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ABSTRACT 

Corroles are non-natural aromatic tetra-pyrrolic systems, often kept in mind as contracted 

porphyrin systems. Corroles have received widespread attention especially in the past 20 

years.  Nobel Laureate Dorothy C. Hodkin reported the first X-ray crystal structure of free 

base corrole. Free base corroles generally exists in three forms- A3, A2B (cis and trans) and 

ABC corroles. The present thesis encircles around one such free base form viz. trans-A2B 

corrole and its manganese corroles and (oxo)manganese corroles. The thesis has been 

divided into five chapters. The literature survey including several reported applications of 

corrole are summarized as an introduction in Chapter 1. Scope and objectives of the 

research work discussed in Chapter 2 of this thesis. In Chpater 3, synthesis of free base 

trans-A2B corroles, and its manganese(III) corroles, (oxo) manganese(V) corroles and fully 

characterized by the UV-visible, NMR, Mass spectroscopy. Kinetics of self-decay and 

oxygen transfer reaction to thioanisole using ozonolysis of manganese(III) corroles, 

electrochemistry and calculated the HOMO-LUMO gap of manganese(III) corroles by 

DFT studies. The electron releasing and withdrawing group attached on phenyl group at C10 

position of corrole, which affect the rate constant of reactivity of 1-Mn
V
(O) to 5-Mn

V
(O) 

corroles. In Chapter 4, series of four free base trans-A2B corroles (where A = para-

nitrophenyl, and B = 2,3,4,5,6-pentafluorophenyl, 2,6-difluoro, 2,6-dichloro and 2,6- 

dibromophenyl group) have been synthesised and fully characterized by the UV-visible, 

NMR and mass spectrometry. These free base trans-A2B corroles were tested for the 

sensing ability towards Hg
2+

 ion. The LoD for these corroles are comparable to reported 

sensors for Hg
2+

. All these four A2B corroles exhibit different fluorescence quenching due 

to the electronic effect of the phenyl group at C10 position, which has a different halogen 

atom at 2,6 position of the phenyl ring. Chapter 5 discuss the conclusion and future scope 

of the work.     
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CHAPTER 1  

INTRODUCTION 

1.1 Corrole in chemistry 

Corrole is an 18-π electrons macrocyclic molecule, which is fully conjugated and 

aromatic. Its skeleton structure resemblance as corrolazine, corrin (constituent of vitamin 

B12) and porphyrin as shown figure (Fig. 1.1). Porphyrin and corrole have tetrapyrrolic 

molecules but corrole having one less methine bridge (CH-20) as compared to porphyrin 

[1]. In the carbon skeleton of corrole C5, C10, C15 shows the methine bridge (meso 

position), however in the case of porphyrin one more methine bridge present at C20 

positions as shown in Fig.1.1.  Due to one less methine bridge, corrole has lower 

symmetry group-C2V and small cavity as compare with higher symmetry group-D4h of 

porphyrin [2]. Corrole showed the higher N–H acidity because three protons present in the 

cavity of corrole, however one and two protons present in cavity of corrin and porphyrin, 

respectively [3]. Therefore, corrin and porphyrin worked as monoanionic and dianionic 

ligand respectively but corrole as trianionic ligand, which stabilize the metals in lower 

and higher oxidation states [4-7]. One of the most prominent feature of corrole is higher 

fluorescence level compare to similar porphyrinoids [8-10]. 

 

Fig. 1.1: Skeleton structure of porphyrin, corrin, corrolazine and corrole. 
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Corrole was first synthesized by the Johnson and Kay in 1965 [11]. Hodgkin and co-

workers reported the first X-ray crystal of a free-base corrole [12]. Due to lower yield and 

synthesis of corrole from non-available starting material, the synthesis of corrole was 

difficult thus leading to lesser publications. Paolesse and Gross‟s group reported the one 

pot synthetic approach to corrole in 1999 [13-16]. After the discovery of this one pot 

synthetic approach, publications in corrole accelerated and are shown in Fig. 1.2. 

 

Fig 1.2: Number of corrole-related publications since 1960 

Since 1999, corroles chemistry showed boom because of its synthetic accessibility 

(Fig1.2). Further, most of the research focused on the synthetic methodologies, 
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functionalisation and improving the yields. Nowadays, scientists are focusing on the 

application part of corroles in different fields like biological, environment, solar cell etc. 

1.2 Types of corrole 

Nomenclature of substituted corroles have same analogy like meso substituted 

porphyrin. According to the meso substituent, corroles are divided into four type such 

as A3, cis-A2B, trans-A2B and ABC corrole (Fig 1.3).  If substituents are identical at C5, 

C10 and C15 positions that is called A3 corrole. In cis-A2B corrole, two substituents are 

same at C5 and C10 but C15 different. But in trans-A2B corrole, two substituents are 

same at C5 and C15 but C10 different. In the case of ABC corrole, all substituent differ at 

C5, C10 and C15 positions. 

 

Fig. 1.3: Structure of A3, cis-A2B, trans-A2B and ABC corrole. 

1.2.1 A3 corrole 

A3 aryl corroles can be synthesized using aromatic aldehydes and pyrrole. Because of the 

oxidation potential of the electron-donating aliphatic substituents is too low to allow the 

stable product. The reactivity of carbonyl group depends on the attached substituents, 

which increase the positive charge on carbon atom of carbonyl group. In this way, Gross 

group synthesised first A3 corrole by the reaction of pentafluorobenzaldehyde and pyrrole 

under neat conditions and added 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) for 
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aromatization [14]. The 5,10,15-tris(pentafluorophenyl)corrole was obtained with 13% 

yield. Using the same procedure synthesis of the meso-alkyl-substituted corrole with 1% 

yield by the reaction haptafluorobutylaldehyde hydrate and pyrrole was carried out [17]. 

Gryko‟s group presented the facile route of synthesis of corroles [18]. In 2000, Lee and 

co-worker reported the bilanes in the literature [19]. In addition, Paolesse et al introduced 

the universal conditions with a pyrrole:aldehyde ratio of 10:1 for corrole synthesis with 

good yields [20]. Subsequently, Collman and Decreau used microwave for heating to 

improve the A3 corroles yield [21].  Paolesse et al described the ratio of pyrrole and 

aldehyde for 5,10,15-triphenylcorrole [22]. Later 5,10,15-tris(4-nitrophenyl)corrole was 

synthesized by using the same methodology [23,24]. Virgil, Grubbs, and Gray reanalysed 

the both step first one tetrapyrrane and second corrole via removing the polymeric 

byproduct [25]. In 2006, Gryko and Koszarna introduced the different method to reduce 

the dipyrrane and tripyrrane impurity by using a mixture of water and methanol, and 

catalyzed by HCl [26,27]. Many scientists reported the synthesis of corrole by the 

contraction of porphyrin [28-30]. Vicente and co-workers synthesised the corrole by the 

condensation of dicarboranylaldehyde possessing two boron cages with pyrrole under 

Paolesse‟s conditions [31]. In practice, A3 corroles can be synthesised by using any of the 

method shown in scheme 1.1.  

 

Scheme 1.1: Synthesis of A3 corrole. 
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1.2.2 cis-A2B corrole 

Tanaka and Osuka co-worker reported facile protocol for cis-A2B corrole by acid 

catalyzed [2 + 2] condensation using carbinol and dipyrrane with DDQ [32]. In 

addition, they explored this method to synthesise the meso-free corrole (5,10 

Bis(pentafluorophenyl)corrole) [33]. In 2002, Chandrashekar et al proposed the first 

methodology of cis-A2B corrole via [3+1] condensation of tripyrrane with pyrrole-2-

carboxaldehyde [34]. The general procedure for the synthesis of cis-A2B corrole is 

shown in below scheme1.2. 

 

Scheme1.2: Synthesis of cis-A2B corrole. 

1.2.3 trans-A2B corrole 

The idea of synthesis of trans-A2B corrole came from the Lindesy‟s work on trans-

A2B2-porphyrins from dipyrranes and aldehydes [35,36]. In 2000, Gryko et al proposed 

the first method to synthesise the trans-A2B corrole without acidic catalyst [37]. Later 

many research groups reported the methodology of trans-A2B corrole using the 

aromatic aldehydes and dipyrrane [38-58]. Collman and Decreau synthesised trans-A2B 

corrole by the condensation of dipyrromethane dicarbinols with 2,2‟-bipyrrole [59]. In 

addition, Gryko and co-workers reported the synthesis of trans-A2B-Corroles from 

ethyl oxalyl chloride and dipyrrane [60]. Later, Gryko and Geier et al synthesised of 

trans-A2B-corroles from dipyrrane- Diols and Pyrrole [61,62]. 
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All these methodologies exist in the literature for the preparation for trans-A2B corroles 

from aldehyde and dipyrranes. Numerous trans-A2B-corrole were synthesised using the 

H2O/MeOH/HCl. But the classical methodlogy with the use of TFA and CH2Cl2 is 

more efficient (scheme1.3). 

 

Scheme 1.3: Synthesis of trans-A2B corrole. 

1.2.4 ABC-corrole 

Paolesse et al synthesised ABC-corroles by the condensation of two different 

dipyrranes with one aldehyde [20]. In addition, Guilard, Gryko, Geier et al described 

another method via condensation of a dipyrromethane-dicarbinol with pyrrole and 

acylation of mono-acylated dipyrromethanes under Vilsmeier condition [61-63]. 

Further, Churchill group synthesised the ABC corroles (5-(benzothien-2-yl)-15-(4-

bromophenyl)-10-(pentafluorophenyl)-corrole) but purification of free base corrole was 

unsuccessful [64]. The scheme for synthesis of exemplary synthesis of ABC-Corrole 

(Scheme 1.4). 

.  

Scheme 1.4: Synthesis of ABC corrole. 
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1.3 Transition metals used in metal complex of corrole 

With the ability to undergo metallation, the unique properties of corroles guide a huge 

impact on the formation of metallocorroles. Various different metal ions have been 

inserted into the corrole cavity. To date, a large library of transition metal ion binding 

arrangements has been assembled. 

In group 4, oxotitanium corrolates were synthesisied by reaction of free base corrole 

with titanyl acetylacetonate [TiO(acac)2] or titanocene or titanium(III) chloride (TiCl3) 

in phenol [65]. In addition, titanium, zirconium and hafnium corrole complexes have 

been prepared via salt metathesis of lithium corrole [67,68]. 

In group 5, oxovanadium β-alkylcorrolates has been synthesised via freebase 

octaethylcorrole metalation with vanadium (III) acetylacetonate [V(acac)3] or 

Vanadium(III) chloride (VCl3) [65]. 

