compounds (Figure 

2.20). They demonstrated yields of 1: 1.76: 1 for compounds 83, 159 and 155 

respectively, based on NMR integrations for the isolated mixture. The obtained 

compounds had very similar chromatographic mobility which led to difficult  separation, 

even after exploring a range of solvents systems.  
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Scheme 2.30: Mixed condensation reaction forming symmetrical aza dipyrromethenes 

83, 155, and unsymmetrical-aza dipyrromethene 159. 

 

 

 

Figure 2.20: 1HNMR spectrum of the mixture of symmetrical and unsymmetrical aza 

dipyrromethenes (red colour) compared with 1HNMR spectrum of the compounds 83 

(blue colour), and 155 (green colour). 
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MALDI -TOF mass spectrometry was not helpful due to the identical mass of both 

compounds and no further analysis was performed. So, the focus was turned to 

dimerisation of other aminoisoindoline derivatives that would be separable. As such, 4-

pentyloxyphenyl methylene aminoisoindoline 138 was selected to be used with 4-

methoxyphenylisoindolene 81, refluxing at 120  in toluene. TLC revealed the 

formation of three major products, later confirmed by MALDI  mass spectrum to be the 

self-condensation products for symmetrical and unsymmetrical aza dipyrromethene 

compounds. Purification of the mixture by column chromatography gave three of aza  

(dibenzo) dipyrromethenes, 4-methoxyphenyl-aminoisoindolene self-condensation 

product 83 (30 %), 4-pentyloxyphenyl aminoisoindolene self-condensation product 156 

(2 7 %), and the target unsymmetrical product 160 (44 %). 

 

 

 

 

Scheme 2.31: Formation of symmetrical aza (dibenzo) dipyrromethenes 83 and 156, 

and unsymmetrical aza dipyrromethene 160. 
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The 1HNMR spectrum in deuterated acetone for 160 showed all signals corresponding 

to both methoxy and pentyloxy protons. The alkene peaks appear as a singlet integrating 

to two protons. The aromatic protons for the phenyl and isoindoline benzene rings 

appeared as expected in the range between 6.6 ppm - 8.0 ppm.  

 

 

 

Figure 2.21: 1HNMR spectrum of compound 160.  

 

Condensation of similar electronic components was expected to produce an 

approximately statistical mixture of compounds. It was reasoned if  one component was 

electron rich and one was electron poor, then we might be able to favour one 

unsymmetrical product. This was assumed in the mechanism one component behaves 

as a nucleophile, therefore favoured by addition of electron rich substituent, whereas 

the second component behaves as an electrophile, therefore favoured by addition of 

electron withdrawing substituent, and that might lead to formation of unsymmetrical 

dimer (Scheme 2.32).  
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Scheme 2.32: Suggested mechanism for formation of unsymmetrical aza (dibenzo) 

dipyrromethenes (ADBDPs). 

 

Condensation of electron poor 4-cyano substituted aminoisoindoline 154 (prepared as 

previously described) with the 4-methoxyphenylisondoline compound 81 was therefore 

examined. The reaction was monitored by TLC. After a few hours it was observed 

formation of a new red spot, and the reaction was left longer due to presence of large 

amount of starting materials still unreacted. After 24 h reflux the red spot has become 

the major component. Another red spot has also formed, refers to symmetrical di cyano 

aminoisoindoline dimer 157 (the reference was already available from previous 

preparation). Also, there was a minor spot close to the baseline which corresponded to 

the starting material 154. After separation of the mixture and analysis by 1HNMR 

spectroscopy, the first red spot was found not to be a single compound but rather a 

mixture of 4-methoxy aminoisoindoline dimer 83 and the target unsymmetrical product 

161. They had very similar chromatographic mobility which led to difficult  separation. 

 

 

 

 

 

(Blue colour) = aminoisoindoline with electron rich substituent  

(Red colour) = aminoisoindoline with electron poor substituent  
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Scheme 2.33: Mixed condensation reaction formatting of symmetrical aza 

dipyrromethenes 83, 157, and unsymmetrical aza dipyrromethene 161. 

 

During this reaction the formation of compound 157 was very slow and the outcome 

yield was poor, the explanation is that the aminoisoindoline with electron rich 

substituent 81 is more reactive than the aminoisoindoline with electron poor substituent 

154. So, in the first step compound 81 initiates the reaction by reacting either with itself, 

producing the symmetrical ADBDP 83 or with compound 154 to produce the 

unsymmetrical 161. Therefore, when compound 81 was consumed, and only compound 

154 remains, then it started the self-condensation reaction producing the symmetrical 

ADBDP 157. Another suggestion for the low yield of compound 157 is that the slow 

step in the reaction mechanism could be loss of ammonia and the protonation might be 

less favoured if  the substituent is electron withdrawing leading to slow formation of 

compound 157. Also, as mentioned earlier, compound 154 is poorly soluble in toluene 

so, it is formed later in the reaction. Figure 2.22 illustrates comparison between 1HNMR 

spectrum of compound 83 and the resulting mixture of 83 and 161 in deuterated acetone. 

