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Synopsis 

 

Porphyrin or its different analogues constitute the core skeleton of numerous naturally 

occurring biological molecules such as hemoglobin, cytochrome c etc. They regulate 

vital biological processes like oxygen transport, electron transfer, and photosynthesis in 

plants1,2. Due to their enormous biological significance and versatile applications, 

porphyrins and their modified derivatives are hot topics of research. Different research 

groups are actively engaged to develop a facile synthetic methodology for its expanded 

and contracted analogue. One of the most promising contracted porphyrinoids is corrole. 

Corrole was first reported in 1965.3 However, it remained nearly unexplored till the 

development of the facile synthetic protocol in 19994,5. Structurally corrole is in 

between porphyrin and corrin. It shares a similar skeletal structure of corrin containing 

direct pyrrole pyrrole ring with 18π electron aromatic system like porphyrin2,6. Corrole 

can stabilize the very high oxidation state of metal ions, which makes it an 

unexceptionally interesting system. Nowadays, corrole and metallocorroles have 

diverse applications over a multidisciplinary field such as catalysis, sensor, solar cell, 

medicinal field7 and so on. 

Scope of the Present Thesis:   

The present thesis describes different synthetic protocols for modifications and 

functionalization of corroles. All novel corrole systems are thoroughly characterized by 

different spectroscopic studies. The mechanistic pathways and importance of these 

derivatives have been explained. The present thesis composed of four chapters, and the 

main contents are outlined as follows 
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Chapter 1: Introduction: This chapter outlines modification of porphyrinoids systems 

such as contraction, expansion, core modification or isomerization 1,2. Among these 

modified systems, contracted analogue, corrole has discussed elaborately. Different 

synthetic route and functionalization have discoursed here. The superiority of corroles 

over porphyrin in many cases and its ability to stabilize high oxidation states of metals 

is explained6. Different coordination modes of metallocorroles, versatile applications 

including catalysis, sensing, dye-sensitized solar cell, and medicinal field, especially 

cancer research, are also discussed7.  

 Chapter 2: Synthesis of urea derivatives via reductive carbon dioxide fixation into 

contracted porphyrin analogue: 

         

Urea, the wonder molecule, acts as a bridge amid chemistry and biology. Although 

differently substituted ureas are very common for various applications, but a single 

synthetic protocol is available for N21, N22-carbamide-corrole derivatives.8 However, 

they used extremely toxic, poisonous and corrosive gas phosgene as a carbonylation 

agent. To overcome this difficulty entirely novel synthetic protocol has been developed 
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to synthesize N21, N22-carbamide- corroles. The key feature of this efficient, mild, high-

yielding and single-step methodology does not involve any toxic chemicals like 

phosgene, CO, or isocyanate9. Carbon dioxide from ammonium carbonate is confined 

by the two adjacent inner NH groups (N21 and N22) in free base corrole and forms the 

N21, N22-carbamide-corrole derivatives. In order to simplify the newly designed 

reaction protocol, series of differently substituted corrole ligand functionalities bearing 

both electrons releasing and electron-withdrawing functional groups at the corrole 

periphery has been explored. The reaction withstood most of the reactive functional 

groups, including cyanide, nitro, halogen substituents, etc. 
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        Here large excess ammonium carbonate salt has been heated to a temperature of 

∼110 °C; which induces a facile release of carbon dioxide. Hence, it is believed that 

HCO3
−/H2CO3 (a soluble version of CO2 gas) drives the desired conversions. Pyridine 

served dual purposes as a solvent (boiling point: 116 °C) and as a weak base for the 

desired reactions to occur. Based on all these observations, we have also proposed a 

mechanism for this newly designed reaction (Scheme 2)           

            All of these newly synthesized N21, N22-carbamide-corrole compounds have 

been thoroughly characterized by various spectroscopic techniques, including single-

crystal X-ray structural analysis of the representative derivatives. The rich and 

extensive application of substituted urea derivatives certainly points that the discovery 

of a new methodology can open up an entirely new avenue with broad applications.  

Chapter 3: N, N′−Bridged corrole: First example of a N21, N22-Methylene−                                  

Bridged Corrole Derivative:  

This chapter deals with the synthesis of a new N, N′−bridged corrole derivative for the 

first time via the reaction of diiodomethane with 5,10,15-

tris(pentafluorophenyl)corrole10. Literature survey reveals significantly fewer examples 

of this type of di-N-substituted corroles. 5,10,15-tris(pentafluorophenyl)corrole 

backbone  is preferred to execute the desired conversion due to its stability as well as 

extensive application in the synthesis of various metal complexes.11,12   

                          Previously Johnson et al.3 reported N, N′- one-carbon bridged 

porphyrin.  Here a similar derivative in the corrole macrocycle has been synthesized 

successfully by using a modified protocol (Scheme 3).  

Instead of neat di-iodomethane, a mixture of di-iodomethane and pyridine has been 

used. Optimization of the N21, N22-methylene bridged corrole formation reaction was 
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executed. The use of 10 equivalents of CH2I2 along with pyridine maximized the yield 

of the desired conversion of the free base corrole to N21, N22-methylene-bridged corrole.  

The use of pyridine not only drastically increased in yield but also reduction of reaction 

time and economic viability are observed in this work. Being a mild base, pyridine 

causes deprotonation of the core NH protons of the corrole ring. 

 

The new macrocycle has been comprehensively characterized by different 

physicochemical techniques, e.g., NMR (1H, 19F, 13C), ESI Mass, and single-crystal X-

ray structural analysis (Figure 1).   

The newly synthesized N21, N22- methylene-corrole derivative, 1 can resemble nicely 

with the previously reported 21,22-methyleneoctaethylporphyrin. Thus, it is obvious 

that the novel methylene-corrole derivative and its various metal complexes will be of 

great interest to study further.       
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Chapter 4 Synthesis, structure, photophysics, and singlet oxygen sensitization by a 

platinum(II) porphyrin complex: 
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Present work describes the synthesis of a novel platinum(II) porphyrin complex 

[5,10,15,20-tetra(5-acenapthyl)porphinato]platinum(II), PtTANP with acenapthyl 

substitution at the meso position of the porphyrin ring. Free base ligand 5,10,15,20-

tetra(5-acenapthyl) porphyrin, H2TANP reacted with platinum precursor complex 

K2PtCl4 in benzonitrile solution and resulted [5,10,15,20-tetra(5-acenapthyl)porphinato] 

platinum(II), PtTANP (Scheme 4). 

 

The purity and identity of the platinum (II) complex, PtTANP is established by its 

satisfactory elemental analyses, ESI-MS data, NMR, UV-Vis, emission, and single-

crystal XRD data. Single-crystal XRD analysis reveals that the geometry around the 

Pt(II) center is near the perfect square planar geometry. he deviation of Platinum atom 

from the mean N4 porphyrin plane is 0.0031 Å, The Pt(II)-N bond distances are in the 

ranges of 2.005 Å─2.020 Å (Figure 3). The PtTANP derivative exhibited one reversible 

oxidative couple at +1.10 V and a reversible reductive couple at -1.47 V versus 

Ag/AgCl (Figure 4). 
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In deaerated solution, a strong red phosphorescence is observed with emission quantum 

yield as high as 35% and emission lifetime of 75 µs. In air-equilibrated solution 

solution PtTANP displays a very weak phosphorescence (Φem = 0.22%) with  
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 a much shorter lifetime (Φem = 910 ns). The PtTANP phosphorescence is strongly 

quenched by oxygen with a rate constant of 4.9 x 108 M-1s-1. The quenching by oxygen 

consequences singlet oxygen production with a strong quantum yield of 88%.13 As a 

result PtTANP works as a light-harvesting antenna as schematically depicted in Figure 

5: upon UV excitation of acenaphthene chromophores, energy transfer to the Pt(II) 

porphyrin core takes place with unitary efficiency resulting in photosensitized 

phosphorescence. It was also established that the PtTANP molecule is an excellent 

photosensitizer with a singlet oxygen production quantum yield of 88% in 

dichloromethane. These results indicate that the PtTANP molecule will have potential 

applications in the field of photodynamic therapy as well as oxygen sensors. 
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1.1 Introduction: 

The chemistry of porphyrins or their metal derivative has now become a widely studied 

area due to their ubiquitous nature and pivotal role in sustaining life on earth. Porphyrin, 

1 (Figure 1.1), the naturally occurring tetrapyrollic macrocycle, take part in 

innumerable essential biological activities. The important porphyrin derivatives which 

are responsible for the survival of life on earth are heme, 2 (Figure 1.1) chlorophyll, 3 

(Figure 1.1) and vitamin B12 coenzyme, 4 (Figure 1.1). These are essentially termed as 

the pigment of life1. Various biological functions like oxygen-carrying and storage, 

electron transfer and photosynthesis2 in plants are controlled by porphyrin derivative or 

its analogues. Besides, it is also an efficient sensitizer for photodynamic therapeutic 

application, shows nonlinear optical properties and also used in catalysis reactions. 

Therefore, researchers try to synthesize different porphyrin and metalloporphyrin 

derivative to mimic these complex biological activities. The term porphyrin is obtained 

from a Greek word ‘porphyrus’ which means bright and purple. Porphyrin and its 

derivative are exceptionally coloured and show a powerful absorption band in the 

visible region. In porphyrins, four pyrrole rings are connected by four sp2 hybridized 

carbon atom and are extremely conjugated system. The primary porphyrin nucleus is a 

C20 porphin core. Although porphyrins are 22π electron system, only 18π electrons are 

in the shortest conjugation obeying Huckel’s rule of aromaticity. This (4n+2) π electron 

produces a strong ring current across the macro cyclic core. 1H NMR spectra of 

porphyrin are surprising of a very broad range due to large magnetic anisotropy. Inner 

NH protons resonate at a very high field, whereas peripheral protons (meso and β) 

comes to resonate at a very low field.  



35 

 

1.2 Nomenclature of porphyrin like system: In porphyrin inner core, there are two   

types of nitrogen atoms, two amino (-NH) and two imino nitrogen3. At the time of 

uncovering, the porphyrinoids were identified by their trivial name based on colour,  

size or number of heterocyclic rings followed by the suffixes phyrin or rin. The name 

Sapphrin is coming from the blue colour of its crystal 5. A similar trend is maintained 

for rubirin, which is red coloured. Pentaphyrin and hexaphyrin are termed concerning 

five and six pyrrole rings, respectively. At first, Franck and Nonn6 generalized the 
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porphyrin nomenclature on the basis of three aspects  (a) General name is considered on 

the basis of a total number of pyrrole rings. (b) Total no of electrons that are in 

conjugation are designated inside the square bracket. (c) The number of bridging carbon 

atoms that are connecting the heterocyclic ring also mentioned in the first bracket 

separated by dot.3       

 

The general synthetic protocol of porphyrin:  

Rothemund method: The first synthesis of porphyrin (Scheme 1.1) by Rothemund7 in 

1935, inspired several researchers around the globe to work on the area of the tetra 

pyrrollic macrocycles to their peculiar photophysical properties and wide range of 

applications. This method for synthesis of meso-substituted porphyrins is 

straightforward which involves condensation reaction of pyrrole and aldehyde in the 

presence of pyridine at high temperature in a sealed bomb without using any oxidant. 

The main limitation of this method is the low yield of the product as the reaction 

conditions are too harsh.  

Adler-Longo Method: Limitations of Rothemund’s method were addressed by Adler 

and Longo8 in 1967 (Scheme1.2). Instead of inert condition, they performed the 

reaction in aerobic condition refluxing pyrrole and aldehyde in propionic acid. This is  
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very much malleable procedure for unsymmetrical porphyrin synthesis. But this 

methodology is inapplicable for porphyrin synthesis for aldehydes containing acid-

sensitive group. 

          

Lindsey Method: Lindsey9 developed a modified one-pot two-step methodology 

(Scheme 1.3) describing the reaction of equimolar pyrrole and benzaldehyde, which 

was mediated in the presence of trifluoroacetic acid or boron trifluoride in inert 

condition. In the initial step, porphyrinogen intermediate was formed, and then this 

intermediate irreversibly converted into tetraphenylporphyrin in the presence of an 

oxidant such as chloranil or DDQ. 
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1.3 Spectroscopic characterization: 

Porphyrin exhibits extreme colour owing to its strong light absorption. The most 

fascinating property of porphyrins is their characteristic UV-VIS spectra. Its symmetry 

makes its spectra so interesting. It shows strong absorption with a high value of molar 

extinction coefficient in the region of 400 nm, which is termed as Soret band and four Q 

like band10,11 with lower ε values in the region of 450 nm to 700 nm. 

 

1.4 Structural Modifications of Porphyrins: With their unique properties and 

applicability in various field of science, porphyrins are the hot topic of research. This 

motivates researchers to flourish the novel porphyrinoids (Figure 1.3) with several well-

defined types of modification in the porphyrin nucleus. These structural changes lead to 

tune the electronic structure resulting in its various functions and applications in 

different fields. Two primary techniques for the above-mentioned purpose are 

substitution at meso positions and β- position at the porphyrin ring3. Among the two, β-

substituted porphyrins 9 (Figure 1.3) are naturally abundant and exist in the different 
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biological element such as chlorophyll, heme, cytochrome P450 etc. On the other hand, 

though meso substituted porphyrin 8 (Figure 1.3) has no natural existence but they are 

used as model compounds for the biological prosthetic groups. In the field of material 

chemistry12, these type of porphyrins is widely used. Besides peripheral change, core 

modified porphyrins 10 (Figure 1.3) are well known where one of the nitrogen atoms of 

pyrrole is substituted by heteroatoms like oxygen, sulphur, selenium or carbon atom 

maintaining the aromaticity of the ring3. Different modification of porphyrin ring such 

as isomerization 11 contraction, 12 expansion, 13 makes porphyrin chemistry so widely 

spread and enriched. Expanded porphyrins are composed of more than four pyrrole 

rings that are directly connected or connected through one or more atoms. The inner 

core moiety is made up of at least 17 atoms3. The chemistry of expanded derivatives 

has been developed intending to incorporate heavier elements in the cavity and stabilize 

higher coordination number of metal ions, particularly that of lanthanides and 

actinides13,14 and also to study the change of its aromatic behaviour and binding affinity 

towards different anionic and neutral ligands. Isomeric porphyrins are the class of 

compounds having basic unit C20H14N4 and produced by staggering of the arrangement 

of pyrrole rings and meso-carbons. In the case of contracted porphyrins, 12 there are at 

least three pyrrole rings, or its analogues are in conjugation where one meso carbon or 

one pyrrole ring is missing compared to parent porphyrin3,4.  

1.5 Emergence of corrole: The emergence of contracted porphyrin is a follow up of 

the structural discovery of vitamin B12, 4 (Figure 1.1). This vitamin is very important in 

the biological system as lack of this vitamin causes pernicious anaemia, which was 

considered to be a fatal illness earlier. But after the discovery of this vitamin, this  
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disease became easily curable. The structural elucidation of vitamin B12 tells that it 

contains corrin ring, 5 (Figure1.1) in the core moiety which resemblances with 

porphyrin macrocycle with one carbon atom is missing15-18. This is one of the important 

contracted porphyrin analogues. Later on, scientists are trying to invent a proper 

synthetic protocol for this vitamin. Johnson and Price planned to synthesize a series of 

metallic derivatives of pentadehydrocorrin, and from that, they recommended the name 

corrole20. Synthesis of corrole was first reported by Johnson and Kay in the year 1965 

and proposed the fact that corroles are tetradehydrocorrins21 consisting of ten double 

bonds. Subsequently, several interesting contracted porphyrinoids were enlarged 

(Figure 1.4). 
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1.6 Various contracted porphyrins and their synthetic protocols: 

1.6.1 Subphthalocyanines: Subphthalocyanines 20 (Scheme 1.4) are aromatic 

macrocycles with 14π electron. These exist as a boron derivative and consist of three N-

fused diiminoisoindole units and an axial ligand around the boron atom, which is 

teracoordinated. Meller and Ossko first synthesized this contracted porphyrin at the 

time of boron-containing phthalocyanine synthesis22.  
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1.6.2 Subporphyrins: Subporphyrins 22 (Scheme 1.5) are ring contracted porphyrins 

containing three pyrrole ring and connected through methine carbon bridge. Osuka and 

co-worker first reported the synthesis of subporphyrin in the year 2006. The synthesis 

of tribenzosubporphine involve self-condensation of isoindolinone-3-acetic acid, and 

the reaction is assisted by boron (III) template. It shows green coloured fluorescent due 

to aromatic character having14π electrons are in conjugation23. The yield of the product 

of the reaction is very low due to harsh reaction conditions. 