In group 6, first chromium corrole was prepared as oxo (2,3,17,18-tetramethyl-

7,8,12,13-tetraethylcorrolato)chromium(V) by the reaction the free-base corrole with 

anhydrous chromium(II) chloride (CrCl2) in dry DMF [68,69]. In this way, 

oxo[tris(pentafluorophenyl)- corrolato]chromium(V) was obtained via aerobic reaction 

5,10,15-tris-(pentafluorophenyl)corrole with chromium hexacarbonyl in toluene [70]. In 

addition, oxochromium (IV, V) complexes of tris(pentafluorophenyl) corrole were 

synthesised using chromium(II) chloride (CrCl2) in pyridine [71,72]. Cr(V) and Cr(VI) 

nitrido complexes of tris(pentafluorophenyl) were obtained by the nitrogen transfer 

atom from stable (nitrido)manganese(V) complex of salophene to 

[tris(pentafluorophenyl)- corrolato]chromium(III) [73]. The first mononuclear 

chromium(V) imido corroles were synthesised by the reaction of Cr(TPFCor)(py)2 with 
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mesityl azide under thermal or photochemical condition [74]. The first chiral ABC-

metallocorrole (oxo[5-(4-bromophenyl)-10-(pentafluorophenyl)-15-(2-thianaphthyl) 

corrolato] chromium(V) synthesised through crude free base corrole via an aerobic 

oxidation using chromium hexacarbonyl [65]. Monomeric oxo(2,3,17,18-tetramethyl-

7,8,12,13-tetraethylcorrolato)molybdenum(V) obtained by the reaction β-Octaalkylcorroles 

with molybdenum pentachloride or molybdenum hexacarbonyl in decalin [75]. In the 

same way, molybdenum corrole was prepared by the reaction of free base corroles 

(meso-triarylcorroles) with molybdenum hexacarbonyl in decalin or with 

tetrachlorobis(tetrahydrofuran)molybdate(III) in dicholomethane [76-80]. In addition, 

Gross et al developed the new methodology for the synthesis of low valent 

molybdenum corrole [81]. The first tungsten corrole was prepared via reaction of free 

base corrole with tungsten hexachloride in decalin, which was reported by Gross and 

co-workers [82]. The second example of tungsten(V) corrole was prepared through a 

metathesis of lithium corrole with tungsten hexachloride [83]. Br ring et al found 

unexpected air-stable corrole radical (3,17-dichloro-5,10,15-trimesitylcorrole) by the 

reaction of 5,10,15-trimesityl corrole with tungsten hexacarbonyl and tungsten 

hexachloride [84]. In this context, Ghosh and co-workers prepared the series of 

tungsten(VI) biscorroles by the meso-triarylcorroles with tungsten hexacarbonyl in 

decalin [85]. 

In group 7, manganese corrole has been synthesised by the different methodologies 

such as direct metalation with dimanganese decacarbonyl in toluene or with 

manganese(III) acetate in DMF or with manganese(II) acetate in DMF / methanol/ 

pyridine [86-91]. Manganese (IV, V) corroles prepared by the different oxidation 

methods [90-93]. In addition, Kumar and co-workers synthesised a series of A2B 
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manganese(III) corrole via green synthetic route [94]. Accidentally, rhenium corrole 

obtained by refluxing the porphyrin with dirhenium decacarbonyl in benzonitrile [28].  

Ghosh‟s group reported the series of technetium corroles by the reaction of free base 

corrole with [NEt4]2[
99

TcCl3(CO)3] in decalin [95]. 

In group 8, iron corroles have been synthesised by metalation of free base corrole with 

ferric chloride in DMF or iron pentacarbonyl in toulene or diiron nonacarbonyl in 

toluene or ferrous chloride in dry DMF [95-99]. In this context, Fe(III)(corrole)(NO) 

prepared by the reaction of meso-triarylcorroles with hydrated ferrous chloride in 

mixture of pyridine and methanol via addition of an aqueous solution of sodium nitrite 

(NaNO2) [100]. Walker et al were prepared corrolate π radical [Fe(III)(corrole•
2-

)]Cl
-
 

[101-103]. Ghosh‟s group described π-cation radical character of chloroiron(IV) 

corroles [104]. Gross and co-workers observed no indication of corrole radical in 

chloroiron(IV) corrole and also explained the representation of corrole radicals in 

chloroiron(IV) corroles as [Fe(IV)(corrole
3-

)]Cl
-
 [105-107]. The existence of 

[Fe(III)(corrole•
2-

)] has been proved theoretically as well as spectroscopically [107-

109]. In recent years, several research group reported the iron corroles with different 

substituent [42, 110-115]. Monomer and dimer of ruthenium corroles obtained by the 

reaction of free base corrole with dichloro(1,5-cyclooctadiene)ruthenium(II) 

[(cod)RuCl2] [116-119]. In 2014, Ghosh and co-workers were synthesised the first 

osmium corrole by the reaction meso-triarylcorroles with triosmium dodecacarbonyl 

[Os3(CO)12]/ sodium azide in diethylene glycol monomethyl ether/glycol [120]. 

In group 9, cobalt corroles were synthesised by the reaction of free base corrole with 

cobalt acetate in pyridine at 100°C or in methanol in presence of PPh3 [121-123]. 
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Dimer, trimer, tetramer of cobalt corroles were also prepared by the reaction free-base 

oligomers with cobalt(II) acetate tetrahydrate in pyridine at 100 °C [123-126]. Cobalt 

corroles have been used as porphyrin-corrole dyads and biscorroles [127-137]. Gross 

and co-workers synthesised and characterised the first rhodium corrole by the reaction 

meso-triaryl corrole with [Rh(CO)2Cl]2 (rhodium carbonyl chloride dimer) in benzene 

and in the presence of PPh3 and K2CO3 (potassium carbonate) [123, 138-140]. In 

addition, Collman et al prepared the rhodium corrole via reaction free base corroles 

with [Rh(cod)2Cl]2 (rhodium carbonyl chloride) in DCM or methanol in the presence of 

pyridine or diethylamine or trimethylamine at room temperature [141]. Iridium (III) 

corroles have been synthesised by the reaction TPFCor with [Ir(cod)Cl]2 

(cyclooctadiene iridium chloride dimer) and K2CO3 (potassium carbonate) in THF also 

axially ligated by trimethylamine N-oxide or pyridine or substituted pyridine or 

triphenylphosphine or 4,4′-bipyridine or ammonia [142-148]. 

In group 10, Nickel corroles have been synthesised by reaction of β-octaalkylcorroles 

with nickel chloride (NiCl2) in chloromethane (CH3Cl) and methanol or Ni(OAc)2 

(nickel(II) acetate) in DMF [4, 149]. Later, Guilard and co-workers prepared nickel 

biscorrole with anthracenyl spacer by heating biscorrole at 80 °C with Ni(OAc)2 

(nickel(II) acetate) in pyridine or benzonitrile [150]. Gross and co-workers synthesised 

the palladium corrole from TPFCor via methylation of pyridine by methyl iodide [151]. 

Ghosh‟s synthesised the platinum corrole via reaction free base corrole with platinum 

acetate complex in benzonitrile [152]. 

In group 11, copper corrole was obtained by the reaction of free base corroles with 

copper acetate in hot DMF or pyridine at room temperature [4,20,149,153-160]. 
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Further, 5,5′-linked and 10,10′-linked dimer of copper corrole was synthesised via 

metalation Cu(OAc)2·H2O (cupric acetate monohydrate) [126].  Also porphyrin-corrole 

dyads prepared by metalation with CuCl2 (cupric chloride) in pyridine at 40°C [159]. 

Silver corroles were synthesised by the meso-triarylcorroles react with silver acetate in 

pyridine [161-168]. Dimer 5,5′-linked and 10,10′- linked silver corroles were prepared 

via metalation with silver acetate (AgOAc) [126]. Gold complexes of β-octabromo-

meso-triarylcorrole have been prepared by free base β-octabromo-meso-triarylcorrole 

react with [MeAu(PPh3)] or [ClAu(PPh3)] in toluene or with chloroauric acid and 

trimethylamine in DCM [169, 170]. Simple gold corroles (i.e. without β-substituted) 

were synthesised by the reaction of free base corroles with gold(III) acetate in pyridine 

at room temperature [171-174]. 

Till now 22 transition metals used as central metal ion in corrole which are marked in 

periodic table (Fig.1.4). Transition metal complexes of corrole are utilising in different 

field. So research on transition metal corroles is interestingly going on. 

 

Fig. 1.4: Transition metals used in corrole chemistry 
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1.4 Applications of corrole 

Corrole have a large number of applications and also having different features from 

parent porphyrin. With the age, scientists are exploring the corrole properties with its 

applications. 

Some of the corrole‟s applications discussed below such as catalysis, solar cells, 

chemical sensors and sensor arrays, biological applications. 

 

1.4.1 Catalysis 

In 1999, first application of corrole and Metallocorrole is reported as oxidation catalyst 

[175]. 5,10,15-tris(pentafluorophenyl)corrolato iron(IV) chloride (TPFCorFeCl) has 

shown the catalytic oxidising (C–H bonds convert into C–OH bonds) behaviour with 

meta-chloroperoxybenzoic acid towards cyclohexane and adamantane [176]. Later, 

5,10,15-tris(difluorophenyl)iron(IV) corrole was used as oxygenation of alkanes, 

alkenes, alkylbenzenes and alcohols with tert-butyl hydroperoxide (t-BuOOH) [177]. 

Further manganese corrole complexes 5,10,15-tris(pentafluorophenyl)manganese(III) 

corrole (TPFCorMn), 5,10,15-tris(2,6-difluorophenyl)manganese(III) corrole [T(2,6-



Chapter 1 

 

  13 

F2)PCorMn] and perbrominated manganese(III) corrole were used as catalyst for the 

oxidation reactions [178,179]. Oxomanganese complex of octakis(para-tert-

butylphenyl)corrolazinato
3-

) has been tested for oxidation of cyclohexane and 

alkylbanzenes [180]. Zhang and co-workers used iron(III) 5,10,15- tris(pentafluorophenyl) 

corrole (TPFCorFeIII) as olefin oxidising agent with iodobenzene diacetate [181]. In 

addition, iron(III) corrole was also used for the oxidation of sulphides to sulfoxide 

[182]. Later, same group manganese(III) and manganese(IV) corroles were tested as 

oxidant for sulphide to sulfone [183]. Recently, Kumar group observed the electronic 

and steric impact of C10 substituent of oxo complex of manganese(V) corrole on the rate 

of OAT to thioanisole [184]. In this way, effect of N-base appended 

(oxo)manganese(V) corrole on epoxidation of alkenes are also reported in the literature 

[185]. 

Firstly, iron corrole complexes were used to copolymerization of carbon dioxide (CO2) 

with cyclohexene oxide, propylene oxide and glycidyl phenyl ether [186]. In addition, 

same group explored the catalytic property of the manganese corroles for the 

copolymerization of epoxides with carbon dioxide (CO2) and cyclic anhydrides [187]. In 

this way, mangnese, iron, copper, cobalt, antimony and bismuth metal complexes of 

TPFCor were tested in the reaction of carbon dioxide with styrene oxide [188]. 

Manganese complex of TPFCor has been used as catalyst in the preparation of 

polyurethane [189]. Cobalt corroles worked as electrocatalyst for reduction of carbon 

dioxide (CO2) [190,191]. Further, cobalt and iron corrole complexes and its β-

brominated corroles has been used as electrocatalyst for oxygen reduction reaction in 

alkaline solutions [192-207]. Cobalt complex of TPFCor were also investigated for the 

oxygen evolution reactions and factor affecting the reaction [208-210]. Further, cobalt 
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corrole-carbon nanotube hybrids were synthesised and worked as catalyst for the 

investigation of the oxygen revolution reactions and hydrogen evolution reactions 

[211]. It was observed that the oxygen evolution reactions were greatly affected by the 

electronic factor of cobalt corroles [212-214]. Also, manganese corroles have been 

shown the promising catalyst character for oxygen evolution reactions [215]. Recently, 

iron corroles and its μ-oxo dimers, β-β  linked dimers were also tested for water 

oxidation electrocatalysis [216]. Further, cobalt, manganese, and copper complexes of 

TPFCor and T(2,6-F2)PCorH3 (5,10,15-tris-(2,6-difluorophenyl)corrole) have been 

explored as redox mediators for the oxygen evolution reactions in Li–O2 ( Lithium–air) 

batteries [217]. Cobalt corroles shows electrocatalytic efficiency towards hydrogen 

evolution reaction [218-228]. Cobalt and iron corroles were used as photoelectrocatalyst 

which increased the H2 production [229]. Copper corroles has been investigated for 

hydrogen evolution reaction [230,231]. Kadish and co-workers reported the same CV 

behaviour of cobalt and copper corroles to support the hydrogen evolution reactions 

[232]. Even free-base corroles has been shown the electrocatalysts for the hydrogen 

evolution reactions [118,233]. Cobalt corroles have been also reported as a catalyst for 

the hydration of terminal alkynes and for the formation of heterocycles [234,235]. Iron 

complex of corrole-metal oraganic framework is used as catalyst for hetero Diels–Alder 

reactions between benzaldehydes and dienes [236]. Phosphorus corroles have been 

catalyzein ketone hydrosilylation, deoxygenation and bromination [228,237,238]. 

