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Abstract 

Previous studies on boron corrole (cor) complexes showed that boron porphyrin 

chemistry is not just replicated, and the new and unexpected chemistry leads to 

further investigations in this area. The previously suggested monoboron corrole 

complexes are fully established, showing the shortest BH···HN dihydrogen bonding 

reported so far, which in PhBH(H2TPFP)C has bond lengths of 1.540 Å and 1.611 Å, 

respectively. The complex PhBF(H2TPFP)C and further examples of the type 

BF2(H2cor) are established, showing internal BF···HN interactions that stabilise these 

complexes, which is supported by DFT calculations. 

Further examples of the bridging hydride complex PhBHBPh(cor) were established 

(PhBHBPh(TPFP)C, PhBHBPh(Mes2-p-OMeP)C and PhBHBPh(Br8-4-CF3-P)C). 

PhBHBPh(TT)C was used to investigate the subsequent formation of PhBB(cor) by 1H 

NMR studies to follow the thermal induced loss of benzene to form PhBB(cor) and to 

establish the consequent oxidation to PhBOB(cor). DFT calculations were perfomed 

to explain the reactivity of PhBB(cor) and to identify the structural confirmation of 

this complex. New examples of [HNEt(iPr)2][FBOBF(cor)] were prepared and 

quantum yield studies were conducted to investigate the fluorescence properties of 

selected corrole complexes, showing a very high fluorescence quantum yield for 

[HNEt(iPr)2][FBOBF(TPFP)C]. 

The scope of group 1 corrole complexes was extended by further examples of lithium 

corroles, Li3(TPFP)C(THF)6 and Li3(TT)C(THF)6, and the heavier alkali metals, sodium 

and potassium. Mass spectrometer analysis and UV-vis spectroscopy suggest the 

formation of Na2(Hcor)(THF)3 and K2(Hcor)(THF).  

The first examples of selenium, tellurium and iodine corrole complexes were 

prepared, using Li3(cor)(THF)6 as precursor. Characterisation proved to be difficult as 

a result of the extreme moisture sensitivity of these complexes, showing that the 

TPFPC is the most stable corrole ligand for these complexes. Mass spectrometer 

analysis suggested the formation of dimeric complexes with briding chlorides, 

[Se(cor)]2Cl2 and [Te(cor)]2Cl2, which was confirmed by DFT calculations to be the 

most stable formulation. The iodine corrole complex, [I(cor)Cl2]2, shows an 

isoelectronic structure to the only analogous tellurium porphyrin complex, by going 

through in unexpected oxidation of the iodine (III to IV).   
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1.  Introduction 

 

1.1. Natural appearance of corrole and porphyrin 

Porphyrins and related macrocylcles have essential functions in nature and for this 

reason porphyrins have been studied for centuries.1 For instance, haemoglobin 

consists inter alia of heme, an iron containing porphyrin, used to bind oxygen and 

other gasses to be transported in the blood stream. Whereas chlorophyll, found in 

plants used for photosynthesis, has a magnesium bound chlorin and the well-

known vitamin B12 gets its activity from a cobalt bound to a corrin ring.2 

 

Figure 1: Related macrocyclic structures of chlorin, porphyrin, corrin and corrole. 

All four macrocycles consist of four pyrroles or pyrrolidine rings, but vary in the 

aromaticity of the ring (Figure 1). Chlorin is not fully aromatic compared to the 

porphyrin, which has an 18 π-electron configuration. The same number of π-

electrons are found in a corrole, which has one methine carbon missing, resulting 

in a direct pyrrole–pyrrole linkage.2 Although the name corrole is derived from 

corrin, these two macrocycles have little in common. Corrin is not aromatic and 

has only one internal NH, whereas corrole has three internal NH protons and is 

more closely related to a porphyrin.2 Both show similar coordination chemistry and 

photophysical properties.    

 

1.2. Properties of corrole 

Key differences between corroles and porphyrins are the three internal NH protons 

(resulting in a trianionic ligand), the lower symmetry, and the slightly smaller hole 

size in the N4 coordination site.3 The corrole ligand contains two different bidentate 

binding sites; dipyrromethene (two pyrrole groups linked by a methine carbon) 
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and bipyrrole (two pyrroles with a direct Cα–Cα link). This direct Cα–Cα linkage 

between pyrrole rings is the main source of strain in molecular structures of 

corroles.4  

 

Figure 2: Naming and numbering system in a corrole. R groups at the meso 

position are commonly aryl groups. 

If R1=R2=R3 the corrole is called an A3-corrole (Figure 2). If R1=R3≠R2, the corrole 

is called A2B-corrole and if R1≠R2≠R3, the corrole is called ABC-corrole. 

The N4 core of corrole (cor) is smaller than the porphyrin (por) core, for example 

4.06 Å for ZnII(por) and 3.78 Å for the corresponding GaIII(cor). Corroles are 

known to stabilize metals in higher oxidation states with small ionic radii such as 

Ga3+, due to corroles having a higher formal anionic charge compared to 

porphyrins.4-5  

 

Corrole can easily be protonated or deprotonated, but the pH range at which 

neutral corroles exist is extremely limited, as the species is protonated at high pH 

and deprotonated at neutral or basic pH.6 The quite limited pH range at which 

corroles remain neutral is a steric penalty. The addition of the first three protons 

results in steric hindrance, because all three protons are in a very close contact 

as found in DFT calculation.6 Once the inner core contains three NH protons, there 

is probably no further large steric inhibition to adding a fourth proton leading to 

[H4(cor)]+. The acidity constants of a water-soluble corrole, 2,17-disulfonato-

5,10,15-tris(pentafluorophenyl)corrole, and pH-dependent absorption and 

emission spectra of this corrole revealed that its inner-core nitrogen atoms can be 

both protonated and deprotonated, with acidity constants pKa of 2.5 and 5.2 for 

the second and third deprotonation.6 On the other hand, removal of one proton 

from [H3(cor)] releases a significant amount of energy, hence the unusually high 
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acidity of corroles.6 This gives one prominent and unique feature of corroles, their 

unusually high N-H acidity relative to porphyrins and all other related 

macrocycles.6  

 

1.3. History of corrole synthesis 

Corrole was first observed by Johnsen and Kay during their efforts to synthesise 

vitamin B12 via the catalytic hydrogenation of corrole to corrin.7 After this, the 

corrole-based research was dormant for a long time. Different methods using 

photocyclisation or condensation of biladienes-ac, linear tetrapyrroles, in alkaline 

solutions were found for corrole synthesis, but corroles with larger, non-alkyl β-

substituents were not able to be obtained by this method.8 A more promising 

method for corroles with different substituents on the rings was thermal cyclisation 

of biladienes-ac, like 1,19-dibromobiladienes-ac or 1,19-diiodobiladienes-ac.9 One 

other method for obtaining corroles had been the cyclisation of linear dipyrrole 

compounds containing sulfur. Reaction of the intermediate meso-thiaphlorin with 

triphenylphosphine resulted in the corresponding corrole.10 Due to the complicated 

synthetic procedures the study of corroles had been significantly limited until 

1999.  

In that year corrole research got a new upturn by R. Paolesse and by Z. Gross. 

Both invented simplified one-pot syntheses with increased yields. The method by 

Paolesse et al. was based on a modified Rothemund condensation achieving 

5,10,15-triphenylcorrole.11 It was observed that corrole formation was highly 

dependent on the pyrrole to aldehyde ratio (Figure 3). The best ratio of corrole to 

porphyrin was obtained using a three-fold excess of pyrrole. They were the first 

to name the other macrocycle side-products formed during this Rothemund 

reaction. This method could be used for a range of aromatic aldehydes, but 

surprisingly high yields were obtained for p-nitro-benzaldehyde.11  
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Figure 3: One-pot synthesis method by Paolesse et al.11 

In contrast Gross et al. developed a method of solvent-free condensation of 

pyrrole and benzaldehyde catalyzed by basic alumina (Figure 4).12 The reaction 

proved to be most successful for aldehydes with electron-withdrawing substituents 

including pentafluorobenzaldehyde, 2,6-difluorobenzaldehyde and 2,6-dichloro-

benzaldehyde. In this reaction the yields varied from 9-11%, due to stirring 

problems of the solidified mixture. A scale up of this reaction was only possible 

when the reagents were dissolved in dichloromethane first. The use of less reactive 

aldehydes resulted in unsatisfactory yields, or complete failure of the reaction. 

 

Figure 4: Reaction conditions for the solvent-free and basic alumina catalysed 

condensation by Gross et al.12 

A year later R. Paolesse et al. studied the possibility of modifying the corrole ring 

by reacting the 5,10,15-triphenylcorrole with an excess of N-bromosuccinimide, 

which lead to the complete bromination of the macrocycle and the removal of one 

proton.13 Suitable X-ray crystals of triphenylphosphine [2,3,7,8,12,13,17,18-

octobromo-5,10,15-tris(4nitrophenyl)corrolato]-cobalt(III) were obtained and it 

confirms the ability of a corrole ring to retain an almost planar conformation when 

fully substituted at the peripheral positions. 

In 2002 Gryko’s group described a new method for regioisomerically pure corroles 

possessing up to three different substituents at the meso positions, so called ABC-
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corroles, which opened a field of a huge range of new corroles (Figure 5).14 The 

corrole formation involves the acid-catalysed condensation of a 

dipyrromethanedicarbinol with pyrrole followed by oxidation with 2,3-dichloro-

5,6-dicyanobenzoquinone (DDQ). This approach, by using the condensation 

reaction of dipyrromethane with aldehydes, based on Lindsey’s method, is also 

particularly efficient for preparing A3- and trans-A2B-type corroles. Examination of 

the key factors influencing the yield enabled them to elaborate three different sets 

of conditions for yield improvement up to 17% for highly reactive aldehydes, about 

13% for moderately reactive aldehydes and 10% for sterically hindered aldehydes 

such as 2,4,6-trimethylbenzaldehyde.15 

 

Figure 5: Acid-catalysed reaction conditions for ABC-corroles by Gryko et al.15 

Improved yields of ca. 30% and cleaner reaction mixtures were found by Decreáu 

et al. using a microwave assisted synthesis of corrole.16 The solvent-free method 

of Gross et al. was applied with new electron withdrawing aldehydes to obtain free 

base trisaryl- and trispyrimidylcorroles.  

Whereas the perbrominated corrole was already discovered in 2001, the 

perfluorinated corrole, octafluorotris(pentafluorophenyl)corrole, was first 

synthesized in 2003 by Chang et al.17  

Gryko et al. continued refining the synthetic method for meso-substituted 

corroles. Three years later, after he published the general guidelines for corrole 

synthesis, his group found a preparation method using aqueous conditions (Figure 

6).18 The first step, involving the reaction of aldehydes with pyrrole, was carried 

out in a water-methanol mixture in the presence of hydrochloric acid. A relatively 

narrow distribution of aldehyde-pyrrole oligocondensates were obtained through 

the control of their solubility in the reaction medium. Using this method, 

triphenylcorrole was obtained in the highest yield (32%) reported to date. This 

method was particularly efficient for moderately reactive aldehydes and those 

bearing electron-donating groups (yields 14-27%).  
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Figure 6: Reaction conditions by Gryko et al. using aqueous medium.18 

Using these conditions, corroles bearing strongly electron-donating groups were 

obtained for the first time and the reaction of unhindered dipyrromethanes with 

aldehydes under similar conditions afforded trans-A2B-corroles in 8-fold higher 

yields. 

In 2011 Nocera et al. improved the synthetic method for 5,10,15-

tris(pentafluorophenyl)corrole, which has been used previously by Lindsey et al. 

for porphyrin and by Gryko et al. for corrole synthesis. It involved the 

condensation reaction of pyrrole with pentafluorobenzaldehyde and formaldehyde 

under milder conditions and without solid support, which enabled the synthesis on 

a large scale.19  

 

1.4. The tris(pentafluorophenyl)corrole 

In particular 5,10,15-trispentafluorophenyl corrole has been studied extensively, 

because it seems to be the most stable corrole and its electron-withdrawing meso 

substituents enables the best stabilization for metals in high oxidation states. 

Gross et al. described the first facile synthesis of trispentafluorophenylcorrole, 

using solvent-free condensation of pyrrole and pentafluorobenzaldehyde with only 

traces of the corresponding porphyrin being formed.12 They also obtained the first 

X-ray structure and identified two other side-products, the substituted 

dipyrromethane and the pentapyrrotetramethene. Subsequently they improved 

the synthesis slightly by not heating the reaction and they figured out that no solid 

support was required, which reduced the formation of byproducts.20  

It is known that corroles, especially the free-bases, are photosensitive and less 

stable in solution toward light and air than their porphyrin analogues. Therefore 
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Cavaleiro et al. investigated the stability of trispentafluorophenylcorrole in 

dichloromethane at ambient temperature in the presence of light and air. They 

identified that this corrole slowly evolves to the 3,3’-corrole dimer and 3,3’,17’3’’-

corrole trimer, which was different to other corrole decomposition products, such 

as the transformation into open-chain biliverdin derivative through pyrrole-pyrrole 

bond cleavage by dioxygen.21 A very detailed study on control of the 

oligomerization and oxidation steps of the trispentafluorophenylcorrole synthesis 

was published by Virgil et al. Mechanistic studies suggested that the three 2e– 

oxidations proceed as a cascade to the stable corrole rather than an accumulation 

of sequentially oxidized species. Based on this observation, they believe that the 

key intramolecular cyclization of the pyrrole-capped oligomers occurs immediately 

after reaction with the first equivalent of DDQ followed by two facile oxidations to 

give the corrole.22 

The assignments of the 1H NMR resonances are crucial for the elucidation of the 

tautomerization processes reflected in variable temperature 1H NMR spectra. 

However, the tautomerization processes affect the line shape of the signals in the 

spectra in the temperature range 325–190 K to the extent that individual 

assignments are impossible. With the aid of uniformly 15N-labeled corrole, it was 

possible to assign all nuclei in the molecule. The assignment of proton resonances 

in corrole is nontrivial because the system consists of four unconnected, identical 

proton spin systems, which can be assigned using an experiment correlating 

neighboring pyrrole rings, with the help of 15N-enriched corrole. Based on 1H–13C, 

1H–15N, 1H–19F, 13C–19F J-coupling and 1H–1H, 1H–19F, 19F–19F exchange 

correlations, all nuclei in the molecule were assigned, including the mechanism of 

tautomerization process of the three internal NH protons (Figure 7).23 
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Figure 7: 1H NMR spectrum with the assigned tautomerization in toluene-d6 at 

191 K on 600 MHz and the numbering of the structure, taken from reference.24  

 

Figure 8: Molecular structure of H3TPFPC taken from reference; ethyl acetate 

molecule omitted for clarity.25 

In the molecular structure shown in Figure 8 above the hydrogens can be precisely 

located on rings A, B and D (Figure 7). The structure is in agreement with the one 

reported by Gross et al., however in this case the hydrogen atoms could be located 

precisely using the difference map and were refined isotropically without 

restraint.25 The mean plane of the macrocycle can be defined by the B and C rings 

since they are nearly coplanar to the nineteen atom skeleton plane. The other two 

pyrrole rings A and D are tilted out of the plane by +19.1° and +8.5° respectively. 

The two aryl rings on the 5- and 15-positions are tilted toward the bipyrrolic block 

in opposite directions by 65.8 and 65.9° respectively, while the remaining ring 

tilts to the side by 72.6°. One ethyl acetate molecule is present in the asymmetric 
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unit, and the solvent molecule exhibits a hydrogen bond to the interior NH on 

ring A. The hydrogen bond distance is 2.85 Å.  

Density functional theory (DFT) calculations indicate that the nonplanar distortion 

of the free base H3TPFPC originates from the steric repulsion from the internal NH 

hydrogens independent of the meso-arylsubstituents.26   

 

1.5.  Electronic spectra of corroles 

A common characterisation method for corrole complexes is the measurement of 

UV/vis absorbtion spectra. The absorption spectra of corroles consist of 𝜋-𝜋∗ 

electronic transitions. An intense band in the region of 350 nm – 500 nm, called 

the Soret-band or B-band, is assigned to the fully-allowed transition from the 

ground state S0 to the excited state S2. Another set of weaker, so called Q-bands, 

are observed in the 500 nm – 700 nm region and are assigned to the transition 

from S0 to the forbidden S1 excited state (Figure 9).  

 

Figure 9: Jablonski diagram. 

 

The four-orbital model proposed by Martin Gouterman explains the absorption 

spectra of porphyrins in more detail. In this model the absorption bands arise from 

transitions between two HOMOs and two LUMOs. The HOMOs were calculated to 

be an a1u and an a2u orbital, while the LUMOs were calculated to be a degenerated 

set of eg orbitals (Figure 10).27  
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Gosh et al. has shown that this four-orbital model also works for corrole systems.28 

By assuming the symmetry of the porphyrin orbitals is lowered to the C2v 

symmetry of the corroles, the a1u and a2u porphyrin HOMOs become a2 and b1 

orbitals. Transitions between these give rise to four excited states, two 1A1 and 

two 1B2 states. Orbital mixing splits the excited states, creating higher energy 

states, the Soret-bands with greater oscillator strength and lower energy states 

with less oscillator strength, the Q-bands. As well, the Soret-band would be 

expected to split unless the transitions of these states are degenerate.  

 

Figure 10: Simplified Gouterman four-orbital interaction for porphyrins and 

corroles. Indicated are the possible Q and B transitions, resulting in the Soret- and 

Q-bands observed in UV/vis spectra. Note that in this simplifies model the HOMOs 

and LUMOs are accidentally degenerated, in reality the HOMOs and LUMOs have 

different energies, due to lowered symmetry giving rise to several possible 

transitions.  