 

1.6.3 Isocorrole: Isocorrole, 24 (Scheme 1.6) an isomeric form of corrole having one 

less meso carbon atom than porphycene was first reported by Vogel and coworkers in 

199025. They have got isocorrole as a side product during the preparation of porphycene 

through coupling reaction between two diformyl bipyrroles.24  
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1.6.4 Norcorrole: Norcorrole, 29 (Scheme 1.8) is a contracted porphyrin analogue 

having 16 π electrons and was reported by Broring and coworkers26. Compared to 

corrole, it has one less meso carbon atom. Broring and coworkers fruitfully synthesized 

iron norcorrole from iodido complex of an iron 2, 2'-bidipyrrin by an oxidation reaction 

using FeCl3. 

 

 

 

 

 

 

 

1.6.5 Corrole: Over the past decade, the research area of several core-modified 

porphyrinoids have enlarged. Corroles, 16 (Figure 1.4) are one of the most contributed 

contracted porphyrinoids. It has attained significant interest due to the close 

resemblance with the corrin ring in vitamin B12. It is structurally in between porphyrin 

and corrin3,4. Due to similarity in some properties with 18π electron aromatic 

porphyrins, corroles are also closely associated with porphyrins. The absence of meso 

carbon atom (C-20) in corrole, resulting in direct linkage between two of the pyrrole 
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rings (Figure 1.5), is the distinct structural feature that differentiates it from porphyrin. 

The numbering system of corrole is similar to that of porphyrin. Inside the corrole 

cavity, three amino nitrogens and one imino nitrogen are present. The amino NH 

undergoes rapid tautomerization in the free base corrole. The absence of one meso 

carbon atom leads to contraction of the inner N4 core resulting in enhanced ability to 

stabilize higher oxidation states of metal ions3,27. 

 

1.6.5.1 Properties of Corrole: As the inner core contains three ionizable protons with 

high NH acidity3 it behaves as a trianionic ligand, whereas corrin and porphyrin are 

monoanionic and dianionic, respectively. This characteristic property makes corrole and 

metallocorrole chemistry so improved. In term of symmetry, it is less symmetrical than 

porphyrin due to the absence of one meso-carbon atom. The meso-carbon positions are 

exceptionally sensitive for substitution reactions, particularly towards oxidation. They 

are extremely coloured compounds. The UV-Vis spectra of corrole reveal an intense 

band near about 400 nm and less intense bands in the region around 500-600 nm21,28. 

This type of spectra resembles the Q band of porphyrin. The free base corrole are 

highly fluorescent compounds and exhibit luminescence in the region around 600-700 

nm with the fluorescence lifetime in nanosecond scale25. 1H NMR spectra of corrole 

displays similar characteristic feature as that of porphyrin. The meso and the β- protons 
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resonate in the deshielding region, and the peaks for meso protons resonate at 8 to 9 

ppm, and signals for β- protons appear at  ~10 ppm. This type of diatropic ring current 

indicates the aromatic character of the macrocycle. The inner NH protons give board 

singlet in the region -2.00 to -3.00 ppm due to the high acidity of these protons and non-

identical tautomers29. But at low temperature, three distinct singlet have been observed 

due to three inner NH protons. In the year of 1971, the first crystal of corrole was 

characterized by Crowfoot Hodgkin and co-workers30. The crystal structure of corrole 

shows that it is not precisely planner. The deviation from planarity is due to steric 

crowding inside the core, as C-1 and C-19 are directly linked. But precise structures 

were provided by X-ray crystallographic study of free base corroles at low temperature 

in the later years31. The molecular structure of 5,10,15-tris(pentafluorophenyl)corrole 

clearly indicates that only one proton out of three is in the mean corrole plane while the 

other two, one above and another below the plane resulting in a saddling type 

structure32. 

1.6.5.2 General Synthetic Protocols:  

Corrole 33 (Scheme 1.9) was first reported by Johnson and Key in the year 1965. Their 

strategy was to synthesize corrin ring but accidentally, they synthesized the corrole 

macrocycle through photochemical cyclization of a, c-biladienes21 32. Following this, 

several different diverse synthetic strategies have been developed to simplify the 

synthetic procedure and increase the yield. In this portion, some of the major synthetic 

approaches have been discussed. The first corrole synthesis involved the photochemical 

cyclization of a,c-biladienes18. In this reaction, methanolic solution of a,c-biladienes 

were treated with ammonium hydroxide or sodium acetate followed by illuminating the 

reaction mixture resulting in a green coloured solution. Till now, it is a very much 
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convenient route for corrole synthesis and the yield of the reaction varies from 20-60% 

depending on biladienes and the reaction conditions. These a,c-biladienes are stable 

crystalline dihydrobromide salts 32 and are formed by condensing 2-formylpyrrole and 

dipyrromethanedicarboxylic acid in 2:1 molar ratio in methanol in the presence of a 

catalytic amount of acid. In 1994 Vogel et al. have reported p-chloranil as a versatile 

oxidant that improves the cyclization step33. 

 

Bipyrollic unit through (2+2) condensation reactions: One of the important 

procedure for the synthesis of corrole is through the reaction of  suitably substituted 

dipyrrane with 2,2΄-bipyrrole 34 This procedure is reported by Conlon et al.35 In this 

reaction dipyrrane condenses with bipyrrole under acidic conditions resulting in red 

precipitation which on heating in the presence of triphenyl phosphine and cobalt(II) 
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acetate leads to the corresponding cobalt-corrole complex 35 (Scheme 1.10) with 

moderate yield.34 

 

Direct from substituted pyrrole: Direct tetramerization of substituted pyrroles leads 

to the formation of corrole. This synthetic protocol was first reported by paolesse et 

al.36 The first β-substituted meso free corrole synthesis involves tetramerization of 3,4-

dimethyl-pyrrole-2-carbaldehyde leading to the formation of β-substituted corrole with 

a yield of 10%. 
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 In another way, corrole can be prepared directly from pyrrole by its reaction 

with a suitable aldehyde. But this reaction produced porphyrin along with corrole. So 

for selectively getting corrole, this reaction can be done by suitable substitution on 

pyrrole or by proper use of templating metal ions .35There are four different types of 

meso substituted corrole depending on the substitution at three meso positions (5, 10, 

15) of the corrole periphery. 

 

 Synthesis of A3 corrole: During the synthesis of porphyrin meso-substituted corroles 

are isolated with low yields. Since the year 1999 only two meso substituted corrole 

have been reported. Corroles gained significant attention in 1999 when two research 

groups, Paolesse and Gross independently reported two different synthetic protocols 

directly from the condensation of aldehyde and pyrrole. 

One-pot synthesis: 

The first reported method for preparation of A3 corrole is the modified Rothemund 

reaction which was a widely studied method for preparation of porphyrin earlier. 

Paolesse et al. have reported a procedure which involves the refluxing of a mixture of 

aldehyde and pyrrole in acetic acid medium for four hours.37The yield of the product 

was highly dependent on the ratio of pyrrole and aldehyde, and the highest yield of 

triphenylcorrole 41 (Scheme 1.11) was obtained when aldehyde and pyrrole were 
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mixed in 1:3 molar ratio. The major limitation of the process was the formation of A4 

porphyrin as a side product. 

                               One of the important solvent free one-pot corrole synthesis was first 

reported by Gross et al. in the year 1999. The reaction involves two steps. In the first 

step equimolar mixture of pentafluorobenzaldehyde and pyrrole are condensed on a 

solid support followed by dilution of the mixture with dichloromethane and 

 

oxidation of the resulting reaction mixture to get the desired corrole 42  (Scheme 1.12). 

This reaction is highly reactant specific; especially those aldehyde containing electron-

withdrawing group works good.31  

A modified method for trans-A2B and A3-corrole synthesis: Another major 

advancement for the synthesis of corrole was disclosed in the year 2006 by Koszarna 

and Gryko group.38The motivation behind this synthesis came from a work by Kral and 

co-workers39 where bilane was a side product along with the desired dipyrromethane. 

They maximized the formation of bilane 43 (Scheme 1.13) by tuning the reaction 

conditions. The novelty of this synthesis was an acid catalyzed condensation of the 

aldehyde or dipyrromethanes in water methanol mixture. The formation of bilane 43 

was highly dependent on the ratio of water and methanol; 1:1 ratio was favoured. 
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After the formation of bilane, it was precipitated due to its insolubility in the solvent 

mixture. The reaction mixture thereby obtained was extracted with chloroform without 

separation of bilane. Then the cyclization of this intermediate to corrole 44 was done by 

p-chloranil. Preparation of A3-corroles was done by condensation of pyrrole and 

aldehyde followed by oxidation, and this method gives up to 30% yield, whereas the 

yield of A2B-corrole 45, (Scheme 1.14) by condensation of dipyromethane and 

aldehyde, produces over 50% product. Although this synthetic procedure gives a new 

horizon of corrole chemistry, aldehyde with hydrophobic substituents, which leads to 

insoluble dipyromethane in this medium, does not allow further condensation. So in 

these cases, this procedure is inapplicable. 

ABC and cis A2B corrole synthesis: Asymmetrically substituted Porphyrins are 

formed by a number of a stepwise condensation reaction between 

dipyrromethanedicarbinol derivatives with pyrrole40 or reaction with 2,2-

bipyrrole.41Now-a-days, these methods have no practical importance for the synthesis  

of A3 and trans A2B-corrole as several suitable synthetic protocols have emerged in 

the literature. But for the synthesis of ABC and cis-A2B corrole, these procedures are 

still incontrovertible. Gryko and Koszarna synthesized ABC corrole by acid catalyzed 

condensation reaction between a dipyrromethanedicarbinol precursors with pyrrole  
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followed by oxidation with DDQ, resulting in the formation of ABC-corrole in a good 

yield. But this synthetic route is very uncommon as this type of substitution pattern has 
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less necessity. Besides that, this type of synthesis involves several steps, so these are 

economically not viable. 

             A few years ago, Osuka et al. synthesized cis-A2B corrole 46 (Scheme 1.15) 

through acid catalyzed (2+2) condensation of 5-(pentafluorophenyl) dipyrromethane-1-

carbinol with dipyrromethanes, the 5th -position substituted by an aryl group.42                                                                                        

 

Core modified corroles and their synthesis: Introduction of a heteroatom in corrole 

leads to a class of corrinoids (Figure 1.7). These core modifications involve either 

replacement of one or two core nitrogen atoms by oxygen, sulphur or carbon atoms or 

by replacement of one meso-carbon (10-position) by NH, NR or chalcogen atoms leads 

to the formation of heterocorroles.43-45 

 Following are some example of heterocorrole framework: 

Synthetic scheme for some of the heterocorrole:  

β substituted 10-aza corrole: Johnson, Kay and Rodrigo synthesized first β-substituted 

palladium corroles 55 where one of the meso carbon is substituted by nitrogen atom 

starting from a metallated dibromo-5,5ʹ-bi(dipyrromethene) 54. But they cannot isolate 

the free base corrole by demetallating the metal complex.46  
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21-Oxacorroles: The first convenient synthetic protocol of 21-oxacorroles containing a 

direct bond between furan and pyrrole has developed by Lee and co-worker (Scheme 

1.17). The first step of the reaction is an acylation reaction, where p-tolyl-(furan-2-yl)-

(pyrrol-2-yl) methane 56 with Grignard reagent ethyl magnesium bromide in THF, and 

after that addition of p-toluoyl chloride produced the pyrrole acylated 57 with good 

yield. The reduction of this compound leads to corresponding alcohol 58 excess of 
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NaBH4. .After that acid catalyzed (2+2) condensation of this alcohol 58 with meso-aryl 

dipyromethane results in the formation of the oxacorrole 60 with 9% yield.47-48  

 

22-Oxacorrole: Chandrashekar and co-workers49 first reported 22-oxacorrole as a side 

product in the course of their expanded porphyrin synthesis. It is an oxidative coupling 

reaction between 16-oxatripyrrane and meso aryl dipyromethane in the presence of 

TFA. Further oxidation by chloranil leads to oxaasmaragdyrin as a major product 

accompanying with 22 oxacorrole 62 with the yield of 3-4% (Scheme 1.18).  

 Meso substituted 21, 23 dioxocorrole: Latos-Gra˙zynski and co-workers50 first 

proposed a synthetic route for the preparation of meso substituted 21, 23-dioxacorrole 

63, which involves acid catalyzed condensation of one mole of 2,5-bis(p-

tolylhydroxymethyl)furan and phenylhydroxymethylfuran with two moles of pyrrole  
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in dichloromethane medium followed by oxidation with p-chloranil leads to the 

formation of corresponding dioxacorrole 63 with the yield of 8% (Scheme 1.19). 

 

N-confused and neo-confused corroles: The N-confused 65 and neo corroles 66 

syntheses were reported by Furuta and co-workers51 (Scheme 1.20) which involve two 

steps reaction. Initially, condensation of N-confused dipyrromethane monocarbinol 

with dipyrromethane in the presence of trifluoroacetic acid to give 1-aza-21-carbabilane 

64 and then Subsequent oxidation of bilane derivative with DDQ produced NCC4-C6F5 

in 18% yield along with the formation of NCC5-C6F5 in less than 1% yield. 
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Metallocorrole and its different coordination mode: 

The inner core of corrole contains three NH protons which are sufficiently acidic in 

nature due to steric reasons. They are very susceptible to deprotonation and easily 

coordinated to metal ions (Scheme 1.21). The metallocorroles chemistry has explored in 

the last two decays, although the free base corrole has invented long back ago. The 

chemistry of metallocorroles has started to grow up after the invention of a suitable 

synthetic procedure of corrole. Due to the presence of three NH protons, it behaves as 

trianionic chelating ligand and also possesses high charge density hence stabilized 

higher oxidation states of metal ions. Nowadays corroles and mettalocorroles are a hot 

topic of research due to diverse applications in various field. Metalation of corrole can 

be classified in two ways i) macrocyclization of tetra pyrrolic unit where metal ion acts 

as a template and ii) ) by incorporating a suitable metal into the inner corrole cavity.
3

 In 
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this section, the different methods for insertion of metal into the corrole cavity and their 

structure with varying modes of coordination will be discussed. 

 

The coordination modes of metallocorroles are not fixed. Its common coordination 

number varies from four to six. Few transition metals and some main group metals for 

example Cu(III), Ag(III), Au(III), Bi(III), Sb(III) etc, when are chelated with corroles, 

gives a square planer geometry 68 with coordination number four.52-55 This 

coordination mode also observed for corrole complexes of Co(III), Mn(III) without 

axial ligand and also Ru(III) where it is connected with another Ru centre by a triple 

bond.21,56-57 Another common coordination modes of metal-binding corrole is Penta-

coordinated complex with square pyramidal geometry around the metal ions 69 

(Scheme 1.18)and it gives rise to a domed configuration as the central metal ion is 

axially displaced from N4 plane. Such type of structural arrangement is shown for 

complexes of Mn, Fe, Cr, Mo, Rh, or P containing neutral, as well as anionic axial 
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ligands, for example, pyridine, halides, triphenylphosphine, phenyl, methyl and also, 

exist as oxo, nitride and nitrosyl complexes.58-60 hexa-coordinated complexes of 

corroles 70 are also well known such type of geometry is observed for the complexes of 

Co(III), Al(III), Ga(III) and Rh(III) complexes where the axial position is coordinated 

by pyridine.61-64The corroles generally acts as trianionic and tetradentate ligands in its 

common metal complexes such as previously discussed cases. But in oxovanadium(IV) 

and oxotitanium (IV), complexes of corroles show  tridentate and dianionic nature.65 

Compare to porphyrin metals coordinate with corroles ring is not so much enriched. 

The synthesis of new metallocorroles still remains a challenge for researchers. This 

contracted porphyrin analogue and its metalated derivatives are a field of increasing 

interest due to their peculiar and unique features. Till 2012, no reports were observed 

for the corrole complexes with alkali metals, early transition metals, lanthanides and 

actinide series66. Recently several metals among these have been inserted in the corrole 

cavity, such as Si, Ta, Ce, Tc, Lu66-67 and the only alkali metal Li.68  

Functionalization of corrole: The corrole core is more sensitive than porphyrin. 

Especially unusual high acidity of inner hydrogen makes its chemistry so much diverse. 