TPFCor complexes of aluminium and gallium used as catalysts for bromination [239].  

1.4.2 Solar cells 

Corroles were demonstrated as dye-sensitized solar cell (DSSC) and cells were prepared 

via the electron injection process from corrole to TiO2 (titanium oxide) [240,241]. To 
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reduce the drawback of reported DSSC, gallium and phosphorous corroles have been 

explored as chrmophores in DSSCs [242]. In addition, gold corroles were investigated as 

photosensitizers in DSSC [174]. Further, rhenium and osmium corroles were investigated 

as photosensitizer and compared the efficiency of gold corrole as photosensitizer [243]. 

To improve the efficiency, gold corrole decorated with good electron donor and sensitizer 

by the change substituent at corrole peripheral [244]. In addition, gallium complexes of 

corrole-BODIPY (4,4-difluoro-4-bora-3a,4a-diaza-s-indacene) were investigated as 

electron donor corrole [245]. Recently, copper corrole was utilised as a hole transporting 

material (HTM) in perovskite solar cells (PSCs) [246]. Very few examples of corrole 

have been demonstrated in the literature as solar cell device. 

1.4.3 Chemical sensors and sensor arrays 

Chemical sensors are the sensor used to detect compound and composition of complex 

in human being and environment [247]. Corrole is recently developing macromolecule 

to identify the analytes as quantitatively and qualitatively. 

Free base corrole (5,15-Bis(pentafluorophenyl)-10-(4-methylphenyl)-corrole) used as 

oxygen sensor for gas detection [248].  To enhance the oxygen sensing property, gold 

corrole was combined with quantum dot [249]. Corrole and metallocorrole were 

investigated as anion sensor in pollutant and biological system. Gallium complexes of 

TPFCor showed anion sensing ability such as halides, cyanide, acetate, dihydrogen 

phosphate, caffeine and nicotine [250-252]. pH-sensitive „„off–on–off‟‟ fluorescent 

sensor has been formed by Ga-corrole with an 8-hydroxyquinoline moiety [252]. 

Further, free base TPFCor corrole in polymethylmethacrylate (PMMA) and 

polyacrylamide has shown the sensitivity towards fluoride ion [251]. Later, trans-A2B 
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corroles have been investigated to fluoride ion sensor [253]. Paolesse and co-workers 

explored the silicon-corrole as fluoride ion sensor [254,255]. Gallium complex of 

TPFCor has been demonstrated as the cyanide ion sensor spectrofluorometrically [251]. 

Cobalt corrole was also demonstrated as cyanide sensor using Whatman filter paper and 

imaged by a standard smartphone [256]. Also, β-brominated copper-corrole shown the 

sensing ability towards iodide [257]. Corrole and metallocorrole were used to detect the 

heavy metal ions. A corrole-based organic framework was used as metal ion sensor 

such as Ga
3+

, Al
3+

, Cr
3+

 and Fe
3+

 [258]. Free base corrole (TPFCorH3) was combined 

with PVC (poly vinyl chloride) and dioctyl sebate as plasticizers to investigated the 

Hg
2+

 ion sensing [259]. In this order, trans-A2B corrole was worked as cation sensor 

especially for Hg
2+ 

ion, where A was nitrophenyl, and B was tridecyloxyphenyl [260]. 

Metallocorroles and corroles are also being used as chemical sensors based on 

electrochemical processes.  The thin membrane was prepared using free base corrole 

(TPFCor) and 2-nitrophenyl octyl ether (o-NPOE) as a plasticizer and the additive 

sodium tetraphenylborate (NaTPB), which was highly selective for Ag
+
 ion [261]. A 

combination of cobalt(II) porphyrin and cobalt(III) corrole was demonstrated for K
+
 ion 

detection [262]. In addition, the same system has been developed as ion-selective 

electrode, which was prepared by coating the paper with a carbon nanotube layer [263]. 

Free base corrole-based liquid membrane electrodes are pH sensitive for salicylic acid 

and salicylate [264]. Cobalt complex of 5,10,15-tris(4-tert-butylphenyl)corrole has been 

shown binding affinity for nitrate via embedded in a PVC plasticizer membrane [265]. 

Corroles were used as resistive corrole sensors in donor–acceptor composites.  

Copper complexes of 10-(p-hydroxylphenyl)-5,15-diphenylcorrole and 5,10,15-tris(p-
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carboxymethylphenyl)corrole have been used for the formation of self-arranging 

semiconducting nanostructure in nanoneedles and nanoribbons respectively, which 

shows an n-type response to NO2 (nitrogen dioxide) [266]. Also, meso-tritolyl corrole 

was worked as sensor to detect NO2 via non-covalently linked to singlewall carbon 

nanotubes [267]. In this order, 10-(4-chlorophenyl)-5,15-di(4-methylphenyl)-corrole 

and its cobalt complex were used as the organic framework with graphene oxide, which 

have limit of detection of NO2 in ppm [268]. Light-activated gas sensors were prepared 

by the corrole with ZnO (zinc oxide) nanoparticles, which was tested for volatile 

compounds [269]. Copper corroles show more sensitivity towards donor ligands than 

copper porphyrin [269,270]. 

Corrole-based mass sensor prepared via deposition of Langmuir−Blodgett (LB) films of 

a manganese-corrole, which is sensitive towards amines, acohols, alkanes, and aromatic 

aldehyde [271]. Similarly, solid-state films of cobalt(III) corroles adsorbed carbon 

monoxide, oxygen and niotrogen [272]. Cobalt(III) corroles incorporated in organic-

inorganic hybrid Sol–Gel then cobalt-corrole have the selectivity for carbon monooxide 

[273,274]. Cobalt corroles and its β-acrolein substituted cobalt-corrole have shown 

sensitivity and selectivity for carbon mono oxide in porous organic polymer [275,276]. 

In this way, surface acoustic wave (SAW) device functionalized with cobalt and copper 

corroles were used for detection the carbon mono oxide [277]. Cobalt corroles, cobalt 

biscorroles and porphyrin-corroles having the binding affinity towards carbon mono 

oxide [128,278]. Free base 5,10,15-tris-(3,5-dihydroxyphenyl)corrole and its metal 

complexes of copper, iron, cobalt supramolecular porous solid layer bind the CO 

(carbon mono oxide) and NO (nitric oxide) [279]. 
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Corrole-based gas sensor arrays of free base 5,10,15-triphenylcorrole and its iron and 

manganese complexes showed sensing affinity towards ethanol, ethyl acetate, dimethyl 

formamide and trimethylamine [280]. 

1.4.4 Biological applications 

Corrole has been demonstrated as useful molecule in so many biological applications. 

Cu-corrole, Gd DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid) 

complex was used as contrast agent for MRI and PET imaging [281]. In addition, a 

range of triazole linked corrole to DOTA/NOTA (1,4,7-triazacyclononane-1,4,7-

triacetic acid) derivatives were prepared via copper(I)-catalysed Huisgen cycloaddition 

[282]. Metallocorroles were utilised as contrast-enhancing agent for MRI (magnetic 

resonance imaging) [23]. 

Zhou co-workers were synthesised the water soluble corroles, which shows the 

interaction with G-quadruplex [283]. Later, Zhou co-workers synthesised the five cationic 

methylpyridylium corroles for interactions with G-quadruplexes such as cmyc, htelo, and 

bcl2 [284]. Out of manganese and copper corroles, manganese corrole showed the higher 

stabilization to G-quadruplex [285]. Gallium(III) 5,10,15-(N-methyl-4-pyridyl)corrole 

bind with c-MYC G-quadruplex DNA, which used as antitumor drug [286]. 

Recently, corrole has been used as antiviral and shows inhibitory effects on hCMV 

(human cytomegalovirus) infection [287]. A library of corroles with nitro and fluoro 

substituent were prepared to study the antiviral activities [288,289]. In addition, 43 

antiviral corrole-based molecules were studied for myxoma virus (Lausanne-like 

T1MYXV strain) [290]. 
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Ga-corroles with ortho or para-methylpyridinium moieties were tested for antibacterial 

activities against the Gram-negative Bacterium A [291]. Sn- and P-corroles inhibited 

the germination of mold fungi spores [292]. Free base corrole (TPFCor) was used to 

prepare the Corrole-grafted-chitosan films, which shown bacteriostatic effect against S. 

aureus [293]. 

Further, gallium complexes of A3, and trans-A2B corroles were demonstrated as 

photosensitizer in photodynamic therapy (PDT) [294-300]. In addition, for 

photodynamic therapy a phosphorus complex of 5,10,15-tris(ethoxylcarbonyl)corrole 

was used as non-toxic photosensitizer [301]. In addition, rhodium(V)–oxo triaryl 

corroles with methyl ester or carboxylic acid analogs were explored for photodynamic 

therapy [302, 303].  Tin complexes of tris-2-thienyl- and triphenyl corroles have shown 

the good candidature for photodynamic therapy [304-306]. Recently, Lemon and 

Marletta reported the phosphorus corroles which have been incorpated in to the HasA 

(heme acquisition system protein A) and H-NOX (heme nitric oxide/oxygen binding) 

protein for several biological applications [307]. 
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CHAPTER 2 

SCOPE OF THE WORK 

2.1 Introduction  

Corroles and metallocorroles show interesting properties such as catalysis and 

fluorescence. Many transition metals are used in corrole chemistry. Manganese corroles 

derived from the transition metal are used in a variety of fields including medicine, 

catalysis, the environment, and so on. As a result, the first goal was to synthesise five 

free base A2B corroles (A = nitrophenyl, and B = pentafluorophenyl, 2,6-

difluorophenyl, phenyl, 4-methylphenyl, and 4-methoxyphenyl groups) and later their 

manganese metalated corroles and oxo complexes of manganese corroles were 

synthesised. Rate of self-decay and rate of formation sulfide to sulfoxide via manganese 

corroles for the oxygen atom present on these oxomanganese (V) corroles was later 

determined. Then we observed the effect of the electronic factor of the substituted 

group (at the C-10 position of corrole) on the kinetic rate of the oxygen transfer 

reaction, which was justified by the cyclic voltammetry and DFT.   

Nowadays, Corroles and metallocorroles are widely used for sensing the gaseous 

molecules, hazardous anions and cations. This led us to our second aim which was 

using free base A2B corroles as cationic sensor. In this work, four A2B free base 

corroles have been shown to have a higher sensing ability towards the Hg
2+

 ion out of 

Na
+
, Ag

+
, Ca

2+
, Cd

2+
, Pb

2+
, Cu

2+
, Zn

2+
, Al

3+
 ions. The difference in four A2B corroles 

by C-10 position (B) with A = nitrophenyl and B = pentafluorophenyl, 2, 6-difluoro, 

2,6-dichloro and 2,6-dibrmophenyl groups. All four free base corroles demonstrated the 

detection of mercury ions in toluene. Photophysical properties of all four A2B corroles, 
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such as limit of detection and fluorescence quenching, show the effect of halogen atoms 

on the selectivity of metal ions.  