Thus, like the a1u porphyrin orbital, the a2 corrole orbital has very little effect at 

the meso positions, while the b1 has large amplitude at these positions, as does 

the a2u in the porphyrin case. In the case of corroles with electron withdrawing 

pentafluorophenyl groups in the meso position, the b1 orbital should be stabilized 

by lowering the energy, making the a2 orbital the higher of the two HOMOs when 

the degeneracy is broken.27 It has been shown that the main interaction of a metal 

with the corrole is in the conjugation of its p𝜋 orbital with the 𝜋 electrons of the 

corrole ring, because of the nodal properties of the HOMOs, the metal can only 

interact with the b1 corrole orbital. Therefore, the more electropositive the metal 
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is the larger is the raise of the orbital energy, which can be observed by red-

shifting of the visible bands in the UV/vis spectrum. 

 

Boron porphyrin complexes have interesting emission spectra and so have boron 

corrole complexes. The emission in the 600-700 nm region arises from the fast 

degration from the excited state S1 to the ground state S0, shown in the Jablonski 

diagram (Figure 9), and is independent of the wavelength of excitation. Corrole 

complexes are also know to be able to degenerate into the T1 triplet state by 

intersystem crossing, followed by phosphorescence. In the triplet state corroles 

can generate singlet oxygen usable for photodynamic therapy (PDT), see chapter 

1.6. 

  



Chapter 1 

12 
 

1.6. Main group coordination chemistry of corroles and  

        porphyrin 

1.6.1. Group 1 porphyrin complexes 

The first mentioned alkali metal porphyrin complexes were spectroscopically 

observed in the reaction of tetraphenylporphyrin with alkali metal hydroxides in 

1948.29 A few years later it was demonstrated that they can be used as 

transmetallation reagents, using the dilithium tetraphenyl porphyrin to prepare 

zinc and mercury porphyrins in situ.30 In 1977 the first DFT calculations on the 

ground states of dilithium and disodium porphyrins were reported by Weaver et 

al. Calculated energies as a function of metal-ring distances for D4h symmetrical 

structures gave a metal to porphyrin ring distance of 0.87 Å for dilithium and 

1.64 Å for disodium porphyrin.31 Another example reported in 1991 concerned the 

preparation of Li2(OEP) from free base octaethylporphyrin (H2OEP) and 

n-butyllithium in trichlorobenzene.32 But there were no reports of isolated alkali 

metal porphyrin complexes so far.  

This was changed by the research group of J. Arnold in 1993. The reaction of free 

base porphyrin and 2 eq. of MN(SiMe3)2 (M=Li, Na, K) yielded M2(THF)4(por) 

(M=Li, Na, K), M2(py)4(por) (M=K) and M2(DME)2(por) (M=Li, Na, K). X-ray 

structures were obtained for the lithium porphyrin, but only as a lithium porphyrin 

anion [Li(TMPP)]- with [Li(solv)2]+ as counterion, and the larger sodium and 

potassium derivatives were obtained as Na2(DME)2(OEP) and K2(py)4(OEP) with 

the sodium and potassium bound to all four nitrogens symmetrically on each face 

of the porphyrin (Figure 11, Figure 12).33  
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 Figure 11: Molecular structures of Na2(THF)4(OEP) (left) and K2(py)4(OEP) 

(right).33  

A year later they reported another lithium porphyrin with the well-defined 

structure of Li2(TTP)(OEt2)2, where the lithium is bound to all four nitrogens as 

well, determined by 7Li - 15N coupling in NMR spectroscopy, and a method to 

prepare base free dilithium porphyrin.34 These alkali metal porphyrins showed 

good potential as precursors for the syntheses of early transition metal porphyrin 

complexes.  

Some very interesting DFT calculations on lithium porphyrins were done by the 

group of Chen et al. They calculated the ground states of monolithium porphyrin 

Li(por) π-radical and its three reduced/oxidized species [Li(por)]-, [Li(por)]2- and 

[Li(por)]+. The results show that [Li(por)]- and [Li(por)]+ have planar D4h 

structures while the [Li(por)]2- dianion has a rectangular distorted D2h structure 

due to the ground-state Jahn-Teller effect.35 They also calculated the electronic 

absorption spectrum of Li(por) with TDDFT and compared it with the measured 

spectrum of LiTPP, showing spectroscopic features of a typical metalloporphyrin 

π-radical.35 Sodium porphyin complexes were investigated by Dong et al., 

observing that the free base para-hydroxytetraphenyl porphyrin (p-OHTPPH2) in 

DMF as solvent with traces of water can be deprotonated by higher concentrations 

of sodium hydroxide and coordinate sodium cations to form Na2(por), which was 

demonstrated by UV-vis, Resonance Raman spectroscopy, and NMR data.36 

The research group of Rosa et al. gave proof of a new type of porphyrin species, 

the sitting-atop metalloporphyrin complexes. They have observed interaction of a 

sodium cation and two porphyrins, where the metal ion interacts with the N atoms 
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of the porphyrin core without the deprotonation of the internal NH groups. These 

species have been attained in low polarity solvents through the reaction of free 

base porphyrin and sodium trifluoromethylphenyl borate. Investigations by 

spectroscopic techniques and DFT calculations showed a covalent interaction of 

sodium and all four nitrogens of the porphyrin, which seemed to be mainly a 

charge transfer interaction.37  

The first lithium complexes of N-confused porphyrins and its 21-N-methylated 

variant were reported by Ziegler et al.38 In both cases, the macrocycle acts as a 

monoanionic ligand, and the internal C-H bond is retained upon metalation. The 

alkali metal adopts an unusual coordination environment, unlike that observed in 

typical tetrahedral Li+ cations. The metal ion adopts a pseudo-square-planar 

geometry, where the three internal nitrogen atoms of the N-confused tetraphenyl 

porphyrin (NCPP) are bound to the lithium (Figure 12). The internal carbon 

position remains protonated, forming an agostic-like interaction with the metal 

center. In the presence of the coordinating solvent tetrahydrofuran, pseudo-five-

coordinate complexes are generated; in the absence of solvent, the axial positions 

remain vacant.38 

 

Figure 12: Molecular structures of [Li(OEP)][Li(THF)4] (left) and Li(NCPP)(THF) 

(right).33, 38 

One application studied for lithium porphyrins is their use for hydrogen storage. 

Zeng et al. investigated the hydrogen storage of Li-adsorbed lithium porphyrin 

sheets by DFT calculations. Results showed that the coordinated lithium atom and 

the ion-separated lithium can bind up to four H2 molecules with a moderate binding 
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energy and a large storage capacity, making it a potential hydrogen storage 

material.39 

 

1.6.2. Group 1 corrole complexes 

The only example mentioned in literature of a lithium corrole complex was 

reported by Arnold et al. in 2012 and its several uses as precursor for transition 

metal corrole complexes. The reaction of free base 10-(4-methoxyphenyl)-5,15-

dimesitylcorrole with three equivalents of LiN(SiMe3)2 in THF resulted in the 

isolated lithium corrole complex (Mes2(p-OMePh)corrole)Li3∙6THF. The crystal 

structure (Figure 13) showed two of the lithium ions are placed approximately in 

equal distance above and below the N4 plane of the corrole, with an average N–Li 

bond distance of 2.141 Å and a Li–Li separation of 2.065 Å. Each lithium is 

coordinated by a solvent molecule. The third lithium occurs as a solvated cation 

coordinated by five oxygens from three DME molecules.40 

  

Figure 13: Molecular structure of (Mes2(p-OMePh)corrole)Li3∙4DME.40  

The availability of the lithium corrole as a precursor to new metalocorroles 

dramatically increased the number of elements available as corrole complexes, for 

instance lanthanoid corrole and transition metal corrole complexes have now been 

prepared.  

So far no sodium or potassium corrole complexes are reported in literature. 
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1.6.3. Group 16 porphyrin complexes 

Despite the extensive research on metalloporphyrin complexes, not many non-

metal or semi-metal porphyrin complexes are reported. Examples of boron, 

carbon, silicon, germanium, phosphorus, arsenic and antimony porphyrins exist. 

With boron being the lightest element from this group (rcov=0.85 Å), which is too 

small to coordinate to all four nitrogens of the porphyrin. Several structures types 

are reported, all containing two boron atoms per porphyrin.41 Phosphorus and 

silicon are slightly larger elements, but still small for the porphyrin ligand 

(rcov=1.10 Å and 1.18 Å respectively), therefore to bond to all four nitrogen atoms, 

the porphyrin hole needs to contract significantly through a non-planar distortion 

of the macrocycle.41 For the slightly larger elements germanium and arsenic a 

non-planar distortion is observed as well, but in a less extend and the largest 

element of this group, antimony (rcov=1.43 Å) resides in or slightly displaced from 

the mean porphyrin N4 plane.42 Overall the observed trend was with contracting 

M-N bond length the distortion (ruffling) of the porphyrin increases.43  

No sulfur coordinated porphyrin complexes were found in the literature. The only 

related examples are heteroporphyrins in which one or two nitrogens are replaced 

by sulfur or selenium to tune the electronic properties of the porphyrin. One 

example is reported by Jiang et al., where oxygen or sulfur replaced one porphyrin 

pyrrole nitrogen atom of a dysprosium(III) porphyrin and phthalocyanine 

sandwich complex for single-molecule magnet application.44 

The first mention of selenium and tellurium porphyrins in the literature was in 

1982 by Gouterman et al. They state that the accumulated results, mainly changes 

in the UV-vis spectra, strongly indicate complex formation in the reaction of free 

base porphyrin with TeCl4 and SeCl4, but that no well-characterized species has 

been isolated.45 

In 2001 the first tellurium porphyrin complex was established by Brothers and 

Woo et al., showing a new coordination chemistry of porphyrin. The reaction 

between tellurium(IV) chloride and one equivalent of the dilithium meso-tetra-p-

tolylporphyrin salt resulted in a moisture sensitive tellurium complex [Te(TTP)Cl2] 

in 72% yield. The crystal structure showed two molecules with an inversion center. 

The tellurium coordination sphere is square pyramidal, with a five-coordinate 

geometry for the Te(IV), due to the stereochemically active electron lone pair 
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(Figure 14).46 Three of the porphyrin nitrogen atoms occupy one triangular face 

of the square pyramid, with the apical Te-N(2) bond length significantly shorter 

than those of the basal Te-N(1) and Te-N(3) bonds. The fourth pyrrole ring is tilted 

out of the N4 plane and its nitrogen atom (N(4)), and a chlorine atom from the 

symmetry-related molecule (Cl(2A)), are found on the open square face of 

[Te(TTP)Cl2] at much longer Te-N and Te-Cl distances.46 The Te-N(4) separation 

(2.598(3) Å) exceeds the sum (2.11 Å) of the covalent radii of tellurium and 

nitrogen atoms but is within the sum of the van der Waals radii (3.61 Å) and the 

long Te-Cl distance is within the sum of van der Waals radii of Te and Cl atoms 

(3.81 Å). 

 

Figure 14: Molecular structure of [Te(TTP)Cl2].46  

 

In analogy to the tellurium porphyrin complex, the synthesis of the selenium(IV) 

porphyrin complex was attempted, using free base porphyrin or lithiated porphyrin 

with selenium(IV) reagents such as O=SeCl2 or O=Se(NMe2)2. However, all these 

reactions led to the diprotonated porphyrin dication, characterised by X-ray 

crystallography.47 A similar case was reported earlier were the reaction of 

octaethyltetraphenyl porphyrin with O=SCl2 resulted in the oxidized 16π electron 

porphyrin with no internal N-H hydrogens.48 

To date, no selenium or tellurium corrole complexes are reported as well, or any 

directly coordinated iodine porphyrin or corrole complexes. 
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1.6.4. Boron porphyrin complexes 

The first boron porphyrin complexes were reported in the 1970’s, although apart 

from the establishing the ratio, 2:1 boron to porphyrin, characterization remained 

incomplete. The first obtained molecular structures were B2OF2(por) and a few 

years later B2O2(BCl3)2(por) from free base porphyrin with BF3 and BCl3, 

respectively, in the presence of trace water (Figure 15).49 The molecular structures 

show that FBOBF is threaded through the cavity in the porphyrin by having one 

boron atom lying in the plane, while the other one is displaced significantly out of 

the plane. The reaction of BCl3∙MeCN with free base porphyrin, followed by 

chromatography on basic alumina resulted in B2O(OH)2(por), a result of to the 

labile boron–chloride bond. Alternatively, crystallization of B2O(OH)2(por) in the 

presence of excess BCl3∙MeCN resulted in B2O2(BCl3)2(por) which features a four 

membered B2O2 ring perpendicular to the plane (Figure 15).50  

   

   

Figure 15: Molecular structures of B2OF2(por) (left) and B2O2(BCl3)2(por) (right).49 

 

Another complex [(nBuB)2(por)], with an unusual nBu-B-B-nBu single B-B bond 

diborane, was prepared by substitution of the chloro ligands in [(BCl)2(por)], using 

nBuLi or by direct synthesis from [(BCl2)2(por)] in a reductive coupling reaction 

(Figure 16).51  

Reactions of the dilithiated porphyrin with BCl3∙MeCN and with complete moisture 

exclusion led to [(BCl2)2(TTP)]. This was spectroscopically determined, showing a 

transoid arrangement in which the boryl groups are bonded to two nitrogens and 

displaced to opposite faces of the macrocycle. Confirmation of this arrangement 

was by DFT calculations.3 The analogous compound [(BF2)2(TTP)] could be 

prepared from BF3∙OEt2. DFT calculations on the two diboryl complexes show that 

the porphyrin ligands have strong distortions, both out-of-plane and tetragonal 
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in-plane.3 The attempt to crystallise (BBr2)2(TTP) resulted, surprisingly, in a novel 

hydrolysis product containing a BOB bond. The dication [B2O(por)][BBr4]2 has both 

boron atoms out-of-plane on the same side of the porphyrin, which differs from 

the other boron porphyrins containing a BOB group. As a result of this coordination 

the porphyrin is markedly folded and has trigonal planar, three-coordinate borons 

(Figure 16).52 

 

  

Figure 16: Molecular structures of [B2O(por)]+ (left) and (nBuB)2(por) (right).51-52 

 

The reactions of BF3∙OEt2 and BCl3∙MeCN with Li2(TTP) gave the diboryl complexes 

(BX2)2(TTP) (X=F, Cl). Reduction of (BCl2)2(TTP) using two equivalents of 

potassium produced (BCl)2(TTP), Suggesting that the diboryl complex can be 

chemically reduced to the diboranyl complex. The same reaction was repeated 

with BBr3 and BI3 intending to prepare the bromo and iodo analogues. However, 

the reaction with BBr3 gave a mixture of (BBr2)2(TTP) and the reduced complex 

(BBr)2(TTP), while BI3 gave only the diboranyl complex (BI)2(TTP).51 

The only other boron reagent which was successful for making boron porphyrin 

was PhBCl2. Reaction of free base porphyrin and PhBCl2 yielded B2O(Ph)(OH)(por). 

Characterization by NMR spectroscopy showed a similar PhBOBOH arrangement 

to that observed for B2OF2(por) and B2O(OH)2(por) with the phenyl group bonded 

to the out-of-plane boron and the OH group to the in-plane boron.3 The multiplets 

for the phenyl ring are shifted markedly upfield, evidence for their coordination 

above the plane of the porphyrin, as a result of the porphyrin diamagnetic ring 

current. The OH groups in B2O(OH)2(por) and B2O(Ph)(OH)(por) are labile and 

derivatives with ethoxy or benzyloxy groups replacing the OH groups could be 

prepared.3 
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Figure 17: Overview of established boron porphyrin structures. 

 

The only way to obtain a monoboron coordinated porphyrin is to use an N-

confused porphyrin. In N-confused porphyrins one of the pyrrole rings is inverted 

such that the CH is directed to the centre and the nitrogen to the outside, blocking 

the second boron coordination site. The reaction of porphyrin with dichlorophenyl 

borane results in the monoboron phenyl porphyrin, but it also resulted surprisingly 

in a monoboron N-fused porphyrin. A molecular structure of this cationic N-fused 

porphyrin complex was obtained (Figure 18). Remarkably, the phenylboron N-

confused porphyrin complex can be converted to the phenylboron N-fused 

porphyrin species by the addition of acid.53  
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Figure 18: Molecular structure of phenylboron N-fused porphyrin cation 

reproduced from reference.53  

 

A wide range of boron porphyrin complexes are accessible (Figure 17), including 

three- and four-coordinate boron in the +3 and +2 oxidation states with a 

selection of substituents on boron (halide, oxo, alkoxide, alkyl and aryl), a variety 

of geometries in terms of the position of the boron atoms, in or above the mean 

porphyrin plane, and a high degree of conformational flexibility in the porphyrin 

ligand itself is found. 

 

1.6.5. Boron corrole complexes  

Similar to the boron porphyrin complexes, examples with two coordinated boron 

atoms have been observed, which is in contrast to transition metal corrole 

complexes containing only one coordinated heteroatom.54 

The first boron corrole example was obtained from the reaction of BF3·OEt2 with 

free base corrole and diisopropylethylamine. In the presence of moisture 

[HN(iPr)2Et][B2OF2(cor)] was obtained, containing a cisoid FBOBF group instead of 

the transoid arrangement as observed in the porphyrin case (Figure 19). DFT 

calculations (OLYP/TZ2P) supported the cisoid arrangement, which was calculated 

to be 19.5 kcal mol−1 lower in energy than the transoid isomer, while in the 

porphyrin complex the energies are reversed with the transoid geometry more 

stable by 15.9 kcal mol−1.55 Both borons are coordinated to the nitrogen atoms in 

the dipyrromethene sites. The corrole macrocycle undergoes a tetragonal 

distortion to accommodate the two boron atoms.54  
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Formulations of monoboron corrole complexes were suggested from preliminary 

spectroscopic results, whereas for the new diboron complexes formulation 

suggestions came from analogy with related diboron porphyrin compounds. For 

the monoboron corroles BF2(H2cor) and BPhH(H2cor) computational results 

showed that the dipyrromethene site is preferred and the stereoisomers in which 

boron and its substituents are displaced out of the mean N4 plane are more stable. 