The meso positions are also very much reactive and susceptible to oxidation. The 

functionalization of corrole involves (a) β-pyrrolic positions (b) meso positions (c) N-

pyrrolic positions. Both free base corrole and its metal complex undergo 

functionalization. Sometimes at the time of peripheral functionalization, it is essential to 

prevent inner core reaction generally by doing metalation69 which also changes the 

reactivity of corrole. 

Inner core functionalization: The N-alkylation of β-substituted corroles was reported 

at the time of corrole invention by Johnson and Key.21 Mixture of two isomeric N-
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methylated corroles 72 and 73 (Scheme 1.22) were formed on addition of iodomethane 

to free base corrole in acetone and the solution was refluxed with anhydrous potassium 

carbonate. Further reaction of these two methylated corroles that is N-21 and N-22 

corrole with iodomethane in a sealed tube and 100 ᵒC temperature produced N-21,N-22 

dimethyl isomer 74. In the case of N-21 derivative, the yield is slightly greater. The 

same diethyl corrole was also formed under the same reaction conditions with good 

yield along with starting β-octaalkylcorrole. This synthetic route also extended for an 

alkylating agent for synthesizing N-substituted corrole derivative.70-71 

Gross et al. established the chirality of these N-alkylated corroles, although they 

exist as a racemic mixture during synthesis, which can be easily separated HPLC using 

a chiral column. They also reported different N-21 and N-22 isomers containing benzyl 

and picolyl substitutions having good yield, and in all these cases, separation was 

simple. They have synthesized Zn complex of N-21-picolylcorrole containing axially 

coordinated pyridine ligand which was reversibly removed after purification leads to 

formation of a compound where N-picolyl intramolecularly coordinated to the zinc 

center.71-72 Besides N-substitution, unusual reactivity of the inner nitrogen atoms also 

reported during attempting carboxylation using phosgene. Instead of peripheral 

carboxylation N-acylated product 77 and N-21, N-22 urea derivative 78 (Scheme 1.23) 

were formed depending on reaction conditions.72-73 

Peripheral functionalization: The peripheral functionalization of corroles mainly 

involve substitution on β-positions and meso positions. Generally, selective substitution 

at two or three positions occurs at first. This variation in reactivity of carbon atoms in 

macrocyclic famwork is due to the different electronic environment.   
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Halogenation: Halogenation of corroles mainly involve the β-positions, but meso halo 

corroles are also reported. Different procedure for bromination, chlorination and 

iodinations is developed, but there is no suitable protocol for fluorination. So, fluoro 

derivative of corrole cannot be done by fluorination rather, it was synthesized 

condensations of aldehyde and pyrrole containing a fluorine atom.74 Maes and 

coworkers first incorporate chlorine atoms at all β- positions of copper corrole 

containing meso-pyrimidinyl substituent to octachlorinated derivative 80 (Scheme 1.24) 

where they have used N-chlorosuccinimide as a chlorinating agent.75-76.  Further 

demetallation of copper complex leads to corresponding corrole derivative 81. 

 

Formylation: Paolesse, Smith, and coworkers76 first reported peripheral 

functionalization by doing Vilsmeier−Haack formylation of corroles (Scheme 1.25) in  

the year  1997. They found instead of the introduction of the formyl group at 5 or 15 
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positions, 10-dimethylaminomethene derivative 83 was formed with the addition of 

Vilsmeier reagent in free base corrole. This derivative was further refluxed with Cobalt 

acetate and PPh3 in methanol medium to produced corresponding meso formyl cobalt 

corrole complexes 84. 

Nitration: Various methods were flourished for insertion of nitro groups at β-pyrrolic 

positions. One of the suitable reagent used for this purpose by Gross and co-worker was  

NaNO2 in the presence of tris(4-bromophenyl)- aminium hexachloroantimonate to 

Ga(III) corrole (Scheme 1.26) containing nitro group at β-positions.77  
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The no. of nitro group inserted depends on the concentration of oxidant. They observed 

mononitrated corrole 86 with 84% yield and di nitrated product 87 with 9% yield was 

formed with complete disappearance of starting material when 75 mol% of oxidant and 

excess of NaNO2 were used.  

 

Carboxylation: Giribabu and co-workers reported an efficient conversion of formyl 

group of 3-formyl-5,10,15-triaryl corroles to carboxylic acid 90 (Scheme 1.27) group 

using hydroxylamine hydrochloride and phthalic anhydride78. Later they showed this 
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protocol is also applicable for porphyrin and various triaryl substituted corroles 

containing electron releasing group at phenyl ring. 

  

Sulfonation/Chlorosulfonation: Gross and co-workers first reported a straightforward 

and almost quantitative procedure for introduction of the chlorosulfonic acid group to 

H3TPFC using chlorosulfonic acid to form 2,17-bis-chlorosulfonatocorrole 92 (Scheme 

1.28).79-80 The treatment of piperidine to the reaction mixture leading to corresponding 

bis(sulphonamide) 2,17-bis-sulfonic acid corrole 93 was formed by only water addition 

to 2, 17-bis-chlorosulfonatocorrole.  

Corrole and Metallocorrole based application: Compare with porphyrin, the corrole 

chemistry was not so much explored since 1999 due to the lack of suitable synthetic 

protocols for corroles and their metal derivative. After the discovery of facile synthetic 

methodology for corrole and its metal complexes different research group has used 

them for other fields of science such as sensing of gaseous molecules, different 

catalysis reactions and also in the field of medical science. The unique photophysical 

properties, the ability for stabilization of higher Oxidation state of metal and high 

acidity for inner NH makes corrole chemistry so widely applicable. Some of the 

application have been discussed in this section.81-82 



64 

 

   

A catalyst in oxidation reaction: The hydroxylation reaction of ethylbenzene by 

iodosylbenzene to produce corresponding alcohol and ketone is catalyzed by iron 

corrole Fe(tpfc)Cl 95 (Figure 1.8) first reported in the year 199983. But the catalytic 

activity of the analogous porphyrin [Fe(tpfp)Cl derivative is much greater and also 

yield in this reaction. After that, this hydroxylation reaction was further studied using 

manganese corrole 96 as a catalyst and convert cyclohexene to corresponding products 

showing its superiority over the former iron complex 95 in terms of yield of product, 

turnover frequency and also stability after the reaction84-85. But the selectivity of the 

reaction is significantly less. Later, Lubeznova et al. reported antimony corroles 97 

exposed as an excellent catalyst to promote aerobic oxidation reaction. This photo-

assisted reaction also has high selectivity86.  

 Metalocorroles also exhibit remarkable catalytic properties in the decomposition 

reaction of reactive oxygen species (ROS), hydrogen peroxide and peroxynitrite86-88 
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and reactive nitrogen species (RNS). In different biological processes, these species are 

generated, but a high accumulation of these species leads to oxidation and nitration of 

biomolecules resulting in nitrooxidative stress. 

 

Now a day these species are identified as a cause of several diseases and 

disorders related to the cardiovascular and central nervous system, for example, 

Parkinson΄s diseases, Alzheimer΄s diseases Huntington diseases etc. Peroxynitrite being 

both reactive oxygen and nitrogen species is very much damaged in a biological system. 

There is no enzyme available in the body system to prevent the decomposition of its 

protonated form to corresponding radical, which are very dangerous90-92. 

 

Motivating by earlier outcome regarding the catalytic decomposition of H2O2 by 

metalocorroles, later Fe (III) corrole and Mn(III) corrole are also reported as a  catalyst 

for decomposition peroxynitrite, which is both ROS and RNS88. 

 

The catalytic activities of both the metallocorroles are remarkable for the detoxification 

reaction of peroxynitrates. The way they work was found to be different. In the case of 
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iron(III) corrole catalytic decomposition occurs through isomerization reaction 

producing nitrate, While the catalytic activity of Mn complex shows novelty and 

reaction proceeds through disproportionation pathway (Scheme 1.26), which is also 

confirmed by product quantification (NO2 and O2). Mn (III) corrole 99 (Figure 1.9) 

with para-pyridinium meso substitution reveal similar catalytic property with tenfold 

increase activity for the decomposition of peroxynitrite93. 

Meier-Callahan et al. reported oxidation of Cr (III) complex 100 in the presence 

of air to corresponding oxo-chromium (V) complex94. This aerial dioxygen activation 

by Cr(III) corrole motivated Mahammed et al. to use it as a catalyst for the aerial 

oxidation reaction of organic molecules. For example (oxo)Cr(V) corrole oxidizes 

triphenylphosphine to the corresponding oxide, and itself converted to Mn(III) 

corrole95(Scheme 1.29). 

 

Group Transfer Catalysis: Cyclopropanation of styrene by ethyl diazoacetate was 

catalyzed by iron corroles 103 and rhodium corroles 104 and 105 (Figure1.10). This 

was the first observation where the corrole metal complex acts as a superior catalyst 

compare to the corresponding metalloporphyrin analogue96. 
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Use of corroles and metallocorroles as a sensor: The peculiar property of corrole to 

stabilize the higher oxidation state of the metal is responsible for its use in sensing 

purpose. Co (III) corroles (Figure 1.11) can bind with CO97-99, but its porphyrin 

analogue unable to bind with CO. So corroles complex acts as a sensor for the detection 

of carbon monoxide. CO detection is very crucial and beneficial for industry and 

domestic purposes. There are several detectors available commercially for this purpose. 

Still, there is some limitation of each of them such as electrochemical cell technology 

has highly CO sensitive detector but it has low life. It was also observed that cobalt (III) 

corroles exhibiting high selectivity and efficiency to bind with CO versus O2 and N2
97. 

By studying the absorption property of all cobalt -corrole complex, it was concluded 

that CO affinity is directly related to Lewis acidity of cobalt complex, and with 

increasing electron density on cobalt atom it Lewis acidity decreases consequently, 

affinity towards CO decreases (Figure1.11). Thus cobalt (III) complex containing 

electron-donating group at β-position 106 are not able to bind with CO, and maximum 

affinity is observed for those cobalt (III) complex possessing electron-withdrawing 

group 108 at corrole periphery.100  
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Application of corrole in the medicinal field: In the previous section, peroxynitrite 

decomposition was discussed, which was mediated by metallocorroles to avoid its toxic 
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effect in the biological system88.The excess peroxynitrite leads to atherosclerosis which 

is a vascular disease caused by an excess of cholesterol in arteries. If it is not treated 

heart attack may also occur. Lipoprotein in the body system is harmful and responsible 

for oxidative damage from the earlier finding of decomposition power of iron and 

manganese corrole researcher concluded that these metallated corroles might be 

adequate to prevent this type of oxidation reactions101.  

For the application of corroles and matalocorroles for medicinal purpose, their water 

solubility and amphiphilic nature play a vital role. For this purpose, C-alkylation by 

pyridine and N-alkylation of that product brought about the first water-soluble 

corrole102109 (Figure 1.12). In vivo investigation report reveals that the corrole 

complex 109 was more effective for preventing endothelial cell proliferation, tumour 

progression compares to different porphyrin derivative103. Introducing sulfonate groups 

on corrole also makes it highly water-soluble, and presence of polar group on the 

peripheral position of corrole and metallocorroles were shown to bind strongly to serum 

albumins which could be either favourable or unfavourable for its medicinal 

applications. Sulfonated Ga(III) corrole having intense red fluorescent which can 

congregate with protein in blood cell human serum albumin which can be easily 

visualize104-105.  This assembles is efficiently use for therapeutic purpose, has reported. 

Corrole itself cannot penetrate the cell membranes but in situ protein assemblies can 

able to introduce easily in cell and accumulated in the cytoplasm specifically bind to the 

receptor-specific cell and was confirmed by inhibition studies.  
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Dye sensitized solar cell: Renewable energies have the prospective to reduced 

dependence on expensive fossil fuel and increased economic stability which motivate 

the researchers to the development of renewable energy resources. Dye sensitized solar 

cells are the most promising, economically friendly alternatives for converting solar 

energy to electrical energy. Sensitizers play a vital role in the accumulation of solar 

energy in the cell. Generally, ruthenium bipyridine and different porphyrinoides are 

used in the above-mentioned purpose106-107. Of them, later is more interesting because 

their photophysical properties can be changed by suitable substituents at meso positions 

or β-positions, even changing central metal atom. As the corrole frontier orbitals have 

higher energy than the corresponding porphyrin analogue108 so, they are widely used as 

a sensitizer in DSSC. Bissulfonated trispentafluorophenyl corrole and its Ga and Sn 

metal complexes were chosen for this purpose109. It was founded that all these 

complexes were bonded to mesoporous material TiO2, but the efficiency of the Sn 

complex was much less whether free base corrole and its Gallium complex have 

comparable efficiency. The lower efficiency of the Sn complex is due to the disability 
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of the excited state to inject electrons into the TiO2 film. The different measurement 

showed that suitably substituted corroles were superior as a sensitizer compares with 

other tetrapyrrolic derivatives. Even cell efficiencies can increase up to half as that of 

popularly used ruthenium-based sensitizer.  

 

Objective of present Thesis: There are many more examples of different 

functionalized porphyrin derivatives, including peripheral and inner core modifications. 

Although peripheral substituted corroles are common, N-substituted corroles are very 

rarely reported. The present thesis describes new synthetic methodologies for the 

synthesis of such N-substituted corrole derivatives. Further complete characterization of 

these derivatives is done using different spectroscopic techniques, including single-

crystal X-ray diffractions. The present thesis consists of four chapters. 

In chapter 1, different modifications of porphyrinoids are discussed. Among them, one 

of the most contributed contracted porphyrin analogue, corrole discovery and other 

synthetic protocols for corrole preparation and their modifications are described. Later 

different coordination modes of metallocorroles, corroles and metallocorroles based 
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applications in the multidisciplinary area has been concisely reviewed. Besides 

functionalization of corroles are also outlined. 

Chapter 2 deals with the development of an efficient, high yielding, single step and 

relatively greener methodology for facile synthesis of N21, N22 –carbamide corroles 

derivative. Under the optimized reaction conditions, the free base corroles upon 

treatment with ammonium carbonate at 110°C in a 3:5 dichloromethane and pyridine 

mixture and in stirring for 3 hours resulted in the formation of corresponding N21, N22-

carbamide- corroles in good yields. The generalisation of new protocol and 

characterisation of the carbamide derivatives both experimentally and theoretically have 

been done. Keeping in mind extensive literature on functionalized ureas and their potent 

pharmaceutical applications, we have chosen this project. 

Chapter 3 describes the synthesis of a new N, N/ −bridged corrole derivative by 

condensing diiodomethane and 5,10,15-tris(pentafluorophenyl)corrole in the presence 

of pyridine. The characterization of newly synthesized macrocycle has done by 

different physicochemical techniques, e.g.,  NMR (1H, 19F, 13C), ESI Mass, and single-

crystal X-ray structural analysis. The modified protocol gives an overall isolated yield 

of about 80% where as the previously reported synthetic procedure by  Johnson et al., 

reported 8% yield for the synthesis of 21, 22-methyleneoctaethylporphyrin. Not only 

drastic increased in yield but also reduction of reaction time and economic viability are 

observed in this work. 

Chapter 4 deals with the synthesis of a new platinum(II) porphyrin and its 

characterization. X-ray study reveals a characteristic C-H...Pt interactions with 

neighbouring PtTANP molecule leading to dimeric structure in solid-state. Cyclic 

voltammetric and differential pulse voltammetric measurement shows one reversible 
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oxidation couple at +1.10 V (Ep = 80 mV) and one reversible reduction couple at -

1.47 V (Ep = 80 mV) versus Ag/AgCl. We have demonstrated that PtTANP behaves 

as a light-harvesting antenna due to the presence of acenaphthene chromophores in the 

Pt (II) porphyrin. In deaerated solution at 298 K, a strong phosphorescence is observed 

with a maximum at 660 nm, emission quantum yield of 35% and a lifetime of 75 µs but 

a very weak phosphorescence (em = 0.22%) with a much shorter lifetime ( = 910 ns) 

is observed in air-equilibrated solution. The quenching by oxygen results in singlet 

oxygen production with a very high quantum yield of 88%, indicating its potential 

applications in the field of photodynamic therapy as well as oxygen sensors. 
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2.1 Introduction: 

In the earlier chapter,  a discussion on some of the important synthesis of 

differently substituted corrole, different coordination modes of metallocorroles, their 

application in various fields of science and functionalization of corrole, which includes 

inner core as well as peripheral functionalization, were outlined in a concise manner. 

One of the novel synthetic protocol for inner core functionalization to form urea corrole 

derivative has been discussed in detail in this present chapter. Urea, the wonder 

molecule, is considered as a bridge between chemistry and biology and is the 

foundation stone of modern organic chemistry1-5. The carbonyl functional group in urea 

has earned its reputation for inertness, and thus, it has not yet been fully investigated. 