2.2 Objectives   

Synthesis of manganese corroles and its catalytic application. Synthesis of A2B free 

base corroles and their different applications including cation sensors. 

2.2.1 Specific objectives 

 Synthesis of A2B free base corroles, manganese(III) corroles and (oxo)-

manganese(V) corroles and their characterization by the UV-visible, NMR and 

mass spectroscopy.  

 Determination of the rate of self-decay and oxygen atom transfer through (oxo) 

manganese(V) corroles to sulfides. 

 Electrochemistry of manganese(III) corroles. 

 Determination of the HOMO-LUMO gap of Mn(III) corroles via DFT calculation. 

 Study the effect of halogen atoms on the sensing ability of free base trans-A2B 

corrole towards the mercury ion. 

 Study of the photophysical properties of synthesized A2B free base corroles. 
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CHAPTER 3  

OXIDATIVE CATALYTIC ACTIVITY OF ISOLATED 

(OXO)MANGANESE(V) CORROLE TO SULFIDES 

3.1 Introduction 

Manganese corroles are widely used for oxygen atom transfer (OAT) reactions because 

manganese complexes have ability to acquire a wide range of oxidation state. Gross and 

co-workers in 2000, reported the Mn(III) corrole as an epoxidation and cyclopropanation 

catalyst using the iodosylbenzene as an oxygen source [1]. In this article, oxo-

manganese(V) corroles and β-brminated oxo-manganese corroles were demonstrated 

for sulfoxidation under stoichiometric conditions [2]. Further, Bandyopadhyay and co-

workers employed the manganese corroles and β-brominated manganese corroles for 

the oxidation of hydrocarbons and alcohol [3,4]. Liu and co-workers reported the DFT 

calculation of oxomanaganese(V) corroles [5]. The catalytic activity of manganese 

corrole was also affected by the solvent and axial ligands [6-8]. Liu and Chang‟s group 

studied the rate of oxygen atom transfer reactions from non-brominated and brominated 

Mn
V
(O) corroles to styrene [9]. Zhang and co-workers described multiple oxidation 

pathways using Mn
V
(O) corrole [10]. Mn(III) complexes of TPFC and TPFcCN have 

been previously used for dioxygen activation and the O   O bond formation [11]. 

Goldberg‟s group discovered that Mn
IV

(OH) corrole has a higher rate of hydrogen atom 

transfer than Mn
V
(O) corrole[12]. Manganese corrole is also used for CO2 fixation with 

epoxides under mild conditions [13]. The non-isocyanate polyurethane was synthesised 

using manganese complexes of 5,10,15- tris(pentafluorophenyl) corrole as catalyst[14]. 

This work aims to illustrate the substituent effect on the efficiency of manganese 

corrole towards sulfoxidations under catalytic conditions.  
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Fig. 3.1: Graphical representation of oxygen atom transfer reaction of manganese corrole 

3.2 Significance and mechanism of sulfoxidation reactions  

The sulfoxides are used in the pharmaceutical industry and the production of antifungal 

and antibacterial compounds [15,16]. The problem faces to production of sulfoxides in 

the synthesis of proton pump inhibitors, which are used to treat heartburn and ulcers 

[17]. 

In traditional method of oxidation of sulphides using the toxic heavy metal, peroxyacids 

or strong oxidant which are harmful to us [18,19]. Presently, eco-friendly sulfoxidation 

catalysis is a developing area of research [20]. 

OAT mechanism of the metal-oxo complex is complicated because both 

compropanation and disproportionation mechanisms can be used to explain the 

oxygen atom transfer phenomenon. Oxo-manganese(V) corroles have efficiently 

performed stoichiometric sulfoxidations, which depends on the electronic effects of 

the corrole.  
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Scheme 3.1: Proposed Mechanism for Direct OAT of (Oxo)manganese(V) corrole to sulfides. 

3.3 Experimental section 

3.3.1 Chemicals  

All chemical solvents (CH3COOCH2CH3, CHCl3, CH2Cl2, C6H14 and CH3OH) were 

purchased from E. Merck Ltd.  All aldehydes were ordered from Sigma-Alderich, 

which are used for syntheses without purification. But pyrrole was used after 

purification by distillation process. Deuterated solvents were purchased from Sigma-

Aldrich. LOBA Chemie supplied silica gel (100-200 m mesh) and aluminium oxide 

active (basic) for trans-A2B corrole (free base) and manganese corrole, respectively. 

3.3.2 Common scheme for the synthesis of A2B corrole (free base) 

A2B corroles were prepared using the reported method in the literature [21-24]. 1 mmol 

of DPM (5-(4-Nitrophenyl) dipyrromethane) and 0.5 mmol of the corresponding 

aldehyde were dissolved in 100 mL methanol and consequently, 5 mL of 36% HCl was 
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added. Then the solution was stirred at room temperature for 2 hours. Using 

chloroform, the solution was extracted, then washed with distilled water, dried over 

anhydrous sodium sulphate and filtered. Chloroform was used to dilute the reaction 

mixture, and 1.5 mmol of p-chloranil was added in it. The reaction mixture was stirred 

at room temperature overnight, and the progress of the reaction was monitored using 

TLC in the Hexane/DCM solvent system. The green-coloured solution of A2B corrole 

was collected by column chromatography and recrystallized by a mixture of hexane and 

DCM [25]. 

3.3.2.1  5,15-Bis-nitrophenyl-10-(2,3,4,5,6-pentafluorophenyl) A2B Corrole 1  

The green crude A2B corrole was purified using column chromatography with 4:6; 

DCM: hexane as eluent. The spectroscopy data matches the previous report [26]. UV-

vis (CH2Cl2) λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 432 (27.9), 590 (10.0).  

3.3.2.2  5,15-Bis-nitrophenyl-10-(2,6-difluorophenyl) A2B corrole 2  

This A2B corrole was prepared by the, same procedure as above and the spectroscopy 

data matches the previous report [26]. UV-vis (CH2Cl2) λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 419 

(30.7), 595 (8.57). 

3.3.2.3  5,15-Bis-nitrophenyl-10-phenyl A2B corrole 3  

This A2B corrole was also prepared using the same procedure as above, and  

the spectroscopy data matches the earlier report [27]. UV-vis (CH2Cl2) λmax, nm (ε × 

10
3
 M

-1
cm

-1
) 426 (22.2), 584 (7.39). 
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3.3.2.4  5,15-Bis-nitrophenyl-10-(4-methylphenyl) A2B corrole 4  

This A2B free base corrole was synthesised according to the reported procedure [26]. 

UV-vis (CH2Cl2) λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 414 (16.8), 586 (3.43). 

3.3.2.5  5,15-Bis-nitrophenyl-10-(4-methoxyphenyl) A2B corrole 5  

This A2B free base corrole was synthesised using the reported method [26]. UV-vis 

(CH2Cl2) λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 416 (15.4), 584 (4.24). 

3.3.3 Common method of synthesis of manganese(III) A2B corrole 

Mn(III) corroles were synthesised using the methods described previously [1, 2, 26]. 

The corresponding A2B free base corrole was dissolved in DMF. Then 4 to 5 folds‟ 

excess manganese acetate salt was added to a 100 mL R.B. flask and refluxed for 10 

min. The change in colour of the solution from green to green-brown was observed, and 

the progress of the reaction was checked via TLC with the hexane/ethyl acetate solvent 

system. The reaction mixture was evaporated to dryness and dissolved in a minimum 

amount of DCM with aluminium oxide. Crude Mn(III) corrole was purified using 

column chromatography (basic aluminium oxide) with hexane/ethyl acetate as solvent 

system and was recrystallized in n-hexane.  

3.3.3.1 Mn(III) 5,15-bis-nitrophenyl-10-(pentafluorophenyl)-corrole 1 

Solvent system hexane/ethyl acetate 10:1 was used for the purification of 1-Mn(III) corrole 

and the isolation of the green manganese complex of corrole. Recrystallization from hot n-

hexane provided a pure complex (48.8 mg, 91%). UV-Visible (EtOAc) λmax, nm (ε × 10
3
 

M
-1

 cm
-1

) : 420 (60.7), 473 (73.0), 639 (28.1). MS (HRMS): m/z observed [M+H]
+ 
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758.0521; calculated for C37H16F5MnN6O4
+
 758.0534. Elemental analysis: calculated 

(found) for C37H16F5MnN6O4: C 58.59 (59.60), H 2.13 (2.23), N 11.08 (10.11). 

3.3.3.2 Mn(III) 5,15-bis-nitrophenyl-10-(2,6-difluorophenyl)-corrole 2 

2-Mn(III) corrole was purified by the hexane/ethyl acetate 7:3. UV-Visible (EtOAc) 

λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 418 (44.1), 469 (44.2), 585 (15.7), 642 (18.3). MS 

(HRMS): m/z observed [M+H]
+ 

705.0866; calculated for C37H19F2MnN6O4
+
 

705.0816. Elemental analysis: calculated (found) for C37H19F2MnN6O4: C 63.08 

(63.24), H 2.72 (2.90), N 11.93 (12.66). 

3.3.3.3 Mn(III) 5,15-bis-nitrophenyl-10-(phenyl)-corrole 3  

3-Mn(III) corrole was purified by hexane/ethyl acetate 1:1. UV-Visible (EtOAc) λmax, 

nm (ε × 10
3
 M

-1
 cm

-1
) 418 (54.2), 470 (61.2), 664 (31.3). MS (HRMS): m/z observed 

[M +H]
+ 

688.0990; calculated for C37H21MnN6O4
+
 668.1005. Elemental analysis: 

calculated (found) for C37H21MnN6O4: C 66.47 (66.11), H 3.17 (3.73), N 12.57 

(12.93). 

3.3.3.4 Mn(III) 5,15-bis-nitrophenyl-10-(4-methylphenyl)-corrole 4  

4-Mn(III) corrole was purified by hexane/ethyl acetate 2:3. UV-Visible (EtOAc) λmax, 

nm (ε × 10
3
 M

-1
 cm

-1
) 420 (63.9), 473 (81.9), 665 (42.3). MS (HRMS): m/z observed 

[M +H]
+ 

682.1115; calculated for C38H23MnN6O4
+
 682.1161. Elemental analysis: 

calculated (found) for C38H23MnN6O4: C 66.87 (66.19), H 3.40 (3.39), N 12.31 

(11.50). 
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3.3.3.5 Mn(III) 5,15-bis-nitrophenyl-10-(4-methoxyphenyl)-corrole 5 

5-Mn(III) corrole was purified by hexane and ethyl acetate 3:7. UV-Visible (EtOAc) 

λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 423 (15.5), 478 (21.0), 668 (11.0). MS (HRMS): m/z 

observed [M +H]
+ 

698.1122; calculated for C38H23MnN6O5
+
 698.1110. Elemental 

analysis: calculated (found) for C38H23MnN6O5: C 65.33 (65.75), H 3.32 (3.50), N 

12.03 (11.74). 

3.3.4 General procedure for synthesis of Mn
V
(O) corrole 

Mn
V
(O) corroles were synthesised by using the reported method [2]. The stock solution 

(14.56 to 28.30 µM) of all the Mn(III) corroles (1-Mn to 5-Mn) were prepared. 10 mL 

aliquots of Mn(III) corrole stock solution were treated with a flushed flow of ozone and 

argon in dry ice until the colour changed from green to red for 1-Mn
V
(O) to 5-Mn

V
(O) 

corrole. UV-visible spectroscopy was utilised to analyse 1-Mn
V
(O) to 5-Mn

V
(O) 

corroles, which were then employed in further kinetic investigations.  