As shown, there were two singlets at 3.79 ppm and 3.74 ppm indicating the presence of 

the methoxy group in symmetrical and unsymmetrical dimers. There were three singlets 

appear at 7.13 ppm, 7.10 ppm and 7.07 ppm which refer to the vinyl protons (C=C-H), 
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multiplet at 6.70 ppm integrating to four protons refer to the phenyl protons in both 

symmetrical and unsymmetrical dimers. From the NMR integration, they demonstrated 

the yield ratio 1:1 for the compound 83 and compound 161 respectively. While 

compound 157 was isolated in low yield 14 %. MALDI -TOF mass spectrum for the 

first fraction confirmed presence of two products with two ion peaks at m/z 477 and m/z 

480, which correspond to the target product 161 and 4-methoxy phenyl 

aminoisoindoline self-condensation product 83.  

 

 

Figure 2.22: 1HNMR spectrum of the mixture symmetrical aza dipyrromethene 83 

(blue colour), and the mixture of symmetrical 83 and unsymmetrical aza 

dipyrromethene 161 (red colour). 
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Figure 2.23: MALDI -TOF spectrum of the crude mixture. 

In order to make separation possible, 4-methoxy phenyl methylene aminoisoindoline 81 

was replaced by the 4-pentyloxy phenyl methylene aminoisoindoline 138. However, the 

similar issue was also encountered, and the TLC showed two red spots were very close 

to each other. MALDI -TOF mass spectrum for this fraction confirmed the presence of 

two products with m/z 536 and m/z 597 molecular weights which correspond to the 

target product 162 and 4-pentyloxy aminoisoindoline self-condensation product 156 

(Figure 2.24).  

 

Figure 2.24: MALDI -TOF mass spectrum of the crude mixture. 

These products were difficult  to isolate, trace amount of compound 156 remained 

inseparable from the mixture in spite of applying several solvent systems. Compound 

157 was also observed on the TLC, it was isolated from the column chromatography in 

low yield. The 1HNMR spectra of the first fraction (Figure 2.25) showed two sets of the 

pentyloxy chains demonstrating presence of two products, three singlets at 6.81 ppm, 

6.78 ppm and 6.71 ppm correspond to the vinyl protons (C=C-H) in the symmetrical 

and unsymmetrical dimers. Multiplet at 6.61 ppm integrating to four protons which 

supports the presence of two pentyloxy phenyl protons in both symmetrical and 

unsymmetrical dimer. A doublet at 7.22 ppm with coupling constant J = 8.7 Hz 

corresponds to the cyano phenyl protons.  
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Figure 2.25: 1HNMR spectrum of symmetrical aza dipyrromethene 156 (blue 

colour), and the mixture of symmetrical 156, and unsymmetrical aza 

dipyrromethene 162 (red colour). 

 

 

2.6 Controlled synthesis of unsymmetrical derivatives.  

Although operationally simple, this synthetic procedure was not an efficient method to 

synthesise the unsymmetrical aza (dibenzo) dipyrromethenes as the isolation of 

products was impossible. Moreover, the symmetrical derivatives from the electron rich 

component were generally observed in the close proportion to that of the unsymmetrical 

product. This indicated the higher reactivity of electron rich derivatives. To overcome 

this issue, it was looked to design a method to prevent formation of the symmetrical aza 

(dibenzo) dipyrromethenes and improve the yield of unsymmetrical dimers. Therefore, 

it was investigated conversion of the amino group of one aminoisoindoline into good 

leaving group by converting to the corresponding tosylate. The 4-alkoxy phenyl 

aminoisoindolines 81 and 138 were chosen as substrates to investigate tosylate 

methodology, due to their rapid self-condensation, producing the symmetrical 

compounds that are difficult  to separate from the unsymmetrical dimers. Compounds 

81 and 138 were treated with p-toluene sulfonyl chloride (Ts-Cl) in the presence of 

TEA107 ( Scheme 2:34). 

O-CH2 =CH 

162+156 

156 
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Scheme 2.34: Synthesis of compound 163 and compound 164. 

 

The mixture was stirred at room temperature in dry DCM and the reaction monitored 

by TLC. Conversion to a new product was observed in both cases. Work up led to 

isolation of pure materials whose spectroscopic data were consistent with the formation 

of a tosylate. However, there are in theory two possible sites (nitrogens) that can 

undergo tosylation, and 1HNMR spectroscopy cannot differentiate between them. 

Fortunately, crystals suitable for X-ray crystallography were obtained for 163 and 164, 

and the crystal structures (Figure 2.26) clearly prove that tosylation has occurred on the 

desired nitrogen. The crystallography results, performed and analysed by UEA 

collaborator Dr David Hughes, are again similar for the two structures 163 and 164. 

However, in structure 164 the hydrogen atom on N (11), is clearly identified.  

 

 

 

 

  

  

 

   

Figure 2.26: X-Ray structure for compound 163 and compound 164. 