The urea functional group has been regularly exploited in several areas, including 

supramolecular chemistry, 6 roles in foldamer structures, 7 in organo-catalysis,8 as ion 

transporters,9amination reactions,10 and various rearrangement reactions 11 etc. The 

various urea derivatives have extensive applications in medicinal chemistry. For 

example, as anti-atherosclerotic (remove hardening of arteries), 12 antibiotics, 13 

hypoglycaemic, 14 antitumour activities, 15 sedatives, 16 anticonvulsants, 17 and as HIV-1 

protease inhibitor. 18In the literature on functionalized ureas, a series of aliphatic, 19 

aromatic, 20 alicyclic, 21 and heterocyclic analogues 22 of differently substituted ureas 

have been synthesized, and their properties have been thoroughly screened for various 

applications.But surprisingly, there is only a single protocol exist in the literature that 

deals with the synthesis of N21,N22-carbamide-corrole derivatives. 23 Among the various 

porphyrinoids, we have chosen corrole (a contracted porphyrin analogue) here for 

several reasons, including its extensive applications in many areas. 24-48 N-substituted 
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corroles were first reported by Johnson and Kay in 1965 49 followed by Gross et al. in 

1999.50 N21, N22-carbamide-corrole derivatives were first reported by Gross et al. (Path 

A in Scheme 2.1). 23 They performed the synthesis of N21, N22-carbamide-

tris(pentafluorophenyl)-corrole in excellent yields by using phosgene(carbonyl 

chloride) 23 (Scheme 2.1). However, it is important to keep in mind that the 

carbonylation agent for this reaction is phosgene. Phosgene is an extremely toxic, 

poisonous and corrosive gas and needs special technique to handle it. They have further 

demonstrated the use of a rhodium (I) complex of this chiral carbamide corrole ligand 

system in asymmetric cyclopropanation reaction. 51In the following, we present a new 

synthetic protocol for the facile synthesis of a series of N21,N22-carbamide-corrole 

derivatives.  
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2.2 Results and Discussion: 

2.2.1 Generalization of synthetic procedure: In order to generalize the newly 

designed reaction protocol, we have explored a series of differently substituted corrole 

ligand functionalities bearing both electron releasing and electron withdrawing 

functional groups at the corrole periphery (Figure 2.1and 2.2). 
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 All of these newly synthesized N21, N22-carbamide-corrole compounds have 

been thoroughly characterized by various spectroscopic techniques, including single 

crystal X-ray structural analysis of the representative derivatives (Fig. 2.3- Fig. 2.32). 

The rich and extensive application of substituted urea derivatives certainly points that 

the discovery of a new methodology can open up an entirely new avenue with broad 

applications.  
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While reacting vanadyl acetylacetonate with FB corroles, surprisingly, we have 

isolated a new compound ‘N21,N22-carbamide-corrole’ in 1-2% yield. There is a distinct 

possibility that vanadyl acetylacetonate probably releases a small amount of CO2 gas at 

a higher temperature.52 On the basis of these observations, we envisioned the role of 

CO2. Under the optimized reaction conditions, the free base corroles upon treatment 

with ammonium carbonate at 110°C in a 3:5 dichloromethane and pyridine mixture and 

in stirring for 3 hours resulted in the formation of corresponding N21,N22-carbamide- 

corroles in good yields (Table 2.1).  In order to understand the scope and applicability 

of this newly designed reaction, a variety of different reaction conditions were 

scrutinized. The solvent effects were investigated with a series of polar solvents such as 

CHCl3, CH3CN, CH3OH, and THF. We observed that N21,N22-carbamide-corrole were 

formed in negligible amount (yields < 5%) in CHCl3 solvent only. Thus the reaction is 

highly solvent specific, e.g., no N21,N22-carbamide-corrole products were observed in 

other solvents like CH3CN, CH3OH, and THF. In order to understand the mechanism of 

this reaction, we have screened the effect of pyridine in this reaction. The reaction does 

not occur at all in the absence of pyridine.  While changing the base from pyridine to 

triethylamine, the reaction also fails. 

 

 

 

 

 

 

 

This methodology was applicable to a large variety of free base corroles, and the 

resultant N21, N22-carbamide-corrole are always obtained in considerable yields. The 
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formation of N21,N22-carbamide-corrole derivatives can be easily monitored by TLC, 

Microanalysis, UV-vis, FT-IR, and NMR or by ESI-MS techniques (see ESI†). In order 

to understand the substrate specificity of this newly designed reaction, we have tested a 

wide range of meso-substituted corrole rings (Figure 2.1- Figure 2.2). 

To our delight, we have observed that the reaction is equally successful for both the 

electron releasing and electron withdrawing meso-aryl substituents. The reaction 

tolerated most of the reactive functional groups, including cyanide, nitro, halogen 

substituents etc. We have used ammonium carbonate salt here in large excess and also 

heated it to a temperature of ~110°C, thus it induces a facile release of CO2 gas. 

Reactions with various carbonates/bicarbonates, for example, NH4HCO3 and NaHCO3 

were also equally efficient. However, purging of CO2 gas, instead of using 

carbonates/bicarbonates salts cannot initiate the desired conversions. Probably the 

insolubility of CO2 gas in the desired solvent system hindered the reaction. 

        Table 2.1. Isolated yield of product: 

 

 

Compound 
Reactant Product Yield (%) 

1 1A 1B 58 

2 2A 2B 62 

3 3A 3B 65 

4 4A 4B 55 

5 5A 5B 70 

6 6A 6B 60 

7 7A 7B 60 
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Thus we believe that the HCO3
−/ H2CO3 (a soluble version of CO2 gas) is 

responsible for the desired conversions. Pyridine was used here for dual purposes, it can 

be considered as a solvent (boiling point: 116°C) and also as a weak base for the 

desired reactions to occur. Based on all these observations, we have also proposed a 

mechanism for this newly designed reaction (scheme 2.3). 
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2.3 Spectral characterization: 

2.3.2 NMR Spectra: 

 The 1H NMR spectrum of 1B-7B exhibits sharp peaks in accordance with 

aromatic protons in the region , ~ 9.77.6 ppm. It was also observed that the peaks are 

de-shielded by ~ 0.7 ppm in the carbamide-corrole derivatives (1B-7B) corresponding 

to their FB corrole counterparts (1A-7A). The 1H and 13C NMR spectra of the 

carbamide-corrole derivatives (1B-7B) are given below. (Fig. 2.3-Fig. 2.11) 
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2.3.3 IR Spectroscopy: 

The FTIR spectra of 1B-7B as KBr pellets showed peaks at 1720-1740 cm-1due 

to C=O group stretching ( Fig. 2.12-Fig. 2.14). 
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2.3.4 UV-Vis and Emission Spectroscopy: 

The absorption and emission spectrum of 1B−7B in toluene is quite similar in shape 

across the series but are significantly different to that of the starting corrole derivatives 

(1A−7A) (Table 2.2 and Fig. 2.15-2.20). In contrast to starting corrole derivatives 

(1A−7A), four Q bands were observed in toluene, probably as a result of the carbamide-

corrole structure, and the same holds for the blue shift of the Soret and Q bands (Fig. 

2.15-2.17). 

These molecules emitted differently than the starting corroles and gave a 

relatively high quantum yield of fluorescence in the solution (Fig. 2.18-2.20). For 

example, the quantum yield of 3B in CH2Cl2 is 0.22.   
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Table 2.2 UV-Vis. data a, b 

 

Compound  

(atoluene, 

bDCM) 

 max / nm ( / M1cm1)        

                                                  

 

1B a 407 (131,000), 425sh (80000), 508 (9800), 540 (17500), 566 

(9500), 615 (10000) 

2B a 416 (145,000), 508 (12000), 545 (23000), 576 (12500), 622 

(14000) 

3B a 417 (93,000), 512 (3500), 545 (10500), 576 (3600), 622 

(5500) 

4B a 413 (93,000), 429sh (49,000), 509 (4000), 544 (9000), 571 

(4500), 619 (5000) 

5B a 415 (90,000), 509 (3100), 543 (8500), 572 (2500), 620 (2600) 

6B a 405 (142,000), 420sh (103,000), 501 (9900), 536 (19000), 564 

(7600), 613 (8400) 

7B b 432 (68,000), 515 (7600), 550 (11000), 578 (7000), 627 

(7500) 
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2.3.1 Mass Spectroscopy 

 The electrospray mass spectrum in methanol showed peaks centred at m/z = 553.20 

correspond to [1B+H]+ (552.20 calcd for C38H24N4O) (Fig. 2.21). 

The electrospray mass spectrum in methanol showed peaks centered at m/z = 693.23 

correspond to [2B+H] + (692.22 calcd for C46H28N6O3) (Fig. 2.22). 
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The electrospray mass spectrum in methanol showed peaks centered at m/z = 713.23 

correspond to [3B+H] + (712.22 calcd for C46H28N6O3) (Fig. 2.22). 

The electrospray mass spectrum in methanol showed peaks centered at m/z = 871.37 

correspond to [4B+H] + (870.32 calcd for C59H42N4O4) (Fig. 2.23). 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

The electrospray mass spectrum in methanol showed peaks centered at m/z = 628.58 

correspond to [5B+H] + (627.18 calcd for C41H21N7O) (Fig. 2.24). 

The electrospray mass spectrum in methanol showed peaks centered at m/z = 844.90 

correspond to [6B+H] + (843.89 calcd for C38H18Br3F3N4O) (Fig. 2.25). 

The electrospray mass spectrum in methanol showed peaks centred at m/z = 688.55 

correspond to [7B+H] + (687.15 calcd for C38H21N7O7) (Fig. 2.26). 

 

 



107 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



108 

 

           

 

 

 

 

 

 

 

 

 

 

 

2.3.5. Crystal Structure 

The crystal structures of 3B, 5B and 7B are shown in Fig. 2.28, Fig. 2.29 and 

Fig.2.30 respectively. One of the representative structure (7B) will be discussed in 

details.  
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The crystal system is monoclinic and the unit cell has four 7B molecules. Important 

crystallographic parameters for these three derivatives are presented in Table 2.3. Bond 

distances and angles of 3B, 5B and 7B are in self agreement along the series. 
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Table 2.3: Crystallographic Data for 3B, 5B and 7B 

Compound codes 3B 5B 7B 

Molecular formula C46H28N6O3 C41H21N7O C38H21N7O7 

F.W. 712.74 627.65 687.62 

Radiation MoK MoK Mo Kα  

Crystal symmetry Triclinic Triclinic Monoclinic  

Space group P-1 P-1 P21/c  

a(Å) 7.2077 (11)  7.7014 (5)  16.1335 (8)  

b(Å) 17.214 (3)  15.7670 (9)  16.7689 (8)  

c(Å) 18.628 (3)  17.5273 (10)  13.7048 (6)  

α(deg) 116.909 (8)  115.061 (4)  90 

(deg) 91.456 (9)  98.474 (4)  

111.276 (2)  

γ(deg) 101.060 (9)  93.397 (4) 90 

V(Å3) 2006.0 (6)  1889.2 (2)  3455.0 (3)  

Z 2 2 4 

 (mm1) 0.08 0.07 

0.09 

T(K) 296 296 296 

Dcalcd (g cm3) 1.180 1.103 1.322 

2 range (deg) 4.45 to 50.83 4.74 to 51.69 3.64  to 52.18 

e data (Rint) 7371 ( 0.087) 7236 (0.071) 6826 (0.093) 

R1 (I2(I)) 0.070 0.085 

0.064 

WR2 (all data) 0.176 0.268 0.183 
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2.4. Spin Density Calculations: 

We performed DFT geometry optimization and frequency calculations at B97-

d/6-31G* level. The DFT calculated bond distances and angles match nicely with those 

values obtained from XRD (Table 2.4 for 7B). In 7B carbon atom of the C=O group 

deviates from the mean N4 corrole planes by a distance of 0.648 Å (DFT: 0.652 Å) and 

gives rise to a domed conformation. Pyrrole ring nitrogen atoms deviate from the 19-

carbon atom mean corrole plane by distances ranging from 0.229 ─ (−0.226) Å in 7B. 

The dihedral angles between the planes of meso-substituted phenyl rings and the 19-

atom corrole carbon plane are 49.15─61.18°. The C=O bond distance of 7B is 1.210 Å 

(DFT: 1.208 Å). It is worthwhile to mention here that the similar distance in urea is 

1.26 Å.  

 

 

GOF 0.99 0.98 0.96 

Δρmax, Δρmin (e Å−3) 0.76, −0.32 0.89, −0.49 0.48, −0.31 
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The two C−N (for N (3)-C (38) and N (4)-C (38)) bond distances of 7B are 1.404 Å 

(DFT: 1.406 Å) and 1.433 Å (DFT: 1.415 Å) and the N-C-N bond angle is 110.04° 

(DFT: 110.48°).  

Table 2.4: Selected X-ray and DFT calculated (B97-D/6-31G*) bond distances (Å) 

and angles (deg) for 7B. 

 

Number denotes atoms 

R= distance 

A= Angles 

7B 

(X-ray) 

7B 

B97-D/6-31G* 

R(1-35) 1.211 1.213 

R(2-9) 1.377 1.378 

R(2-10) 1.357 1.371 

R(3-17) 1.371 1.368 

R(3-29) 1.357 1.348 

R(4-20) 1.384 1.412 

R(4-23) 1.396 1.411 

R(4-35) 1.404 1.426 

R(5-13) 1.409 1.424 

R(5-28) 1.407 1.421 

R(5-35) 1.433 1.417 

R(6-7) 1.209 1.238 

R(6-8) 1.227 1.238 

R(6-33) 1.483 1.484 

R(9-16) 1.411 1.433 
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R(9-25) 1.429 1.439 

R(10-15) 1.411 1.424 

R(10-24) 1.42 1.447 

R(11-12) 1.214 1.238 

R(11-18) 1.214 1.238 

R(11-38) 1.469 1.484 

R(13-15) 1.402 1.424 

R(13-45) 1.418 1.435 

R(14-15) 1.5 1.498 

R(14-27) 1.378 1.413 

R(14-43) 1.392 1.413 

R(16-17) 1.409 1.424 

R(16-21) 1.469 1.482 

R(17-32) 1.449 1.465 

R(19-36) 1.22 1.238 

R(19-39) 1.473 1.486 

R(19-44) 1.212 1.238 

R(20-29) 1.425 1.424 

R(20-41) 1.395 1.414 

R(21-22) 1.388 1.416 

R(21-42) 1.386 1.416 

R(22-30) 1.372 1.397 
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R(23-31) 1.408 1.415 

R(23-37) 1.386 1.419 

R(24-25) 1.348 1.386 

R(26-31) 1.498 1.48 

R(26-46) 1.371 1.416 

R(26-51) 1.368 1.416 

R(27-48) 1.394 1.398 

R(28-31) 1.396 1.41 

R(28-49) 1.387 1.42 

R(29-40) 1.424 1.458 

R(30-38) 1.371 1.402 

R(32-40) 1.346 1.379 

R(33-34) 1.364 1.402 

R(33-47) 1.362 1.402 

R(34-51) 1.385 1.397 

R(37-41) 1.38 1.401 

R(38-50) 1.366 1.402 

R(39-48) 1.371 1.401 

R(39-52) 1.381 1.402 

R(42-50) 1.382 1.397 

R(43-52) 1.363 1.398 

R(45-49) 1.366 1.385 
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R(46-47) 1.393 1.397 

A(1-35-4) 127.6 126.1 

A(1-35-5) 122.4 124.3 

A(9-2-10) 111.9 112.1 

A(2-9-16) 121.9 121.2 

A(2-9-25) 105.3 106.1 

A(2-10-15) 126.6 126.7 

A(2-10-24) 105.2 105.5 

A(17-3-29) 108.3 108 

A(3-17-16) 119.7 120.3 

A(3-17-32) 107.6 108.9 

A(3-29-20) 116.7 117.5 

A(3-29-40) 109 110.3 

A(20-4-23) 109.4 109.7 

A(20-4-35) 126.6 127 

A(4-20-29) 119.4 119.3 

A(4-20-41) 106.3 106.2 

A(23-4-35) 121.4 121.2 

A(4-23-31) 117.2 118.4 

A(4-23-37) 107 106.4 

A(4-35-5) 110 109.6 

A(13-5-28) 110.4 110 
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A(13-5-35) 128.6 128 