3.3.4.1 Mn
V
(O) 5,15-bis-nitrophenyl-10-(2,3,4,5,6-pentafluorophenyl)-corrole 1 

UV- vis (ethyl acetate): λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 341 (49.0), 413 (47.8), 516 (11.5). 

3.3.4.2 Mn
V
(O) 5,15-bis-nitrophenyl-10-(2,6-difluorophenyl)-corrole 2  

UV-vis (ethyl acetate): λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 338 (29.9), 412 (28.0), 517 (80.1). 

3.3.4.3 Mn
V
(O) 5,15-bis-nitrophenyl-10-(phenyl)-corrole 3  

UV-vis (acetonitrile): λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 346 (56.1), 411 (64.3), 518 (16.8). 

3.3.4.4 Mn
V
(O) 5,15-bis-nitrophenyl-10-(4-methylphenyl)-corrole 4  

UV-vis (acetonitrile): λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 347 (42.0), 412 (59.1), 607 (53.4). 
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3.3.4.5 Mn
V
(O) 5,15-bis-nitrophenyl-10-(4-methoxyphenyl)-corrole 5 

UV- vis (acetonitrile): λmax, nm (ε × 10
3
 M

-1
 cm

-1
) 349 (17.7), 413 (22.7), 542 (5.45). 

 

Scheme 3.2: Free base trans-A2B corroles, Mn(III) corroles and their Mn
V
(O) complexes 

3.4 Spectral characterization 

3.4.1 UV-vis spectra of A2B corroles, Mn(III) corroles and Mn
V
(O) corroles 

UV-1800 Shimadzu spectrophotometer was used to record the UV-Vis spectra. 

Solvents such as CH2Cl2, CH3COOCH2CH3, and CH3CN were used to calculate the 

molar absorptivity coefficients of A2B corroles, Mn(III) corroles, and Mn
V
(O) corroles. 

The UV-vis spectra of A2B corrole (free base), Mn(III) corrole and Mn
V
(O) corrole were 

found to be similar to previously reported UV-vis spectra [1, 2, 9, 28]. B-bands were 

observed at 410-435 nm and Q-bands at 570-600 nm in UV- visible spectra of trans-A2B 
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corroles (free base) (Fig. 3.2). Mn(III) corroles, on the other hand have two B-band in the 

region 410-480 nm and Q-band 635-645 nm (Fig. 3.3). In case of Mn
V
(O) corroles, the 

Soret band split in the region of 335-415 nm and Q-band at 515-520 nm (Fig. 3.4). 

 

Fig. 3.2: UV-vis spectra of 1-5 trans-A2B corroles in DCM. 

 

Fig. 3.3: UV-vis spectra of 1-Mn(III) to 5-Mn(III) complexes of A2B corroles in ethyl acetate. 
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Fig. 3.4: UV-vis spectra of 1-Mn
V
(O) to 2-Mn

V
(O) complexes in ethyl acetate and 3-Mn

V
(O) 

to 5-Mn
V
(O) in acetonitrile. 

 

3.4.2 NMR spectroscopy  

Jeol, Model: JNM-EXCP 400 was used to record the 
1
HNMR data at 400MHz. 

1
H 

chemical shifts are observed at 7.26 ppm relative to the solvent (CDCl3) peak. 
1
H NMR 

spectra showed the signature of corrole [2,21,22,29-31]. We were unable to observe the 

NMR spectra of Mn(III) corroles because Mn(III) corroles have paramagnetic 

character. Figure 3.5 depicts the 
1
H NMR of free base A2B corrole 4. We observed the 

typical four set of doublets of pyrrolic hydrogens in the 8-9.1 ppm. The peak of –OCH3 

hydrogen was observed at 4.1 ppm. 
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Fig. 3.5: 
1
H NMR spectra (room temperature, CDCl3) of 5,15-Bis-nitrophenyl-10-(4-methoxy 

phenyl) A2B corrole 5. 

 

3.4.3 Mass spectra 

The HRMS data of the Mn(III) complexes were recorded and found that the data 

matches with our earlier report. The HRMS data of 3-Mn(III) and 4-Mn(III) are shown 

below in Fig. 3.6 and 3.7. 

 

Fig. 3.6: HRMS of Mn(III) 5,15-bis-nitrophenyl-10-(phenyl)-corrole 3 
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Fig. 3.7: HRMS of Mn(III) 5,15-bis-nitrophenyl-10-(4-methylphenyl)-corrole 4 

3.5 Electrochemistry of Mn(III)corroles 

CHI1120A instrument with its software CHI1120 Electrochemical Analyzer, was used 

to record the cyclic voltammogram data. For recording the cyclic voltammograms, 

glassy carbon, Ag/AgCl, platinum wire was used as the working electrode, reference 

electrode and counter electrode respectively. The electrolyte was Fluka-purchased 

tetrabutylammonium perchlorate (TBAP) mixed in acetonitrile, and the Mn-corrole 

concentration was 10
-3

M. The scan rate was 100 mV/s, and the oxidation potential of 

ferrocene was 0.45 V. The oxidation of metallocorrole was observed to be much easier 

compared to metalloporphyrin [28]. Mn(III) corrole is stable in air but easily oxidised to 

Mn(IV) corrole at low potential and is affected by the electronic and steric factors of the 

substituents [1,2,9,28,32-39]. Coordination at the fifth position via a ligand such as 

OPPh3 as well as halides such as Cl
-
, Br

-
 and I

-
 stabilises the Mn

IV
 complex. [1,2,32-40]. 

The electron density of corrole π system is found dependent on the electron 

withdrawing and electron releasing groups attached to the meso substituents [41,42]. 

The cyclic voltammetry of 1-Mn to 5-Mn corroles was carried out using acetonitrile as 

solvent (Fig. 3.8).  

Exact mass – 682.1161  
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Fig. 3.8: Cyclic voltammogram of 1-Mn to 5-Mn. 
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All five Mn-corrole are distinguished by meso substituent at C-10 position of corrole. 

The E1/2 value of couple Mn 
IV

/Mn
III

 of 1-Mn to 5-Mn A2B corroles was found to be in 

the range of 0.31 to 0.65 V (Table.3.1). 1-Mn, 2-Mn and 3-Mn have a first oxidation 

potential that is 182-350 mV higher than Mn(III) OEC but 200 mV lower than Mn(III) 

TPP [2, 9, 34, 35]. The values of E1/2 and ∆E of 1-Mn to 5-Mn A2B corroles coincides 

with a gradual decrease as the electron donating tendency of phenyl substituent 

increases. However, we found that the value of E1/2 and ∆E of 5-Mn A2B corrole 

decreased (0.31 V) and increased (97 mV), respectively. This unexpected result could 

be attributed to the -OCH3 phenyl substituent at C-10 position of corrole. The same 

observations have also been reported in literature previously [2,9]. 

Table 3.1: Oxidation potential of Mn(III) A2B corroles in acetonitrile with using TBAP as 

electrolyte    

Corrole E1/2 (V) ∆E(mV) 

1-Mn 0.65 84 

2-Mn 0.63 80 

3-Mn 0.54 75 

4-Mn 0.54 66 

5-Mn 0.31 97 

 

3.6 Kinetic studies of manganese corroles 

At 20 °C, kinetic studies of 1-Mn
V
(O) to 5-Mn

V
(O) corroles were performed using 

a UV-1800 Shimadzu spectrophotometer. For kinetic experiments, freshly prepared 

(oxo)manganese(V) corroles were prepared by passing ozone through a stock 

solution of Mn(III) corrole [19.60 to 28.30 µM]. All kinetics experiments were 



Chapter 3 

  59 

repeated three times for confirmation of the results at different wavelengths. The 

choice of solvent for a kinetic study depends on the stability of the manganese 

complex. So, we found that oxo complexes of 1-Mn and 2-Mn corroles are more 

stable in ethyl acetate, while oxo complexes of 3-Mn, 4-Mn and 5-Mn corroles are 

most stable in acetonitrile. Gas chromatography was employed to analyse the 

formation of sulfoxides. 

3.6.1 Rate constant of (oxo)manganese(V) corrole during self-decay 

A UV-visible spectrophotometer was used to monitor the self-decay process. The 

colour change from red for Mn
V
(O) corroles to green for Mn(III) corroles allowed us to 

easily observe the self-decay process. It was also confirmed by the spectral changes in 

UV- visible spectra with time. The oxo complex of the Mn corrole band in the range 

340 to 360 nm disappears during the self-decay process, and an absorption peak at 480 

nm appears. This process happened due to metal ligand charge transfer along with the 

absorption band of manganese(III) corrole monitored in the range of 550 to 600 nm [9]. 

A first-order reaction led to the self-decay of (oxo)manganese corrole. As a result, we 

calculated the rate constant of self-decay manganese corroles and the results are 

tabulated in Table 3.2. The rate constant of self-decay also confirmed the stability of 1-

Mn
V
O and 2-Mn

V
O corroles in ethyl acetate, as well as 3-Mn

V
O, 4-Mn

V
O and 5-

Mn
V
O in acetonitrile. So, we used acetonitrile and ethyl acetate as solvents for the 

investigation of reactivity of the (oxo)manganese corrole towards oxygen atom transfer 

at 20˚C. 
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Fig. 3.9:
 
UV-vis spectra change of self-decay of (oxo)manganese(V) corroles (1-Mn(O) and 2-

Mn(O) in ethyl acetate while 3-Mn(O) to 5-Mn(O) in acetonitrile) 

 

3.6.2 Rate constant of oxygen atom transfer of (oxo)manganese(V) corrole to 

thioanisole 

We determined the rate constant of oxygen transfer reactions by using the UV-visible 

spectrophotometer. The solutions of thioanisole were prepared in ethyl acetate, which 

has a 1000-fold higher concentration than (oxo)manganese(V) corrole and is tabulated 

in Table 3.3. The solution turned green when we added a solution of thioanisole 

derivatives to the (oxo)-Mn(V) corrole. This showed the oxygen atom transfer reaction 

of (oxo)manganese corrole to thioanisole.  

The oxygen atom transfer reaction of (oxo)manganese corrole to thioanisole followed 

pseudo-order reactions. We determined the rate constant by employing a pseudo-order 

rate equation for track the disappearance and appearance of bands at 340 to 400 nm and 

490 to 620 nm, respectively, with time. We calculated the pseudo-rate constant of 1-

Mn
V
(O) to 5-Mn

V
(O) corrole, which is tabulated in Table 3.2. We discovered that in 
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the presence of thioanisole, decay rate increased continuously. For oxygen atom transfer 

towards thioanisole, the reactivity order was 1-Mn
V
(O) > 2-Mn

V
(O) > 5-Mn

V
(O) > 3-

Mn
V
(O) > 4-Mn

V
(O) corrole for oxygen atom transfer towards thioanisole. When we 

go through previous years literature, the order is purely dependent on the electronic and 

steric factors [2-5,9,28,31,43-48]. The electron withdrawing substituent in 1-Mn and 2-

Mn and the electron releasing substituent in 4-Mn, 5-Mn are present in the five Mn-

corroles under investigation. At C10 of corrole, there are five fluorine atoms in 1-Mn 

corrole and two fluorine atoms in 2-Mn corrole. Due to presence of fluorine atoms, 1-

Mn and 2-Mn corrole have electron deficient environment. On the other side, 3-Mn, 4-

Mn, 5-Mn A2B corroles have no fluorine atom on phenyl group at C10 position and 

hence their reactivity is depending upon the electron releasing or hindering group 

present on meso positions. 3-Mn
V
(O) corrole have only phenyl group without any 

substituent at C10 position of corrole. 4-Mn
V
(O) and 5-Mn

V
(O) have -CH3 and -OCH3 

in the para positions of the meso phenyl group. We can easily attribute the reactivity 

order to the presence of pentafluoro, difluoro, methyl and methoxy phenyl groups. As a 

result, 1-Mn
V
(O) have five fluorine atoms, which makes it most hindered and 

electronically deficient corrole. 2-Mn
V
(O) has two fluorine atoms, which shows only 

steric protection, so the reactivity of OAT to thioanisole is lower than that of 1-Mn
V
(O) 

[2]. So, we observed that the reactivity does depend on only two factors: one is electron 

releasing and electron withdrawing and the other is steric protection. The rate constant 

of OAT also affected with    I effect of the different derivative of thioanisole. It is 

evident from the Table 3.3 the highest rate constant was observed with 4-

(methylthio)benzonitrile. The rate constant of oxygen atom transfer reaction of reported 

corroles is depending on both the electronic and steric factors [2,9,46]. The electron 
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withdrawing group increases the reactivity of the OAT reaction, which was explained 

by the DFT calculation [5,47]. 