 

 

 

137  R1= OCH3,  R2 = H 

81    R1= H,  R2 = OCH3 

 

163  R1= OCH3,  R2 = H 

164  R1=H, R2 = OCH3 
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163 
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Figure 2.27 illustrates the 1H-NMR spectrum of compound 163. The spectrum 

confirmed that the Ts group is indeed coupled on the amine group of the 4-methoxy 

phenyl methylene aminoisoindoline, as it is clear to observe presence of Ts group 

protons appeared as doublet at 7.47 ppm overlapped with another doublet refers to the 

isoindoline benzene ring with coupling constant J = 8.2, 6.0 Hz, in addition to doublet 

at 7.29 ppm with coupling constant J = 8.0 Hz. Methyl group protons appeared as a 

singlet at 3.88 ppm. The aminoisoindoline set peaks appeared at the expected range 

between 7.00 ppm -7.90 ppm (Figure 2.27). Compound 164 was also fully  characterised 

by 1H-NMR, 13C-NMR, MALDI - TOF mass spectrum and as expected showed similar 

characteristic peaks for the desired compound. 

 

 

 

Figure 2.27: 1HNMR spectrum of compound 163. 

 

Our working assumption for the reaction mechanism, it was suggested a tosylation of 

163 or 164 followed by a nucleophilic reaction. It was postulated in the key step the 

amino group of one component behaves as a nucleophile while on the second 

component it behaves as a leaving group due to the tosylation. It was suggested that the 

tosylation of the amine (amidine) would simultaneously reduce the nitrogen 

nucleophilicity and improve its ability to act as a leaving group. After compounds 163 

c 

*  

d  
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and 164 were isolated, they were tested by refluxing each separately in toluene at 120 

 in order to detect whether the Ts group would be removed under the condensation 

reaction condition. The reaction was monitored frequently by TLC over 8 h, indicating 

that no dimerisation reaction occurred. This test was also carried out using p-xylene at 

140 , and once more there was no changes observed of the tosylate products. 

Accordingly, after the evidence had made that Ts group was effective in protecting of 

NH group on the 4-alkoxy phenyl methylene aminoisoindoline tosylate derivatives 163 

and 164, which subsequently underwent condensation reaction with 4-cyano substituted 

aminoisoindoline 154 (Scheme 2.35). Therefore, the amine group on the compound 154 

acts as a nucleophile attacking the partially positive carbon between the two nitrogens 

on the 4-alkoxy phenyl aminoisoindoline tosylate derivatives 163 and 164 followed by 

loss of the Ts group and tautomerisation of the resulting structure to obtain the target 

unsymmetrical aza dipyrromethenes 161 and 162. This route was successful to furnish 

the unsymmetrical aza dipyrromethenes 161 and 162 with remarkable improvement of 

the reaction yields to those obtained via the mixed condensation synthetic method. In 

both pathways compound 157 produced in low yield Ò 24 %. 

 

 

 

Scheme 2.35: Synthesis of unsymmetrical aza (dibenzo) dipyrromethenes (ADBDPs) 

161 and 162 via aminoisoindolines tosylate 163 and 164. 

 

Compounds 161 and 162 were analysed by 1H-NMR spectroscopy and they both 

displayed similarities in their 1H-NMR spectra, the only difference was in the methoxy 

protons and pentaloxy chain protons. Figure 2.28 shows the 1H-NMR spectrum of 

compound 161, vinyl (C=CH) protons appeared as two singlets at 7.0 ppm and 6.9 ppm 

163 R=  OCH3 92 % 

164 R=  OC5H11 80 % 

161 R=  OCH3  50 % 

162 R=  OC5H11  49 % 
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confirming a break of the symmetry in the aza dipyrromethene. MALDI - TOF mass 

spectrum showed the expected ion peaks for both compounds confirming their 

structures. 

 

 

 

 

Figure 2.28: 1HNMR spectrum and MALDI -TOF mass spectrum of 

compounds 161. 

 

 The improvement in yield is because the protection of the amino functional group with 

Ts group prevented formation of symmetrical self-condensation of aminoisoindolines, 

whose formation leads to decrease in the yield of the unsymmetrical dimers and an 

impossible separation. With the optimized condition in hand, we turned our attention to 

investigate this strategy further by converting of amino group in the 4-methoxy phenyl 

aminoisoindoline 81 into a better leaving group. This was easily achieved by reacting 

81 with trifluoromethanesulfonic anhydride under nitrogen in the presence of pyridine 

at -20  in dry DCM.108 The work up and isolation of the crude mixture followed by 

column chromatography led to the isolation of pure materials whose spectroscopic data 

were consistent with formation of a triflate aminoisoindoline 165. Crystals suitable for 

X-ray diffraction was eventually grown from a mixture of 1:1 DCM and PE, and 

analysis showed that the triflate group coupled at the desired nitrogen (Figure 2.29). 