A(5-13-15) 129.9 130.6 

A(5-13-45) 104.2 104.7 

A(28-5-35) 118.4 119.6 

A(5-28-31) 120.3 120.7 

A(5-28-49) 106.1 106.6 

A(7-6-8) 124.6 125 

A(7-6-33) 117.8 117.5 

A(8-6-33) 117.6 117.5 

A(6-33-34) 119.4 119.1 

A(6-33-47) 118.2 119.1 

A(16-9-25) 132.5 132.4 

A(9-16-17) 119.5 120.3 

A(9-16-21) 120.2 120.2 

A(9-25-24) 107.8 107.7 

A(15-10-24) 128.2 127.9 

A(10-15-13) 130.6 130.7 

A(10-15-14) 115.6 115.2 

A(10-24-25) 109.7 108.4 

A(12-11-18) 123.1 125 

A(12-11-38) 119 117.5 

A(18-11-38) 117.9 117.5 
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A(11-38-30) 118.9 119.1 

A(11-38-50) 118.7 119.1 

A(15-13-45) 125.3 124 

A(13-15-14) 113.7 114 

A(13-45-49) 110 110.3 

A(15-14-27) 121.6 120.8 

A(15-14-43) 120.3 120.3 

A(27-14-43) 118.1 118.9 

A(14-27-48) 121.3 120.9 

A(14-43-52) 121.7 120.9 

A(17-16-21) 120.3 119.3 

A(16-17-32) 131.8 129.9 

A(16-21-22) 120.3 119.7 

A(16-21-42) 121.7 121.7 

A(17-32-40) 107.4 106.6 

A(36-19-39) 118.7 117.5 

A(36-19-44) 124.5 125.1 

A(39-19-44) 116.8 117.5 

A(19-39-48) 119.8 119 

A(19-39-52) 118.4 119.1 

A(29-20-41) 132.8 132.6 

A(20-29-40) 134.4 132.1 
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A(20-41-37) 109.2 109.1 

A(22-21-42) 118 118.6 

A(21-22-30) 121.7 121.1 

A(21-42-50) 121 121 

A(22-30-38) 118.3 118.8 

A(31-23-37) 135.8 135.1 

A(23-31-26) 121.9 121.9 

A(23-31-28) 118.5 117.2 

A(23-37-41) 108.1 108.3 

A(31-26-46) 119.2 120.6 

A(31-26-51) 122.4 120.8 

A(26-31-28) 119.5 120.9 

A(46-26-51) 118.3 118.6 

A(26-46-47) 121.6 121 

A(26-51-34) 121.6 121 

A(27-48-39) 118.2 118.7 

A(31-28-49) 133.5 132.7 

A(28-49-45) 109.4 108.4 

A(29-40-32) 107.7 106 

A(30-38-50) 122.3 121.8 

A(34-33-47) 122.3 121.7 

A(33-34-51) 118.3 118.9 
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A(33-47-46) 117.9 118.8 

A(38-50-42) 118.6 118.9 

A(48-39-52) 121.8 121.9 

A(39-52-43) 118.7 118.7 

 

The theoretical UV and IR spectra are complementing experimental data nicely 

(Fig. 2.32, Table 2.4-2.6 and Fig. 2.31). The experimentally obtained UVVis 

transitions and CO stretching frequencies of the native species 1B-7B, are in excellent 

agreement with the computed values (Table 2.5and 2.6).  

 

Table 2.5: comparison of experimental and computed UV-Vis transitions of 1B-7B.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound UVvis. data 

max / nm  

(Experimental) 

UVvis. data 

max / nm  

(Theory) 

1B 408, 424 418, 442 

2B 413 427 

3B 418 438, 470 

4B 413, 429 433, 444 

5B 416 415, 468 

6B 405, 420 420, 434 

7B 432 415 
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For instance, 1B displays an intense Soret band in the visible spectrum at 408 

nm and 424 nm (Table 2.5),  and the TD-DFT computed values for these transitions are 

at 418 nm (HOMO-1 to LUMO+1) and 442 nm (HOMO-1 to LUMO). The 

experimentally obtained CO stretching frequencies of 1B occurred at 1736 cm-1 and 

thus tallied well with the theoretically obtained results (1733 cm-1) (Table 2.6).  

 

Table 2.6: A comparison of experimental and computed CO stretching 

frequencies of 1B-7B. A scaling factor of 0.972 is used for the computed 

vibrational frequencies. 

 

 

 

        

Compound  CO stretching freq.(cm-1) 

(Experimental) 

CO stretching 

freq. (cm-1) 

(Theory) 

1B 1736 1733 

2B 1735 1721 

3B 1737 1719 

4B 1724 1734 

5B 1737 1737 

6B 1742 1740 

7B 1734 1737 
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2.5. Conclusions: 

In summary, we have developed an efficient, mild, high-yielding and single-step 

methodology for the facile synthesis of N21,N22-carbamide-corrole derivatives without 

using any toxic chemicals like phosgene, CO, or isocyanate. It has been observed 

earlier that, the various structural modification of urea moiety resulted the generation of 

newer varieties of urea-based systems that have shown interesting biological activities. 

Thus it is logical to consider that these novel carbamide-corrole derivatives and their 
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possible metal complexes can be utilized in future as potential agents in medicine for 

detection and in diagnostic purposes.   

2.6. Experimental Section: 

2.6.1. Materials: 

  The precursor’s pyrrole, p-chloranil, and aldehydes were purchased from 

Aldrich, USA. Ammonium carbonate (minimum 30% ammonia basis) was purchased 

from Qualigen fine chemicals, India. Other chemicals were of reagent grade. Hexane 

and CH2Cl2 were distilled from KOH and CaH2, respectively. For spectroscopy studies, 

HPLC grade solvents were used. The synthetic methodologies and complete 

spectroscopic characterization of 1A-7A are provided in the previous literatures. 24-48 

 

2.6.2. Physical Measurements:  

UVVis spectral studies were performed on a PerkinElmer LAMBDA-

750spectrophotometer. Emission spectral studies were performed on a Perkin Elmer, 

LS 55 spectrophotometer using optical cell of 1 cm path length. The elemental analyses 

were carried out with a PerkinElmer 240C elemental analyzer. FTIR spectra were 

recorded on a PerkinElmer spectrophotometer with samples prepared as KBr pellets. 

The NMR measurements were carried out using a Bruker 700 MHz NMR spectrometer. 

Chemical shifts are expressed in parts per million (ppm) relative to residual chloroform 

(= 7.26). Electrospray mass spectra were recorded on a Bruker Micro TOF─QII mass 

spectrometer. 

2.6.3. Crystal Structure Determination: Single crystals of 3B, 5B and 7B were grown 

by slow diffusion of a solution of the 3B, 5B and 7B   in dichloromethane into hexane, 

followed by slow evaporation under atmospheric conditions. The crystal data of 3B, 5B 
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and 7B were collected on a Bruker Kappa APEX II CCD diffractometer at 293 K. 

Selected data collection parameters, and other crystallographic results are summarized 

in Table S1. All data were corrected for Lorentz polarization and absorption effects. 

The program package SHELXTL53was used for structure solution and full matrix least 

squares refinement on F2. Hydrogen atoms were included in the refinement using the 

riding model. Contributions of H atoms for the water molecules were included but were 

not fixed. Disordered solvent molecules were taken out using SQUEEZE command in 

PLATON. 54 

CCDC 1573628-1573630 contain the supplementary crystallographic data for 

3B, 5B and 7B. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/data_ request/cif.  

 

2.6.4. Computational Methods: 

 Geometry optimizations of 1B-7B were carried out using Grimme’s functional 

including dispersion i.e. at B97D/6-31G*55 level as implemented in Turbomole56 

software. B97D not only accounts for dispersive attraction but also provides reliable 

spectroscopic parameters that match with the experimental data (vide infra).57 

Vibrational frequency calculations were also performed at the same level to ensure the 

optimized structures are the true minima. The vibrational frequencies were scaled by 

0.972 to account for the anharmonicity. The TD-DFT calculation was performed at the 

TD-B97D/6-31G* level to obtain electronic transitions. Gaussian0958 software was 

used for the TD-DFT computation. 

 

 

http://www.ccdc.cam.ac.uk/data_
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2.4.5 Synthesis: 

The carbamide-corrole (1B−7B) were prepared by following a general procedure. 

Hence, only one representative case is discussed below. 

Synthesis of N21,N22-carbamide−5,10,15−triphenylcorrole, 1B: 

0.050 g (0.095 mmol) of 5,10,15−triphenylcorrole, 1A  was dissolved in 30 mL 

of dry dichloromethane and subsequently 4.0 g of (NH4)2CO3 was added to the reaction 

mixture in stirring condition. After 5 minutes, 50 mL of pyridine was added and the 

reaction mixture was refluxed for 3hrs at around 110ºC. Then the mixture was 

evaporated to dryness by rotary evaporation. It was kept for recrystallization in a 

dichloromethane/hexane mixture for overnight. The residual solvent mixture including 

the solid mass was dried by rotary evaporation and the reddish colored crude product 

was purified by using column chromatography through a silica gel (100-200 mesh) bed 

and by using 55% dichloromethane and 45% hexane as eluent. 

2.4.5.1 For N21,N22-carbamide−5,10,15−triphenylcorrole, 1B: 

Yield: 58% (30 mg). Anal. Calcd (found) for C38H24N4O (1B): C, 82.59 (82.68); 

H, 4.38 (4.31); N, 10.14 (10.25). max/nm (/M1cm1) in toluene: 407 (131000), 425sh 

(80000), 508 (9800), 540 (17500), 566 (9500), 615 (10000). 1H NMR (700 MHz, 

CDCl3) δ 9.55 (d, J = 4.4 Hz, 1H), 8.95 (d, J = 4.1 Hz, 1H), 8.79 (d, J = 4.2 Hz, 1H), 

8.73 (d, J = 5.1 Hz, 1H), 8.60 (dd, J = 4.4, 2.4 Hz, 2H), 8.58 (d, J = 5.1 Hz, 1H), 8.36 (d, 

J = 7.4 Hz, 1H), 8.32 – 8.22 (m, 5H), 8.03 (d, J = 7.4 Hz, 1H), 7.86 – 7.75 (m, 6H), 

7.75 – 7.68 (m, 3H). (Fig. 2.3). 13C NMR (176 MHz, CDCl3) δ 143.31, 143.16, 142.85, 

142.42, 139.19, 138.88, 136.20, 135.86, 134.82, 134.20, 134.08, 132.87, 132.80, 130.54, 

130.26, 129.45, 129.37, 129.21, 128.48, 128.29, 128.18, 127.80, 127.56, 127.38, 127.25, 
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126.24, 125.49, 124.63, 123.62, 121.08, 120.24, 118.95, 116.67, 115.99, 115.29, 114.22, 

111.19, 109.78 (Fig. 2.4). 1B displayed strong fluorescence at 633 nm and a shoulder at 

681 nm in toluene. The electrospray mass spectrum in methanol showed peaks centred 

at m/z = 553.20 correspond to [1B+H]+ (552.20 calcd for C38H24N4O) {Fig. 2.21}.  

2.4.5.2 For N21, N22 –carbamide10−(2,4,5−trimethoxyphenyl) 

5,15−bis(4−cyanophenyl)corrole, 2B: 

Yield: 62% (32 mg). Anal. Calcd (found) for C43H28N6O4 (2B): C, 74.56 

(74.67); H, 4.07 (4.15); N, 12.13 (12.22). max/nm (/M1cm1) in toluene: 416 

(145,000), 508 (12000), 545 (23000), 576 (12500), 622 (14000). 1H NMR (700 MHz, 

CDCl3) δ 9.55 (d, J = 23.3 Hz, 1H), 9.05 – 8.88 (m, 2H), 8.67-8.45 (m, 5H),  8.36 (d, J 

= 24.3 Hz, 4H), 8.07 (d, J = 26.9 Hz, 3H), 7.79 (s, 1H), 7.41 (s, 1H),  7.02 (m, 1H), 

4.20- 3.98 (m,5H),  3.86 (s, 2H), 3.71 (s, 1H), 3.32 (s, 1H) (Figure 2.5). 2B displayed 

strong fluorescence at 641 nm and a shoulder at 689 nm in toluene. The electrospray 

mass spectrum in methanol showed peaks centered at m/z = 693.13 correspond to 

[2B+H] + (692.22 calcd for C43H28N6O4) (Figure 2.22). 

2.4.5.3.ForN21,N22-carbamide−−10−(4,7−dimethoxynaphthalen-1-yl)-5,15-bis(4-

cyanophenyl)corrole,3B: 

Yield: 65% (34 mg). Anal. Calcd (found) for C46H28N6O3 (3B): C, 77.52 

(77.64); H, 3.96 (3.87); N, 11.79 (11.87). max/nm (/M1cm1) in toluene: 417 (93,000), 

512 (3500), 545 (10500), 576 (3600), 622 (5500). 1H NMR (700 MHz, CDCl3) δ 9.64 

(dd, J = 13.4, 4.5 Hz, 1H), 9.03 (dd, J = 24.1, 4.2 Hz, 1H), 8.78 (dd, J = 32.2, 4.7 Hz, 

1H), 8.71 (dd, J = 10.6, 4.7 Hz, 1H), 8.61 (dd, J = 17.4, 4.5 Hz, 1H), 8.54 – 8.45 (m, 

2H), 8.44 – 8.29 (m, 5H), 8.17 – 8.04 (m, 4H), 7.89 (d, J = 7.7 Hz, 1H), 7.23 – 7.18 (m, 

1H), 7.06 – 6.97 (m, 1H), 6.58 (d, J = 2.5 Hz, 1H), 6.02 (d, J = 2.5 Hz, 1H), 4.29 (s, 
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1H), 4.24 (s, 2H),  2.99 (s, 2H), 2.64 (s, 1H) (Figure 2.6).  3B displayed strong 

fluorescence at 640 nm and a shoulder at 690 nm in toluene. The electrospray mass 

spectrum in methanol showed peaks centered at m/z = 713.23 correspond to [3B+H] + 

(712.22 calcd for C46H28N6O3) (Figure 2.23). 

 

2.4.5.4 For N21,N22-carbamide−5,10,15−tris(4-Benzyloxyphenyl)corrole, 4B: 

Yield: 55% (28 mg). Anal. Calcd (found) for C59H42N4O4 (4B): C, 81.36 (81.48); 

H, 4.86 (4.98); N, 6.43 (6.35). max/nm (/M1cm1) in toluene: 413 (93,000), 429sh 

(49,000), 509 (4000), 544 (9000), 571 (4500), 619 (5000). 1H NMR (700 MHz, CDCl3) 

δ 9.50 (d, J = 4.3 Hz, 1H), 8.91 (d, J = 4.1 Hz, 1H), 8.77 (d, J = 4.1 Hz, 1H), 8.72 (d, J 

= 5.0 Hz, 1H), 8.57 (d, J = 4.3 Hz, 1H), 8.55 (d, J = 4.3 Hz, 1H), 8.53 (d, J = 5.1 Hz, 

1H), 8.30 (d, J = 4.3 Hz, 1H), 8.27 (d, J = 8.1 Hz, 1H), 8.20 (d, J = 8.0 Hz, 1H), 8.18 – 

8.15 (m, 2H), 7.94 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 7.5 Hz, 2H), 7.60 (dd, J = 7.5, 4.9 

Hz, 4H), 7.49 (td, J = 7.9, 2.1 Hz, 7H), 7.42 (q, J = 7.9, 7.4 Hz, 9H), 5.35 (bs, 2H), 5.32 

(bs, 4H). (Figure 2.7). 4B displayed strong fluorescence at 642 nm and a shoulder at 

692 nm in toluene. The electrospray mass spectrum in methanol showed peaks centered 

at m/z = 871.37 correspond to [4B+H] + (870.32 calcd for C59H42N4O4) (Figure 2.24).  