 

Fig. 3.10:
 
UV–vis spectral changes upon oxygen atom transfers from (oxo)manganese(V) 

corrole to thioanisole (1-Mn(O) and 2-Mn(O) in ethyl acetate while 3-Mn(O) to 5-Mn(O) in 

acetonitrile) 

 

 

Fig. 3.11:
 
UV–vis spectral changes upon oxygen atom transfers from (oxo)manganese(V) 

corrole to para-methoxy thioanisole (1-Mn(O), 2-Mn(O) in ethyl acetate and 3-Mn(O) to 5-

Mn(O) in acetonitrile) 
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Fig. 3.12:
 
UV–vis spectral changes upon oxygen atom transfers from (oxo)manganese(V) 

corrole to para-fluoro thioanisole (1-Mn(O), 2-Mn(O) in ethyl acetate and 3-Mn(O) to 5-

Mn(O) in acetonitrile) 

 

 

Fig. 3.13:
 
UV–vis spectral changes upon oxygen atom transfers from (oxo)manganese(V) 

corrole to para-(methylthio) benzonitrile (1-Mn(O), 2-Mn(O) in ethyl acetate and 3-Mn(O) to 

5-Mn(O) in acetonitrile)  
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Table 3.2: First order rate constant (k) of self-decay and pseudo-first-order rate constants (kobs) 

of oxygen atom transfer to thioanisole (1-Mn
V
(O), 2-Mn

V
(O) in ethyl acetate and 3-Mn

V
(O) to 

5-Mn
V
(O) in acetonitrile). 

Rate constant (M
-1

s
-1 

x 10
-4

) 

 Self-decay H-C6H4-S-CH3 CH3O-C6H4-S-CH3 F-C6H4-S-CH3 CN-C6H4-S-CH3 

1-Mn
v
≡O 3.21 4.34 7.18 12.78 14.60 

2-Mn
v
≡O 1.65 3.23 4.65 9.92 10.88 

3-Mn
v
≡O 0.12 1.21 2.51 3.73 7.44 

4-Mn
v
≡O 1.10 1.37 1.85 3.22 4.92 

5-Mn
v
≡O 2.23 3.16 4.83 4.03 8.13 

 

Table 3.3: Concentration of thioanisole used for kinetic study 

S.No. Thioanisole derivatives used Concentration (M) 

1 H-C6H4-S-CH3 1.703 

2 CH3O-C6H4-S-CH3 0.719 

3 F-C6H4-S-CH3 0.820 

4 CN-C6H4-S-CH3 0.5 

 

3.7 Density functional theory (DFT) calculations 

We performed DFT calculations for the HOMO-LUMO gap identification and electronic 

distribution and compared the results with the reported manganese corroles [26]. DFT 

optimisation revealed a manganese atom in 1-Mn to 5-Mn corroles situated 0.04 above 

the mean plane of four pyrrolic nitrogens and 0.04 to 0.05 above the mean plane of the 

macrocycle (Table 3.4). The same pattern was observed in the single crystal structure of 

manganese corrole [2,5,48]. We found that 1-Mn and 2-Mn corroles have higher HOMO 

and LUMO gaps due to the presence of electron withdrawing groups on the periphery of 

their macrocycle. The phenomenon is supported by the E1/2 values of 1-Mn to 5-Mn 

corroles (Table 3.1). If we look at the frontier molecular orbital, we can see that mainly 

LUMO‟s have 3dxz orbital of the manganese metal ion and LUMO+1 is associated with 

the -NO2 group (electron withdrawing group) at the A2 meso position and 3dz
2
 of 



Chapter 3 

  65 

manganese metal ion. These observations represent that Mn corrole initially undergoes 

reduction at manganese metal rather than the macrocyle ring (Fig.3.8) [49]. 

 

Fig. 3.14: FMO (frontier molecular orbital) of 1-Mn to 5-Mn corrole, (Isosurface value= 0.02) 
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Table 3.4: DFT optimized molecules structural parameters and frontier molecular orbital energy 

Molecule Distance from the 

plane(Å) 

Molecular orbitals (eV) 

N4/Mn Mean 

plane/Mn 

LUMO+1 LUMO HOMO HOMO-1 

1-Mn 0.042 0.044 -6.35 -6.69 -6.77 -6.80 

2-Mn 0.046 0.050 -6.08 -6.19 -6.21 -6.44 

3-Mn 0.044 0.046 -6.35 -6.70 -6.77 -6.80 

4-Mn 0.048 0.053 -6.35 -6.70 -6.77 -6.80 

5-Mn 0.049 0.054 -6.35 -6.70 -6.77 -6.80 

 

3.8 Conclusion 

We have synthesised the 5 trans-A2B maganese corroles and the oxo complexes of 

manganese corroles which are characterised by the 
1
H NMR, UV-visible spectroscopy, 

mass spectroscopy and cyclic voltammetry. We determined the rate constant of self-

decay and oxygen transfer reactions to thioanisole. The process of OAT to a derivative 

of p-thioanisoles followed the disproportionation path. The electron releasing and 

withdrawing group attached on phenyl group at C10 position of corrole affected the 

oxygen transfer rate constant of the 1-Mn
V
(O) to 5-Mn

V
(O) corroles. Also, a new series 

of trans-A2B free base corroles was synthesised and was characterised by UV-visible, 

1
H NMR spectroscopy. Electrochemistry clearly described the substituent effect on the 

oxidation potential of manganese(III) complex of trans-A2B corrole. Furthermore, DFT 

calculation also supported this phenomenon. 
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CHAPTER 4  

HALOGEN ATOM EFFECT ON THE SENSING OF BIS  

p-NITRO A2B CORROLES TOWARDS Hg
2+

 ION 

4.1 Inroduction 

In this work we have synthesised and characterised the four trans-A2B corroles (where 

A = p-nitrophenyl, and B = o,m,p,mʹ,oʹ-pentafluorophenyl, o,oʹ-difluoro, o,oʹ-dichloro 

and o,oʹ - dibromophenyl group). These corroles were tested as cation sensor towards 

Hg
2+

 ions selectively in toluene solution. We were reported the LoD of these compound 

and also compared with past Hg
2+

 ion sensor. These four trans-A2B corroles have been 

shown the different fluorescence quenching for Hg
2+

 ion. Due to present of different 

number of halogen atom on phenyl ring and different halogen atom at 2,6 position on at 

C10 position of corrole.  

 

Fig. 4.1: Graphical representation of Hg
2+

 ion sensor by trans-A2B free base corrole 
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Hg
2+

 ion sensor is worked due to cumulative effect of stationary and dynamic factor. 

Analyte recognised as signal transduction by the physical and chemical process [1]. To 

detect the analyte used the light emission process [2]. Fluorophore, receptor or spacer 

used as chemosensor for sensing [3]. One of the characteristic of good chemosensor 

have good photo stability, affinity and selectivity for analytes [4]. In previous years‟ 

literature, we have seen that many chemosensor employed to detect and quantify the 

cations in various field [5].  

In addition, corroles used as chemosensor due to its photophysical and chemical 

properties [6,7]. Corrole have property to emit and absorb the visible region‟s light with 

good photo-stability and high fluorescent quantum yield [8,9]. Corrole is also used to 

recognise the metal ion in various oxidation state [10-12]. When we studied the 

previous year‟s literature then we found few reports. In this way, Zhang et. al. firstly 

corrole demonstrated as fluorescence quencher for Hg
2+

 ion [13]. Zhou et al. reported 

the phosphorous corrole Hg
2+

 ion sensor [14]. Bandyopadhyay and co-workers were 

introduced the free base A2B corrole as metal ion sensor specially for Hg
2+

 ion [15]. 

Oliveira, Neves, Lodeiro and their co-workers were reported the gallium complex of 

corrole to investigation the sensing for Ag
+
, Cu

2+
 and Hg

2+
 ions via silica-based 

nanoparticles [16]. Srinivasan et al. were synthesised the newly free base A2B corrole 

which shown fluorescence property towards   Zn
2+

 ion [17]. Zhang and co-workers 

were prepared the corrole based covalent organic framework which have sensing ability 

towards Fe
3+

, Cr
3+

, Ga
3+

, Al
3+

, Cu
2+

 ions specially for Cu
2+

 [18]. Some metal ions are 

important for eco system and some metal ions are hazardous [3,19-26]. From general 

chemistry, Hg
2+

 ion one of the hazardous metal ion into several biological systems such 
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as damage to DNA, brain functions, chromosomal etc. So Hg
2+

 ion sensor more 

interesting target for environmental studies.  In this manner, we report the four trans-

A2B free base corrole 10-(o,m,p,mʹ,oʹ-pentaflurophenyl)-5, 15-bis(p-nitrophenyl) 

corrole (1), 10-(o,oʹ-Diflurophenyle)-5, 15-bis(p-nitrophenyl)corrole (2), 10-(o,oʹ-

dichlorophenyl)-5, 15-bis(p-nitrophenyl)corrole (3), and 10-( o,oʹ-dibromophenyl)-5, 

15-bis(p-nitrophenyl)corrole (4) and their synthesis method, spectroscopic 

characterisation, photophysical properties and its sensing ability for Hg
2+

 ion. We have 

been already demonstrated the corrole 1 and 2 as fluoride ion sensor [27]. We were 

synthesised and spectroscopically characterise the new trans-A2B corrole 3 and 4. 

Order of sensing ability towards Hg
+2

 ion is 4 > 3 > 1 > 2. We have been evaluated the 

change in sensing ability for Hg
+2

 ion in the presence of different and number of 

halogen atom. 

4.2 Experimental section 

Purification of all synthesised the 1-4 trans-A2B free base corrole through column 

chromatography by using silica gel as adsorbent. UV-1800 Shimadzu spectrophotometer 

was used to collect the UV-visible spectra of free base corroles. HORIBA 

spectrophotometer was used for fluorescence spectra of trans-A2B corrole under 440 nm 

excitation wavelength. 1.5 mm entrance slit and 2 mm exit slit were used to fluorescence 

spectra. The measurement of quantum yield of 1-4 trans-A2B corroles have done by 

experimentally using reference meso-tetraphenylporphyrin (Φ= 0.13). Used the dry 

toluene solution for trans-A2B free base corrole and methanolic solution for analyte (Hg
2+

 

ion) in fluorescence quenching experiments. 
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4.3 Common method for the synthesis of trans-A2B free base corrole 

The synthesis method of trans-A2B corroles followed the previous year‟s reports [10-

12,15,16,27-29]. Firstly, 5-(p-nitophenyl)dipyrromethane (DPM) synthesised by the 

reaction of hydrochloric acid (36%, 1.5 mL) in 98.5 mL distilled water with p-nitophenyl 

benzaldehyde (1 equiv) stirring up to 2h at room temperature. The reaction mixture was 

filtered off and washed by distilled water with petroleum ether. After that we synthesised 

the trans-A2B free base corrole by the reaction of 5-(p-nitophenyl)dipyrromethane (1 

equi.) with respective benzaldehyde (0.5 equi.) in 100 mL CH3OH and 5 mL of 36% 

HClaq. The reaction mixture stirring up to 2h at room temperature. The reaction mixture 

was extracted by the help of separating funnel using choloroform. Then reaction mixture 

was dried through anhydrous sodium sulphate (Na2SO4). The reaction mixture was stirred 

over night with p-chloranil (1.5 equi.) in choloroform at room temperature. The progress 

of reaction monitor by TLC in DCM/hexane solvent system. Then resultant reaction 

mixture was obtained though the evaporation process. At last, purification of crude trans-

A2B free base corrole by column chromatography using silica gel as adsorbent. 