The crystallography results, again performed and analysed by UEA collaborator Dr 

David Hughes, shows the isoindole group forms the central plane of the molecule. The 
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normal to the phenyl group is rotated 14.3 ° from that of the isoindole group and the 

SO2-CF3 group provides the only significantly displaced atoms from the major planar 

units. The pyrrole hydrogen atom was recognised in difference maps and forms a good 

intramolecular hydrogen bond with O (121), (Figure 2.29 A). Molecules are stacked, 

principally through the ˊ ́  interactions between overlapping isoindole rings, in columns 

parallel to the a axis, (Figure 2.29 B, and C), with interplanar distances of 3.000 and 

3.319 Å, either side of the isoindole plane.  The phenyl ring partially overlaps its 

symmetry neighbour on one side at a distance of 3.59 ¡; there are no ˊ ˊ interactions 

on the opposing side.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.29: X-Ray structure for compound 165. 
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Therefore, to detect whether the triflate group would be removed under the dimerisation 

condition, compound 165 was examined by refluxing in toluene at 120 , and TLC 

showed no dimerisation reaction had occurred. So, compound 154 was added to the 

solution, after 24 h unsymmetrical dimer 161 was isolated in 64 % yield (Scheme 2.36). 

The increase in the unsymmetrical outcome indicates that the triflate group is a better 

leaving group than the tosylate. 

 

 

 

 

Scheme 2.36: Synthesis of unsymmetrical aza (dibenzo) dipyrromethene (ADBDP) 

161 from triflate aminoisoindoline 165. 

 

Table 2.4 summarises the reactions carried out using this synthetic procedure and the 

resulting yields of the symmetrical and unsymmetrical aza dipyrromethenes using 

tosylate and triflate aminoisoindolines. In terms of comparing the resulting yield of the 

unsymmetrical dimer 161 in both reactions, the one using the 4-methoxy phenyl 

aminoisoindoline triflate showed an increase of 14 % compared to the tosylate. 

However, there was not much difference in the yield observed when 4-methoxyphenyl 

aminoisoindoline 81 was condensed with 4-pentaloxy phenyl aminoisoindoline, either 

with tosylate group or the triflate group, which indicates that they have almost equal 

influence. Also, the reactivity of the aminoisoindolines with electron donating 

substituents on the phenyl ring led to the self-condensation of the 4-alkoxy phenyl 

aminoisoindolines, producing the symmetrical 4-alkoxy aminoisoindoline dimers in a 

convergent yield. 
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Table 2.4: Summary of the formation of unsymmetrical aza dipyrromethenes using 

tosylate and triflate aminoisoindolines.  

 

Reactant 1 Reactant 2 Solvent 

&  time 

Result 1 Result 2 Results3 
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2.7 Complexation of symmetrical and unsymmetrical aza (dibenzo) 

dipyrromethenes (ADBDPs) using boron trifluoride  diethyl etherate. 

Previously, our group had isolated aza BODIPY-OPh 168 as a side product during the 

formation of the Sub-TBDAP hybrids 166 as shown in Scheme 2.37. This one pot 

reaction was done in two steps, the first step was by refluxing of phenyl methylene 

aminoisoindoline 80 with phthalonitrile in the presence of BCl3 as the boron template 

for the macrocyclisation process, in p-xylene for 3 h. In the next step, the B-Cl fragment 

was replaced with stable B-OPh moieties by adding excess of phenol to the reaction 

vessel.109 In this reaction aza BODIPY-OPh 168 was isolated as a side product, the 

major product was SubPc-OPh 167, while the target boron subtribenzodiazaporphyrin 

(SubTBDAP) 166 was obtained as pink-red solid in 15 % yield.109  

 

 

 

 

Scheme 2.37: Formation of aza BODIPY-OPh 168 as a side product during synthesis 

of Sub-TBDAP hybrids.109 

 

Our group were able to control synthesis of aza BODIPYs-OPh compounds in one 

single reaction step, by irradiating aminoisoindoline derivatives and triphenyl under 

microwave in p-xylene at 220  for 1 h. High temperature was required to stop the 

equilibrium formed between the dimer (boron free), and the desired product (boron 

complex) 168, and to allow aminoisoindoline 80 to fully  convert to the target aza 
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BODIPYs. Following this synthetic pathway, compounds 168 and 170 were isolated as 

either yellow solid in 41 % yield or a red solid in 14 % yield respectively (Scheme 

2.38).110 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2.38: Synthesis of aza BODIPYs-OPh compounds 168 and 170 under 

microwave irradiation, and X-ray crystal structure of compound 170.110  

 

Our group has isolated compound 168 as a single isomer with E, E configuration, this 

assignment was strongly supported by 1HNMR spectrum which demonstrated a set of 

signals for a single compound with a singlet peak referring to the alkene proton at 8.36 

ppm. Also, 11B-NMR spectrum showed one singlet at 2.34 ppm confirming presence of 

one single isomer. In contrast they isolated compound 170 as a mixture of isomers, this 

indication was based on the 1H-NMR spectrum which showed two different sets of 

signals, and the 11B-NMR showed two singlets at 2.76 ppm and 1.80 ppm, this strongly 

supported presence of two isomers, they favoured the E, E configuration in a ratio (4:1). 

Eventually, crystals were grown from 1:1 DCM and MeOH as the crystallisation 

system, producing suitable crystals for X-ray diffraction demonstrating the E, E 

configuration (Scheme 2.38 inset). Therefore, the reaction was repeated following a 

80 Ar = phenyl 

169 Ar =  pyrenyl 

168 Ar = phenyl 41 % 

170 Ar = pyrenyl 14 % 
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similar microwave condition at 180 ºC with 4-methoxy phenyl methylene 

aminoisoindoline 81 as the starting material. TLC after 1 h showed two major spots. 

