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A novel cobalt corrole bearing 4-vinylphenyl groups at the 5,10,15-

meso-positions of the macrocycle has been synthesized from the 

tris(4-bromophenyl)corrole using a Suzuki coupling reaction. The 

spectral and electrochemical properties of this corrole are reported 

in CH2Cl2 along with its ability to form a highly stable six-coordinate 

complex and cross-linked corrole-based polymer in a 59% yield. 

Corroles are aromatic, 23-atom tetrapyrrole macrocycles 

lacking one less meso-carbon atom as compared to their 

porphyrin congeners. Despite their structural similarity, 

trianionic corrole ligands lead to transition metal complexes 

showing significantly different properties than those of 

metalloporphyrins.1 Given their rich chemistry and biological 

relevance, corroles and porphyrins are intensively used to form 

versatile molecules2 and to mimic the function of 

biomacromolecules.3 Furthermore, they are highly utilized in 

many chemical and photochemical processes as catalysts or 

photosensitizers.4 In many cases, nature exploits the ability to 

alter the reactivity of a given protein by tuning the electronics 

of these essential macrocycles via changes in the central metal 

ion or structural modifications.5 For this purpose, the 

development of systems with a macromolecular environment 

having a determining role, as is the case with the natural 

systems, is of great interest. In this context, numerous articles 

have been dedicated to the preparation of polymers involving 

porphyrins where synergistic effects have been shown to afford 

new targets with enhanced properties.6 Indeed, the 

connectivity of porphyrin monomers influences the self-

assembly of functional architectures and can provide efficient 

cooperative processes with polymers in various fields of 

applications,7 especially in the degradation of toxics and 

contaminants.8 In this regard, recent results on porphyrin-

containing polymers showed high specificity for the 

detoxification of chemical warfare agents by using simulants.9 

Molecularly imprinted polymers have proved their particular 

advantage as a biomimetic heterogenous catalyst for the 

oxidation of sulphur derivatives involving vesicants and V nerve 

agent stimulants.10 Compared to the many published examples 

involving porphyrin derivatives, literature on corrole-based 

polymers is much less abundant.11 To address this, the current 

study focuses on the preparation, coordination and 

electrochemical properties of a polymerizable corrole 

monomer and its copolymerization with divinylbenzene. 

 Following optimized synthetic reports on the vinylation of 

aryl halides,12 the free base tris(4-vinylphenyl)corrole (2H3) was 

formed via a Suzuki-Miyaura cross-coupling reaction from the 

tris(4-bromophenyl)corrole precursor (1H3) in a 41% yield 

(Scheme 1). This was then followed by a metalation reaction 

between 2H3 and Co(OAc)2·4H2O to give the five-coordinate 

cobalt corrole, 2Co(DMSO), bearing meso-4-vinylphenyl groups 

at the 5,10,15-positions of the corrole macrocycle. The use of 

potassium vinyltrifluoroborate (CH2CHBF3K) was the preferred 

vinylating agent due to its reactivity.12-13 Moreover, as opposed 

to generating the corrole via a direct route (i.e., from pyrrole 

and 4-vinylbenzaldehyde) the vinylation of 1H3 was found to 

result in a higher overall yield of 2H3 (2.9% vs <1%). 

 
Scheme 1 Synthetic scheme for vinylation of 1H3 to afford 2H3 and the subsequent 

metalation reaction to generate the cobalt complex, 2Co(DMSO). 

 Characterization of 2H3 and its cobalt complex was 

performed using 1H NMR and UV-vis spectroscopy, ESI and 

MALDI-TOF mass spectrometry and, in the case of 2Co(DMSO), 

cyclic voltammetry (vide infra). The proton NMR spectrum of 

2H3 (see ESI† Fig. S7) displays typical signals for the eight -

pyrrole hydrogens appearing as four doublets between 8.3–9.0 

ppm, and twelve meso-(o,p)-phenyl protons appearing as four 

doublets between 7.8–8.3 ppm with two resonances more 

intense than the other owing the symmetry of the corrole. In 

addition to these resonances, a splitting pattern characteristic 

of vinylic protons between 5.5–7.1 ppm is observed, where the 

most downfield shifted signal appears as doublet of doublets 

corresponding to the cis/trans-vicinal coupling14 similar to what 

has been reported for related tetrapyrrole analogues.10,15 A 

nearly identical splitting pattern is seen in the 1H NMR spectrum 

of 2Co(DMSO) recorded in ammonia-saturated CDCl3 (see ESI† 

Fig. S10), in addition to a broad singlet at –6.7 ppm (6H) 

corresponding to the two coordinated NH3 ligands.16 The 

MALDI-TOF mass spectra (see ESI† Figs. S8 and S11) of both the 

free base and cobalt tris(4-vinylphenyl)corroles show minimal 
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fragmentation and base peaks located at m/z values consistent 