This might be due to the less strained configuration and BF…HN hydrogen and 

BH…HN dihydrogen interactions, which additionally stabilize these stereoisomers.55  

The reaction of PhBCl2 with free base corrole resulted in the first boron hydride 

corrole complex, PhBHBPh(cor), proposed to be formed by a spontaneous 

reduction coupling in a putative diboryl intermediate followed by capture of a 

proton to form a bridging B–H–B group within the corrole ligand.56 The X-ray 

structure showed a transoid geometry with the B-phenyl groups on opposite sides 

of the corrole plane, close to C2 symmetry (Figure 19). The molecular structure 

also shows that the B-H-B bridging hydride is bent such that the hydrogen is 

displaced a small distance above the mean N4 plane towards one boron. Although 

the PhBHBPh(cor) complex is symmetrical in solution by NMR, the B1-H and B2-H 

distances are inequivalent and the corrole ring has a nonplanar wave shape 

distortion. The formation of this unusual hydride complex still needs mechanistic 

studies to clarify how this 2-electron reduction arises, what is being oxidized and 

if this reduction is a sterically driven process.56  

 

 

 Figure 19: Molecular structure of [FBOBF(TT)C]- and PhBHBPh(TPC).54, 56 

Another boron corrole species was identified. The reaction of the sterically 

hindered octabromotriarylcorrole with BF3·OEt2 and NEtiPr2 resulted in the anionic 

diboryl complex [(BF2)2(Br8T(4-F-P)C]-. 1H and 19F NMR indicated that the 5- and 

15-C6H4F groups are equivalent, whereas 10-C6H4F group is unique. This was 
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confirmed by the molecular structure, which showed that the two boryl groups 

have a transoid arrangement with the boron atoms displaced to opposite sides of 

the mean corrole plane (Figure 20). Each dipyrrin-like half of the corrole tilts 

towards the coordinated boron with the ß-pyrrolic carbons bent above and below 

the plane, as are the positions of the borons.57 

   

Figure 20: Molecular structure of [(BF2)2(Br8T(4-F-P)C]-.57  

The question was why the sterically hindered octabromotriarylcorrole did not 

undergo hydrolysis. DFT calculations (BP86-D/TZ2P) showed that ∆G values for 

the hydrolysis reaction thermodynamically neutral, whereas ∆G value for 

octabromotriarylcorrole is +0.5 eV and therefore not favoured as the formation of 

an FBOBF complex would lead to strong doming of the corrole macrocycle, as 

observed for the [B2OF2(TPC)]− anion, but strong doming, seems inconsistent with 

the steric requirements of an octabromotriarylcorrole ligand.57  

The first four corrole species in Figure 21 are well-established, whereas the last 

two species, PhBB(cor) and PhBOB(cor), were identified by DFT studies and NMR 

spectroscopy, but no X-ray structures were able to be obtained.58 This thesis will 

address these less well-established examples. 

 

 

Figure 21: Displayed are the previously charactierized boron corrole species.58 
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1.7. Applications for corrole complexes 

The main motive for this work is for intrinsic purposes, to obtain a better 

understanding of main group corrole chemistry. Corroles display interesting 

catalytic, therapeutic and photophysical properties for solar cell applications or 

sensing, for instance. Some potential applications for corrole complexes, in 

particular for boron corroles are discussed below. 

Photodynamic Therapy (PDT) is an approved method for clinical treatment of 

several types of cancer. PDT is based on the induction of cell death by the 

combined effect of visible light, on a compound with photosensitizing properties, 

and O2. The photosensitizer is accumulated in the tissue and is subsequently 

activated with visible light. The irradiation is preferentially conducted with the red 

region of visible light, because in this wavelength range, the light shows deeper 

tissue penetration. As a consequence, reactive oxygen species, such as singlet 

oxygen are generated, inducing cytotoxicity of neoplastic cells and regression of 

the tumor.59 Porphyrins and their analogues are the most widely studied 

compounds for PDT. In fact some porphyrins, like Photofrin®, are already used in 

clinical trials. Corroles show improved photophysical properties, such as a much 

larger fluorescence intensity, therefore corroles are investigated as potential 

photosensitizers. One example is the study on ß-cyclodextrin conjugate 

functionalized corroles, which showed photocytotoxity towards HeLa cell lines by 

generating singlet oxygen, especially the free base corrole H3TPFPC.59  

Another area for corrole applications is for solar cells. To operate a photovoltaic 

cell three basic attributes are required. First, the absorption of light, generating 

either electron-hole pairs or excitons. Second, the separation of charge carriers of 

opposite types and finally the extraction of those carriers to an external circuit. 

The combination of the unique electronic properties of fullerene (C60) with corroles 

can lead to novel energy conversion systems. Only a few studies exist so far on 

corroles as photoexcited electron donors combined with electron acceptors such 

as C60 for organic photovoltaic devices. Investigation on a corrole-azafullerene 

dyad showed that by photoexcitation the characteristic fluorescence of corroles is 

strongly quenched by the presence of the azafullerene and transient absorption 

spectroscopy revealed that the formation of the (Cor)∙+-(C59N)∙- charge separated 

state is thermodynamically favoured and directly derived from the corrole singlet 

https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Electron_hole
https://en.wikipedia.org/wiki/Excitons
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excited state.60 This ability of charge separation leads to promising photovoltaic 

applications. 

A third application area for corroles is the use as sensors. Chemical sensors are 

generally formed by two distinct compartments; the sensing material and the 

transducer. The typical sensing material is a solid layer of an inorganic or organic 

compound where the interaction with the target analytes take place. These binding 

interactions should change one or more physico–chemical properties, which can 

be transformed into a readable signal by the second component, the transducer. 

Porphyrins are a class of organic compounds which are particularly interesting 

sensing materials. The richness of their properties allows the use of a wide range 

of transducers. Sensing materials based on porphyrins are expected to mimic 

many of the porphyrins’ biological functions. For example, they are of interest as 

gas sensors for their reversible binding ability to gases. The coordinated metal has 

a fundamental importance and the sensitivity and selectivity properties can be 

tuned by changing the metal ion in the porphyrin core. The binding properties can 

be further expanded by modification of the peripheral substituents or by the 

molecular aromatic ring.61 One change is to use corroles instead of porphyrins or 

to combine the properties of both macrocycles as described by Di Natale et al. 

They showed that changes in the aromatic ring have important consequences on 

the sensitivity and selectivity of the sensors and that porphyrins and corroles can 

positively cooperate to enhance the performance of sensor arrays.62 Results 

showed the enhancement of sensitivity of free base corrole with respect to the 

corresponding porphyrin, due to increased hydrogen bond interaction of the three 

inner core hydrogen atoms with solvent vapours. Less improvement for sensing 

interaction was found in the corroles for the metal insertion of manganese and 

iron, whereas the porphyrin complexes showed an enhanced performance. In 

conclusion, the slight modification of the macrocycle strongly affects the sensing 

properties, eventually corroles and porphyrins can form an optimal team for 

sensor arrays.62 

The corrole macrocycle consist of two dipyrromethene units fused together and 

with two BF2 groups coordinated to each dipyrromethen site, they theoretically 

consists of two dipyrromethen borondifluoride (BODIPY) molecules.63 BODIPYs are 

a class of fluorescent dyes and have high quantum yields.64 They have been used 

as labelling agents of proteins and DNA and recently as potential sugar sensors. 



Chapter 1 

26 
 

By modifying the parent dipyrromethene absorption and emission spectra can be 

shifted significantly to longer wavelength. Therefore diboron corrole complexes 

can be potential BODIPY derivatives. 
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1.8. Objectives 

The main aim of this study is to establish if the chemistry of porphyrins is 

transferable onto corroles. Complexes of porphyrins with nearly every element in 

the periodic table have been established by now, but by far not as many corrole 

complexes have been studied. The main focus has been on transition metal 

corroles, only a few main group and lanthanoid corrole complexes are known. This 

thesis focuses on the investigation of heavier group 1 element and group 16 and 

17 element corroles which have not been realised yet. In analogy to the 

established lithium corrole, the heavier group 1 corrole complexes have potential 

as precursors for many other corrole complexes and the non-innocent trianionic 

corrole ligand seems suitable to chelate the highly reactive group 16 and 17 

elements to form complexes. Previous work has shown that the extension of boron 

porphyrin chemistry to corroles did not just replicate the prophyrin chemistry in a 

new macrocycle, but rather showed rich and unexpected chemistry for both the 

boron and the corrole ligand. This thesis will investigate the formation of the 

unexpected hydride formation in PhBHBPh(cor) and its conversion to PhBB(cor) 

by loss of benzene. Further studies will address the subsequent conversion by 

oxidation versus hydrolysis of this reactive PhBB(cor) species. The appearance of 

monoboron corrole complexes is studied, which has not been observed for boron 

porphyrin complexes. This thesis focuses on further investigations of this 

chemistry with a view to better understanding reactivity, transformations and 

potential applications for these complexes. 
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2.  Group 1 corrole complexes 

2.1. Lithium corrole 

Lithium corrole was first reported by J. Arnold et al. in 2014.40 (Mes2(p-

OMeP)corrole)Li3∙6THF was synthesized from free base 10-(4-methoxyphenyl)-

5,15-dimesitylcorrole and three equivalents of LiN(SiMe3)2 at -40 °C in THF. 

Warming the solution to room temperature, stirring for two hours, and subsequent 

reduction of the volume and addition of hexanes produced a deep green solid 

(74% yield) upon cooling to -40 °C and subsequent filtration. Characterisation by 

NMR, UV-vis and MS(ESI) showed that two lithium atoms are coordinated to the 

corrole and the third lithium cation is coordinated by four THF molecules (Figure 

22). In the crystal structure these four THF molecules are displaced by three DME 

solvent molecules. The two coordinated lithium atoms are located approximately 

equidistant above and below the N4 plane of the corrole (1.021 Å and 1.040 Å, 

respectively), with an average N–Li bond distance of 2.141 Å and a Li–Li 

separation of 2.065 Å. 

 

Figure 22: Structure of (Mes2(p-OMeP)corrole)Li3∙6THF reported by Arnold et al.40 

Up to date this is the only lithium corrole synthesis reported in which the lithium 

corrole complex was isolated und fully characterized. The other case where a 

lithium corrole was mentioned, was the in situ preparation for boron corrole 

complexes from Li3(TT)C(THF)x with different boron reagents.58 These lithium 

corrole complexes make very good precursors for many main group or transition 

metal corroles by simple salt metathesis reactions. Therefore, further lithium 

corrole examples were made to develop reliable synthetic routes to further 

examples of well-characterised lithium corole complexes. 
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2.1.1. Synthesis 

Two further examples, Li3(TT)C(THF)x and Li3(TPFP)C(THF)x, were synthesised and 

isolated. The same method as reported by Arnold et al. was applied for the 

syntheses.40 Free base corrole was dissolved in THF, cooled to -40 °C in a dry 

ice/acetone bath and 3 eq. of LiN(SiMe3)2  was added under nitrogen (Figure 23). 

The reaction mixture changed colour immediately to a bright green solution. After 

warming up to room temperature and stirring 1-2 hours, the solvent and 

HN(SiMe3)2  were removed under reduced pressure. If an oily residue was 

obtained, n-hexane was added to wash the product and then pumped off and the 

product dried for 1 h under high vacuum. In one instance, the same result could 

be obtained using dry toluene instead of THF as solvent. Li3(TPFP)C(THF)x (x = 6-

9) was obtained as a fine blue/purple solid (41%), whereas Li3(TT)C(THF)x (x = 6-

10) and Li3(TT)C(tol)6 were obtained as a fine green solid (50-56% yield). From 

the 1H NMR spectra a THF coordination number of x = 6-9 in relation to the corrole 

signals, generally x = 6, was observed.  

 

Figure 23: General reaction scheme for preparation of lithium complexes. 

The preparation of lithium corroles can be easily scaled up. Syntheses using up to 

300 mg of free base corrole were accomplished with no observed yield decrease, 

and are only limited by the availability of the free base corroles, which are 

prepared from low yielding syntheses. The powdery products melt at 150 °C and 

can be stored at 4°C under inert atmosphere for up to two weeks at least. They 

also show good solubility in common solvents such as chloroform, THF, toluene 

and DME.  
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2.1.2. Characterization 

2.1.2.1.  1H NMR spectroscopy 

The first characterization method was 1H NMR spectroscopy. Due to extreme 

moisture sensitivity, special air tight NMR tubes and dried deuterated solvent were 

required. The NMR samples were prepared in a glovebox.  

Shown in Figure 24 is the 1H NMR spectrum of Li3(TPFP)C(THF)8. Only four signals 

are expected for the ß–pyrrolic protons, which makes it an easily assignable 

example.  

 

 

Figure 24: 1H NMR spectrum of Li3(TPFP)C(THF)8 in CDCl3. 

The 1H NMR spectrum shows a broadening of the ß-pyrrolic hydrogen and a slight 

low-field shift of 0.05 ppm compared to the free base pentafluorophenylcorrole. 

The strongest shift is seen for the ß-H1-proton. The coordination number of solvent 

molecules was found to vary between 6 and 9. In this case the integration of the 

solvent molecules relative to the corrole signals show a coordination of 8 THF 

molecules. In addition, as expected no signals arising from the internal NH 

hydrogens are observed. 
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The 1H NMR spectrum of Li3(TT)C(THF)6 shows two singlets at 2.42 and 2.72 ppm 

for the tolyl methyl groups. Four sets of doublets in an integral ratio 2:1 for the 

aryl protons are observed and four broad singlets from 8.0 to 8.9 ppm are 

observed for β-pyrrole protons.  

The 19F{1H} NMR spectrum at 300 MHz of Li3(TPFP)C(THF)6 in CDCl3 shows three 

multiplet sets at -137.6 to -140.2, -153.0 to -156.3 and -162.2 to -164.8 for the 

ortho, para, and meta fluorine atoms on the pentafluorophenyl groups. The 

chemical shifts of the multiplets are upfield shifted by 2 ppm compared to the 

chemical shifts of the free base corrole H3TPFPC. 

 

2.1.2.2. UV-vis Spectroscopy 

  

 

Figure 25: UV-vis spectra of Li3(TPFP)C(THF)6 (top) and Li3(TT)C(THF)6 (bottom) 

in THF. The corresponding spectra of the free base corroles are shown for 

comparison. 
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Table 1: UV-vis absorbance wavelength maxima (nm) of Li3(cor) and the 

corresponding free base corroles in THF. 

 Soret band Q-bands 

Li3(TT)C 421, 442 532, 589, 638 

H3TTC 420 585, 628, 660 

Li3(TPFP)C 436 620, 654 

H3TPFPC 408 562, 604 

Li3(Mes2-p-OMeP)C40 422, 446 587, 626 

H3(Mes2-p-OMeP)C 413, 432 566, 575, 615, 647 

 

As shown in the UV-vis spectra (Figure 25) and Table 1, the Soret band is red-

shifted for Li3(TPFP)C(THF)6 by 20 nm, whereas Li3(TT)C(THF)6 is hardly shifted or 

might be a mixture of free base corrole and Li3(cor), due to the extreme air 

sensitivity. The reported Li3(Mes2-p-OMeP)C showed a Soret band red shift of 

9 nm. The most significant indication for the lithium coordination is the increase 

in intensity of the lowest energy Q-band for all corroles. The more electron 

withdrawing the corrole is, the stronger is the observed red shift of the Soret band. 

 

2.1.2.3. Mass spectrometry 

Due to the extreme moisture and air sensitivity of these compounds, obtaining 

mass spectra presents some experimental complexities. The lithium corrole 

complex was dissolved in dry THF and injected into the spectrometer. Snapshots 

of the spectrum had to be taken within 10 seconds, otherwise complete de-

coordination of the lithium corrole complex would happen in the spectrometer 

environment. Using this method (FTMS(+ESI)), several corrole species for 

Li3(TPFP)C(THF)6 were identified: a monolithiated, monoprotonated corrole 

species ([Li(TPFP)C+H]+ calc.: 801.0753, found: 801.0742); a dilithiated corrole 

species ([Li2(TPFP)C]+ calc.: 807.0824, found: 807.0830); a dilithiated corrole 

species with one THF coordinated ([Li2(TPFP)C(THF)]+ calc.: 879.1399, found: 

879.1405); and the dilithiated corrole with two THF coordinated 
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([Li2(TPFP)C(THF)2]+ calc.: 951.1974, found: 951.1980) as the main peak. Similar 

results are described for the Li3(Mes2-p-OMeP)C, the mono- and dilithiathed 

corrole were observed. The fact that no free base corrole was observed in this 

time frame shows the higher stability of lithium pentafluorphenylcorroles 

compared to lithium dimesityl-p-methoxyphenylcorrole reported in the 

literature.40  
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2.2. Sodium corrole 

No other alkali metal corrole other than the lithiated examples have been reported 

until today. The goal was to extend the range of available alkali metal complexes 

to extend the scope of precursor complexes for main group and transition metal 

corroles as well as to the trend of coordination geometry within the alkali metal 

group. The analogous sodium and potassium porphyrins have been published by 

J. Arnold et al. in 1993.33 The sodium complex Na2(DME)2(OEP) (Figure 26) has 

two six-coordinate sodium ions, each bound to all four nitrogens of the ruffled 

porphyrin and two THF molecules.33 The potassium porphyrin has a similar 

structure to the sodium porphyrin, despite the larger metal ion radius, giving an 

extended average distance of metal to nitrogen by 0.29 Å (average Na-N: 2.477 Å 

and K-N: 2.770 Å), which is slightly shorter than the difference in ionic radii 

(0.36 Å) of Na+ and K+. 

 

Figure 26: Sketch of structure of Na2(DME)2(OEP). 

The Na and K porphyrins were synthesized in THF from free base porphyrin and 

alkali metal trimethylsilyl amide under reflux for 3.5 h.33 

As J. Arnold et al. were able to obtain the sodium porphyrin complexes with the 

same synthesis method as the lithium and potassium porphyrin, we attempted the 

same synthesis approach for sodium corrole as used for the lithium corrole under 

inert atmosphere. 
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2.2.1. Synthesis 

Free base corrole and NaN(SiMe3)2 (3 eq.) were weighed into a flask in a glove 

box. The reaction vessel was cooled to -40 °C and dry THF was transferred via 

cannula (Figure 27). The reaction mixture changed colour immediately to a bright 

green solution. Therefore no refluxed seemed to be necessary, the vessel was 

allowed to warmed to room temperature and stirred for 2 hours. The solvent and 

HN(SiMe3)2  were pumped off and the product was dried in high vacuum. If an oily 

residue was obtained, n-hexane was added to wash the product and then removed 

and dried for 1 h under high vacuum.  