The first spot was orange in colour, and it was suspected this to be the boron complex. 

The other was red and refers to the dimer 83 (reference was available from previous 

preparation). The reaction was left longer in order to give it more chance to be 

completely consumed, but the reaction was not completed even after 8 h reflux. Then 

the mixture was cooled down, and PhOH was added, to prove the equilibrium, and drive 

the reaction back toward the dimer 83. As we expected, after 1 h reflux, TLC showed 

two red spots very close to each other referring to the dimer isomers, and the orange 

spot had disappeared. 

 

Scheme 2.39: Clarification of the chemical equilibrium between compounds 83 and 

compound 171. 

Complexation of aza (dibenzo) dipyrromethenes (ADBDPs) with BF3.OEt2 is more 

common, and our group has synthesised aza BODIPYs derivatives by straightforward 

synthetic procedure.41 Compounds 82 and 83 were converted into corresponding aza-

(dibenzo) BODIPYs in the presence of BF3.OEt2 as boron source, and TEA as a base in 

dry DCM, producing the desired corresponding boron complexes 84 and 85 in moderate 

yield as mentioned previously (Scheme 2.40).41  
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Scheme 2.40: Synthesis of aza (dibenzo) BODIPYs 84 and 85.41 

 

Aza (dibenzo) BODIPYs 84 and 85 were isolated as single products displaying E, E 

configuration in the solid state. However, they are prone to isomerisation in solution 

producing a mixture of stereoisomers in the equilibrium reaction as mentioned in the 

introduction chapter.41 Accordingly, to start the investigation to improve the resulting 

yield and expand in the formation of different derivatives of aza BODIPYs, the reaction 

was repeated with 3-methoxy phenyl methylene ADBDP 155 as the starting material. 

Compound 155 was stirred in dry DCM in the presence of DBU or TEA as a base, 

followed by the dropwise addition of BF3.OEt2. The reaction was kept stirring under N2 

for 24 h. The product formed was clearly observed on the TLC after adding excess of 

BF3.OEt2 along with a major quantity of starting material. After the work up compound 

172 was isolated in 40 % yield. Leaving the reaction for more than 24 h and increasing 

the temperature up to 50  did not help to improve of conversion of the starting material 

to the target product, which in turn caused a challenging isolation and resulted in low 

yield. The suggestion is that there is an equilibrium between the starting material 155 

and the resulting boron complex compound 172. To investigate the equilibrium, 

tetrabutylammonium fluoride hydrate as the fluoride ion source was added to the pure 

sample of the compound 172, it was observed that the aza BODIPY 172 was destroyed 

very quickly, and TLC shows mixture of multiple red spots with none of them matching 

compound 172. However, the 1HNMR spectrum indicates a complex mixture, possibly 

of stereoisomers that might be formed as a result of removing of BF2 from compound 

172. Thus, this did not investigate further, because the key result (ion fluoride F- reacts 

with the aza BODIPY) was conclusive. However, adding excess of BF3 had negligible 

effects, so a strategy to remove the formed fluoride ion from the reaction to drive the 

82 R = H 

83 R= OCH3 

84 R= H  32 % 

85 = R=  OCH3  49 % 
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equilibrium towards the desired aza BODIPYs was required. It was suggested that 

replacing boron fluorine B-F with silicone fluorine Si-F which has greater bond energy 

than B-F (Si-F > B-F), the difference in these energies might shift the equilibrium 

towards the desired product i.e., fluoride ion could be remove from the equilibrium. 

Therefore, it was decided to investigate the treatment of fluoride ion with a suitable 

silane reagent, trimethylsilyl chloride (TMS-Cl) was chosen due to its availability and 

its ability to remove the fluoride ion, producing trimethylsilyl fluoride as described in 

Scheme 2.41. To examine this strategy, the synthesis of compound 172 was repeated 

following the standard procedure, and after 24 h the orange spot had appeared on the 

TLC along with a major red spot corresponding to the starting material. Then TMS-Cl 

was added to the reaction mixture. TLC was monitored and after 8 h and no dimer was 

observed. As we expected, adding of TMS-Cl helped to shift the equilibrium towards 

the target product giving the single orange spot with improved outcome. Compound 172 

was isolated as orange crystals in 73 % yield. Warming the reaction mixture up to 50 

 successfully assisted to reduce the conversion period time, producing the desired 

product after 3 h. This procedure was adopted for all subsequent BF2 complexations. 

 

Scheme 2.41: Optimized synthesis strategy towards aza BODIPYs. 