4.3.1 Synthesis of 10-(o,m,p,mʹ,oʹ-Pentaflurophenyl)-5,15-bis(p-nitrophenyl) trans-A2B 

corrole 1 

The green colour solution was obtained by using column chromatography with 6:4; 

hexane: dichloromethane as eluent. UV-vis in toulene λmax (Ԑ/M
-1 

cm
-1

) 442(6797), 

598(2303). Rest analytical data of 1 corrole reported in our previous article [27]. 
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Scheme 4.1: Synthesis of 10-(o,m,p,mʹ,oʹ-Pentaflurophenyl)-5,15-bis(p-nitrophenyl)corrole 

4.3.2 Synthesis of 10-(o,oʹ-diflurophenyl)-5,15-bis(p-nitrophenyl) trans-A2B corrole 2 

The green color solution was obtained by column chromatography with 1:1; hexane: 

dichloromethane as eluent. UV-vis in toulene λmax (Ԑ/M
-1 

cm
-1

) 442(5272), 598(1505). 

Rest analytical data of 2 corrole reported in our published article [27]. 
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Scheme 4.2: Synthesis of 10-(o,oʹ-diflurophenyl)-5,15-bis(p-nitrophenyl)corrole 

4.3.3 Synthesis of 10-(o,oʹ-dichlorophenyl)-5,15-bis(p-nitrophenyl) trans-A2B corrole 3 

The green color solution was obtained by column chromatography with 3:7; hexane: 

dichloromethane as eluent. UV-vis in toluene λmax (Ԑ/M
-1 

cm
-1

) 429(9090), 598(2404). 

1
H NMR (400 MHz, CDCl3) δ 9.08 (d, J = 4.2 Hz, 2H), 8.91 (d, J = 4.7 Hz, 2H), 8.74 

(d, J = 8.7 Hz, 4H), 8.64 (d, J = 2.3 Hz, 2H), 8.59 (d, J = 8.7 Hz, 4H), 8.49 (d, J = 4.7 

Hz, 2H), 7.85 (d, J = 8.7 Hz, 2H), 7.77 – 7.72 (m,1H) (Fig. 4.2). HRMS: Calcd for 

C37H22Cl2N6O4 m/z found 684.107, m/z theo 684.108 (Fig. 4.4). 
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Scheme 4.3: Synthesis of 10-(o,oʹ-dichlorophenyl)-5,15-bis(p-nitrophenyl)corrole. 

4.3.4 Synthesis of 10-(o,oʹ-dibromophenyl)-5,15-bis(p-nitrophenyl) trans-A2B corrole 4 

The intense green color solution was obtained by column chromatography with 1:9; 

Hexane: dichloromethane as eluent. UV-vis in toluene λmax (Ԑ/M
-1 

cm
-1

) 430(47731), 

596(14070). 
1
H NMR (400 MHz, CDCl3) δ 9.07 (d, 2H), 8.91 (d, 2H), 8.74 (d, 4H), 

8.63 (d, 2H), 8.60 (d, 4H), 8.48 (d, 2H), 8.07 (d, 2H), 7.58 (t, 1H) (Fig. 4.3). HRMS: 

Calcd for C37H22Br2N6O4 m/z found 772.999, m/z theo 772.007 (Fig. 4.5). 
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Scheme 4.4 Synthesis of 10-(o,oʹ-dibromophenyl)-5,15-bis(p-nitrophenyl)corrole 
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4.4 Characterization 

4.4.1 
1
H NMR spectrum of 10-(o,oʹ-dichlorophenyl)- 5,15-bis(p-nitrophenyl) trans-

A2B corrole 3 & 10-(o,oʹ-dibromophenyl)-5,15-bis(p-nitrophenyl) trans-A2B 

corrole 4 

 

 

Fig. 4.2: 
1
H NMR spectrum of 10-(o,oʹ-dichlorophenyl)- 5,15-bis(p-nitrophenyl) trans-A2B 

corrole 3 in CDCl3 
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Fig. 4.3: 
1
H NMR spectrum of 10-(o,oʹ-dibromophenyl)- 5,15-bis(p-nitrophenyl) trans-

A2B corrole 4 in CDCl3 
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4.4.2 Mass spectra of 10-(o,oʹ-dichlorophenyl)-5,15-bis(p-nitrophenyl) corrole 3 & 

10-(o,oʹ-dibromophenyl)- 5,15-bis(p-nitrophenyl) corrole 4 

 

Fig. 4.4: HRMS Spectra of 10-(o,oʹ-dichlorophenyl)- 5,15-bis(p-nitrophenyl) trans-A2B corrole 3 

 

Fig. 4.5: HRMS Spectra of 10-(o,oʹ-dibromophenyl)- 5,15-bis(p-nitrophenyl) trans-A2B corrole 4 

4.5 Results and discussion 

We have been already reported the corrole 1 and 2 as fluoride ion sensor in our previous 

article [27]. For synthesis of corrole 3 and 4 used the previous year‟s synthetic protocols 

[29]. The corrole 1 has 5 fluorine atoms at both ortho, both meta and para positions of 

phenyl ring at C10 position of corrole. Corrole 2, 3, 4 have fluorine, chlorine, bromine 

atom respectively at both ortho positions of phenyl ring at C10 position of corrole. So the 

corrole 1 differs from corrole 2 by the number of fluorine atom and corrole 2, 3, 4 differ 

Chemical Formula: C37H22Cl2N6O4 

m/z theo: 684.108 

 m/z exp: 684.1074 

Chemical Formula: C37H22Br2N6O4 

m/z theo: 772.007 

 m/z exp: 772.999 
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by the different halogen atom. We were characterised the trans-A2B corroles using the 

different spectroscopic techniques. Due to presence of halogen atom, all trans-A2B 

corroles, 1-4, have different electronic density. So this electronic effect of halogen atoms 

was examined for the sensing ability of trans-A2B corrole towards Hg
2+

 ion.  

 

Fig. 4.6: UV-visible spectra of 1-4 trans-A2B corroles in toluene (9.9 µM) 

We have done photophysical characterisation of A2B corroles 1-4 in toluene at room 

temperature which shown in Table 4.1. We were observed B bands at 428- 444 nm and 

Q bands at 594-598 nm in toluene solution (Fig. 4.6). Whenever we have taken UV-

visible spectra of 1-4 A2B corroles with same concentration, we found highest molar 

absorption coefficient of corrole 4 and lowest molar absorption coefficient of corrole 2. 

In general, if increasing the dielectric constant of the solution then bathochromic shift 

occurred. But bis(nitro) substituted corroles have opposite trend [10-12]. So, bis(nitro) 

substituted corroles have unique property compare to other substituted corroles i.e. 
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without nitro group. We have been recorded steady state fluorescence emission spectra 

of 1-4 trans-A2B corroles in toluene. We were observed the strong emission bands 

within the range of 673-687 nm (Fig. 4.7). We were calculated Stoke‟s shift with the 

help of emission spectra of 1-4 trans-A2B corroles. And we found Stoke‟s shift range 

7743-8733 nm. This may be because of change in the electronic nature of excited state 

as compared to the ground state.  

 

Fig. 4.7: Emission spectra of 1-4 A2B corroles in toluene at 440 nm excitation 

Further, we calculated the quantum yield of trans-1-4 A2B corroles by employing the 

Eq. (1). In which, tetraphenylporphyrin was used as a reference material. 

                             (
  
  

)  (
  

  
)  (

  

  
)
 

                                                        

Where,     and      are the quantum yields of sample and reference (Quantum yield 

of tetraphenylporphyrin = 0.13).    and    are the integrated area under the PL spectrum 
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of sample and reference (meso-tetraphenylporphyrin).    and    are the absorbance,    

and    are the refractive indexes of the solvents and reference (meso-

tetraphenylporphyrin) and sample respectively. The quantum yields of corrole 3 and 4 

were higher than reported 5,15-bis(nitrophenyl) A2B corroles due to stronger charge 

transfer [11,27,30]. 

Table 4.1: Photophysical data of 1-4 trans-A2B corroles in toluene at room temperature. 

Probe λmax/nm 

(Ԑ/M
-1 

cm
-1

) 

λem 

(nm) 

Stoke’s shift 

(nm) 

FWHM QY% 

1 442(6797), 598(2303) 672 7743 46.06 0.10 

2 442(5272), 598(1505) 680 7919 45.34 0.11 

3 429(9090), 598(2404) 686 8733 52.97 0.12 

4 430(47731), 596(14070) 687 8700 50.85 0.13 

 

5,15-Bis(nitrophenyl) A2B corroles have ability to sense the metal ions but highly 

sensing ability towards for Hg
2+

 ion even at lower concentration (i.e. <10
-6
–10

-9
M) [15]. 

The fluorescence quenching of trans-A2B corroles towards Hg
2+

 ion with the change in 

halogen atom at phenyl ring at C10 position of corrole was also examined. For 

fluorescence study, we have chosen toluene as solvent for corroles and methanol for 

analyte [15]. The photo-stability of corroles, 1-4, and remarkable solubility in toluene 

made it better choice for fluorescence study. 

The fluorescence response of 1-4 A2B corroles were determined for different cations in 

order to check the specific sensing of 1-4 by carrying out fluorescence titration. The 

results obtained from fluorescence titration are shown in the Fig. 4.8 which clearly 

indicates that quenching of fluorescence intensity is lesser influenced by these cations 
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relative to that of Hg
2+

 ion. The corroles, 1–4 shows peculiar selectivity and high 

affinity for Hg
2+

 ion.  

Hypsochromic shift of ICT transition occurred whenever solution of Hg
2+

 ion prepared 

in methanol added and into the toluene solution of trans-A2B corroles. Because of the 

binding of Hg
2+

 ion through lone pair of inner nitrogen atom of corrole. Hg
2+

 ion serves 

as quencher through spin-orbital coupling effect [31]. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 4.8: Fluorescence response of, 1–4 of 9.9 × 10
-6

 M to various cations (3.3 × 10
-7

 

M) in toluene represented as a–d, respectively. 



Chapter 4 

  88 

We were easily observed the process of binding phenomena of Hg
2+

 ion with 1-4 A2B 

corroles via color change of toluene solution of free base A2B corrole by naked eye and 

also UV-lamp. We saw by the naked eye the change of green color of 1-4 trans-A2B 

corroles in to yellowish brown color. In UV-lamp, before addition of Hg
2+

 ion, free base 

A2B corroles looked highly fluorescent pink color also. But after addition of Hg
2+

 ion, 

free base A2B corroles became colourless without any fluorescent in UV-lamp. We also 

obtained the trend of molar absorption coefficient of 1-4 A2B corroles, which was 

continuously decreases with increasing the concentration of Hg
2+

 ion as shown Fig.4.9. 