 

Figure 27: General reaction scheme for the synthesis of sodium corroles. The 

coordination number of THF was in most cases x = 3. 

Three examples of sodium corroles were synthesised and isolated as dark green 

powders: Na3(TPFP)C(THF)3 (22%), Na3(TT)C(THF)3 (82%) and Na3(Mes2-p-

OMeP)C(THF)3 (23%). 
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2.2.2. Characterisation 

2.2.2.1. 1H NMR Spectroscopy 

 

 

Figure 28: 1H NMR spectrum of Na3(TPFP)C(THF)3.5 in CDCl3. 

Figure 28 displays the 1H NMR spectrum of Na3(TPFP)C(THF)3.5 as an example for 

a sodium corrole. Compared to a spectrum of free base corrole, the signals for the 

ß-pyrrolic hydrogen are broadened and upfield shifted by about 0.08 ppm. Also, 

the overlapping signals at 8.58 ppm in the free base corrole are separated into 

two signals at 8.50 and 8.59 ppm. As the synthesis is done in THF, THF molecules 

coordinate to the sodium ions for stability. In this example 3.5 THF are coordinated 

even after drying in high vacuum. The THF coordination number usually ranges 

from 3–6. Most times a coordination number of three has been observed. No 

signals are observed in the range of -1 to -4 ppm for any internal NH hydrogens. 

The 1H NMR spectrum of Na3(TT)C(THF)3 shows two singlets at 1.23 and 1.27 ppm. 

Four doublet between 7.35 and 8.10 ppm with a coupling constant of J=7.11 Hz 

are observed for the phenyl groups in an integral ratio of 1:2. The β-pyrrole 

hydrogens appear as four broad singlet at a chemical shift of 7.59 to 8.87 ppm. 

The observed corrole to THF ratio is 1:3. Similar chemical shift for the four methyl 

group singlets are observed in the case for Na3(Mes2-p-OMeP)C(THF)3. An 

additional singlet at 3.50 ppm for the methoxy group is observed and the β-pyrrole 

hydrogens are observed in the range of 8.35 to 8.94 ppm as doublets with a 

coupling constant of J=3.94 Hz. 
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2.2.2.2. UV-vis spectroscopy 

 

The most helpful analytical method was UV-vis spectroscopy, indicating the metal 

ion coordination by a red shift of the Soret band and a change in the Q-bands 

(Table 2). The samples were prepared under nitrogen in an air-tight cuvette. 

 

Table 2: UV-vis absorbance wavelength maxima (nm) of Na3(cor) and the 

equivalent free base corroles in THF. 

 Soret band Q-Bands 

Na3(TT)C(THF)3 431 537, 593, 641  

H3TTC 420 585, 628, 660 

Na3(TPFP)C(THF)3 440 552, 578, 595, 627 

H3TPFPC 408 562, 604 

Na3(Mes2-p-OMeP)C(THF)3 411, 422 544, 578, 624 

H3(Mes2-p-OMeP)C 413, 428 566, 575, 615, 647 

 

The UV-vis spectrum of Na3(TT)C(THF)3 was measured in THF. It shows a red shift 

of the Soret band by 11 nm. The two higher energy Q-bands, which are more 

intense in free base corrole, are getting weaker and one strong Q-band appears 

at 641 nm. 

Na3(TPFP)C(THF)3 shows a red shift from 408 to 440 nm. The first intense Q-band 

at 562 nm disappears, resulting in three weak Q-bands and one strong band at 

the highest wavelength of 627 nm (Figure 29). 

The UV-vis spectrum of Na3(Mes2-p-OMeP)C(THF)3 shows no shift in the Soret 

band. The right shoulder sharpened and the Q-band at 624 nm has the strongest 

absorbance of the Q-bands. 
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Figure 29: UV-vis spectrum of Na3(TPFP)C(THF)3 (top) and Na3(TT)C(THF)3 

(middle) and Na3(Mes2-p-OMeP)C (bottom) in THF. The corresponding spectra of 

the free base corroles are shown for comparison. 
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2.2.2.3. Titrimetric study for metal coordination number 

To see how many sodium ions actually coordinated to the corrole or if any non-

coordinated sodium ions interfere while in solution, because potentially only two 

metal ions can coordinate, one on each side of the corrole plane, but three 

equivalents of bistrimethylsilyl amide are required to fully deprotonate the corrole 

ring, a stoichiometric titration of free base corrole with stepwise addition of sodium 

bistrimethylsilyl amide was accomplished in THF solution (Figure 30). The 

spectrum shows the free base corrole in blue. Addition of 0.5 eq. of Na(N(TMS)2) 

(orange spectrum) shows already a red shift, but the Soret band has a slight left 

shoulder and is broader than the spectra observed after addition of further 

equivalents Na(N(TMS)2). The addition of 1 eq. Na(N(TMS)2) (grey spectrum) 

shows a further red shift compared to the spectrum of 0.5 eq., but having the 

Soret band maximum 2 nm less shifted than the case of 2 eq. Na(N(TMS)2) (yellow 

spectrum). It is clearly to see that 2 eq. of sodium is the maximum number of 

coordinated sodium ions, any more equivalents have no influence on the corrole 

and the observed UV-vis spectrum. It also suggests that the third sodium ion, 

which is needed to balance the charge on the corrole is actually not coordinated, 

but is most likely stabilized by THF solvent molecules. 

 

 

Figure 30: UV-vis spectra in THF of free base corrole titrated with different 

equivalents of sodium bistrimethylsilyl amide. 
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2.2.2.4. Mass spectrometry 

The sodiated corrole species show the same high air and moisture sensitivity as 

for the lithiated corroles, thus the same precautions had to be taken. The spectra 

had to be measured within a few seconds after the sample was injected The used 

method was FTMS (ESI+). For Na3(Mes2-p-OMeP)C(THF)3 one sodium corrole 

species was identified, containing two sodium ions to one corrole: ([Na2(Mes2-p-

OMeP)C]+ calc.: 683.2757, found: 683.2753). 

For Na3(TPFP)C(THF)3 a mono sodiated corrole species with a proton attached was 

observed ([Na(TPFP)C+H]+ calc.: 817.0480, found: 817.0488).  

 

2.2.2.5. X-ray crystallography 

Single crystals were grown by slow diffusion of hexane into DME. Suitable single 

crystals were obtained for Na3(TPFP)C(THF)3 and Na3(Mes2-p-OMeP)C(THF)3. In 

both cases we found the sodium cation surrounded by three dimethoxyethane 

solvent molecules and the internal nitrogens of the corrole were partially 

protonated again. In the molecular structure of [Na(DME)3]+[(H2Mes2-p-OMeP)C]- 

(Figure 31) only electron density for one proton at a nitrogen was observed, but 

to obtain a neutral complex, the corrole ring needs to be protonated twice. No 

internal protons were observed at negative chemical shifts in the 1H NMR 

spectrum, likely due to the proton exchange at the internal nitrogens in solution.  

The average distance of the Na+ to the four nitrogens is 6.343 Å, which is too long 

for a sodium coordination. The observed mean Na-N distance in the sodium 

porphyrin complexes was 2.477 Å.  

In the molecular structure of [Na(DME)3]+[(H2TPFP)C]- (Figure 32) no electron 

density could be found close to the internal nitrogens, but we assume the corrole 

is twice protonated to be a neutral complex, as shown in the 1H NMR spectrum 

(Figure 28) no internal NH were observed. 
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Figure 31: Partially refined X-ray structure of [Na(DME)3]+[(H2Mes2-p-OMeP)C]-

(ellipsoids at 50% probability, R1=11.13). This structure would need to be re-

refined for better ellipsoid shapes. 

The average distance between Na+ and the four nitrogens is 6.260 Å, which is 

shorter by 0.083 Å than for [Na(DME)3]+[(H2Mes2-p-OMeP)C]-. For comparison the 

Na-N distances in Na2(THF)4(OEP) range from 2.452 Å – 2.508 Å. In both 

molecular structures the solvated sodium cation is off centre above the four 

nitrogens.  

 

Figure 32: Partially refined X-ray structure of [Na(DME)3]+[(H2TPFP)C]- (ellipsoids 

at 50% probability, R1=17.60).  
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2.3. Potassium corrole 

As the synthesis method of lithium corrole could be applied to sodium corroles, 

this method was also applied to make potassium corrole. KN(TMS)2 in solution is 

as easily available as NaN(TMS)2. The ionic radius of K+ is much larger (152 pm) 

compared to Na+ (116 pm) and might be too large for corrole coordination. In 

addition, the availability of potassium corroles would also help to increase the 

availability of other element corroles and gives us more information about the 

coordination ability and strength of corrole as ligand for large elements. Two 

examples of potassium porphyrin complexes were established by J. Arnold et al. 

The six-coordinate potassium was located 1.84 Å above the porphyrin plane with 

the porphyrin ruffled in K2(pyr)4(OEP).33  

 

Figure 33: Sketch of structure of K2(py)4(OEP).  

The synthesis method for K2(py)4(OEP) (Figure 33) was the same as for the 

analogous lithium and sodium porphyrins, but the complex showed less solubility 

in THF and K2(DME)n(TMTP) was prepared in the same way as the sodium 

analogue.33 

 

2.3.1. Synthesis 

As the same synthesis method worked for the all alkali metal porphyrins, we 

decided to use the same method as applied for the sodium corroles (Figure 34). 

Free base corrole was placed in a Schlenk flask under an inert atmosphere, dry 

THF or toluene was added and the corrole was dissolved. A solution of K(N(TMS)2) 

(3 eq.) in toluene was added via syringe at -40 °C. An immediate colour change 
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to bright green was observed, the reaction mixture was warmed up to room 

temperature and stirred for about two hours. After that time the solvent and the 

side product HN(TMS)2 were removed by drying in high vacuum, washed with n-

hexane and dried again. Dark green fine powders were isolated: K3(TPFP)C(THF) 

(74%), K3(TPFP)C(tol) (65%), K3(Mes2-p-OMeP)C(THF) (53%), K3(TT)C(tol) 

(70%) and K3(TT)C(THF) (72%). 

 

Figure 34: General reaction scheme for the synthesis of potassium corrole 

complexes in THF. 

The potassium corrole complexes did not show any lower solubility then the 

sodium or lithium corrole complexes and they can be stored up to two weeks at 

4 °C under an inert atmosphere. 

 

2.3.2. Characterisation 

2.3.2.1. 1H NMR Spectroscopy 

 

 

Figure 35: 1H NMR spectrum of K3(TPFP)C(tol) in CDCl3 at 500 MHz. 
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The 1H NMR spectrum of K3(TPFP)C(tol) is shown above as an example of one of 

the synthesised potassium corrole complexes (Figure 35). The four doublets for 

the ß-pyrrolic hydrogens experience an upfield shift, compared to the signals for 

sodium or lithium corrole complexes. The most downfield doublet moves from 9.12 

to 8.71 ppm. The doublet next to it shifts from 8.78 to 8.32 ppm and the two 

overlapping doublets in free base corrole get separated, one doublet moves from 

8.59 to 8.24 ppm and the other one from 8.58 to 8.11 ppm. All doublets have a 

coupling constant of J = 4.74 Hz. Also the integration of the CH3 toluene singlet 

shows that one toluene molecule is still present after drying in high vacuum.  

 

Table 3: Chemical shifts of ß-pyrrole hydrogen of alkali metal 

pentafluorophenylcorrole complexes in CDCl3. 

  δ / ppm   

Li3(TPFP)C(THF)6 8.57 8.60 8.76 9.14 

Na3(TPFP)C(THF)3 8.51 8.59 8.70 9.07 

K3(TPFP)C(tol) 8.11 8.24 8.32 8.71 

H3(TPFP)C 8.58 8.59 8.78 9.12 

 

Listed in Table 3 are the chemical shifts for the ß-pyrrolic hydrogen in all three 

alkali metal pentafluorophenylcorrole complexes. It was observed that the lithium 

corrole experiences the strongest low-field shift, compared to the sodium corroles, 

whereas the potassium corrole has a high-field shift in comparison to the free base 

corrole. This differences in chemical shifts depending on the alkali metal could be 

due to the different coordination distances between alkali metal and corrole plane 

and therefore the strength of the metal coordination, which most likely weakens 

if you go down the column in the periodic table of elements, due to increasing 

cation radii. 
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2.3.2.2. UV-vis Spectroscopy 

For the potassium corrole complexes the most useful analytical method was UV/vis 

spectroscopy, indicating the metal ion coordination by a red shift of the Soret band 

and a change in the Q-bands (Table 4). The samples were prepared under nitrogen 

in an air-tight cuvette. 

 

Table 4: UV-vis absorbance maxima wavelength (nm) of K3(cor) and the 

corresponding free base corroles in THF. 

 Soret band Q-Bands 

K3(TT)C(THF) 423, 442 587, 639 

H3TTC 420 585, 628, 660 

K3(TPFP)C(THF) 434 551, 590, 619 

H3TPFPC 408 562, 604 

K3(Mes2-p-OMeP)C(THF) 418 593, 627 

H3(Mes2-p-OMeP)C 413, 432 566, 575, 615, 647 

 

Table 4 shows a red shift is observed for all three potassium corrole complexes, 

although K3(TPFP)C(THF) experiences the strongest shift in the Soret band by 

26 nm (Figure 36). The general pattern for all three complexes is the same and 

similar to the lithium and sodium corrole complexes. The Q-band absorbances are 

decreasing, except the Q-band of the lowest energy, which increases in all cases. 

Hydrolysis can be observed within a couple of seconds, if a non-air tight cuvette 

or incompletely dried solvents are used.  
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Figure 36: UV-vis spectrum of K3(TPFP)C(THF) (top), K3(TT)C(THF) (middle) in 

THF. The corresponding spectra of the free base corroles are shown for 

comparison. 
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2.3.2.3. Titrimetric study for metal coordination number 

Due to a larger radius of potassium the coordination number might be different to 

the other alkali metal corrole complexes. Therefore titrimetric UV-vis studies were 

accomplished using H3TPFPC, which is reacted with different numbers of 

equivalents of K(N(TMS)2) in THF. 

The purple absorbance spectrum in Figure 37 shows the free base corrole. By 

addition of 0.5 eq. of K(N(TMS)2) the Soret band broadens and starts to shift 

(orange spectrum) and the higher energy Q-bands weaken. After the addition of 

1 eq. K(N(TMS)2) (grey) the Soret band has completed the red-shift from 408 nm 

to 434 nm, but still shows a broad appearance and the lowest energy Q-band 

shows a strong absorbance. Two potassium ions appear to be the highest 

neutralisation number, as by addition of 3 eq. of K(N(TMS)2) the spectrum does 

not change anymore. Even the presence of more potassium ions do not alter the 

spectrum of the corrole complex. 

 

 

Figure 37: UV-vis spectra in THF of free base corrole titrated with different 

equivalents of potassium bistrimethylsilyl amide. 
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2.3.2.4. Mass spectrometry 

The potassiated corrole species are as air sensitive as the other group 1 corrole 

complexes, so the same precautions had to be taken, in the way that the spectra 

were taken within a few seconds after the samples were injected. The used method 

was FTMS (ESI+). For K3(Mes2-p-OMeP)C(THF) two potassium corrole species 

were identified The first one containing two potassium ions to one corrole. 

([K2(Mes2-p-OMeP)C]+ (calc.: 715.2243, found: 715.2236). The second one has 

one internal nitrogen protonated and has a H+ attached. ([K2(HMes2-p-

OMeP)C+H]+ calc.: 717.2393, found: 717.2391). 

For K3(TPFP)C(THF)1 only one species could be identified, which has one internal 

nitrogen protonated and one H+ attached. ([K2(HTPFP)C+H]+ Calc.: 872.9935, 

found: 872.9943). The very fast protonation of the corrole shows the extreme 

sensitivity and instability of these complexes. 

 

 

2.4. Summary 

Employing the same synthetic method as for Li3(Mes2-p-OMeP)C has shown that 

this method is expandable on many corrole types. Two further lithium corroles 

could be prepared in analogy to Li3(Mes2-p-OMeP)C. Applying this method on the 

preparation of sodium and potassium corroles gave strong indications, that this 

method works. Titrimetric UV-vis spectroscopy and mass spectrometry showed 

that the maximal number of equivalents of alkali metal ion is two to neutralise the 

complex, given the general formula of the complexes Na2(Hcor)(solv)3 or 

K2(Hcor)(solv) respectively, although 3 equivalents of the alkali metal were used 

for syntheses. Challenges were observed in the characterisation of these 

complexes as they showed extreme moisture sensitivity and sometimes results 

showed the presence of a mixture of the formed corrole complex and the 

hydrolysed corrole complex. Further studies on the exact formula of the sodium 

and potassium corroles is advised, using improved techniques to handle these 

moisture sensitive compounds. 
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2.5. Experimental part 

All compounds were handled under nitrogen either using Schlenk line techniques 

or a Unilab plus Eco glove box from MBraun. Dry solvents were obtained from a 

solvent purifier from LC Technology Solutions Inc., then further dried over 

Na/benzophenone. Deuterated solvents were dried over CaH2 and distilled under 

nitrogen. Li(N(TMS)2) was either used as a solid prepared using the literature 

method65 or used as 1 M solution in toluene purchased from Sigma-Aldrich. 