Isolation and characterization of aza (dibenzo) BODIPYs analogues proved more 

complicated than their precursors. Nonetheless their crystals were finally grown from 

1:1 DCM:PE as orange crystals in good yield (73 %). This issue might be because these 

compounds were prone to isomerisation in solution at room temperature which led to 
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the observation of a mixture of E and Z isomers. The 1H-NMR spectrum proved initially  

one molecular type corresponding to the E, E configuration. However, when these 

compounds remain in solution, isomerisation occurs at room temperature leading to the 

formation of a mixture of E and Z isomers after a few hours. This suggests that the E, E 

configuration is favoured solely by the crystal packing and solid-state interactions.41 

Figure 2.30 illustrates the 1H-NMR and 19F-NMR spectrum of compound 172, and it 

shows a singlet corresponding to the alkene proton at 7.8 ppm which confirmed the E, 

E configuration, the other singlet corresponding to the proton on the phenyl ring at 7.14 

ppm is labelled *. Protons on the phenyl and benzene rings appeared as expected at the 

range from 8.21 ppm - 6.97 ppm. The methoxy group protons appeared as a singlet peak 

at 3.8 ppm. 19F-NMR spectrum strongly supported the presence of the fluorine linked 

with boron compound in the structure, the 19F-NMR signal appeared around -139 ppm.  

 

 

 

Figure 2.30: 1H-NMR and 19F-NMR spectrum of compound 172.  

 

Aza (dibenzo) BODIPYs derivatives 173, 174, 175, 176 and 177 were synthesised 

following the same synthetic procedure, and were fully characterised by 1H-NMR,13C-

NMR, 19F-NMR spectroscopy and MALDI -TOF mass spectrometry to confirm the 

structures. Table 2.5 outlines the aza BODIPY compounds obtained and the resulting 

yield. 

 

 

*  
C=CH 
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Table 2.5: Summary for synthesis of aza-BODIPY derivatives. 

As mentioned previously, X-ray crystallography confirmed that the Z, Z configuration 

existed in the starting material (ADBDPs). Whilst the corresponding aza (dibenzo) 

BODIPYs obviously demonstrated the E, E configuration which is the opposite 

configuration.41 This was supported by 1HNMR spectroscopy with a singlet peak 

corresponding to the alkene protons around 8.00 ppm as a result of the steric clashes 

between the aryl groups and the BF2 in the aza (dibenzo) BODIPYs structures. Both 

compounds 172 and 174 gave a single crystal suitable for X-ray diffraction analysis and 

their structures were confirmed to contain the E, E configuration as shown in Figure 

2.31. These crystals were grown from a mixture of 1:1 DCM:PE. Crystal data and brief 

description are included in the appendix. 

 

aza BODIPY compounds Yield % 

 

73 % 

 

 

74 % 

 

 

73 % 

 

 

70 % 

 

 

71 % 

 

 

72 % 
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Figure 2.31: X-ray structure for compound 172 and compound 174. 

 

 To clarify the equilibrium reaction between these isomers they were studied by TLC. 

The freshly obtained TLC of aza (dibenzo) BODIPYs compounds showed a single 

orange spot corresponding to the E, E BF2 complexes, then two new spots were 

observed after a few hours. The isomerisation was clearly ongoing when 2D TLC was 

performed. To investigate this, some analyses were carried out on the new major 

compound formed from 173. It was separated and analysed by MALDI - TOF mass 

spectrometry, UV-Visible spectroscopy, 1HNMR and 19FNMR spectrum. All  this 

analysis indicated the presence of BF2 in the compound. UV-vis spectra showed a 

similar absorption pattern to the aza (dibenzo) BODIPYs, they displayed two absorption 

bands at 478 nm and 335 nm (Figure 2.32).  

 

Figure 2.32: UV-Visible spectra for compound 173 and the new compound formed 

from compound 173. 

Furthermore, 19F-NMR spectrum of this compound showed the fluoride signals as 

overlapping multiple peaks, indicating formation of isomers of compound 173. 

Furthermore, the 1H-NMR spectra for the isolated fraction from compound 173 

supported presence of the unsymmetrical E, Z configuration compound. Figure 2.33 

 

    

 

172 174 
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shows two singlets corresponding to the alkene protons at 8.09 ppm, and 7.78 ppm 

respectively in addition to signals for sixteen aromatic protons at the range from 8.24 

ppm - 7.01 ppm. The protons of the methylene group on the pentaloxy chains were 

found at 4.06 ppm as two overlapping triplets, followed by the set of peaks that appeared 

at 1.83 ppm, 1.41 ppm and 0.95 ppm with the integration for two pentaloxy chains. 

After we had evidence that BF2 is still coupled in these compounds, it underwent 

recrystallisation again to yield crystals that displayed the E, E configuration which 

confirms that there is a reversible isomerisation between these isomers.  

 

 

 Figure 2. 33: 1HNMR spectrum of the new compound formed from compound 173. 

 

2.8 Optical properties of symmetrical and unsymmetrical aza 

BODIPYs and their  precursor aza (dibenzo) dipyrromethenes 

(ADBDPs). 