 

         (a) 

 

         (b) 

 

         (c) 

 

         (d) 

Fig. 4.9: Change in UV–visible spectrum during the addition of ethanol solution of Hg(II) 

acetate in toluene solution of 1-4 A2B corroles in aerobic condition represented as a, b, c, d 

respectively. 
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We have been also recorded the fluorescence spectra of titration between different 

concentration of methanol solution of Hg
2+

 ion into toluene solution of 1-4 A2B 

corroles. Then we observed the quenching of fluorescence emission intensity 

continuously decrease as shown Fig. 4.10.  

 

Fig. 4.10: The decay in fluorescence emission intensity during the titration of methanolic 

solution of Hg(II) acetate (3.3×10
-7

 M) in toluene solution of 1-4 A2B corroles (9.9×10
-6
 M) 

respectively under the excitation at λ=440 nm in aerobic condition. 

 

This is due to the non-radiative relaxation path from excited state to ground state, which 

signifies absence of emission band and represent the new fluorophore formation of 

Hg(II)-corrole. Excessive addition of Hg
2+

 ion, the saturation point was observed. It is 

evident that all the 1-4 A2B corrole have different saturation point because of number of 
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halogen atoms and different halogen atom present on phenyl ring at C10 position of 

corrole. Saturation point of 1, 2, 3, 4 corrole are 99 μM, 132 μM, 50 μM, 33 μM 

respectively (Fig. 4.10). Corrole 4 showed the highest quenching ability towards Hg
2+

 

ion out of 1-4 A2B corroles. We observed the quenching order 4>3>1>2 A2B corroles 

towards Hg
2+

 ion under identical condition. It is well shown in Fig. 4.10, the order of 

quenching through the increasing concentration of Hg
2+

 ion used for titration. 

In general, for quenching the PL intensity in the presence of quencher are occurred due 

to static interaction or dynamic interaction or both [32]. But in this case of trans-A2B 

corrole static as well as dynamic interactions are responsible for quenching in the 

presence of Hg
2+

 ion
 
[15]. Further, investigations by the well-known Stern-Volmer 

relationship (Eq.2) examined. The S-V plot for the quenching of PL intensity of trans-

A2B corrole in the presence of various concentration of Hg
2+

 ion (Fig. 4.11).  

                                                     
  
 

       [    ]                                                             

Where Io represent the initial PL intensity without Hg
2+

 ion and I represent final PL 

intensity in the presence of quencher (Hg
2+

 ion), [Hg
2+

] signifies the molar 

concentration of methanol solution of Hg
2+

 ion added into toluene solution of A2B 

corrole and KSV represent the PL quenching constant [M
-1

]. We observed linear relation 

with positive deviation between (Io/I)-1 and molar concentration of Hg
2+

ion in the S-V 

plot for particular range of concentrations (Fig. 4.11) which is similar to earlier reported 

in literature for quenching by metal ions [33].  

From the Stern–Volmer plot, we were calculated the KSV (10
5
 M

-1
) for 1, 2, 3, 4 trans-

A2B corroles are 0.39, 0.81, 0.49, 0.40 respectively. The limit of detection (LoD) of 1-4 

A2B corroles were found 21.93μM, 38.61 μM, 8.72 μM, 2.64 μM respectively using 
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formula 3ζ/K, which is comparable to other reported sensors in the literature for Hg
2+

 

ions and tabulated in the Table 4.2. Where ζ represent the standard deviation and K 

represent the slope of the Stern–Volmer plot. The linear detection ranges for 1, 2, 3 and 

4 A2B corroles are 6.6 × 10
-6

 to 69.3 × 10
-6 

M, 9.9 × 10
-6

 to 75.9 × 10
-6

 M, 8.25 × 10
-6

 to 

56.1 × 10
-6

 M and 9.9 × 10
-6

 to 44.55 × 10
-6

 M, respectively. The value of linearity 

constant (R
2
) for 1-4 A2B corrole are 0.97, 0.98, 0.97, 0.99 respectively. The values of 

KSV, LoD, linearity range and R
2
 tabulated in Table 4.3. We observed the order of LoD 

for 1-4 A2B corroles towards Hg
2+

 ion is 4 > 3 > 1 > 2.  

 

Fig. 4.11: The Stern–Volmer plot of compounds 1–4 A2B corroles respectively with positive 

deviation during increasing the concentration of methanolic solution of Hg(II) acetate inset the 

value of linearity constant (R
2
). 
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Table 4.2: Comparison of the LoD with other reported sensors 

S. No. LoD towards Hg
2+

 Used conc. of Hg
2+

 for sensing Reference 

1. - 1.2 × 10
-7

 to 1.0 × 10
-4

 M [13] 

2. - 0 to 60 ×10
-9

 M [14] 

3. - 2.49 ×10
-6

 M [15] 

4. 0.02 (ppm) 10
-4

-10
-6

 M [16] 

5. 2.64-38.61 (μM) 3.3×10
-7

 M this work 

 

Table 4.3: Comparison of 1-4 probes for Hg
2+

sensing 

Probe KSV  

(M
   1

) 

LoD  

(μM) 

Linearity range 

(μM) 

R
2
 

1 0.39×10
5
 21.93 6.6   69.3 0.97 

2 0.81×10
5
 38.61 9.9   75.9 0.98 

3 0.49×10
5
 8.72 8.25   56.1 0.97 

4 0.40×10
5
 2.64 9.9   44.55 0.99 

 

We have been done the fluorescence titration for A2B corroles, 1-4 with the addition of 

Hg
2+

 ion. The significant quenching of fluorescence intensity of corroles were observed 

and in the presence of higher concentration of Hg
2+

 ion, quenching is more appreciable. 

The S-V plot (Fig. 4.10) signifies the dynamic and static interactions through (Io/I)-1 and 

concentration of Hg
2+

 ion. The formation of long-lived charge-separated states in 

nonpolar solvents also quenches the fluorescence in corrole-fullerene [34]. This is the 

reason that in the presence of Hg
2+

 ion, electronic spectral changes occurred in A2B 

corrole. The order of sensing depends on the electron donating property of halogen atom 

which is present at C10 position of corrole. The increasing order of electron donating 

efficiency of halogen atom is F < Cl < Br [35]. It is clear from above discussion that 

sensing efficiency of A2B corrole depend upon the behaviour of halogen atom. 
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4.6 Conclusion 

In this work, we have been synthesised the 1-4 trans-A2B free base corroles which were 

explored as Hg
2+

 ion sensor. We were studied the quenching of the fluorescence 

emission intensity during the addition of different concentration of Hg
2+

 ion. We 

obtained the sensing order of 1-4 trans-A2B corrole towards Hg
2+

 ion is 4>3>1>2. This 

order confirmed the electronic effect of halogen atoms present on the phenyl ring of C10 

position of corrole. The value of LoD as well as amount of Hg
2+

 ion also followed the 

sensing order. So we concluded that sensing efficiency of 4 higher than 3 corrole and 

sensing efficiency of 3 corrole higher than not only for 2 corrole but also higher than 1 

towards Hg
2+

 ion. Because of increase in halogen atom on phenyl group will increases 

the sensing efficiency of substituted 5,15-bis(nitrophenyl) free base corrole as in case of 

1 corrole and 2 corrole. And in case of 2, 3, 4, halogen atom fluorine(F), chlorine(Cl), 

bromine(Br) present at 2,6 position of phenyl ring respectively at C10 position of 

corrole. So the reason may be electron donating property of halogen atom increase the 

sensing ability of trans-A2B corrole towards Hg
2+

 ion. These result will help to 

scientific community to design new chemosensors for detection of Hg
2+

 in the 

environment.  
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CHAPTER 5  

CONCLUSION AND FUTURE SCOPE 

5.1 Conclusions 

Corrole has contracted core than porphyrin and similar to corrin ring of vitamin B12. 

Corrole has characteristic to stabilise the metal ion in various oxidation state. In many 

applications, Corrole has superiority over porphyrin. So corrole has major attention in 

recent years. Many research groups have given synthesis method of corrole and 

metallocorrole and explored its applications in different fields such as sensing, solar 

cell, catalysis, medicinal etc. But there are some fields which are not yet explored. This 

thesis contains some of the less explored field in corrole chemistry. The first chapter of 

thesis is about the basic, type of corroles and its synthetic protocols and also discussed 

the application of corroles in various fields. The second chapter of thesis contain my 

objectives which are completed in my PhD journey. In the third chapter, Catalytic 

acitivity of bis p-nitro A2B (oxo)Mn(V) corroles towards sulfides was discussed. We 

synthesised the series of five trans-A2B corrole and its manganese complex of corrole 

and also its oxo complex of manganese corrole. Out of five 1, 2, 3 A2B corrole and its 

manganese corrole already reported in earlier reports, so matched the analytical data of 

these compounds with literature. But 4, 5 A2B corroles and its manganese complex and 

also all five (oxo)manganese(V) corrole are newly synthesised which are characterised 

by UV-visible spectroscopy, mass spectroscopy 
1
H NMR spectroscopy and CHN 

analysis. We studied the kinetic rate of self-decay of (oxo)manganese complexes and 

kinetic rate of oxygen atom transfer from (oxo)manganese complexes to sulfides. The 

oxygen atom transfer reaction followed two pathways first one is disproportionation 
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mechanism and second is direct pathway. We studied the electrochemistry of all five 

Mn-corroles. We were calculated the HOMO-LUMO gap using the DFT calculations. 

After the all study, when change the substituent of phenyl ring at C10 position of corrole 

then we obtained different quantitative data. So we concluded that the reactivity of bis 

p-nitro A2B (oxo)Mn(V) corroles affected by the negative electro inductive effect (–I 

effect). These result will motivate to scientist of medicinal field for utilisation of 

sulfoxides. In next chapter, we were explored the sensing ability of trans-A2B free base 

corrole towards the metal ions. We were studied over the four trans-A2B free base 

corrole in which 1, 2 trans-A2B free base corrole already reported in our previous 

research article and 3, 4 trans- A2B corrole newly synthesised and characterised. We 

were characterised by using different spectroscopic techniques such as UV-visible, 
1
H 

NMR and mass spectrometry. We were collected the photo physical data of trans- A2B 

corroles during the addition of metal ions. Then we found that all four trans- A2B 

corroles have high sensing ability towards Hg
2+ 

ion, which was proved by the value of 

LoD and required Hg
2+ 

ion for completing the fluorescence quenching of the trans- A2B 

corroles. We were obtained the differ value of LoD and required of analyte for 

complete quenching of the trans- A2B corrole, when we changed the halogen atom or 

its number at phenyl ring of C10 position of corrole. These interesting results will 

motivate for designing new chemosensor which have sensing ability towards hazardous 

cation and anion.  

5.2 Future scope 

Ultimately, the first aim of this thesis improve the method of oxidation reaction by 

using (oxo)manganese(V) corrole.  The intermediates of high valent oxo manganese 
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corrole can be used as catalyst for biomimetic oxidation reactions. Currently, 

investigations are under proceed in our laboratory to better define mechanistic pathways 

with the application scope of (oxo)manganese(V) corrole and eco-friendly oxidant for 

oxidation of organic reactions. In photochemistry, we will try to produce the high valent 

oxo manganese corrole using the visible light, which is working as eco-friendly 

catalyst. Eco-friendly catalyst has significant application in medicinal and 

environmental field. Second aim of the thesis design the fluorescent chemosensors, 

which is highly sensitive towards ions. These chemosensors have applications in 

different fields such as analytical chemistry, biomedical analysis, environmental 

science. Currently in our lab, explored the corrole by change of halogen derivative for 

sensing the hazardous anions like as cyanide, fluoride, phosphate etc. And also we will 

monitor the analytes either vitro or in vivo. 
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