Na(N(TMS)2) was used as a solid prepared using literature method65 and 

K(N(TMS)2) was used as a solution (0.5 M in toluene) purchased from Sigma-

Aldrich. J. Young valve NMR sample tubes were purchased from Wilmad LabGlass 

and NMR samples were measured on 300, 400, 400pl and 500 Bruker NMR 

instruments in CDCl3. UV/vis spectra were recorded on a Shimadzu UV-3600 Plus 

instrument with suba-sealed 10 mm air-tight cuvette. All spectra were normalized 

in the absorbance for a better shift comparison of the corrole complexes and their 

analogue free base corroles. Due to the extreme moisture sensitivity of the corrole 

complexes in low concentrations, no time was spend on making solutions with 

exact concentrations every time, but rather then intent was to make quick 

measurements before decomplexation had occurred. Therefore no molecular 

absorption coeffients were calculated. 

Some samples were prepared and measured at University of California at 

Berkeley. UV-visible spectra were determined with a Varian Cary 50UV-vis 

spectrophotometer using a 1 mm quartz cell and the mass spectral data (FTMS-

ESI, positive mode) were obtained at the Berkeley Microanalytical Facility. NMR 

solvent C6D6 was dried over Na/benzophenone, and vacuum transferred. All NMR 

spectra were obtained at ambient temperature using Bruker AVB-400 or AVQ-400 

spectrometers. 

 

2.5.1. Li3(TPFP)C(THF)6 

H3TPFPC (200 mg, 0.251 mmol) was weighed into a Schlenk flask. LiN(TMS)2 

(126 mg, 0.753 mmol, 3.0 eq.) was added as a solid under nitrogen. The flask 

was cooled to -40 °C and then 15 mL THF was added via cannula. The reaction 

mixture was stirred for 5 min at -40°C and then warmed to room temperature and 

stirred for 2 h. The volume was reduced until about 4 mL, at which point a 
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precipitate was observed and then about 3 mL hexane was added. The flask was 

kept at -40°C overnight. The solvent was removed by decantation using a filter 

cannula. The remaining solid was dried in vacuum yielding 127 mg (41 %) of a 

purple-blue solid was obtained. 

1H NMR (400 MHz, 25 °C, C6D6): δ/ppm = 0.46 (m, 24H, THF), 1.46 (m, 24H, 

THF), 8.57 (br s, 2H, CH), 8.60 (br s, 2H, CH), 8.76 (br s, 4H, CH), 9.14 (br s, 

4H, CH). 

19F{1H NMR (400 MHz, 25 °C, C6D6): δ/ppm = -138.9 (br s, 2F, CFortho), -139.4 

(br s, 2F, CFortho), -139.7 (br s, 2F, CFortho), -153.4 (s, 4F, CFpara), -153.9 (s, 2F, 

CFpara), -163.4 (br s, 2F, CFmeta), -163.7 (br s, 2F, CFmeta), -164.2 (s, 2F, CFmeta). 

UV-vis (λmax/nm in THF): 436, 620, 654 

MS (ESI) m/z: C45H24O2N4F15Li2 calc.: 951.1974, found: 951.1974; C41H20ON4F15Li2 

calc.: 879.1399, found: 879.1405; C37H8N4F15Li2 calc.: 807.0824, found: 

807.0835.; C37H8N4F15Li+H+ calc.: 801.0742, found: 801.0753. 

Mp: 150.5 °C, decomposition above 220 °C. 

 

2.5.2. Li3(TT)C(THF)6 

H3TTC (150 mg, 0.264 mmol) was dissolved in 15 mL THF, cooled down to -40 °C 

with a dry ice/acetone bath and 3 eq. of LiN(SiMe3)2 was added under nitrogen. 

The reaction mixture changed colour immediately to a bright green solution. After 

warming to room temperature and stirring 1-2 hours, the solvent and HN(SiMe3)2 

were removed under reduce pressure. An oily residue was obtained, 3 mL n-

hexane was added to wash the product and then pumped off and dried for 1 h 

under high vacuum. Li3(TT)C(THF)6 was obtained as a fine green solid (56 % 

yield).  

1H NMR (500 MHz, 25 °C, CDCl3): δ/ppm = 2.42 (s, 3H, CH3), 2.72 (s, 6H, CH3), 

7.43 (d, 4H, CHPh, J=8.04 Hz), 7.57 (d, 2H, CHPh, J=8.04 Hz), 7.72 (d, 4H, CHPh, 

J=8.04 Hz), 8.02 (br s, 2H, CH), 8.10 (d, 2H, CHPh, J=8.04 Hz), 8.22 (br s, 2H, 

CH), 8.54 (br s, 2H, CH), 8.88 (br s, 2H, CH). 

UV-vis (λmax/nm in THF): 436, 547, 589, 620. 



Chapter 2 

51 
 

2.5.3. Na3(Mes2-p-OMeP)C(THF)3 

H3(Mes2-p-OMeP)C (43 mg, 0.067 mmol) was placed in a vial to which NaN(TMS)2 

(37 mg, 0.202 mmol, 3 eq.) was added. The solids were dissolved in 6 mL THF 

and stirred for 2 h. The volume of THF was reduced and hexane was added. Some 

precipitate was formed, the volume was reduced and the precipitate was filtered 

off and dried in high vacuum to give 37.4 mg (60 %) of a dark green solid. 

 1H NMR (400 MHz, 25 °C, C6D6): δ/ppm = 1.03 (m, 12H, THF), 2.26 (s, 12H, 

CH3), 2.61 (s, 6H, CH3), 2.65 (m, 12H, THF), 3.50 (s, 3H, OCH3), 7.00 (br s, 2H, 

C6H3H-OCH3), 7.39 (s, 2H, C6H3H-OCH3), 8.23 (br s, 4H, C6H2Me3), 8.35 (d, 2H, 

CH, J=7.89 Hz), 8.43 (br s, 2H, CH), 8.60 (d, 1H, CH, J=8.68 Hz), 8.82 (d, 2H, 

CH, J=3.94 Hz), 8.94 (br s, 1H, CH). 

UV-vis (λmax/nm in THF): 411, 422, 544, 578, 620. 

MS (ESI) m/z: calc. for C44H37O1N4Na2: 683.2757, found: 683.2753. 

Mp: decomposition above 230 °C.  

X-ray structure shows: [H2Mes2-p-OMePC]- [Na(DME)2]+ 

 

2.5.4. Na3(TPFP)C(THF)3 

H3(TPFP)C (50 mg, 0.063 mmol) were placed in a vial. NaN(TMS)2 (34.5 mg, 

0.108 mmol, 3 eq.) were added. The solids were dissolved in 6 mL THF and stirred 

for 2 h. The volume was reduced to about 1 mL and hexane was added and a 

precipitate started to form. The volume was reduced again and the precipitate was 

filtered off and dried in high vacuum. 12.8 mg (22 %) of a green solid was 

obtained. 

1H NMR (400 MHz, 25 °C, C6D6): δ/ppm = 1.10 (m, 4H, THF), 2.69 (m, 4H, THF), 

8.51 (s, 2H, CH), 8.59 (s, 2H, CH), 8.70 (s, 2H, CH), 9.07 (s, 2H, CH). 

19F{1H} NMR (400 MHz, 25 °C, C6D6): δ/ppm = -138.07 (br s, 2F, CFortho), -139.78 

(br s, 2F, CFortho), -144.31 (br s, 2F, CFortho), -153.89 (s, 4F, CFpara), -154.69 (s, 

2F, CFpara), -161.10 (br s, 2F, CFmeta), -162.31 (br s, 2F, CFmeta), -162.79 (s, 2F, 

CFmeta). 

UV-vis (λmax/nm in THF): 440, 552, 578, 595, 627. 
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MS (ESI) m/z: C37H8N4F15Na+OH- calc.: 833.0431, found: 833.0429; 

C37H8N4F15Na+H+ calc.: 817.0480, found: 817.0488. 

Mp: decomposition above 145 °C. 

X-ray structure shows: [H2TPFPC]- [Na(DME)2]+ 

 

2.5.5. Na3(TT)C(THF)3 

H3(TT)C (40 mg, 0.070 mmol) was placed in a Schlenk flask. NaN(TMS)2 (39 mg, 

0.211 mmol, 3 eq.) were added. The solids were dissolved in 8 mL THF and stirred 

for 2 h. The volume was reduced to about 1 mL and hexane was added, a 

precipitate started to form. The solvents were removed and the product was dried 

in high vacuum. 55 mg (84 %) of a green solid was obtained. 

1H NMR (500 MHz, 25 °C, CDCl3): δ/ppm = 1.23 (s, 3H, CH3), 1.27 (s, 6H, CH3), 

7.35 (d, 4H, CHPh, J=7.11 Hz), 7.44 (d, 2H, CHPh, J=7.11 Hz), 7.53 (d, 4H, CHPh, 

J=7.11 Hz), 7.59 (br s, 2H, CH), 8.10 (d, 2H, CHPh, J=7.11 Hz), 8.24 (br s, 2H, 

CH), 8.56 (br s, 2H, CH), 8.87 (br s, 2H, CH). 

UV-vis (λmax/nm in THF): 423, 587, 639. 

 

2.5.6. K3(Mes2-p-OMeP)C(THF) 

H3(Mes2-p-OMeP)C (45 mg, 0.071 mmol) and KN(TMS)2 (42 mg, 0.212 mmol) 

were placed in a vial. The solids were dissolved in 6 mL THF and stirred for 2 h. 

The volume was reduced to about 1 mL and hexane was added and a precipitate 

started to form. The volume was reduced again and the precipitate was filtered 

off and dried in high vacuum yielding 48.4 mg (82 %) of a dark green solid. 

1H NMR (400 MHz, 25 °C, C6D6): δ/ppm = 1.35 (m, 4H, THF), 2.11 (s, 12H, CH3), 

2.60 (s, 6H, CH3), 3.38 (m, 4H, THF), 3.53 (s, 3H, OCH3), 7.19 (s, 2H, C6H3H-

OCH3), 7.36 (s, 4H, C6H2Me3), 8.34 (d, 2H, C6H3H-OCH3, J=6.26 Hz), 8.66 (br s, 

2H, -H), 8.82 (br s, 2H, -H). 

UV-vis (λmax/nm in THF): 418, 593, 627. 
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MS (ESI) m/z: C44H38O1N4K2+H+ calc.: 717.2393, found: 717.2391; C44H37O1N4K2 

calc.: 715.2236, found: 715.2243, C44H38O1N4K+H+ calc.: 678.2755, found: 

678.2766. 

Mp: decomposition above 300 °C. 

 

2.5.7. K3(TPFP)C(THF) 

H3(TPFP)C (55 mg, 0.069 mmol) was placed in a vial and NaN(TMS)2 (41.2 mg, 

0.207 mmol, 3 eq.) was added. The solids were dissolved in 8 mL THF and stirred 

for 2 h. The volume was reduced to about 1 mL and 4 mL hexane was added and 

a precipitate started to form. The volume was reduced and the precipitate was 

filtered off with a filter cannula and dried in high vacuum yielding 50 mg (74 %) 

of a dark green solid. 

1H NMR (400 MHz, 25 °C, C6D6): δ/ppm = -1.03 (m, 4H, THF), 1.36 (m, 4H, THF), 

8.11 (br s, 2H, CH), 8.24 (br s, 2H, CH), 8.32 (br s, 2H, CH), 8.71 (br s, 2H, 

CH). 

19F{1H} NMR (400 MHz, 25 °C, C6D6): δ/ppm = -140.28 (br s, 2F, CFortho), -140.70 

(br s, 2F, CFortho), -146.56 (br s, 2F, CFortho), -154.19 (br s, 4F, CFpara), -155.06 

(br s, 2F, CFpara), -160.73 (br s, 2F, CFmeta), -162.01 (br s, 2F, CFmeta), -162.80 (s, 

2F, CFmeta). 

UV-vis (λmax/nm in THF): 434, 551, 590, 619. 

MS (ESI) m/z: C36H10N4F15K2+H+ calc.: 872.9935, found: 872.9945 

Mp: decomposition above 260 °C. 

 

2.5.8. K3(TT)C(THF) 

H3TTC (50 mg, 0.088 mmol) was weighed into a Schlenk flask and dissolved in 

6 mL THF. The reaction mixture was cooled down to -40 °C. A solution of 

K(N(TMS)2) in toluene (0.528 mL of a 0.5 M solution) was added via syringe. The 

reaction mixture was warmed to room temperature and stirred for 2 h. The solvent 

was pumped off and the precipitate was washed with 4 mL hexane. The dark green 

product (47 mg, 72 %) was dried in high vacuum.  
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1H NMR (500 MHz, 25 °C, CDCl3): δ/ppm = 2.43 (s, 3H, CH3), 2.72 (s, 6H, CH3), 

7.49 (d, 2H, CHPh, J=7.14 Hz), 7.56 (d, 4H, CHPh, J=7.14 Hz), 7.64 (d, 2H, CHPh, 

J=7.14 Hz), 7.99 (br s, 2H, CH), 8.10 (d, 4H, CHPh, J=7.14 Hz), 8.21 (br s, 2H, 

CH), 8.52 (br s, 2H, CH), 8.86 (br s, 2H, CH). 

UV-vis (λmax/nm in THF): 423, 587, 639. 
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3.  Monoboron corrole complexes 

3.1. BF2(H2Cor) 

Although corroles and porphyrins are closely related, significant differences in their 

coordination chemistry with boron is observed. Many different species of diboron 

porphyrins were observed, but never a monoboron porphyrin. This is different for 

boron corroles. In the course of studying the reaction of free base corrole H3Cor 

with BF3·Et2O and NEtiPr2, it was observed that reducing the number of equivalents 

from 1:12:20 of BF3·Et2O and NEt(iPr)2 to a ratio of 1:2:4 gave a different boron 

corrole product in addition to the anionic [B2OF2(Cor)]- complex. The new boron 

corrole was identified as a monoboron corrole complex by 1H NMR and 

HRMS(ESI).57 Given the small atomic radius of the boron atom (87 pm), 

coordination through all four corrole nitrogens is very unlikely.54 With this in 

consideration, if coordination of BF2 occurs through two cis-nitrogens in the 

corrole, the BF2 group can coordinate in three different ways to give rise to three 

possible regioisomers. BF2 can bind at the two dipyrrin-sites, dipyrrin A (Cs 

symmetry) or dipyrrin B (C2v) or at the bipyrrole-site (C2v) (Figure 38). 

Furthermore, each regioisomer can have two stereoisomers caused by out-of-

plane and in-plane arrangement of the boron (Figure 39).  

 

Figure 38: Possible regioisomers for the BF2 group coordination. 

 

Figure 39: Possible stereoisomers of BF2(H2Cor). 
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DFT calculations (OLYP/TZ2P) performed by Brothers et al.54, 58 showed that the 

dipyrrin A is more stable than the bipyrrole and the dipyrrin B regioisomers by 7.4 

kcal mol-1 and 10.6 kcal mol-1, respectively. The DFT calculations also showed that 

the in-plane isomer (dipyrrin A) is higher in energy (by 16.6 kcal mol-1) than the 

out-of-plane dipyrrin A isomer.57 The possibility of hydrogen bonding between the 

electronegative fluorine substituent and the internal pyrrole NH hydrogens also 

has an influence of the relative stability of the regio- and stereochemical isomers.55  

Three monoboron corrole complexes, BF2(H2TT)C, BF2(H2TP) and BF2(H2T(4-CF3-

P)C, with the general formula BF2(H2cor) were prepared previously.58 In this thesis 

another example, BF2(H2TPFP)C, is presented. 

 

3.1.1. Synthesis  

The monoboron corrole, BF2(H2TPFPC) was prepared by the addition of NEt(iPr)2 

(4 eq.) to a solution of free-base corrole, H3TPFPC in anhydrous CH2Cl2 (Figure 

40). Upon a change in colour from purple to green, BF3·OEt2 (2 eq.) was added. 

After stirring for 30 minutes, the solution changed from green to dichroic pink 

green and the solvent was removed in vacuo. The residue was loaded onto a silica 

gel column and eluted with a 1:1 dichloromethane : n-hexane mixture. 

BF2(H2TPFP)C was the first to be eluted as a green fraction (22 % yield) followed 

by a purple fraction which was attributed to free-base. A non-moving pink fraction 

at the top of the silica column was observed as well, assigned to the diboron 

corrole complex [HNEt(iPr)2][FBOBF(TPFP)C]. The monoboron corrole complex is 

surprisingly stable and does not undergo hydrolysis compared to the analogous 

[(BF2)2(cor)] diboron complex. 

 

Figure 40: Reaction pathway for the preparation of BF2(H2TPFP)C. 

For this reaction it was important to use dry solvent and base to prevent hydrolysis 

of the diboron species, [(BF2)2(Cor)]. The formation of hydrolysed diboron species, 

[FBOBF(cor)]-, cannot be prevented completely because it is the most favoured 
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product, but by choosing an appropriate ratio of BF3·Et2O and NEt(iPr)2, the 

reaction can be pushed towards the monoboron product BF2(H2Cor).  

 

3.1.2. Characterisation 

3.1.2.1. 1H NMR spectroscopy 

It was postulated that the bulkier pentafluorophenyl groups of BF2(H2TPFP)C could 

have an influence on the coordination geometry by steric hindrance between the 

ortho fluorine atoms and the BF2 group. With this in consideration, 1H NMR analysis 

was used to determine the regiochemistry of BF2(H2TPFP)C, with special attention 

given to the symmetry in the 1H NMR spectrum (Figure 41). Eight signals for the 

pyrrole protons describe an asymmetric CS complex with a dipyrrin A coordination, 

whereas only four signals for the pyrrole hydrogens would indicate coordination of 

BF2 in a manner that results in C2V symmetry, either dipyrrin B or bipyrrole isomers 

(Figure 38). 

 

Figure 41: 1H NMR spectrum of BF2(H2TPFP)C in CDCl3 at 400 MHz. 

The 1H NMR spectrum contains eight doublets for the pyrrole hydrogens in the 

chemical shift region 8.0 – 9.5 ppm with a coupling constant of J = 4.74 Hz. Two 

broad signals at -1.07 and -0.95 ppm for NH hydrogens are observed. These 



Chapter 3 

58 
 

signals are consistent with an asymmetric dipyrrin A coordinated complex. In 

addition to the above signals, free base corrole is detected, even after purification 

with silica gel column chromatography. This could be attributed to the labile 

character of the BF2(H2TPFP)C species in solution compared to BF2(H2TT)C which 

is most likely caused by the electron-withdrawing pentafluorophenyl groups 

making the internal nitrogens more acidic and sensitive to the presence of water. 