 

2.4.5.5 For N21,N22-carbamide−5,10,15−tris(4-cyanophenyl)corrole, 5B: 

Yield: 70% (36 mg). Anal. Calcd (found) for C41H21N7O (5B): C, 78.46 (78.33); 

H, 3.37 (3.49); N, 15.62 (15.69). max/nm (/M1cm1) in toluene: 415 (90,000), 509 

(3100), 543 (8500), 572 (2500), 620 (2600). 1H NMR (700 MHz, CDCl3) δ 9.68 (d, J = 

4.4 Hz, 1H), 9.05 (d, J = 4.2 Hz, 1H), 8.77 (d, J = 4.2 Hz, 1H), 8.73 (d, J = 5.1 Hz, 1H), 

8.66 (d, J = 4.4 Hz, 1H), 8.62 (d, J = 5.1 Hz, 1H), 8.57 (d, J = 4.4 Hz, 1H), 8.50 (d, J = 
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7.8 Hz, 1H), 8.41 (d, J = 7.5 Hz, 1H), 8.37 (d, J = 7.6 Hz, 2H), 8.26 (d, J = 4.4 Hz, 1H), 

8.15 (t, J = 6.8 Hz, 3H), 8.09 (d, J = 7.8 Hz, 2H), 8.03 (d, J = 7.7 Hz, 1H), 7.96 (d, J = 

8.0 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H) (Figure 2.8). 13C NMR (176 MHz, CDCl3) δ 

147.33, 143.60, 142.83, 142.73, 142.07, 140.45, 138.33, 136.51, 135.24, 134.71, 134.39, 

133.64, 133.48, 133.06, 132.35, 132.06, 131.49, 130.67, 130.23, 129.86, 129.45, 127.67, 

126.40, 126.34, 125.83, 122.37, 122.02, 121.66, 120.06, 119.09, 118.93, 118.75, 118.27, 

115.34, 115.20, 112.69, 112.65, 111.85, 111.77, 108.33. (Figure 2.9). 5B displayed 

strong fluorescence at 640 nm and a shoulder at 696 nm in toluene. The electrospray 

mass spectrum in methanol showed peaks centered at m/z = 628.58 correspond to 

[5B+H] + (627.18 calcd for C41H21N7O) (Figure 2.25). 

 

2.4.5.6 For N21,N22-carbamide−5,10,15−tris(2-bromo-5-fluoro-phenyl)corrole, 6B: 

Yield: 60% (31 mg). Anal. Calcd (found) for C38H18Br3F3N4O (6B): C, 54.12 

(54.02); H, 2.15 (2.26); N, 6.64 (6.72). max/nm (/M1cm1) in toluene: 405 (142,000), 

420sh (103,000), 501 (9900), 536 (19000), 564 (7600), 613 (8400). 1H NMR (700 MHz, 

CDCl3) δ 9.58 (tq, J = 9.1, 4.3 Hz, 1H), 8.99 – 8.87 (m, 1H), 8.78 – 8.50 (m, 2H), 8.46 

– 8.33 (m, 3H), 8.24 – 7.73 (m, 6H), 7.46 – 7.30 (m, 3H), 7.22 – 7.10 (m, 1H) (Figure 

2.10). 6B displayed strong fluorescence at 624 nm and a shoulder at 676 nm in toluene. 

The electrospray mass spectrum in methanol showed peaks centered at m/z = 844.90 

correspond to [6B+H] + (843.89 calcd for C38H18Br3F3N4O) (Figure 2.26). 

 

2.4.5.7 For N21,N22-carbamide−5,10,15−tris(4-nitrophenyl)corrole, 7B: 

Yield: 60% (31 mg). Anal. Calcd (found) for C38H21N7O7 (7B): C, 66.38 

(66.49); H, 3.08 (3.15); N, 14.26 (14.37). max/nm (/M1cm1) in dichloromethane: 432 
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(68,000), 515 (7600), 550 (11000), 578 (7000), 627 (7500). 1H NMR (700 MHz, 

CDCl3) δ 9.71 (d, J = 3.9 Hz, 1H), 9.08 (d, J = 3.8 Hz, 1H), 8.79 (s, 1H), 8.74 (dd, J = 

22.7, 6.5 Hz, 4H), 8.71 – 8.63 (m, 4H), 8.62-8.53 (m, 3H), 8.49 (s, 2H), 8.43 (d, J = 7.8 

Hz, 2H), 8.29 (s, 1H), 8.23 (d, J = 7.0 Hz, 1H) (Figure 2.11). 7B displayed strong 

fluorescence at 652 nm and a shoulder at 712 nm in toluene. The electrospray mass 

spectrum in methanol showed peaks centred at m/z = 688.55 correspond to [7B+H] + 

(687.15 calcd for C38H21N7O7) (Figure 2.27). 
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3.1 Introduction: 

In biology, it has been demonstrated that the N-substituted porphyrins can 

inhibit protohaemferro-lyase strongly.1 Aida et al. has used chiral N-methylated 

porphyrin free base for the asymmetric catalysis reaction.2 Mono- N-sustituted or di- N-

sustituted porphyrinoids are particularly interesting class of ligands 3-19 considering 

their fascination to form sitting-atop complexes. Unfortunately, very few research 

papers describe these unique class of macrocycles.3-19 Although there are very few 

examples of distinct metal complexes of mono-alkylated porphyrinoids, the di-alkylated 

porphyrinoids are even more sacredly reported in the literature.3-19Johnson et al. has 

described the synthesis of a N, N/ −one carbon bridged porphyrin.20,21 In addition to that, 

they have synthesized the PdCl2-complex of that porphyrinoid derivative.20,21 Corrole, a 

contracted version of porphyrin macrocycle, has one carbon less than porphyrin and 

possess aromaticity like porphyrin.22-42However, contrary to porphyrin (di-anionic in 

nature), it is tri-anionic in nature and it possess lower symmetry than porphyrin.22-42 

Compared to other tetrapyrrolic macrocycles, the steric crowding in the corrole 

backbone is reduced on the removal of one proton and thus the formation of 

monoanionic species is facile in nature.22-42 It was also observed that the mono N-

substituted corrole retains two inner NH moiety, thus it is dianionic in nature and can 

able to stabilize a series of divalent metals via complexation.43,44 It is interesting that the 

first N-sustituted corrole was prepared as early as 1965 by Johnson et al.45 However till 

date very few N-sustituted corrole are reported in the literature.46 Compared to mono N-

sustituted corroles,   N, N/ − bridged corrole derivatives are rarely reported in the 

literature.47  One such prominent example is the N21,N 22-carbamide-corroles.47,48 The 

coordination of this class  of ligands has been explored by Gross et al.43,44,46N-
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alkylation of trans-A2B corroles were successfully performed by Dahenet al.49 They 

have reported the synthesis of two isomeric N-alkylated trans-A2B corrole derivatives. 

[11] While performing the Vilsmeierformylation on corrole ring, Paolesseet al. has 

observed the formation of a unique N-ethane-bridged corrole (fully substituted).50 Thus 

it is evident that the di- N-sustituted corroles are hardly reported in the literature. We 

present herein, the synthesis, structural and spectroscopic characterization of a new N, 

N/ − bridged corrole derivative: N21,N22-methylene−5,10,15-

tris(pentafluorophenyl)corrole (Scheme 3.1). The choice of the 5,10,15-

tris(pentafluorophenyl)corrole backbone to perform the desired conversion is obvious 

because of its wide application in the synthesis of diverse range of metal complexes and 

also its stability.22-42 

 
 
 

 

 

 

 

 

 

 

3.2 Results and Discussion 

The newly synthesized N21, N22−methylene−corrole derivative, 1, has been 

thoroughly characterized by different physicochemical techniques, e.g., NMR (1H, 19F, 

13C), ESI Mass, and single crystal X-ray structural analysis (Figures 3.1-3.11) and 
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Tables 3.1-3.3). Under the optimized reaction conditions, the free base corrole (5,10,15-

tris(pentafluorophenyl)corrole, 1A) upon treatment with CH2I2 in presence of excess 

pyridine and in stirring for 45 mins at 100°C resulted the formation of 

N21,N22−methylene−corrole complex, 1, in excellent  yield (Scheme 3.2).  

 

  

 

 

 

 

 

 

 

 

 

Johnson et al. has performed the synthesis of 21, 22-

methyleneoctaethylporphyrin via the condensation reaction of 21, 22-

octaethylporphyrin and di-iodomethane for the 1st time (Scheme 3.2).  We have used 

the same strategy as developed by Johnson et al., however, we have modified it a bit. 

Instead of neat di-iodomethane, we have used a mixture of di-iodomethane and 

pyridine.  

3.2.1 Optimization of synthetic route 

Optimization of the N21, N22-methylene-bridged corrole formation reaction was 

performed (Table 3.1). Addition of 10 equivalents of CH2I2 resulted the desired 
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conversion of the free base corrole to N21,N22-methylene-bridged corrole in optimum 

yield. 

 

 

Table 3.1: Optimization for the formation of N21, N22-Methylene- Bridged Corrole 

(1A to 1). 

 

 

  

 

 

 

 

 

 

 

However, in all cases, the reaction has failed to generate the desired product in absence 

of pyridine. Surprisingly, this slight modification has changed the reaction yield 

drastically, As compared to the previously reported 8% yield for the synthesis of 21, 

22-methyleneoctaethylporphyrin by Johnson et al., we have obtained an overall isolated 

yield of 80% in the present case. In addition to that, it has also reduced the reaction time 

and so also the cost of using neat CH2I2 (CH2I2 is quite expensive). The role of the 

pyridine has been thoroughly scrutinized for the reaction as described here.  Pyridine is 

a mild base and is responsible for the deprotonation of the core NH protons of the 

     Equiv. of CH2I2                                     Yield (%) of 1 

2 50% 

5 70% 

10 80% 

100 82% 

2000 86% 
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corrole ring. Dipyridinio-methane di-iodide is obtained as a side product due to the 

reaction of pyridine and CH2I2. An authentic sample of dipyridinio-methane di-iodide 

has been tested on 1A, and as expected, it was found out that it has no role in the 

methylene group transfer reaction.  

3.3 Spectral characterization: 

3.3.1 NMR Spectra: 

The 1H, 19F and 13C NMR spectrum for 1 supports the assigned structure. The 

aromatic protons exhibit a chemical shift of 9.0-8.16 ppm. Downfield shifts of 

aromatic protons were observed in 1 when compared to 1A. The methylene 

protons are most shielded due to diatropic ring current and are observed at -4.40 ppm.  
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The assignment of the methylene protons are further confirmed by the complete 

disappearance of methylene signals on deuteration of the methylene protons of 1, 

which consequently generated the N21, N22−methylene-d2−corrole derivative, 2.  

3.3.2 Crystal Structure: 

The crystal structure of 1 is shown in Figure 3.5.The crystal system is 

orthorhombic, and the unit cell has three 1 molecules. Important crystallographic 

parameters for 1 is presented in Table 3.2. In 1, carbon atom of the ‘methylene’ group 

deviates from the mean N4 corrole planes by a distance of ~0.794 Å and gives rise to a 

domed conformation. Pyrrole ring nitrogen atoms deviate from the mean corrole plane 

(considering the 19-carbon atom plane as the mean plane) by distances ranging from 

0.303 ─ (−0.293) Å in 1. The dihedral angles between the intersecting planes of 

pentafluorophenyl rings and the 19-atom corrole carbon plane are between 

file:///F:/Urea%20Corrole/2nd%20Manuscript/Manuscript%20files/SK_PENTD_9%20_space_group_crystal_system
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60.91─66.76°. The N (3)-C (38) and N (4)-C (38) bond distances of 1 are 1.457 Å and 

1.459 Å and the N-C-N bond angle is 106.52°. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.2: Important crystallographic parameters for 1 

Compound code 1 

Molecular formula 1.33(C38H11F15N4) 

F.W 1078.02 

Radiation Cu Kα 

crystal symmetry Orthorhombic 

space group P212121 

a(Å) 24.6024 (6) 

b(Å) 18.8820 (4) 
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3.3.4 IR Spectra: 

FT-IR spectrum of compound 1 also indicate the presence of methylene group 

in its structure (Figure 3.6). 

c(Å) 6.7904 (1) 

α(deg) 90 

(deg) 90 

γ(deg) 90 

V(Å3) 3154.43 (11) 

Z 3 

 (mm1) 1.47 

T(K) 298 

Dcalcd (g cm3) 1.702 

2 range (deg) 3.59 to 68.22 

e data (Rint) 5735 (0.095) 

R1 (I2(I)) 0.068 

WR2 (all data) 0.141 

GOF 1.04 

Δρmax, Δρmin (e Å−3) 0.52, −0.65 
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3.3.5 Mass Spectroscopy: 

Electrospray mass spectrum in methanol showed peaks centred at m/z = 809.08  
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correspond to [1+H]+ (808.07 calcd for C38H11F15N4) {Figure 3.7}.And the mass 

spectrum for the   deuterated compound in methanol showed peaks centred at m/z = 

811.09correspond to [2+H]+ (810.07 calcd for C38H11F15N4) {Figure 3.8} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.6. Electronic absorption spectrum and emission spectrum: 

The absorption spectrum of 1 exhibits split Soret bands at 414 and 429 nm and 

two weaker Q bands at 564 and 610 nm. Compared to the starting free base corrole 

derivative, 1A, these bands are bit red shifted and interestingly the splitting of the 

Soret band is clearly manifested in 1 (Figure 3.10). 
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Absorption spectral values of Soret and Q bands of 1 in various solvents: 

Various solvents were chosen based on their polarity and their dielectric constants. 

Interestingly, we have not observed any linear dependency on the shift of ʎmax values 

with solvent polarity (Table 3.3). Marginal or no shifts of ʎmax values was observed in 
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most of the solvents. The free base corrole, 1 emits strongly at 631 nm and a shoulder 

at 682 nm in toluene (Figure 3.10). 

Table 3.3 Absorption spectral values of Soret and Q bands of 1 in various solvents: 

 

            The measured fluorescence quantum yield and lifetime of 1A at 298 K (in 

toluene) are: 0.10, 4.4 ns, respectively. The fluorescence quantum yield and lifetime of 

1 under the same conditions are: 0.12, 4.3 ns, respectively (Figure 3.11). This study 

thus confirms that upon N-substitution of corroles, the fluorescence quantum yield and 

lifetime do not quench. 

Solvent Polarity 

index a 

Dielectric 

constant a 

UVvis. data 

(max / nm) 

Hexane 0.1 1.88 406, 423, 554, 608 

Toluene 2.4 2.38 414, 429, 564, 610 

Chlorobenzene 2.7 5.62 414, 427, 565, 610 

Dichloromethane 3.1 8.93 409, 424, 561, 606 

Tetrahydrofuran 4.0 7.58 408, 423, 560, 606 

Chloroform 4.1 4.81 409, 426, 562, 608 

Acetone 5.1 20.7 406, 420, 556, 604 

Methanol 5.1 32.70 406, 421, 553, 604 

Acetonitrile 5.8 37.5 406, 421, 558, 604 
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3.4 Conclusions: 

In summary, in analogy with the synthesis of N, N/ −one carbon bridged 

porphyrin, as reported by Johnson et al., we have successfully synthesized a similar 

derivative in corrole macrocycle by using a modified protocol. The newly synthesized 

N21,  N22−methylene−corrole derivative, 1 can resemble nicely with the previously 
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reported 21, 22-methyleneoctaethylporphyrin. Thus it is obvious that the novel 

methylene−corrole derivative and its various metal complexes will be of great interest 

to study further. 

 

3.5 Experimental section: 

3.5.1 Materials: 

The precursor’s pyrrole, p-chloranil, CH2I2, CD2I2, and aldehydes were 

purchased from Aldrich, USA. Other chemicals were of reagent grade. Hexane and 

CH2Cl2 were distilled from KOH and CaH2 respectively. For spectroscopy studies, 

HPLC grade solvents were used. 1A was prepared by following an earlier literature 

report.51 

 

3.5.2 Physical Measurements: 

UV-Vis spectral studies were performed on a PerkinElmer LAMBDA-750 

spectrophotometer. Emission spectral studies were performed on a Perkin Elmer, LS 55 

and a Cary Eclipse fluorescence spectrophotometer using optical cell of 1 cm path 

length. The fluorescence quantum yields were determined using tetraphenylporphyrin, 

[TPP] as a reference.52Time resolved fluorescence measurements were carried out using 

a time-correlated single photon counting (TCSPC) spectrometer (Edinburgh, Life Spec 

II).The elemental analyses were carried out with a PerkinElmer 240C elemental 

analyser. FTIR spectra were recorded on a PerkinElmer spectrophotometer with 

samples prepared as KBr pellets. The NMR measurements were carried out using 

Bruker 400 and 700 MHz NMR spectrometer. Chemical shifts are expressed in parts 
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per million (ppm) relative to residual benzene (δ= 7.16). Electrospray mass spectra 

were recorded on a Bruker Micro TOF─QII mass spectrometer. 