Figure 2.34 shows the UV-Vis spectra of symmetrical and unsymmetrical aza (dibenzo) 

dipyrromethene compounds in dichloromethane. All  aza (dibenzo) dipyrromethenes are 

red in colour, they displayed three absorption bands in the visible region. Depending on 

the substitution pattern, the absorption ranged from 477 nm for compound 155 to 508 

nm for compound 162. There was slight difference (around 14 nm) in the absorption of 

compounds 155 when the methoxy group is located on the meta position compared with 

compound 83 with methoxy group on the para position, they displayed 477 nm and 491 

nm respectively. However, introduction of electron withdrawing substituent (nitrile 

group) on the para position 157 exhibits absorption at 492 nm which is identical 

  

Z, C=CH  E, C=CH  

 
 

Suggested structure. 
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absorption to compound 83. Further conjugation applied by entering of 4-pentaloxy 

substituents on the para position compound 156 red shifts the absorption by around 14 

nm compared to compound 83. On the other hand, unsymmetrical aza (dibenzo) 

dipyrromethene compounds 160, 161 and 162 show absorption maxima at 500 nm, 495 

nm and 508 nm, respectively and this indicates that electronic properties of the 

substituent groups (electron withdrawing or electron donating) on the aza 

dipyrromethene units have similar effect on the absorption as seen in Figure 2.34.  

  

 

 

Figure 2. 34: UV-vis spectra of symmetrical, unsymmetrical aza (dibenzo) 

dipyrromethene compounds. 

Boron difluoride complexes are orange in colour, they showed two absorption bands in 

the visible region at 321 nm - 330 nm and 441 nm - 475 nm. Figure 2.35 demonstrated 

the absorption, emission and excitation spectra of aza (dibenzo) BODIPYs compound 

   

   

ɚmax abs = 477 nm 

 

ɚmax abs = 505 nm 

 

ɚmax abs = 492 nm 

 

ɚmax abs = 500 nm 

 

ɚmax abs = 495 nm 

 

ɚmax abs = 508 nm 
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172, the emission band in this molecule shown at 523 nm after excitation at 445 nm, 

these features give significant Stokes Shift of around 78 nm. 

                        

Figure 2. 35: Normalized UVīVis absorption (blue solid line) and fluorescence 

emission (black and green dotted line) and the excitation spectrum spectra (red dotted 

line) of 172 in DCM. 

Figure 2.36 shows a comparison between the symmetrical aza (dibenzo) BODIPYs 173, 

174 and unsymmetrical aza (dibenzo) BODIPYs 175. Compound 173 and 174 display 

absorption maxima at 475 nm, 441 nm respectively and fluorescence with Stokes shifts 

of 86 nm. This indicates that in case of introduction of further conjugation of electron 

donating substituents (4- pentaloxy group) 173, red shift the absorption to around 35 

nm compared with the molecule with electron withdrawing substituents (4- nitrile 

group) 174. While unsymmetrical compound 175 exhibits emission at 567 nm upon 

excitation at 465 nm, and Stokes Shift of 102 nm which demonstrated the electronic 

effects donor and acceptor substituents on the absorption. In general, the observed 

Stokes shift in the series are larger than typically found for the BODIPYs (10-30 nm).111 

 

 

 

 

 

 

Figure 2.36: Normalized UVīVis absorption (solid line) and fluorescence 

emission (dotted line) of compound 173, 174, and 175 in DCM. 
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2.9 Oxidative cyclisations to give fused and/or macrocyclic aza 

(dibenzo) dipyrromethenes system  

Two strategies were investegated to modify the properties of aza (dibenzo) 

dipyrromethene (ADBDP) materials. The first strategy is  ́extension (fusion) that is 

expected to shift the absorption/emmission to longer wavelength. The second strateg is 

oxidative coupling leading to rigid macrocycles (Scheme 2.42) 

 

  

Scheme 2.42: Proposed strategies to extentd  ́conjugation in the aza (dibenzo) 

dipyrromethens (ADBDP) and aza BODIPYs unit. 

 

As mentioned in the introductory chapter, there have been examples published recently 

in the literature of ring fused aza-BODIPYs that are synthesised by oxidative aromatic 

coupling. One example is shown in Scheme 2.43, 10 equivalents of iron(III) chloride 

with nitromethane (CH3NO2) in dry DCM were reacted with aza BODIPY 95a, and this 

straightforward reaction was regioselective, producing [b] fused aza BODIPY 96a in 

excellent yield, and no [c] fused aza BODIPYs was observed. The modified structure 

leads to more than 100 nm red-shift in both absorption and emission.78  

 

Macrocycle structure -́extended ADBDP /Aza BODYPYs 
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Scheme 2.43: Synthesis of benzo fused aza BODIPY 96a.78 

 

Accordingly, investigation of the ring fused aza (dibenzo) BODIPYs by oxidation 

reaction was carry out using aza (dibenzo) BODIPY 172 that was available from 

previous synthesis. Compound 172 was selected, due to presence of the methoxy group 

on the meta position in the phenyl ring that is expected to dierct the coupling to produce 

the desired fused aza BODIPY compound 178. Compound 172 was treated with 10 

equivalents of FeCl3 in dry DCM. The mixture was stirred at room temperature and 

monitored by TLC over 24 h. Since no reaction occurred an excess of FeCl3 (more 10 

equivalents) with CH3NO2 in DCM were added. Unfortunately, this did not produce the 

corresponding fused ring system, and then starting material started to isomerise in the 

solution. Then a photocyclisation reaction was performed in the presence of iodine as 

an oxidant, but no effect was seen through TLC or in the 1HNMR spectroscopy even 

after a powerful UV light was applied to compound 172 (Scheme 2.44). The main 

suggested reason that prevents the oxidative coupling to occur is the BODIPY unit 

might be behaving as an electron poor group.  