These monoboron complexes, BF2(H2TPFP)C and BF2(H2TT)C, were also confirmed 

by mass spectrometry.  

 

3.1.2.2. 19F{1H} and 19F COSY NMR spectroscopy 

A signal pattern indicating an asymmetric corrole ligand is also observed in the 

19F{1H} NMR spectrum. Six doublets of doublets in the region -140 to -135 ppm 

with coupling constants J = 24.14 Hz and J = 7.59 Hz are observed for the ortho 

fluorines on the phenyl groups. Three triplets (-152 to -150 ppm) with coupling 

constant J = 20.69 Hz are observed for the para phenyl fluorines as well as six 

triplets of doublets with J = 20.69 Hz and J = 8.29 Hz for the meta phenyl fluorines 

in the range -162 to -160 ppm. A broad doublet for BF2 at -155.47 ppm is observed 

with J = 106.9 Hz. Although a doublet of doublets would be expected for the BF2 

fluorines, only one broad doublet is observed for the two inequivalent fluorines on 

the boron. The 19F COSY spectrum shows a through-space correlation between the 

two BF2 fluorine atoms and an ortho phenyl fluorine of the 5-phenyl ring marked 

in the red box (Figure 42, 136.5 ppm x 155.5 ppm).66  
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Figure 42: 19F COSY spectrum of BF2(H2TPFP)C showing the asymmetric signal 

pattern for dipyrrin coordination and highlighting is the through-space correlation 

of BF2 with one ortho phenyl fluorine. 

 

3.1.2.3. 11B{1H} NMR spectroscopy 

 

Figure 43: 11B{1H} NMR spectrum of BF2(H2TPFP)C in unpurified reaction mixture 

in CDCl3 at 128 MHz. 
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The 11B{1H} NMR spectrum (Figure 43) taken before purification on silica gel 

chromatography shows one broad doublet of doublet at -8.80 ppm with a coupling 

constant of J = 31.53 Hz, clearly indicating the presence of a tetravalent, 

monoboron species. The splitting of this signal into a doublet of doublet comes 

from the 11B atom coupling with the two 19F atoms on BF2. BF2(H2TT)C, with less 

electron withdrawing phenyl groups, has a boron signal at -8.40 ppm, whereas 

the boron signal for BF2(H2T(4-CF3-P))C resonates further upfield at -8.74 ppm.57  

 

3.1.2.4. UV-vis Spectroscopy 

 

 

Figure 44: Normalised UV-vis spectrum of BF2(H2TPFP)C and the corresponding 

free base corrole. 

The UV-vis spectrum (Figure 44) shows a shift of 13 nm from 410 nm to 423 nm 

for the Soret band compared to the free-base corrole. The two main Q-bands 

disappear and three small Q-bands arise at 555, 580 and 617 nm. 
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3.2. From arylhalogen borane reagent 

3.2.1. PhBH(H2Cor) 

3.2.1.1. Synthesis 

With the BF2(H2Cor) complex in hand, attention turned to the synthesis of 

PhBH(H2cor). Initial attempts were performed using an existing procedure 

involving the reaction of corrole with PhBCl2 (12 eq.) and base NEt(iPr)2 (20 eq.) 

which is known to give the PhBHBPh(cor) complex.56, 58 Purification by silica gel 

chromatography in a solvent mixture of 2:1 dichloromethane:n-hexane resulted 

in the elution of PhBHBPh(cor) as the first bright blue fraction. A smaller second 

grey/blue fraction was then collected. 1H NMR analysis of the second fraction 

showed the existence of two internal NH signals and the 11B{1H} NMR spectrum 

gave just one signal, indicating a mono-boron species. After this product was 

assigned as PhBH(H2cor), a reaction was accomplished to see if PhBH(H2cor) could 

be formed exclusively if the stoichiometry of PhBCl2 and NEt(iPr)2 was changed, 

but PhBHBPh(cor) was still observed. It was proposed that PhBH(H2cor) originates 

from PhBHBPh(cor) (Figure 45). A plausible pathway would be the hydrolysis of 

PhBHBPh(cor) in the presence of water to form PhBH(H2cor). For a balanced 

pathway this reaction should afford a transient intermediate PhBHB(OH)(cor) 

which then undergoes further hydrolysis to afford PhBH(H2cor). 

 

Figure 45: Proposed mechanism for the formation of PhBH(H2cor) from 

PhBHBPh(cor). 

 

Attempts to isolate the intermediate PhBHB(OH)(TT)C by the careful addition of 

H2O (1 eq.) to a reaction mixture of PhBHBPh(TT)C in dry dichloromethane proved 

to be unsuccessful, but the 1H NMR spectrum showed that traces of benzene had 

formed, implying that PhBH(H2TT)C originates from PhBHBPh(TT)C. Even the 

similar reaction with the addition of water (3 eq.) and base (NEt3, 1 eq.) led to the 
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same monoboron product PhBH(H2TT)C. Given this, it is proposed that the 

intermediate PhBHB(OH)(TT)C is very labile and undergoes further reaction to 

PhBH(H2cor) immediately.  

 

3.2.1.2. Characterisation 

3.2.1.2.1. 1H NMR spectroscopy 

1H NMR analysis of PhBH(H2TPFP)C (Figure 46) reveals eight doublets (marked #) 

for the ß-pyrrole hydrogens with a coupling constant J = 4.56 Hz. The PhBH 

hydride is observed at -5.30 ppm as a broad singlet, which appears at a similar 

chemical shift to the hydride in PhBHBPh(cor).56 Only one NH hydrogen is observed 

at -0.43 ppm, which is close to the chemical shift range of the internal NH in free 

base corrole, maybe due to the coordination to the unsaturated dipyrrin site.23 The 

upfield aromatic hydrogen signals are indicative of the phenyl hydrogens of PhBH 

affected by the corrole ring. The two ortho hydrogens give rise to a doublet at 

4.16 ppm, the two meta hydrogens give a triplet at 6.23 ppm and the one para 

hydrogen gives rise to triplet at 6.37 ppm, all with a coupling constant J = 7.07 Hz.   

 

 

Figure 46: 1H NMR spectrum of PhBH(H2TPFP)C in CDCl3 at 400 MHz.  
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Table 5 compares the chemical shift difference of the B-phenyl hydrogens for 

different corroles ligands. The biggest difference observed is for the B-phenyl 

ortho signals in which the chemical shift moves upfield from PhBH(H2TT)C to 

PhBH(H2(Mes2-p-OMeP))C. The same trend is observed for the B-phenyl meta 

protons, but not for the B-phenyl para protons, with the B-phenyl para protons 

being less influenced by the electromagnetic ring current.  

 

Table 5: 1H NMR chemical shifts in ppm for PhBH(H2cor) complexes in CDCl3, 

measured at 400 MHz. 

 Phortho Phmeta Phpara 

PhBH(H2TT)C 4.27 6.26 6.35 

PhBH(H2TPFP)C 4.15 6.21 6.34 

PhBH(H2(Mes2-p-MeOP))C 4.25 6.19 6.42 

 

3.2.1.2.2. 11B{1H} NMR Spectroscopy 

 

 

Figure 47: 11B{1H} NMR spectrum of PhBH(H2TPF)C at 128 MHz in CDCl3. 

 

The 11B{1H} NMR spectrum for PhBH(H2TPF)C (Figure 47) shows only one broad 

signal at -12.76 ppm. PhBH(H2TT)C and PhBH(H2(Mes2-p-OMeP))C have very 

weak signals around -11.2 ppm and -12.8 ppm, respectively. The asymmetry of 

the complex indicated by the 1H NMR spectrum and the appearance of only one 
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signal in the 11B{1H} NMR spectrum confirmed the presence of a monoboron 

corrole. 

 

3.2.1.2.3. X-ray structure 

Two sets of single crystals of PhBH(H2TPFP)C were successfully grown by slow 

evaporation of a dichloromethane and n-hexane mixture. Both of the independent 

molecules in the crystal structures (Figure 48) have the PhBH group coordinated 

to the dipyrrin A site, confirming the structural assignment based on NMR 

spectroscopy. The triclinic unit cell contains two molecules, which are 

centrosymmetric to each other with a space group P-1. 
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Figure 48: Numbering of PhBH(H2TPFP)C-1 (R1=7.82%) and PhBH(H2TPFP)C-2 

(R1=7.75%) for both crystal structures displayed in Ortep3 (ellipsoids at 50% 

probability) with the short BH(5)···H(6)N and BH···H(4)N distances of 1.540 Å and 

1.611 Å.  
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Dihydrogen bonding is the interaction between a positively charged hydrogen of 

an N-Hδ+ proton donor and a negatively charged hydrogen A-Hδ- with A less 

electronegative than H.67 Dihydrogen bonding can be responsible for reactivity, 

selectivity and stabilisation of conformers. The H···H distances in BH···HN 

dihydrogen bonds range from 1.7-2.2 Å and have been estimated to be worth 

4-6 kcal mol-1, comparable with conventional hydrogen bonds.68 BH···HN 

dihydrogen bonds in amine boranes are relevant as hydrogen storage materials 

through possible H2 elimination and B-N bond formation. 

PhBH(H2TPFP)C-1 shows a BH ··· HN distance of 1.540(7) Å and in 

PhBH(H2TPFP)C-2 it is 1.617(7) Å. This shows that the average BH···HN hydrogen 

bonding distance in PhBH(H2TPFP) is at least 0.12 Å shorter than the typical 

dihydrogen bond range (1.7 – 2.2 Å), but not as short as predicted by DFT 

calculations (1.377 Å).55 Due to this property these complexes would fall under 

the Frustrated Lewis pairs (FLPS) category. Frustrated Lewis pairs are compounds 

containing both Lewis acidic and Lewis basic moieties and where the formation of 

an adduct is prevented by steric hindrance.69 They are therefore highly reactive, 

and have been shown to catalyse the heterolysis of molecular hydrogen into H+ 

and H-.68 More recently, Frustrated Lewis pairs have received a great amount of 

interest due to their ability to activate dihydrogen for the hydrogenation of 

unsaturated bonds under metal-free conditions.69 The group 13 elements are 

electron-deficient atoms, and thus, their hydrides are potentially good candidates 

to form dihydrogen bonds.68 For the PhBH(H2cor) complexes, no hydrogen 

generation is observed as these corrole complexes are stable under heat and high 

vacuum, but further studies regarding this possibility need to be undertaken.  
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Table 6: Selected bond distances, bond lengths, bond angles and saddling 

dihedrals of both PhBH(H2TPFP)C complexes and the free base corrole H3TPFPC 

for comparison. 

 PhBH(H2TPFP)C-1 PhBH(H2TPFP)C-2 H3(TPFP)C26 

Bond distances / Å    

BH·∙∙HN 1.540 1.617  

H6·∙∙H7 / H1·∙∙H4 2.141 1.640 2.091 

N1·∙∙N2 2.455 3.125 2.745 

N2·∙∙N3 3.120 2.456 2.927 

N3·∙∙N4 2.677 2.725 2.614 

N4·∙∙N1 2.725 2.676 2.608 

B1-H5/B-H 1.250 1.222  

N3-H7/N1-H1 1.280 0.860  

N4-H6/N4-H4 0.937 0.859  

N1-B1/N3-B 1.637 1.633  

N2-B1/N2-B 1.582 1.586  

Bond angles / °    

C38-B(1)-H(5) 112.455 109.340  

N2-B1-N1/N2-B-N3 99.6 99.4  

Saddling dihedrals / °    

C2-C1-C37-C36 /  

C28-C27-C26-C25    (χ1) 

0.164 0.414 29.649 

C3-C4-C12-C13 /  

C29-C30-C1-C2        (χ2) 

 

20.787 81.725 -0.342 
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C14-C15-C23-C24 /  

C3-C4-C12-C13        (χ3) 

52.123 -52.496 22.075 

C25-C26-C34-C35 /  

C14-C15-C23-C24    (χ4) 

-80.232 -19.527 -70.278 

 

The N···N distance of the dipyrrin A site, in which the PhBH group is coordinated, 

is 0.22 Å shorter than the dipyrrin site in the free base corrole (Table 6). The 

N-B-N angle is similar for both crystal structures, 99.6° and 99.4° respectively. 

Overall, PhBH(H2TPFP)C-1 and PhBH(H2TPFP)C-2 show a slightly deformed, mildly 

domed configuration with one internal NH pointing towards the BH group and 

participating in the dihydrogen bonding, while the other hydrogen points in the 

other direction away from the boron.26  

 

 

3.2.1.2.4. DFT calculations 

DFT calculations B3LYP (6-31G) on PhBH(H2TPFP)C were performed to investigate 

which coordination geometry is likely to be preferred in the monoboron corroles 

and the energy differences between each isomer. The energies for all three 

coordination sites (Figure 38), dipyrrin A, dipyrrin B and bipyrrole are shown in 

this section (Figure 49, Figure 50).   
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a)         b) 

 

 

c)                                                               d) 

 

Figure 49: a) Top view of dipyrrin B coordination and bipyrrole coordination; b) 

side on view dipyrrin A coordination; c) dipyrrin A with 5- and 15-C6F5 groups 

oriented the same way; d) dipyrrin A with 5- and 15-C6F5 group rotated 45° 

relative to each other. 
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Figure 50: The PhBH(H2TPFP)C structure with the numbering system used for the 

DFT calculation as reference.  
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Table 7: Selected distances and energies of all four calculated PhBH(H2TPFP)C 

structures. 

 Dipyrrin A Dipyrrin B Bipyrrole Dipyrrin A, 

C6F5 rotated 

∆E / kcal mol-1 35 76 39 - 

N1···N2 2.7006 2.8301 2.9875 2.7034 

N2···N3 2.7961 2.5166 2.2966 2.8029 

N3···N4 2.4582 2.9731 2.9876 2.4588 

N4···N1 3.2187 2.4964 2.8780 3.2108 

BH···HN 1.4534 - - 1.4566 

 

As expected from the X-ray structure, the DFT calculations show that dipyrrin A 

site is the lowest energy coordination site. We also can see that, if the 

pentafluorophenyl groups on the 5- and 15-meso carbons are oriented the same 

way, it increases the energy by 35 kcal mol-1 (Table 7). When the 

pentafluorophenyl groups are rotated 45° to each other, it gives the optimized 

lowest energy structure. The same 45° rotation is found in the X-ray structure. 

These calculations also show that the bipyrrole bonding site is more favoured than 

the dipyrrin B site by 37 kcal mol-1.  

In general, the lowest energy DFT structure shows a similar N3∙∙∙N4 distance 

(2.4588 Å) in the dipyrrin A coordination site compared to the X-ray structures, 

but all other N···N distances are increased by 0.03 – 0.09 Å. This is due to the less 

domed configurations calculated by DFT. In addition, the BH∙∙∙HN distance is an 

average of 0.12 Å shorter compared to the X-ray structures. 
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3.2.2. PhBF(H2Cor) 

Given that the substitution of chloride by a hydride in the reaction of PhBCl2 with 

free base corrole has been observed (3.2.1), the reaction of free base corrole with 

PhBF2 was investigated. B-F bonds are known to be stronger then B-Cl bonds,51 

thus the stronger B–F bond should not lead to fluorine substitution.  

 

3.2.2.1. Synthesis 

Difluorophenyl borane was prepared by refluxing dichlorophenyl borane with 

sodium tetrafluoroborate.70 The resulting PhBF2 was distilled and then reacted with 

free-base corrole, H3TPFPC, in the presence of excess of diisopropylethyl amine at 

room temperature. Purification was performed by silica gel column 

chromatography, using 2:1 dichloromethane:n-hexane. The first bright green 

fraction was collected (53 % yield) and identified by 1H, 19F{1H} and 11B{1H} NMR 

spectroscopy and X-ray diffractometry as PhBF(H2TPFP)C. 

 

3.2.2.2. Characterisation 

3.2.2.2.1. 1H NMR Spectroscopy 

 

Figure 51: 1H NMR spectrum of PhBF(H2TPFP)C in CDCl3 at 400 MHz. 
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The 1H NMR spectrum (Figure 51) shows an asymmetric corrole species. Eight 

doublets between 8.0 and 9.5 ppm with coupling constants J = 4.92 Hz account 

for every pyrrolic hydrogen. Two broad signals were observed for the internal NH 

hydrogens at -0.51 and -0.38 ppm. The NH signals as well as the integration of 

the phenyl group indicate a monoboron species. The signals for the phenyl group 

are shifted upfield. With the ortho hydrogens give a doublet at 4.63 ppm, which 

is more downfield shifted than the phenyl signals of PhBH of PhBH(H2TPFP)C, due 

to the greater electronegativity of fluoride than a hydride. The meta hydrogens 

give a triplet at 6.42 ppm and the para hydrogen gives a triplet at 6.59 ppm with 

both signals exhibiting a coupling constant of J = 7.38 Hz. The integration of the 

phenyl hydrogens in correlation to the eight pyrrolic hydrogen signals supports 

the presence of just one phenyl group. 

 

3.2.2.2.2. 19F COSY NMR Spectroscopy 

 

Figure 52: 19F COSY NMR spectrum of PhBF(H2TPFP)C in CDCl3 at 300 MHz. 

 

The number of signals in the 19F COSY NMR spectrum (Figure 52) shows it is an 

asymmetric corrole species. Six doublets for the ortho fluorine atoms are observed 

in the range of -135 to -140 ppm with a coupling constant of JFF = 24.50 Hz. Three 

triplets are observed for the para fluorine atoms at approximately -152 ppm and 

six doublet of doublets are overlapping in the range of -160 to -162 ppm with the 
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same coupling constant JFF = 24.50 Hz. The PhBF gives rise to a broad signal 

at -158 ppm, with no coupling observed with any other fluorine or boron atoms. 