 

3.5.3 Crystal Structure Determination: 

Single crystals of 1 were grown by slow diffusion of a solution of the 1 in 

dichloromethane into hexane, followed by slow evaporation under atmospheric 

conditions. The crystal data of 1 were collected on a Rigaku Oxford diffractometer at 

293 K. Selected data collection parameters and other crystallographic results are 

summarized in Table S2. All data were corrected for Lorentz polarization and 

absorption effects. The program package SHELXTL53was used for structure solution 

and full matrix least squares refinement on F2. Hydrogen atoms were included in the 

refinement using the riding model. Contributions of H atoms for the water molecules 

were included but were not fixed. Disordered solvent molecules were taken out using 

SQUEEZE command in PLATON.54CCDC 1851457 contain the supplementary 

crystallographic data for 1. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/data_ request/cif.  

3.5.4 Syntheses: 

3.5.4.1 Synthesis of N21,N22-methylene-5,10,15-tris(pentafluorophenyl)corrole, 1: 

010 g (0.013 mmol) of 5,10,15-tris(pentafluorophenyl)corrole, 1A  was 

dissolved in 18 mL of pyridine and stirred for 5 minutes at inert atmosphere. After that 

10μ L (0.13 mmol) of CH2I2 was added to it and the reaction mixture was refluxed for 

45 mins at around 100ºC. The solution turns out to be reddish-green. The residual 

solvent mixture was dried by rotary evaporation and the reddish colored crude product 

http://www.ccdc.cam.ac.uk/data_
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was purified by using column chromatography through a silica gel (100-200 mesh) bed 

and by using 10% dichloromethane and 90% hexane as eluent. 

For N21,N22-methylene-5,10,15-tris(pentafluorophenyl)corrole: Yield: 80% (0.008 

g). Anal. Calcd (found) for C38H11F15N4 (1): C, 56.45 (56.61); H, 1.37 (1.46;); N, 6.93 

(6.83). max/nm (/M1cm1) in toluene: 414 (110,000), 429 (83,000), 564 (16,250), 610 

(10800). 1H NMR (400 MHz, Benzene-d6) δ 9.00 (d, J = 4.5 Hz, 1H), 8.87 (d, J = 4.3 

Hz, 1H), 8.65 (d, J = 4.5 Hz, 1H), 8.59 (d, J = 4.5 Hz, 1H), 8.35 (d, J = 5.0 Hz, 1H), 

8.27 (dd, J = 10.5, 4.8 Hz, 2H), 8.16 (d, J = 4.6 Hz, 1H), − 4.40 (s, 2H) (Figure 3.1). 19F 

NMR (377 MHz, Benzene-d6) δ -138.54 (m, 6F), -151.80 (t, J = 21.7 Hz, 1F), -152.21 

(t, J = 21.8 Hz, 1F), -152.66 (t, J = 21.9 Hz, 1F), -160.88 (ddd, J = 29.1, 22.9, 7.7 Hz, 

2F), -161.29 – -161.60 (m, 2F), -161.77 – -162.21 (m, 2F). (Figure 3.2) 13C NMR (101 

MHz, C6D6) δ 145.19, 141.66, 139.17, 138.69, 136.26, 133.75, 131.09, 126.88, 126.10, 

125.39, 119.69, 118.85, 117.36, 113.46, 102.78, 96.35, 95.36, 47.14 (Figure 3.3). 1 

displayed strong fluorescence at 631 nm and a shoulder at 682 nm in toluene with 

excited state life time of 4.3 ns (Figure 3.11). The electrospray mass spectrum in 

methanol showed peaks centred at m/z = 809.08 correspond to [1+H]+ (808.07 calcd for 

C38H11F15N4) {Figure 3.7}.  
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4.1 Introduction: 

Transition metal complexes have gained a lot of interest, thanks to their peculiar 

photophysical properties. Upon photoexcitation, transition metal complexes bearing 

heavy transition metals like ruthenium, iridium, gold, platinum, etc., show a very 

efficient intersystem crossing (ISC) thanks to the heavy atom effect and produce a 

triplet excited state.1-6 This triplet excited state decay back to the ground state by non 

radiative deactivation or by phosphorescence, with the emission of a photon. The long 

triplet lifetimes of these complexes (in the order of microseconds) are exploited for 

various energy transfer/electron transfer reactions. These photoactive transition metal 

complexes constitute an important class of molecules known as the photosensitizer.7-

12The energy transfer from these photosensitized molecules to the natural triplet oxygen 

generates singlet oxygen.13Photosensitized singlet oxygen generation is an emerging 

research area with versatile applications in organic synthesis of fine chemicals,14 

pollution controls,15 and photodynamic therapy.16-19 In this regard, Ru(II) polypyridyl 

complexes,20 iridium(III),21-22 gold complexes,23 and platinum porphyrin complexes24-28 

are well known as the photosensitizer. Platinum porphyrin complexes show intense 

phosphorescence at room temperature due to high yields of population of the triplet 

state and high yield of emission quantum yield.29-32Platinum porphyrin complexes like 

platinum octaethylporphyrin (PtOEP), a very strong phosphor, have been used to detect 

oxygen via phosphorescence quenching phenomena.33-35The ideal dye for luminescence 

O2 sensing material must be a good triplet emitter with a lifetime suitable for the 

specific range  of oxygen concentration to be detected. Due to those reasons, ruthenium 

bipyridine complexes and platinum porphyrin complexes are often used as 

luminescence oxygen sensing materials.36-38Although the lifetime of triplet emitters 
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varies largely from ruthenium-based dyes to platinum-based dyes, it is not so easy to 

fine-tune their triplet-state lifetime as the various application needs a distinctive triplet-

sate lifetime of the dye. To achieve that purpose, a suitable design of the ligand system 

is a prerequisite. Thus there is an intense research interest in newer varieties of dyes 

having distinctive triplet lifetime. Interestingly, the absorption and emission spectra of 

platinum(II) porphyrins are very characteristic.39 These compounds exhibited a large 

molar absorption coefficient, a large Stokes shift of the emission band, and a high 

quantum yield of luminescence at room temperature.40 Due to their intense 

phosphorescence, platinum(II) porphyrin complexes are well-known photosensitizers 

and have found applications as phosphorescent markers in immunology,41 in solar 

energy conversion and storage, 42 as molecular conductors, 43 and in oxygen sensing 

devices.44 Porphyrins having increased conjugation at the  positions, often called π-

extended porphyrins, have attracted significant attention as potential candidates for 

optoelectronic materials.45 These compounds exhibited phosphorescence in the red-near 

infrared (NIR) region of the spectrum.46 However, similar studies with the increased 

conjugation at the meso-phenyl ring have not been covered that much. One possible 

reason is that the steric interaction between the porphyrin  hydrogen and the meso-

phenyl ring does not allow appreciable  overlap between them, and thus, there is no 

significant effect on the electronic structure of the porphyrin.47 However, it has to be 

kept in mind that the proper choice of the substituent's (either meso- or -) at the 

porphyrin periphery can enhance the rigidity of the resulting structure and this might 

result in an increase of the phosphorescence quantum yield by slowing down non-

radiative decay processes of the lowest triplet excited state. It was also reported earlier 

that steric crowding could enhance the lifetime of the triplet state of porphyrinoids.47  
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Herein, we present the synthesis of a new platinum(II) porphyrin complex: [5,10,15,20-

tetra(5-acenapthyl)porphinato] platinum(II), PtTANP bearing acenapthyl groups at their 

meso-positions (Figure 4.1). Acenaphthene, an aromatic hydrocarbon obtained from 

coal tar, is derived via simple modification of naphthalene unit and has found extensive 

applications in dyes and drugs and is also biocompatible.48 The compound has been 

thoroughly characterized by several spectroscopic techniques, including UV-Vis, 

emission, 1H and 13C NMR, ESI-MS data, and single-crystal XRD analysis. 

 

 

 

 

 

 

 

 

 

 

 

4.2 Results and Discussion: 

4.2.1 Synthesis and characterization: 

The reaction of the 5,10,15,20-tetra(5-acenapthyl) porphyrin, H2TANP with the 

platinum precursor complex K2PtCl4 in benzonitrile solution resulted in the formation 

of the complex,[5,10,15,20-tetra(5-acenapthyl)porphinato] platinum(II), PtTANP 

(Scheme 4.1). The purity and identity of the platinum (II) complex, PtTANP is 

demonstrated by its satisfactory elemental analyses, ESI-MS data, NMR, UV-Vis, 

emission, and single-crystal XRD data (Figure 4.2-4.7). The electrospray mass 
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spectrum showed the peaks centered at m/z = 1112.3391 corresponding to 

[PtTANP+H]+ (calculated molecular mass: 1112.3292) (Figure 4.4) .  

 

 

 

 

 

 

 

 

 

 

4.3 Spectral Characterization: 

3.3.1 NMR Spectroscopy: 

The 1H NMR and 13C NMR spectrum of PtTANP in CDCl3 are shown in Figure (4.2, 

4.3). The 1H NMR spectrum of PtTANP exhibits the expected number of 44 partially  
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overlapping protons in the region, =3.628.50 ppm (Figure 4.2). The methylene group 

protons resonate at 3.62-3.70 ppm (m, 16H) in CDCl3. The 28 aromatic protons 

resonate at 6.81 - 8.50 ppm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.2 Mass Spectroscopy: 

The electrospray mass spectrum showed the peaks centered at m/z = 1112.3391 

corresponding to [PtTANP+H]+ (calculated molecular mass: 1112.3292). 
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4.3.3 Crystal Structure: 

The crystal system of [5,10,15,20-tetra(5-acenapthyl)porphyrinato] platinum(II), 

PtTANP is triclinic, and the unit cell has two molecules of PtTANP. Important 

crystallographic parameters for PtTANP are summarized in Table 4.1. Bond angles and 

distances of PtTANP match nicely with the previously reported other authentic 

porphyrinatoplatinum(II) derivatives. The deviation of the pyrrolic nitrogen atoms from 

the mean twenty carbon atom porphyrin plane by distances ranging from 0.008─ 0.049 

Å in PtTANP (Figure 4.5).  
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The observed deviations in PtTANP are in good agreement with that of the previously 

reported [5,10,15,20-tetra(5-acenapthyl)porphyrinato] zinc(II) derivative.49 However, 

the dihedral angles of the meso-substituted acenapthyl rings and the 20-carbon mean 

porphyrin plane differs significantly in PtTANP in comparison with [5,10,15,20-

tetra(5-acenapthyl)porphyrinato] zinc(II). The corresponding values are of 

65.68─75.20° in PtTANP and of 81.23─85.32° in [5,10,15,20-tetra(5-

acenapthyl)porphyrinato] zinc(II). While the deviation of the Platinum atom from the 

mean N4 porphyrin plane is 0.0031 Å, the similar deviation in the case of Zn(II) 

complex is zero. This can be ascribed to the smaller ionic radius of Zn(II). The 

geometry around the Pt (II) center is very near to the perfect square planar. The bite 

angles of N1-Pt-N2, N2-Pt-N3, N3-Pt-N4, and N4-Pt-N1 are 90.24°, 90.13°, 89.76°, 

and 89.87°, respectively.  

The Pt(II)-N bond distances are in the ranges of 2.005 Å─2.020 Å. These bond 

distances and angles match reasonably well with the previously reported authentic 

PtTPP derivatives (TPP=5,10,15,20-tetraphenyl-porphinato).50 Similar bond distances 

were reported to be 2.08 Å in PtTPP derivatives.  

 

4.3.4 Electrochemistry 

 To understand the redox properties of PtTANP, the cyclic voltammetric and 

differential pulse voltammetric measurements were performed. The measurements were 

performed by using tetraethyl ammonium perchlorate (TEAP, 0.1 M) as a supporting 

electrolyte (Figure 4.7, Table 4.2) in dichloromethane solution.  
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  Table 4.1 Crystallographic data for PtTANP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Molecular formula C68 H44 N4Pt 

F.W 1112.16 

Radiation MoK 

crystal symmetry Triclinic 

space group P -1 

a(Å) 12.277(5) 

b(Å) 16.591(5) 

c(Å) 16.668(5) 

a(deg) 115.977(5) 

(deg) 93.922(5) 

(deg) 110.766(5) 

V(Å3) 2750.9(16) 

Z 2 

 (mm1) 1.343 

T(K) 100(2) K 

Dcalcd (g cm3) 1.343 

2 range (deg) 5.26 to 52.14  

e data (Rint) 10781(0.0605) 

R1 (I2(I)) 0.0539 

WR2  0.1406 

GOF 1.042 
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Ag/AgCl reference electrode was used to express the potentials. The PtTANP 

derivative exhibited one reversible oxidation couple at +1.10 V (Ep = 80 mV). It also 

showed one reversible reduction couple at -1.47 V (Ep = 80 mV) versus Ag/AgCl. For 

a similar platinum porphyrin derivative, PtTPP (TPP= meso-tetraphenylporphyrin), 

the 1st oxidation couple at 1.15V and the 1st reduction couple at -1.35Vversus Ag/AgCl 

in dichloromethane,51 demonstrating a slight negative shift of the reduction potential of 

PtTANP with respect to PtTPP.  
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4.3.5 Electronic absorption spectrum and Emission spectrum:  

Table 4.2 UV–Vis and electrochemical data  

 

 

 

 

 

 

 

 

 

 

 

aIn dichloromethane. 

bThe potentials are vs. Ag/AgCl reference electrode. 

 

4.3.6 Photophysical properties and Singlet oxygen sensitization: 
 

The photophysical characterization of the platinum porphyrin complex, 

PtTANP was carried out in dichloromethane (DCM) or toluene (TOL): no significant 

difference was observed (Figure 4.9). In the following, the photophysical properties in 

dichloromethane will be discussed.  The absorption spectrum (solid line in Figure 4.10) 

shows the typical Soret band at 410 nm with an absorption coefficient of 2.24 x 105 M-

1cm-1 and the typical Q-bands with vibrational structure at 512 nm (ε = 3.0 x 104 M-1cm-

1) and 542 nm (ε = 0.9 x 104 M-1cm-1). The additional band at 290 nm is due to the 

acenaphthenechromophores (ACN).52 

 

 

Compound 

 

UV–Vis Data a 

max / nm ( / M

1cm1) 

 

Electrochemical data a, b 

Oxidation 

E0
,V (Ep, 

mV) 

Reduction 

E0
,V (Ep, mV) 

 

PtTANP 

410 (224000), 

512 (30000), 

542 (9000) 

 

1.10(80) 

 

-1.47 (80) 
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 In deaerated solution at 298 K, a strong phosphorescence is observed with a 

maximum at 660 nm (red line in Figure 4.10), emission quantum yield of 35% and 
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lifetime of 75 µs. The excitation spectrum performed at λem = 660 nm well matches the 

absorption spectrum (Figure 4.9), demonstrating a unitary efficient energy transfer from 

the acenaphthene chromophores to the Pt(II) porphyrin.  

Indeed, upon excitation at 300 nm, where most of the light is absorbed by 

acenaphthene chromophores, sensitised emission at 660 nm is observed. Therefore, 

PtTANP behaves as a light-harvesting antenna as schematically depicted in (Figure 

4.11). 

 

 

 

 

 

 

 

 

 

 

 

In air-equilibrated solution PtTANP exhibits a very weak phosphorescence (em = 

0.22%) with a much shorter lifetime ( = 910 ns). The PtTANP phosphorescence is 

strongly quenched by oxygen with a rate constant of 4.9 x 108 M-1s-1. The quenching by 

oxygen results in singlet oxygen production with a very high quantum yield of 88% 

(Figure 4.12).54 
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Quantum yield of oxygen production was calculated by comparison between the 

emission intensity of oxygen (Fig. 4.13) generated by excitation of the standard 

perinaphthenone and the sample PtTANP.  

 

 

 

 

 

 

 

 

 

 

 

The emission spectrum of PtTANP in a rigid matrix of DCM-MeOH 1:1 at 77K shows 

an intense phosphorescence with a small blue shift, 10 nm compared to the 

phosphorescence at room temperature in dichloromethane (blue line in Figure 4.11). 

The emission lifetime is 91 µs, a higher value compared to 298 K thanks to the 

suppression of quenching and non-radiative decay processes at low temperature. 
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Table 4.3 Most relevant photophysical data of the PtTANP and the other discussed 

Pt-porphyrin derivatives:  

 

Compound Absorption 
data 

  Emission data Ref. 