with their molecular formulation.17 

 Working towards the development of corrole-based 

molecularly imprinted polymers, this study focuses on the 

formation of a stable polymerization ‘pre complex’ comprised 

of the cobalt corrole bound to N-alkyl imidazole ligand(s) (ImA18 

in Fig. 1), a ligand which was previously employed as a template 

mimic of the nerve agent VX.10 This imidazole-based template 

was chosen based on its steric demand, which closely reflects 

that of VX, as well as on previous studies, which have shown the 

enhanced ability of cobalt corroles to readily bind two nitrogen 

donor ligands in axial postions16,19 and to release such ligands 

under mild acidic conditions.20 

 The ligand addition of ImA to 2Co(DMSO) was monitored by 

both UV-vis absorption spectrophotometry in CH2Cl2 (Fig. 1) and 

by cyclic voltammetry in CH2Cl2/TBAP (Fig. 2). It is important to 

note that at the concentration level used for the UV-vis 

titrations (10–5 M), the labile 2Co(DMSO) adduct dissociates, 

affording in solution only the four-coordinate cobalt corrole, 

denoted as 2Co, as has been shown previously by 

concentration-dependent studies of structurally related 

compounds.21 Moreover, the same studies have also confirmed 

that the DMSO ligand remains associated at the concentration 

(10–3 M) used for electrochemical measurements. As seen in Fig. 

1, the UV-vis titration of 2Co with the imidazole ligand template 

ImA involves an overall two-step process corresponding to the 

stepwise formation of the five- and six-coordinate species as 

depicted on the right side of the figure. The first step (Fig. 1a), 

associated with the decreased intensity of the Soret band at 395 

nm and red-shift of the Q-band from 555 to 561 nm, is assigned 

as a conversion of 2Co to 2Co(ImA). Confirmation of this 

assignment is provided by the diagnostic mole-ratio plot in the 

inset of Fig. 1. Upon further addition of ImA to the solution, a 

second spectral change is observed with notably different 

isosbestic points than those of the first. This second step, 

occurring at slightly higher concentrations of ImA, is associated 

with the loss of the Soret band at 399 nm and the appearance 

of new split Soret bands at 446 and 465 nm along with a 

concomitant increase of a sharp, intense Q-band at 640 nm; the 

latter of which is indicative of six-coordinate cobalt 

corroles.16,19-20,21a,22 Thus, the second set of spectral changes 

reflects the formation of 2Co(ImA)2, the desired polymerization 

‘pre-complex’. A testament to the relatively high stability of this 

six-coordinate cobalt corrole as compared to pyridine19a,19d,19f 

or NH3
16 bis-adducts is given by the fact that 10 equivalents of 

ImA are needed to form 2Co(ImA)2. Further validation for the 

assigned ligand binding reactions is provided by the 

multiwavelength processing of two independent titration data 

sets by the nonlinear least-squares refinement program 

Hypspec 2014.23 Factor analysis confirmed that no more than 

three absorbing species account for the observed spectral 

changes (see ESI† Fig. S1) and the computed log K1 and log K2 

values for the first and second ligand addition steps were found 

to be 8.1(1) and 5.1(1), respectively (see ESI† for detailed 

information). The conversion of 2Co to 2Co(ImA)2 with only a 

small excess of ligand is notable, given previous studies on the 

binding of N-donor ligands to structurally related cobalt 

triarylcorroles have reported log K2 values ranging from 1.1–3.9 

for axial ligands such as pyridine19a,19d,19f or ammonia.16 The 

refined values in the current study rival the log K2 for cyanide 

anion binding, which range from 4.1–4.8 for a series of cobalt 

A3-triaryl-corroles.19e,21a This observation is consistent with the 

increase in nucleophilicity of imidazole and N-alkylimidazole 

derivatives as compared to pyridine and ammonia,24 as well as 

the fact that the nucleophilicity of N-alkylimidazoles increases 

with increasing length of the N-alkyl carbon chain.25 

 
Fig. 1. UV-visible spectral changes of 2Co in CH2Cl2 (at 10–5 M) upon the incremental 

addition of ImA, where (a) is the first step of the titration giving 2Co(ImA) and (b) is the 

second step affording the six-coordinate species, 2Co(ImA)2. The inset in (a) shows the 

mole-ratio plot for the first ligand addition step. Ar = 4-vinylphenyl.  