 

3.2.2.2.3. 11B{1H} NMR Spectroscopy 

The 11B{1H} NMR spectrum shows only one broad doublet at 5.05 ppm, showing 

the coupling between fluorine and boron with a coupling constant of 

JFB = 49.69 Hz. This is similar to the observed doublet in the 11B{1H} NMR 

spectrum for BF2(cor), which has a coupling constant of JFB = 31.53 Hz.  

 

Table 8: Comparison of the chemical shifts of the boron signals of monoboron 

pentafluorophenylcorrole in 11B{1H} NMR spectra at 400 MHz. 

 signal δ/ppm 

PhBF(H2TPFP)C   br dd    5.05 

PhBH(H2TPFP)C br s -12.76 

BF2(H2TPFP)C br d - 8.80 

 

The chemical shifts obtained from the 11B{1H} NMR (Table 8) do not seem to follow 

any trend, if we compare the different monoboron pentafluorophenylcorrole 

complexes as maybe expected, like the more electronegative the substituent on 

the boron is, the more upfield shifted is the 11B signal.  

 

  



Chapter 3 

75 
 

3.2.2.2.4. X-ray structure 

Single crystals suitable of PhBF(H2TPFP)C for X-ray crystallography were grown 

from the slow evaporation of a dichloromethane and n-hexane mixture (Figure 

53). 

 

Figure 53: X-ray structure of PhBF(H2TPFP)C in Ortep3 (ellipsoids at 50% 

probability). F∙··H distance of 1.796 Å. R1 = 4.92%. 

 

The X-ray crystal structure of PhBF(H2TPFP)C shows very similar distances and 

angles compared to PhBH(H2TPFP)C (Table 9). The N∙∙∙N distances in 

PhBF(H2TPFP)C are a bit longer, with the difference in the range 0.02-0.05 Å. The 

N-B-N angle is very similar as well, 99.9° compared to 99.4° and 99.6°. The 

corrole ring shows a strong distortion, but further discussion follows in section 

3.2.2.2.5. DFT calculations were performed to better understand the distortion 

observed for this complex. 

 

 

 



Chapter 3 

76 
 

Table 9: Selected distances, bond length, bond angles and saddling dihedrals (C25-

C26-C34-C35 (χ1), C36-C37-C1-C2 (χ2), C3-C4-C12-C13 (χ3), C14-C15-C23-C24 (χ4)) in the molecular 

structure of PhBF(H2TPFP)C. 

 PhBF(H2TPFP)C  

Bond distance / Å  

N1 ∙∙∙ N2 2.450 

N2 ∙∙∙ N3 3.173 

N3 ∙∙∙ N4 2.694 

N4 ∙∙∙ N1 2.775 

F16 ∙∙∙ H4 1.796 

B-F16 1.404 

N3-H1 0.600 

N4-H4 0.820 

N2-B 1.585 

N1-B 1.613 

Bond angles / °  

C38-B-F16 39.342 

N2-B-N1 99.94 

Saddling dihedrals / °  

C25-C26-C34-C35 (χ1) 87.358 

C36-C37-C1-C2    (χ2) 2.727 

C3-C4-C12-C13    (χ3) 20.974 

C14-C15-C23-C24 (χ4) 62.502 
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3.2.2.2.5. DFT calculations 

DFT calculations (B3LYP/6-31G) on PhBF(H2TPFP)C were performed to investigate 

which coordination geometry is likely to be preferred in monoboron corroles and 

the energy differences between each isomer (Figure 54, Figure 55). The energies 

for all three coordination sites, dipyrrin A, dipyrrin B and bipyrrole are shown in 

this section. 

a)             b) 

  

 

c)           d)  

 

Figure 54: a) Top view of PhBF(H2TPFP)C with the dipyrrole coordination site; b) 

top view of PhBF(H2TPFP)C with the dipyrromethane B coordination site; c) side 

on view of PhBF(H2TPFP)C-1 with dipyrromethane A coordination site and a 

stronger distortion of the corrole ring; d) PhBF(H2TPFP)C-2 with dipyrromethane 

A coordination site and a less distorted corrole ring, highlighted with the red line. 
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Figure 55: PhBF(H2TPFP)C displayed as example for atom numbering. Saddling 

dihedrals are assigned as followed: C37-C20-C17-C16 (χ1), C15-C9-C10-C14 (χ2), 

C13-C12-C22-C44 (χ3) and C43-C42-C39-C38 (χ4). 
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Table 10: DFT calculated bond angle, distances and saddling dihedrals for five 

different PhBF(H2TPFP)C isomers. 

 d) dipyrrin A,  

less distorted 

c) dipyrrin A, 

Ph 45° 

rotated 

a) bipyrrole b) dipyrrin B 

Relative energies /kcal mol-1 

∆E  8.9 0 7 59.9 

Bond angle/°     

N–B-N 107.237 106.573 100.373 112.558 

Distances/Å     

N1∙∙∙N2 2.52774 2.90241 2.98784 2.92844 

N2∙∙∙N3 2.79497 2.89203 2.40333 2.79382 

N3∙∙∙N4 2.92912 2.90241 3.01060 2.89871 

N4∙∙∙N1 3.20346 3.21599 3.08149 2.72848 

BF∙∙∙HN 2.18533 2.12191 2.17087 2.58083 

Saddling dihedral/°     

(χ1) -18.238 -44.073 56.706 -83.285 

(χ2) -56.711 -51.276 26.103 5.768 

(χ3) 4.078 4.413 -88.149 90.308 

(χ4) 45.056 66.355 -2.356 2.586 

                                                                   

In PhBF(H2TPFP)C-1 (c) the pyrrole group is significantly more bent than in 

PhBF(H2TPFP)C-2 (d) in order to avoid steric hindrance between the ß-pyrrolic 

hydrogens and the ortho fluorines of the pentafluorophenyl group (Table 10). The 

optimized structure of PhBF(H2TPFP)C-2 (d) resulted in a higher energy by 

∆E = 8.9 kcal mol-1. PhBF(H2TPFP)C-2 (d) also has a higher optimization energy, 

because the H∙∙∙F distance is larger and does not provide as strong an interaction 

as does PhBF(H2TPFP)C-1 (c). Compared to the X-ray structure, the shortest H∙∙∙F 
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distance is still too long by 0.33 Å. The bipyrrole binding site (a) has a higher 

optimization energy of 7 kcal mol-1, whereas coordination in the dipyrromethane 

B site (b) is even less favoured by 59.9 kcal mol-1, which would cause a more 

distorted corrole core by decreasing the N4∙∙∙N1 distance for the PhBF group 

coordination. The N-B-N angle is less optimal with 100.373° for bipyrrole (a) and 

112.558° for dipyrromethane B (b) coordination. Overall, the PhBF(H2TPFP)C-1 

(c) isomer with the dipyrrin A coordination side and a stronger corrole distortion 

is the most favoured structure. The comparison of the X-ray crystal structure with 

the DFT optimized structures for PhBF(H2TPFP)C show that the corrole ring is more 

distorted in the X-ray structure than predicted by the DFT calculations. The 

distances between the nitrogens are shorter, for example N1∙∙∙N2 is 0.049 Å 

shorter than in the calculated structure with the lowest energy 

(PhBF(H2TPFP)C-1). In addition, the N1-B-N2 angle is smaller by about 7° and the 

internal F∙∙∙H distance is shorter by 0.33 Å. The dihedral angles of χ1 and χ3 are 

much larger than in PhBF(H2TPFP)C-1, which supports a more distorted structure.  

  



Chapter 3 

81 
 

3.3. Summary 

A further example of BF2(H2cor), BF2(H2TPFP)C, from the reaction of H3TPFPC and 

BF3·OEt2 with base, was prepared and characterised. Lowering the stoichiometry 

of the reagents can control the formation of monoboron corrole complexes in 

contrast to the diboron corrole complexes. The previously suggested complexes 

PhBH(H2cor) and PhBF(H2cor) were characterised completely as 

pentafluorophenylcorroles, PhBH(H2TPFP)C and PhBF(H2TPFP)C. Results showed 

that pentafluorophenylcorrole prefers to form monoboron corrole complexes more 

than any other tested corrole, due to the electron withdrawing pentafluorophenyl 

groups. The latter two examples showed that the stronger B-F bond does not lead 

to hydrolysis and hydride formation as when PhBCl2 is used as starting material. 

These monoboron corrole complexes show a high stability, due to internal N·∙∙H 

stabilisation. PhBH(H2TPFP)C has an internal H+·∙∙H- distance shorter than any 

other reported, being a good model for the heterolytic activation of hydrogen by 

a frustrated Lewis pair. 

Frustrated Lewis pairs received increased interest in the recent years and several 

studies have been conducted to increase the understanding of FLPs. Repo and co-

workers undertook structural and mechanistical studies on an ansa-aminoborane 

NHHB, 1-N-TMPH-CH2-2-[HB(C6F5)2]C6H4. They determined the crystal structure 

by neutron diffraction and showed that the intramolecular dihydrogen bond H···H 

is very short, at 1.67 Å, and that only the N-bound hydrogen can be exchanged 

in solution.71  

A further example studied by Repo et al. is the iminiumhydroborate zwitterionic 

salt, synthesised by the reaction of dimethylamino-(+)-camphorenamine with 

HB(C6F5)2, a Piers borane.72 Being in equilibrium with the parent enamine-

HB(C6F5)2N-B pair, this salt is able to split hydrogen heterolytically, hydrogenating 

the iminium group in the molecule.72  
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3.4. Experimental section 

3.4.1. BF2(H2TT)C 

 

BF3·Et2O (0.0320 mL, 0.260 mmol, 4 eq.) was added dropwise via syringe to a 

solution of H3TTC (45.0 mg, 0.0792 mmol) in dry CH2Cl2 (10 mL) under a nitrogen 

atmosphere. Diisopropylethylamine (0.193 mL, 1.11 mmol, 14 eq.) was added 

dropwise and the bright green solution was stirred at room temperature for 1 h.  

The solvent was removed under reduced pressure and then the residue was 

purified by column chromatography (SiO2, CH2Cl2: n-hexane 1:2) as a green solid. 

Yield: 12.2 mg (25%). The NMR data obtained matched with reference.58 

1H NMR (400 MHz, CDCl3): δ/ppm = -0.99 (s, 1H, NH), -0.87 (s, 1H, NH), 2.62 

(s, 3H, C6H4CH3), 2.67 (s, 3H, C6H4CH3), 2.69 (s, 3H, C6H4CH3), 7.53 (d, 2H, 

J = 7.6 Hz, m-C6H4CH3), 7.61 (br s, 2H, m-C6H4CH3), 7.69 (d, 2H, m-C6H4CH3, 

J = 7.6 Hz), 8.02 (d, 2H, J = 7.6 Hz, o-C6H4CH3), 8.35 – 8.42 (m, 8H, 2x o-

C6H4CH3, 4x β-CH ), 8.53 (dd, 1H, J = 6.4 Hz, β-CH), 8.90 (d, 1H, J = 6.4 Hz, β-

CH), 8.95 (d, 1H, J = 6.4 Hz, β-CH), 9.13 (d, 1H, J = 6.4 Hz, β-CH). 

19F{1H} NMR (282.4 MHz, CDCl3): δ/ppm = -157.2 – -156.9 (m, 2F, BF). 

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -8.40. 

UV-vis (λmax/nm (ε/M-1 cm-1), CH2Cl2): 426 (196692), 446 (114095), 546 (9875), 

596 (14602), 649 (36892). 

HRMS (FAB+): C40H31
10BF2N4 calc.: 615.26462, found: 615.26293; C40H31

11BF2N4 

calc.:  616.26098, found: 616.26182. 
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3.4.2. BF2(H2TPFPC) 

 

H3(TPFP)C (30 mg, 0.038 mmol) was dissolved in dry CH2Cl2 (10 mL). NEt(iPr)2 

(0.027 mL, 0.151 mmol, 4 eq.) was added under nitrogen, followed by BF3∙OEt2 

(9 µL, 0.075 mmol, 2 eq.). The reaction mixture was stirred for 30 min at RT and 

the solvent was removed under reduced pressure. The crude product was purified 

via column chromatography (SiO2, CH2Cl2: n-hexane 1:1). The pure product eluted 

from the column in the second band as a blue/green fraction. Concentration of 

this fraction gave a dark blue solid. Yield: 7 mg (22%). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -1.07 (br s, 1H, NH), -0.96 (br s, 1H, 

NH), 8.20 (d, 1H, CH, J = 4.73 Hz), 8.34 (d, 1H, CH, J = 4.73 Hz), 8.39 (d, 1H, 

CH, J = 4.73 Hz), 8.53 (d, 1H, CH, J = 4.73 Hz), 8.58 (d, 1H, CH, J = 4.73 Hz), 

8.88 (d, 1H, CH, J = 4.73 Hz), 9.06 (d, 1H, CH, J = 4.73 Hz), 9.26 (d, 1H, CH, 

J = 4.73 Hz). 

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -135.42 (d, 1F, Phortho, J=23.26 

Hz), -137.07 (d, 1F, Phortho, J=23.26 Hz), -137.22 (d, 1F, BF, J=23.41 Hz), -137.71 

(d, 1F, Phortho, J=23.26 Hz), -138.67 (d, 1F, Phortho, J=23.26 Hz), -139.15 (d, 1F, 

Phortho, J=23.26 Hz), -139.56 (d, 1F, Phortho, J=23.26 Hz), -150.71 (t, 1F, Phpara, 

J=23.26 Hz), -151.44 (t, 1F, Phpara, J=23.26 Hz), -151.71 (t, 1F, Phpara, 

J=23.26 Hz), -155.48 (br d, 1F, BF, J=112.41 Hz), -160.64 (t, 1F, Phmeta, J=23.26 

Hz), -160.75 (t, 1F, Phmeta, J=23.26 Hz), -160.83 (t, 1F, Phmeta, J=23.26 

Hz), -161.19 (t, 1F, Phmeta, J=23.26 Hz), -161.36 (t, 1F, Phmeta, J=23.26 

Hz), -161.92 ppm (t, 1F, Phmeta, J=23.26 Hz).  

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -8.8 (br s). 

13C NMR (CDCl3, 25 °C, 100 MHz): δ/ppm = 93.28, 93.80, 104.07, 108.97, 

118.99, 119.09, 120.39, 120.65, 121.15, 122.41, 123.31, 124.25, 126.49, 

127.20, 128.01, 132.29, 132.93, 133.86, 134.50, 134.57, 135.46, 136.84, 

137.88, 138.14, 138.58, 142.01, 142.65, 144.78, 145.78, 146.26, 146.69. 
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MS(ESI) m/z: C37H10BF17N4Na calc.: 867.0626, found: 867.0585. 

UV-vis (λmax/nm(ε/M-1 cm-1)in CH2Cl2): 423 (267789), 555 (18635), 580 (21808), 

617 (16267). 

 

3.4.3. PhBH(H2TPFP)C 

 

H3TPFPC (20 mg, 0.025 mmol) was placed in a Schlenk flask and dissolved in dry 

dichloromethane (10 mL). NEt(iPr)2 (0.022 mL, 0.125 mmol, 5 eq.) was added 

under nitrogen, followed by 0.008 mL (0.063 mmol, 2.5 eq.) of PhBCl2. The 

reaction mixture was stirred for 30 min at RT. Solvent was removed under reduced 

pressure and the crude product was purified by silica column chromatography 

(2 : 1 n-hexane : CH2Cl2). PhBH(H2TPFP)C was eluted as the second fraction, right 

after PhBHBPh(TPFP)C. Both products can be separated by careful monitoring of 

the colour as PhBH(H2TPFP)C appears as a grey/blue colour, whereas 

PhBHBPh(TPFP)C is bright blue. Yield of PhBH(H2TPFP)C: 8 mg (36%). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -5.30 (br s, 1H, NH), -0.43 (br s, 1H, 

BH), 4.16 (d, 2H, Phortho, J=7.07 Hz), 6.23 (t, 2H, Phmeta, J=7.07 Hz), 6.37 (t, 1H, 

Phpara, J=7.07 Hz), 8.21 (d, 1H, J=4.65 Hz), 8.39 (d, 1H, J=4.65 Hz), 8.45 (d, 1H, 

J=4.65 Hz), 8.46 (d, 1H, J=4.65 Hz), 8.55 (d, 1H, J=4.65 Hz), 8.83 (d, 1H, J=4.56 

Hz), 9.10 (d, 1H, J=4.56 Hz), 9.29 (d, 1H, J=4.56 Hz). 

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -134.88 (dd, 1F, Phortho, J=23.15 

Hz, 4J=6.70 Hz), -137.09 (dd, 1F, Phortho, J=23.15 Hz, 4J=6.70 Hz), -138.35 (dd, 

1F, Phortho, J=23.15 Hz, 4J=6.70 Hz), -138.72 (dd, 1F, Phortho, J=23.15 Hz, 4J=6.70 

Hz), -139.19 (dd, 1F, Phortho, J=23.15 Hz, 4J=6.70 Hz), -139.32 (dd, 1F, Phortho, 

J=23.15 Hz, 4J=6.70 Hz), -151.26 (t, 1F, Phpara, J=20.71 Hz), -151.79 (t, 1F, 

Phpara, J=20.71 Hz), -152.30 (t, 1F, Phpara, J=20.71 Hz), -160.85 (td, 1F, Phmeta, 

J=22.54 Hz, 4J=8.53 Hz), -161.02 (td, 1F, Phmeta, J=22.54 Hz, 

4J=8.53 Hz), -161.05 (td, 1F, Phmeta, J=22.54 Hz, 4J=8.53 Hz), -161.38 (td, 1F, 
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Phmeta, J=22.54 Hz, 4J=8.53 Hz), -161.92 (td, 1F, Phmeta, J=22.54 Hz, 4J=8.53 Hz), 

-161.89 ppm (td, 1F, Phmeta, J=22.54 Hz, 4J=8.53 Hz). 