298 K 298 K          77K  

λmax 

/ nm 
/104 
M

1cm

1 

λph / 

nm 
Φph τ / μs kph/103 

s-1 
k′isc/103 
s-1 

λph/nm τ / 
μs 

 

PtTANP 410, 
512, 
542 

22.4, 
3.0, 
0.9 

663 0.22% 
(35%)[g] 

0.91 
(75)[g] 

4.67 0.87 653 91 this 
work[h] 

PtTPP[a] 402, 
510, 
538 

22.2, 
1.6, 
0.4 

657 − 
(4.6%)[g] 

  − 
(57)[g] 

0.81 16.7 655 132 54a, 
32 

PtTFP[b] 409, 
512, 
540 
(sh) 

31.6, 
2.8, 
0.45 

679, 
741 

− 
(2%)[g] 

− 
(22)[g] 

0.91 44.5 661 
730 

102 32 

PtTOFP[c] 
 

267, 
406, 
511  

− 
 

683, 
743  
 

− 
(11%)[g] 

− 
(48)[g] 

2.29 18.5 669 
741  
 

105  54b 

PtOOFP[d] 
 

267, 
406, 
511, 
541, 
599  

− 
 

664, 
729  
 

− 
(4.2%)[g] 

− 
(54)[g] 

0.78 17.7 652 
722  

123  54b 

PtTTEP[e] 404 
512, 
542 

27.5, 
2.7, 
0.8 

665, 

731 

− 
(5.1%)[g] 

 − 
(73)[g] 

0.70 13.0 − 
 

− 
 

55 

PtOEP[f] 381, 
501,  
536 
 

− 
 

644 − 
 

− 
(50±20)[g] 

− 
 

− 
 

− 
 

121 55 

 

[a]TPP = 5,10,15,20-tetraphenylporphyrin, [b]TFP= 5,10,15,20-meso-tetrakis(fluoren-2-

yl)porphyrin,  [c] TOFP = 5,10,15,20-tetra(4-(2 methyloxyfluorenyl)phenyl)porphyrin, [d] 

OOFP = 5,10,15,20-octa(3,5-(2 methyloxyfluorenyl)phenyl)porphyrin, [e] TTEP = 

5,10,15,20-tetrakis[2,4,6-triethylphenyl]porphyrin, [f] OEP= octaethylporphyrin.  

[g]Data in parenthesis refer to deaerated solutions. [h] in air-equilibrated dichloromethane 

solution. 
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 We can now compare the photophysical properties of PtTANP with that of the 

parent compound 5,10,15,20-tetraphenylporphyrin Pt(II) complex, PtTPP [32, 54-57] 

(Table 4.3): the energy of the Soret band and Q-bands of  PtTANP is similar with only 

a very modest red shift. A similar behavior has been reported previously upon the 

introduction of fluorenyl units (PtTFP)[32] and it has been attributed to the so-called in-

plane nuclear reorganization. The manifestation of the in-plane nuclear reorganization 

could be realized while the more conjugated meso substituent draws the meso carbon 

away from the porphyrin core. While analysing the crystal data of PtTPP and PtTANP, 

we have observed that the distances of meso-carbon from the platinum center are ~3.42 

Å for PtTPP. [50] While the similar distances in PtTANP are ~3.44 Å. We have 
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considered the position of Pt2+ is at the center of the porphyrin core. This observation 

indicates that as the acenaphthyl is more conjugated than the phenyl ring thus it draws 

the meso-carbon away from the porphyrin core. 

Assuming a unitary efficiency of the S1T1 inter system crossing process 

(isc),
[32] as expected by the presence of a the Pt heavy-atom, we can estimate the 

radiative (kph) and non-radiative (k′isc) decay processes of the phosphorescent T1 state 

by the measured values of phosphorescence quantum yield (ph) and lifetime of the T1 

excited state ((T1)) under deaerated conditions, according to the following equations: 

 

 

The corresponding values are reported in Table 4.3 

The introduction of the acenaphthyl units brings about an increase in the radiative rate 

constant (kph) and a decrease of the non-radiative rate constant (k′isc), compared to 

PtTPP. Both of these changes contribute to enhance the phosphorescence quantum 

yield. On the contrary, the previously reported fluorenyl substituent (PtTFP) causes an 

increase of both the radiative and non-radiative rate constants, thus decreasing the 

overall phosphorescence quantum yield.   While comparing the photophysical 

properties of PtTANP with that of the other literature reported platinum porphyrin 

derivatives (Table 4.3), it is evident that the values of lifetime of the phosphorescent 

excited state and of the phosphorescence quantum yield in deaerated solutions at 298 K 

are the highest in the case of PtTANP. Furthermore, the phosphorescence quantum 

yield of PtTANP is strongly quenched by dioxygen.  Indeed, PtTANP shows a very 

high singlet oxygen quantum yield of 88% in dichloromethane indicating that it is an 
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excellent photosensitiser for the production of singlet oxygen and potential application 

in the field of photodynamic therapy as well as oxygen sensors. 58-60 

 

 

4.4 Conclusions:  

 In conclusion, we have synthesized a new platinum(II) porphyrin complex, 

[5,10,15,20-tetra(5-acenaphthyl)porphinato] platinum(II), PtTANP bearing 

acenaphthyl group at the meso position of the porphyrin ring. This complex has been 

thoroughly characterized via various spectroscopic techniques, including single-crystal 

XRD analysis.  It was observed that the Pt(II) center in PtTANP is very near to the 

perfect square planar geometry. The Pt(II)-N bond distances are in the ranges of 2.005 

Å─2.020 Å. The PtTANP derivative exhibited one reversible oxidative couple at +1.10 

V and a reversible reductive couple at -1.47 V versus Ag/AgCl. In deaerated solution, a 

strong red phosphorescence is observed with emission quantum yield as high as 35% 

and emission lifetime of 75 µs. PtTANP works as a light-harvesting antenna: upon UV 

excitation of acenaphthene chromophores energy transfer to the Pt(II) porphyrin core 

takes place with unitary efficiency and results in the photosensitised phosphorescence. 

It was also demonstrated that the PtTANP molecule is an excellent photosensitizer 

having singlet oxygen production quantum yield of 88% in dichloromethane. A close 

comparison of PtTANP with that of the previously reported platinum porphyrin 

derivatives demonstrates its superiority. The lifetime of the phosphorescent excited 

state of PtTANP in deaerated solutions at 298 K is longer and its phosphorescence 

quantum yield is also significantly higher than the other reported platinum porphyrin 
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derivatives. These results indicate that the PtTANP molecule will have potential 

applications in the field of photodynamic therapy as well as oxygen sensors.  

 

4.5 Experimental Section: 

4.5.1 Materials: The precursor's pyrrole, benzonitrile, DDQ (2,3-Dichloro-5,6-

dicyano-1,4-benzoquinone), 5-acenapthene carboxaldehyde, K2PtCl4 (Potassium 

tetrachloroplatinate(II)), and TEAP (Tetraethyl ammonium perchlorate) were purchased 

from Aldrich, USA. Other chemicals were of reagent grade. Hexane and 

dichloromethane were distilled from KOH and CaH2, respectively. For spectroscopy 

and electrochemical studies, HPLC grade solvents were used. H2TANP was prepared 

by following an earlier literature report. 61 

4.5.2 Physical Measurements: 

  Luminescence measurements at 77 K were performed in 

dichloromethane/methanol (1:1 v/v). UV–vis absorption spectra were recorded with a 

PerkinElmer l40 spectrophotometer using quartz cells with path length of 1.0 cm. 

Emission spectra were obtained with either a Perkin Elmer LS55 spectrofluorometer, 

equipped with a Hamamatsu R928 phototube, or an Edinburgh FLS920 

spectrofluorometer equipped with a Ge-detector for emission in the NIR spectral region. 

Correction of the emission spectra for detector sensitivity in the 550-1000 nm spectral 

region was performed by a calibrated lamp.53Excitation spectra in the visible range 

were acquired with the fluorimeter Perkin-Elmer LS55. Emission quantum yields were 

measured following the method of Demas and Crosby 62 (standards used: [Ru(bpy)3]
2+ 

in air-equilibrated aqueous solution Φ = 0.0405.63 Quantum yield of oxygen production 

is calculated by comparison between the oxygen phosphorescence generated by the 
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sample and by a standard (standard used: 1H-Phenalen-1-one in toluene, ΦΔ = 

0.95).64Photophysical characterization in the absence of oxygen was carried out on 

samples of dye solutions after degassing them by freeze–pump–thaw cycling (P = 10−9 

Bar; liquid nitrogen as cooling medium) in a custom-made quartz cuvette. Emission 

intensity decay measurements in the range 10 μs to 1 s were performed on a homemade 

time-resolved phosphorimeter. Lifetimes shorter than 10 μs were measured by the 

above-mentioned Edinburgh FLS920 spectrofluorimeter equipped with a TCC900 card 

for data acquisition in time-correlated single-photon counting experiments (0.5 ns time 

resolution) with 405 nm laser. The estimated experimental errors are: 2 nm on the 

absorption and emission band maximum, 5% on the molar absorption coefficient and 

luminescence lifetime, and 10% on the luminescence and photoisomerization quantum 

yields. The elemental analyses were carried out with a PerkinElmer 240C elemental 

analyzer. FTIR spectra were recorded on a PerkinElmer spectrophotometer with 

samples prepared as KBr pellets. The NMR measurements were carried out using a 

Bruker AVANCE 400 NMR spectrometer. Tetramethylsilane (TMS) was the internal 

standard.Electrospray mass spectra were recorded on a Bruker Micro TOF─QII mass 

spectrometer.Cyclic voltammetry measurements were carried out using a CH 

Instruments model CHI1120A electrochemistry system. A glassycarbon working 

electrode, a platinum wire as an auxiliary electrode, and a saturated calomel reference 

electrode (SCE) were used in a threeelectrode configuration. Tetraethyl ammonium 

perchlorate (TEAP) was the supporting electrolyte (0.1M), and the concentration of the 

solution was 103M with respect to the complex. The oxidation and reduction processes 

at the positive and negative sides of the Ag-AgCl reference electrode were measured by 

using a glassycarbon working electrode. The half-wave potential E0
298 was set equal to 
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0.5(Epa + Epc), where Epa and Epc are anodic and cathodic cyclic voltammetric peak 

potentials, respectively. The scan rate used was 100 mV s1.  

4.5.3 Crystal Structure Determination: Single crystals of [5,10,15,20-tetra(5-

acenapthyl)porphinato] platinum(II),PtTANP were grown by slow diffusion of a 

solution of the metal complexes in diethyl ether into dichloromethane, followed by slow 

evaporation under atmospheric conditions. The crystal data of PtTANP was collected 

on a Bruker Kappa APEX II CCD diffractometer at 293 K. Selected data collection 

parameters and other crystallographic results are summarized in Table S1. All data were 

corrected for Lorentz polarization and absorption effects. The program package 

SHELXTL65 was used for structure solution and full matrix least-squares refinement on 

F2. Hydrogen atoms were included in the refinement using the riding model. 

Contributions of H atoms for the water molecules were included but were not fixed. 

Disordered solvent molecules were taken out using SQUEEZE command in 

PLATON.66 CCDC- 2075384contains the supplementary crystallographic data 

forPtTANP. These data can be obtained free of charge via www.ccdc.cam.ac.uk/data_ 

request/cif. 

 

4.5.4 Synthesis:  

4.5.4.1 Synthesis of [5,10,15,20-tetra(5-acenapthyl)porphinato] platinum(II),  

PtTANP: PtTANP was prepared by slight modifications of an earlier reported 

protocols.67In a 100ml R.B. flask, 40 ml of benzonitrile was taken in a dry, degassed 

atmosphere. K2PtCl4 (167 mg, 0.4 mmol) was added to this benzonitrile (40ml) solvent, 

and the mixture was heated with stirring under an N2 atmosphere at 1000C. After 15 

minutes, the solution turned out to be yellow. Then the 5,10,15,20-tetra(5-acenapthyl) 

http://www.ccdc.cam.ac.uk/data_
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porphyrin, H2TANP(50 mg, 0.05mmol) was added, and the resulting mixture was 

heated with stirring at reflux temperature for 48 hr. The mixture was cooled to room 

temperature, and the benzonitrile was removed by using rotary evaporation. Then the 

dried mass was subjected to column chromatography (Silica gel, dichloromethane 

/hexane eluent). The purest fractions were combined and dried by using rotary 

evaporation and crystallized as orange plates.  

For [5,10,15,20-tetra(5-acenapthyl)porphinato] platinum(II), PtTANP: Yield 38 

mg (62 %); Anal. Calcd (found) for C68H44N4Pt (PtTANP): C, 73.43 (73.51); H, 3.99 

(3.84); N, 5.04 (5.17). UV-Vis (dichloromethane): max/nm (/M1cm1): 410 (224000), 

512 (30000), 542 (9000). 1H NMR (400 MHz, chloroform-d) δ 3.62-3.70 (m, 16 H), 

6.81 - 7.02 (m, 4 H), 7.12 - 7.20 (m, 4 H), 7.29 - 7.30 (d, J=6.9 Hz, 4 H), 7.66 - 7.68 (d, 

J=7.6 Hz, 4 H), 8.08 - 8.18 (m, 4 H), 8.46 - 8.50 (m, 8 H) (Figure S1). 13C NMR (101 

MHz, CDCl3) δ 151.25, 146.68, 145.72, 141.64, 138.72, 134.80, 134.26, 132.92, 132.32, 

131.80, 130.88, 129.26, 128.38, 123.04, 121.86, 119.36, 118.16, 114.99, 112.60, 30.83, 

30.57 (Figure S2). The electrospray mass spectrum in acetonitrile (Figure S3) showed 

the peaks centered at m/z = 1112.3391 corresponding to [PtTANP+H]+(calculated 

molecular mass: 1112.3292). PtTANP displayed strong phosphorescence at 663 nm 

and 725 nm (Table 1).  

 

Electronic supplementary information (ESI†) available: Synthesis and 

characterization of PtTANP. 1H NMR, 13C NMR, ESI-MS spectrum and 

crystallographic data of PtTANP.  CCDC 2075384 contains the supplementary 

crystallographic data for PtTANP. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/data_ request/cif.  

http://www.ccdc.cam.ac.uk/data_
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SUMMARY OF THE THESIS 

Corrole, one of the most promising contracted porphyrinoids having one less meso 

carbon atom than porphyrin and shares a similar basic skeleton to corrin bearing direct 

pyrrole-pyrrole linkage, but in terms of aromaticity, it is parallel to porphyrin ring 

having 18π electrons aromatic system. Absence of one methine bridge makes a 

contracted coordination cavity. Besides inner core contains three ionizable pyrrolic 

hydrogens. These two factors make its chemistry too much interesting, especially the 

stabilization of higher oxidation states of metal ions. Nowadays, corrole and 

metallocorroles have diverse applications over multidisciplinary field such as catalysis, 

sensor, solar cell, medicinal field, and so on. In this thesis, I have discussed the 

continuous development of facile synthetic protocols of corroles, different 

coordination modes of metallocorroles, corroles, and metallocorroles based 

applications and lastly functionalization of corroles. Of them, Mono-N –substituted 

and di- N-substituted corroles are rarely reported and investigated in the literature. 

This thesis mainly highlights such inner core modification of corroles. Here we have 

developed an efficient, high yielding, single step and relatively greener methodology 

for facile synthesis of N21, N22 –carbamide corroles derivative. Further complete 

characterizations of these carbamide corroles derivative and generalization of the 

newly designed synthetic protocol have done. In the next part, the First report of the 

methelene bridge of 5,10,15-tris(pentafluorophenyl)corrole has also outlined. The 

superiority of this protocol over previously reported N, N′-one carbon bridged 

porphyrin by Johnson et al. is also discussed here. Optimization of the invented 

methodology and comprehensive characterization of new macrocycle has been done 

by different physicochemical techniques. In addition, the synthesis of a new 
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platinum(II) porphyrin and its characterization is reviewed. In order to understand the 

redox property of this PtTANP cyclic voltammetric and differential pulse 

voltammetric measurements were performed. We have exposed that PtTANP behaves 

as a light-harvesting antenna due to the presence of acenaphthene chromophores in the 

Pt (II) porphyrin. In a deaerated solution at 298 K, a strong phosphorescence is 

observed with the maximum at 660 nm, emission quantum yield of 35% and a lifetime 

of 75 µs but a very weak phosphorescence (em = 0.22%) with a much shorter lifetime 

( = 910 ns) is observed in air-equilibrated solution. The quenching by oxygen results 

in singlet oxygen production with a very high quantum yield of 88%, indicating its 

potential applications in the field of photodynamic therapy as well as oxygen sensors. 

 

 

 