 

 

 

Scheme 2.44: Synthesis attempts for compound 178. 

ɚmax abs = 683 nm 

ɚmax em = 716 nm 

 

ɚmax abs = 804 nm 

ɚmax em = 816 nm 
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2.9.1 Macrocycle formation attempts from aza dipyrromethene 

derivatives.  

2.9.1.1 From 4-methoxy phenyl methylene aza dipyrromethene compound 83 

The first attempt towards formation of the macrocycle structure 179 was by treating of 

4-methoxy phenyl methylene aza dipyrromethene 83 with iron(III) chloride in dry 

DCM. Compound 83 was selected due to presence of the methoxy group on the para 

position that is expected to direct the coupling to the right position producing the closed 

structure 179. Unfortunately this was unsuccessful to produce the target compound, the 

starting material appeared to remain unreacted. 

 

 

 

Scheme 2.45: Synthesis attempts for compound 179. 

 

2.9.1.2 From 3-methoxy phenyl methylene aza dipyrromethene compound 155 

Formation of the macrocycle compound 182 from the precursor 3-methoxy phenyl 

methylene aza (dibenzo) dipyrromethene compound 155, was one of the targets. 

Compound 155 was chosen due to the possibilities of direct coupling of the phenyl rings 

to produce the closed structure 182. It was reasoned this could be achieved following 

three steps, starting with demethylation of the compound 155, followed by converting 

the hydroxy group into the triflate producing the corresponding compound 181. 

Homocoupling in the last step (macrocyclisation step) would lead to the desired 

macrocycle structure 182. Scheme 2.46 outlines the proposed plan toward the desired 

macrocycle 182.  
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Scheme 2.46: Proposed plan to synthesis of the macrocycle 182. 

 

To achieve our target, we started with demethylation of the 3-methoxy phenyl aza 

dipyrromethene compound 155 following the procedure reported by Chakraborti et 

al.112 Compound 155 was treated with three equivalents of thiophenol and potassium 

carbonate in dry DMF at 150  for 6 h (Scheme 2.47).  

 

 

Scheme 2.47: Demethylation of compound 155. 

 

The reaction was monitored by the 1HNMR until the singlet peak of the methoxy group 

had disappeared, then it was quenched by washing the mixture with water and extracted 

with ethyl acetate. The resulting mixture was analysed by MALDI -TOF mass 

spectrometry, which showed three ion peaks (Figure 2.37). The peak at m/z 457 

indicates formation of the desired product compound 180, while the other peak at m/z 

471 we expected this an indication of partial demethylation occurring at one methoxy 
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group producing the unsymmetrical dipyrromethene 183. The third peak observed 

appears at m/z 699 and it was suggested this could be correspond to the formation of 

TBDAP-OH molecule, this was noticed as well during the separation of aza 

dipyrromethene derivatives as mentioned before (Figure 2.37 A). The crude mixture 

was separated by column chromatography. The desired product 180 was isolated in low 

yield, in addition to trace amounts of a green fraction with m/z 699. No further analyses 

were performed for this fraction due to the poor isolated yield < 3 % (Figure 2.37 B).  

 

 

 

 

 

 

 

Figure 2. 37: MALDI -TOF obtained from demethylation of compound 155 

following Chakraborti precedure. 

 

This was studied further to clarify what was occurring in this reaction. The starting 

material 155 was refluxed in DMF at 150  and after 2 h the TLC was checked and 

revealed just the starting material. Then 1.2 eq of MgBr2 was added to the reaction 

mixture to investigate if  there was a possibility for the formation of any macrocycle 

compounds. The reaction was monitored by TLC, but no macrocycle was observed even 

after adding excess MgBr2 and leaving the reaction longer. This was not surprising as 

our group had investigated before that the aza (dibenzo) dipyrromethenes do not lead to 

significant formation of any macrocycle when they were re-subjected to the macrocycle 

reaction conditions (TBTAPs and Sub TBDAPs) as shown in scheme 2.48.106, 109 
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Scheme 2.48: Reaction attempts performed by our group towards the formation of the 

macrocycle structures.106, 109 

 

To control the reaction, and to obtain a better yield of compound 180, the reaction was 

repeated starting with 3-methoxy phenyl methylene aminoisoindoline 137. Compound 

137 was reflux in DMF at 150 , once the dimer 155 formed (as observed by TLC) 

two drops of thiophenol, and K2CO3 were added to the reaction mixture, then we 

continued to heat under reflux at 150  until the reaction had ceased, as observed by 

TLC. A large amount of the intermediate dimer 155 was not consumed. The 1HNMR 

spectrum confirmed formation of the target product 180. Unfortunately, the yield was 

very low by using this procedure.  

 

Scheme 2.49: Demethylation of compound 188 starting with compound 137. 