 Further evidence showing formation of the polymerization 

‘pre-complex’, 2Co(ImA)2, is given by the electrochemical 

titration data displayed in Fig. 2. The cyclic voltammograms 

prior to the addition of the ligand template (ImA) show 

2Co(DMSO) to be reversibly reduced at –0.14 V followed by a 

second irreversible reduction at Epc = –1.66 V in CH2Cl2/0.1 M 

TBAP. On the basis of previous reports,19e,21b the first reversible 

reduction is coupled to the loss of the axial DMSO ligand and 

assigned to the generation of four-coordinate [2Co]–, while the 

irreversible nature of the second electron addition is ascribed 

to a chemical reaction between the doubly reduced, four-

coordinate cobalt corrole and the CH2Cl2 solvent.26 An oxidative 

potential sweep reveals three stepwise one-electron oxidations 

of 2Co(DMSO) at E1/2 = 0.64, 0.81, and 1.45 V. Adding 1 mol 

equivalent of ImA to the solution results in a 520 mV cathodic 

shift in the first reduction (ΔEred) and a 220 mV cathodic shift in 

the first oxidation (ΔEox), consistent with formation of 

2Co(ImA). Moreover, in the presence of 1.0 mol equivalent of 

ImA, the irreversible second electron addition at Epc = –1.66 V is 

constant, consistent with the transformation of five-coordinate 

2Co(ImA) to the four-coordinate form, [2Co]–, at Epc = –0.71 V 

following the first electron addition. Voltammograms obtained 

in the presence of 6.0 mol equivalents of ImA show a complete 

loss of current for the oxidation of 2Co(ImA) at E1/2 = 0.38 V and 

a concomitant appearance of new, cathodically shifted 

oxidation processes corresponding the 2Co(ImA)2. Under these 

solution conditions, the first and second oxidations are located 

at E1/2 = 0.05 and 0.75 V, the first of which is shifted negatively 

by 330 mV with respect to the same process of 2Co(ImA). 



Reductive scans of 2Co(ImA)2 show a more complicated 

electron-transfer reaction.27 Overall, the electroreductive 

behavior for the first reduction is consistent with an 

electrochemical-chemical (EC) ‘box-mechanism’ where the Epc 

and Epa values are separated on the basis a kinetically controlled 

step associated with the electron transfer, similar to that 

described for six-coordinate bis-Py and mono-CN cobalt 

corroles.19d,19e It is worth noting that the addition of excess ImA 

does not shift the first reversible oxidation process, further 

confirming formation of 2Co(ImA)2 with <10 equivalents of ImA.  

 
Fig. 2. Cyclic voltammograms of 2Co(DMSO) in CH2Cl2/0.1 M TBAP containing a) 0, b) 1.0 

and c) 6.0 equivalents of added ImA. Scan rate = 0.1 V/s. The coordination of the cobalt 

corrole under the given solution conditions is shown on the left.  

 Consistent with the information extrapolated from the UV-

visible titration in Fig. 1, the observed shifts in redox potentials 

upon addition of ImA confirm the stepwise formation of 

2Co(ImA) and 2Co(ImA)2. The significant negative shift of the 

first electron abstraction (550 mV) and first electron addition 

(790 mV) upon going from 2Co(DMSO) to 2Co(ImA)2 

demonstrates the enhanced ability of the N-alkyl imidazole 

template (ImA) to stabilize the higher oxidation state. Lastly, 

voltammograms of 10–3 M ImA in CH2Cl2/0.1 M TBAP show the 

ligand to be irreversibly oxidized at Epa = 0.86 and 1.03 V (see 

Fig. S2) accounting for the ‘extra’ anodic current associated with 

the second oxidation of 2Co(ImA)2 and the additional peak at 

Epa = 1.05 V (bottom of Fig. 2).  

 Having an efficient method of preparation and full 

characterization of 2Co(DMSO), an initial test was carried out to 

confirm the compounds’ ability to form polymeric material. 

Polymerization was performed in anhydrous CHCl3 containing a 

large excess of divinylbenzene (DVB, 500 equiv.) as a 

reticulating agent and 8 equiv. of the radical initiator, 2,2'-azo-

bis-isobutyrylnitrile (AIBN). The vessel was sealed under an 

argon atmosphere and stirred at 65 °C for 18 hours. The 

resulting material was washed with CHCl3, pulverized and 

passed through a 63 m sieve giving the desired polymer in a 

59% mass yield as green-dark powder while the control polymer 

formed using only DVB without 1Co(DMSO) led to a white solid 

(Fig. 3a and 3b). A SEM analysis showed the morphology of 

polymer particles (Fig. 3c) and the confirmation for the 

incorporation of 2Co(DMSO) into the resulting polymer was 

provided by ICP–MS analysis that revealed the presence of Co 

metal at a concentration of 926 μg g–1. A TEM analysis proved 

the porous structure, with pore sizes ranging from a few nm to 

100 nm, and particles of various shapes containing a 

homogeneous Co ion distribution in the volume (Fig. 3d). 

 

Fig. 3. Polymer characterization comparing (a) bulk polymers and (b) grinded and sieved 

polymers (pure DVB control polymer (white) vs 2Co(DMSO) polymer (dark green)). SEM 

(c) and TEM (d) images of the 2Co(DMSO) polymer. 

 In conclusion, we have developed a synthetic pathway to 

introduce polymerizable arms on a corrole scaffold via a Suzuki-

Miyaura cross-coupling reaction. Cobalt insertion of the 

resulting tris(4-vinylphenyl)corrole gave a complex possessing 

tailored coordination and polymerization capabilities for 

potential use in a wide variety of materials akin to those based 

on porphyrins. This report paves a strategic approach for 

implementing new corrole-based Molecularly Imprinted 

Polymers (MIPs) as sensors (e.g., carbon monoxide detection) 

or catalysts for process such as the oxygen reduction reaction. 

Moreover, the higher stability of the bis-ligated cobalt corrole 

‘pre-complex’ as compared to the reported 

manganylporphyrin10 (whose ‘pre-complex’ required 100 equiv. 

of ImA) should lead to an enhanced homogeneity during MIP 

formation leading to a more efficient functional material. 
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