13C{1H} NMR (CDCl3, 25 °C, 100 MHz): δ/ppm = 94.65, 95.17, 105.44, 120.35, 

120.46, 121.76, 122.01, 122.53, 123.77, 124.68, 125.62, 127.86, 128.57, 

129.38, 134.29, 135.23, 135.88, 135.95, 138.24, 139.95, 143.40, 147.15, 

148.06. 

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -12.76 (br s, 1B). 

MS(ESI-) m/z: C43H15BF15N4
 calc.: 883.1163, found: 883.1191.  

UV-vis (λmax/nm(ε/M-1 cm-1)in CH2Cl2): 409 (87369), 425 (117651), 566 (14101), 

607 (9119). 

 

3.4.4. PhBH(H2Mes2-p-OMePh)C 

 

H3(Mes2-p-OMeP)C (20 mg, 0.031 mmol) was placed in a Schlenk flask and 

dissolved in dry dichloromethane (10 mL). NEt(iPr)2 (0.028 mL, 0.156 mmol, 5 

eq.) was added under nitrogen, followed by 0.010 mL (0.078 mmol, 2.5 eq.) of 

PhBCl2. The reaction mixture was stirred for 30 min at RT. Solvent was removed 

under reduced pressure and the crude product was purified by silica column 

chromatography (2 : 1 n-hexane : CH2Cl2). PhBH(H2Mes2-p-OMeP)C was eluted as 

the second fraction, right after PhBHBPh(Mes2-p-OMeP)C. Yield of PhBH(H2Mes2-

p-OMeP)C: 3 mg (13%). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 2.50 (s, ), 2.53, 2.69, 4.08 (s, 3H, 

OCH3), 4.25 (d, 2H, Phortho, J=7.95 Hz), 6.19 (t, 2H, Phmeta, J=7.95 Hz), 6.42 (t, 

1H, Phmeta, J=7.95 Hz), 7.20 (s, 7.39 (s, 7.60 (d, 2H, CHPh, J=7.95 Hz), 7.82 (d, 

2H, CHPh, J=7.95 Hz), 8.09 (d, 1H, CH, J=3.98 Hz), 8.38 (d, 1H, CH, J=3.98 Hz), 

8.84 (d, 1H, CH, J=3.98 Hz), 9.02 (d, 1H, CH, J=3.98 Hz), 9.09 (d, 1H, CH, 

J=3.98 Hz), 9.11 (d, 1H, CH, J=3.98 Hz), 9.32 (d, 1H, CH, J=3.98 Hz), 9.48 (d, 

1H, CH, J=3.98 Hz).  
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11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -12.8. 

 

3.4.5. PhBH(H2TT)C 

 

H3TTC (20 mg, 0.035 mmol) was placed in a Schlenk flask and dissolved in dry 

dichloromethane (10 mL). NEt(iPr)2 (0.031 mL, 0.176 mmol, 5 eq.) was added 

under nitrogen, followed by 0.011 mL (0.086 mmol, 2.5 eq.) of PhBCl2. The 

reaction mixture was stirred for 30 min at RT. Solvent was removed under reduced 

pressure and the crude product was purified by silica gel column chromatography 

(2 : 1 n-hexane : CH2Cl2). PhBH(H2TT)C was eluted as the second fraction, right 

after PhBHBPh(TT)C. Yield of PhBH(H2TT)C: 5 mg (22%). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 2.57 (s, 3H, CH3), 2.67 (s, 3H, CH3), 

2.71 (s, 3H, CH3), 4.27 (d, 2H, Phortho, J=7.41 Hz), 6.26 (t, 2H, Phmeta, J=7.41 Hz), 

6.35 (t, 1H, Phpara, J=7.41 Hz), 7.33 (d, 2H, CHPh, J=8.15 Hz), 7.38 (d, 1H, CH, 

J=4.45 Hz), 7.42 (d, 1H, CH, J=4.45 Hz), 7.44 (d, 2H, CHPh, J=8.15 Hz), 7.58 (d, 

1H, CH, J=4.45 Hz), 7.63 (d, 2H, CHPh, J=8.15 Hz), 7.68 (d, 2H, CHPh, J=8.15 Hz), 

7.73 (d, 2H, CHPh, J=8.15 Hz), 7.78 (d, 2H, CHPh, J=8.15 Hz), 8.33 (d, 1H, CH, 

J=4.45 Hz), 8.43 (d, 1H, CH, J=4.45 Hz), 8.50 (d, 1H, CH, J=4.45 Hz), 8.86 (d, 

1H, CH, J=4.45 Hz), 8.98 (d, 1H, CH, J=4.45 Hz), 9.15 (d, 1H, CH, J=4.45 Hz). 

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -11.2. 
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3.4.6. PhBF(H2TPFP)C 

 

PhBF2 (44 mg, 0.347 mmol, 13 eq.) was added to a Schlenk flask. Dry 

dichloromethane (10 mL) was then added, followed by H3TPFPC (21 mg, 

0.026 mmol) and NEt(iPr)2 (0.023 mL, 0.15 mmol, 6 eq.). The reaction mixture 

was stirred for 30 min at RT and the solvent was removed under reduced pressure. 

The crude product was purified on silica gel column chromatography (2:1 

dichloromethane : n-hexane). PhBF(H2TPFP)C was found to elute as the first band. 

Removal of the solvent under reduced pressure gave PhBF(H2TPFP)C as a dark 

green solid. Yield: 12 mg (53%). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 4.60 (d, 2H, Phortho, J=7.59 Hz), 6.39 

(t, 2H, Phmeta, J=7.59 Hz), 6.56 (t, 1H, Phpara, J=7.59 Hz), 7.99 (d, 1H, CH, J=4.83 

Hz), 8.26 (d, 1H, CH, J=4.83 Hz), 8.33 (d, 1H, CH, J=4.83 Hz), 8.49 (d, 1H, CH, 

J=4.83 Hz), 8.51 (d, 1H, CH, J=4.83 Hz), 8.79 (d, 1H, CH, J=4.83 Hz), 9.10 (d, 

1H, CH, J=4.83 Hz), 9.28 (d, 1H, CH, J=4.83 Hz). 

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -135.06 (d, 1F, Phortho, 

J=24.18 Hz), -137.27 (d, 1F, Phortho, J=24.18 Hz), -138.56 (d, 1F, Phortho, 

J=24.18 Hz), -139.12 (d, 1F, Phortho, J=24.18 Hz), -139.18 (d, 1F, Phortho, J=24.18 

Hz), -139.57 (d, 1F, Phortho, J=24.18 Hz), -151.15(t, 1F, Phpara, J=22.17 

Hz), -151.65 (t, 1F, Phpara, J=22.17 Hz), -152.27 (t, 1F, Phpara, 

J=22.17 Hz), -158.33 (br s, 1F, BF), -160.87 (dt, 1F, Phmeta, J=22.58 Hz, J=8.47 

Hz), -160.93 (dt, 1F, Phmeta, J=22.58 Hz, J=8.47 Hz), -161.04 (dt, 1F, Phmeta, 

J=22.58 Hz, J=8.47 Hz), -161.32 (dt, 1F, Phmeta, J=22.58 Hz, J=8.47 Hz), -161.71 

(dt, 1F, Phmeta, J=22.58 Hz, J=8.47 Hz), -161.90 (dt, 1F, Phmeta, J=22.58 Hz, 

J=8.47 Hz). 

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = 5.05 ppm (d, 1B, JBF=50.07 Hz). 

MS (ESI) m/z: C43H15BF16N4+H+ calc.:903.1214, found: 903.1196; 

C43H15BF16N4+Na+ calc.: 925.1034, found: 925.1008; C43H15BF16N4+K+ calc.: 

941.0773, found: 941.0757. 
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UV-vis (λmax/nm(ε/M-1 cm-1)in CH2Cl2): 429 (9523), 568 (1368), 629 (1078). 
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4. Diboron corrole complexes 

4.1. From arylhalogen borane reagent 

PhBCl2 is used as arylhalogen borane reagent, due to its commercial availability 

and its successful use in the previous syntheses of boron porphyrin and boron 

corrole complexes. The reaction of free base porphyrin with PhBCl2 resulted in 

B2OPh(OH)(por), which has a transoid geometry similar to B2OF2(por). Previous 

boron corrole studies indicate that the chemistry of pophyrins can be transferred 

on corroles, but the corresponding reaction of PhBCl2 with free base corroles 

resulted in PhBHBPh(cor) rather than B2OPh(OH)(por). PhBHBPh had a transoid 

geometry in contrast to the cisoid stereochemistry found for the other diboron 

corrole complex [B2OF2(cor)]- (Figure 56).  

 

Figure 56: Transoid and cisoid stereochemistry for porphyrin and corrole boron 

complexes. 

 

NMR studies showed that PhBHBPh(cor) exhibits C2 symmetry with one signal set 

for both PhB groups observed, whereas the crystal structure shows lower 

symmetry with the structure close to C2 symmetry, presumably owing to crystal 

packing. The B–H–B bridging hydride group is bent such that the hydrogen is 

displaced a small distance (0.62 Å) above the mean N4 plane.56 

In addition, the phenyl group provides a good handle for characterisation as the 

diamagnetic ring current of the aromatic corrole ring causes the phenyl group 

bonded to the coordinated boron to be shielded and therefore the signals are 

significantly shifted upfield and appear in the chemical shift range of 2 – 6 ppm in 

1H NMR spectrum. This is a useful way of identifying whether the PhB group is 

coordinated to the corrole. 
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4.1.1. PhBHBPh(Cor) 

Although PhBHBPh(cor) was prepared and characterised previously, its reactivity 

and the mechanism of its formation were not studied extensively. Therefore three 

new examples of PhBHBPh(cor) with different aryl groups on the corrole were 

prepared and their reactivity was studied. 

 

4.1.1.1. Synthesis 

 

Figure 57: Reaction scheme for the synthesis of PhBHBPh(cor).  

PhBHBPh(Cor) is synthesised by adding base NEt(iPr)2 (20 eq.) and PhBCl2 

(12 eq.) to free base corrole dissolved in dry dichloromethane under nitrogen 

(Figure 57). An immediate colour change from purple to bright green or in case of 

tritolylcorrole from green to blue/green was observed. The crude product is 

purified on a silica gel column with a solvent mixture 2:1 

dichloromethane:n-hexane. PhBHBPh(Cor) is eluted first as a bright blue green 

fraction. Yields: PhBHBPh(TPFP)C (34 %), PhBHBPh(Mes2-p-OMeP)C (55 %), 

PhBHBPh(Br8-p-CF3-P)C (22 %).  
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4.1.1.2. Characterisation 

4.1.1.2.1. 1H NMR Spectroscopy 

 

 

Figure 58: 1H NMR spectrum of PhBHBPh(Mes2-p-OMeP)C in CDCl3 at 400 MHz. 

The 1H NMR spectrum of PhBHBPh(Mes2-p-OMeP)C (Figure 58) shows that the 

ß-pyrrole and aryl group hydrogens appear in the range of 7.3 – 9.6 ppm. Only 

four doublets for the ß-pyrrole hydrogens and four meso-aryl signals are observed, 

indicating a C2 symmetric corrole complex. The signal integration shows that two 

B-phenyl groups are present relative to one corrole ring, and also showing the C2 

symmetry. In dry CDCl3, the hydride is observed as a very broad singlet in the 

range of -6.24 to -6.72 ppm, depending on the corrole.  

 

Table 11: 1H NMR chemical shifts (ppm) in CDCl3 of phenyl and hydride signals for 

PhBHBPh(cor) of different corroles at 400 MHz. 

 Phpara Phmeta Phortho BHB 

PhBHBPh(TT)C 5.79 5.44 2.29 -6.33 

PhBHBPh(TPFP)C 5.77 5.45 2.13 -6.72 

PhBHBPh(Mes2-p-OMeP)C 5.79 5.43 2.28 -6.67 

PhBHBPh(Br8-p-CF3-P)C 6.15 5.81 2.86 -6.24 
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The biggest variation is observed for the ortho phenyl signals, ranging from 

2.13 ppm for the electron-withdrawing pentafluorophenylcorrole to 2.86 ppm for 

octabromofluorophenylcorrole (Table 11). The para and meta phenyl signal appear 

at very similar chemical shifts, except for the octabromofluorophenylcorrole 

signals. The hydride signal experiences a slightly different chemical shift, 

depending on the corrole environment, which might has an influence on the 

diamagnetic ring current in the corrole.    

 

4.1.1.2.2. 11B{1H} NMR Spectroscopy 

The 11B{1H} NMR spectra of the corroles complexes show one broad signal in the 

range of -9 to -4 ppm, with the chemical shift being influenced by the different 

corrole properties. The more electron withdrawing the meso-aryl substituents are, 

the more upfield shifted is the boron signal (Table 12). As expected only one signal 

was observed, due to the C2 symmetry of the corrole making both PhB groups 

identical. The chemical shift is in good agreement with a four coordinate 

environment of a boron corrole as described in the literature so far.54 

Table 12: 11B{1H} NMR chemical shifts (ppm) for PhBHBPh(cor) of different 

corroles. 

 PhBH 

PhBHBPh(TT)C -8.9 

PhBHBPh(TPFP)C -4.3 

PhBHBPh(Mes2-p-OMeP)C -7.8 

 

 

4.1.1.2.3. UV-vis Spectroscopy 

Another good characterization method is UV-vis spectroscopy by comparison of 

the free base corrole spectrum with the boron-containing corrole (Figure 59). A 

red shift in the Soret band and a change in the pattern of the Q-bands are expected 

if the boron is coordinated to the corrole. 
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Figure 59: Normalised UV-vis spectra for the three PhBHBPH(cor) complexes and 

their corresponding free base corroles.  
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For PhBHBPh(TPFP)C the Soret band is red shifted by 18 nm relative to the free 

base corrole (408 to 426 nm) and the lowest energy Q-band at 614 nm 

experiences an increase in intensity (Table 13). The Soret band for 

PhBHBPh(Mes2-p-OMeP)C has red shifted by 11 nm (409 to 420 nm). The Soret 

band also shows a strong splitting, giving a second band at 442 nm. The strong 

Q-band of the free base decreased in intensity and the lowest energy Q-band at 

617 nm increases in the intensity. A similar pattern is observed for PhBHBPh(TT)C, 

in which the Soret band is red shifted by 11 nm (419 to 430 nm) with the 

appearance of a shoulder at 453 nm. The Q-bands flatten out except for the peak 

at 643 nm which increases in intensity. 

 

Table 13: UV-vis absorbance maxima wavelength (nm) of PhBHBPh(cor) and the 

equivalent free base corroles in CH2Cl2. 

 Soret band Q-bands 

PhBHBPh(TPFP)C 426 552, 584, 614,  

H3TPFPC 408 562, 604 

PhBHBPh(Mes2-p-OMeP)C 420, 442 544, 577, 617 

H3(Mes2-p-OMeP)C 409 566, 575, 615, 647 

PhBHBPh(TT)C 430, 453 553, 597, 643 

H3TTC 420 585, 628, 660 

 

 

4.1.1.3. Formation of PhBHBPh(cor) 

So far it was unclear how the hydride formation of B-H-B is occurring. Usually 

PhBHBPh(cor) is eluted first from a silica gel column using a solvent mixture 2:1 

dichloromethane:hexane, and is the only species identified in the 1H NMR 

spectrum. Changing the silica support to a less polar silica (LC60A 40 – 63 Micron 

Davisil® from Grace to silica 230-400 Mesh from ECP chroma) with the same 

solvents system, resulted in a different 1H NMR spectrum, showing an additional 
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species, indicated by a doublet at 1.95 ppm and another doublet at 4.52 ppm, two 

triplets at 5.25 ppm and 6.34 ppm and another pair of triplets at 5.94 ppm and 

6.43 ppm for two non-identical phenyl groups. Due to two sets of signals for two 

different phenyl groups, the assumption was made that this observed species is 

(PhBCl)(BPh)(cor). Although this species was not isolated, it could be observed in 

mass spectrometry (calc.: 778.3557, found: 778.3588). It was also observed that 

(PhBCl)(BPh)(cor) disappears after a while and the PhBHBPh(cor) signals increase 

in 1H NMR spectrum.  

 

Figure 60: Proposed mechanism for the formation of PhBHBPh(cor), passing 

through the observed PhBClBPh(cor) as intermediate. 

The proposed mechanism for the formation of PhBHBPh(cor) is shown in Figure 

60. It starts from the free base corrole with dichlorophenyl borane by 

deprotonation of the corrole and the elimination of two equivalents of HCl. The 

first intermediate [(PhBCl)(PhBCl)(cor)]- is charged and is therefore unstable 

under the reaction conditions. The presence of a proton leads to the loss of one 

chloride, forming the neutral intermediate (PhBCl)(BPh)(cor) which is observed in 

1H NMR spectrum and the mass spectrum. This intermediate is stable for a short 

period of time before undergoing a spontaneous reductive coupling, induced by 

Cl-. The presence of a proton leads to the hydride complex PhBHBPh(cor). The 

proton source is most likely [HNEt(iPr)2]+.56 This theory is supported with the 

observation of (PhBF)(BPh)(cor) formed in previous reactions of free base corrole 

with difluorophenyl borane.58 The stronger F-B bond and inability of F- to act as 

reductant prevents the formation of a hydride species. (PhBF)(BPh)(cor) cannot 

undergo a reductive coupling and is stable under the reaction conditions. 

Experimental evidence in boron porphyrins and DFT calculations on reductive 

coupling (Table 14) showed that this reaction is favoured for the bromide and the 

iodide analogue.51, 56  
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Table 14: ∆G in kcal mol-1 (OLYP/TZ2P) at 298 K for reductive coupling reactions 

in diboron corroles.56  

 

X (halogen) eqn(2) eqn(3) eqn(4) 

F 143.3 120.9 32.0 

Cl 21.1 -1.4 -90.3 

Br -10.3 -32.8 -121.7 

I -42.6 -65.0 -153.9 
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4.1.2. PhBB(Cor) 

It was observed that PhBHBPh(cor) converts into another species quite easily by 

exposure to heat. This species was postulated as PhBB(cor). Studies in this 

chapter confirm the formation of PhBB(cor). Three new examples are prepared 

and the formation as well as the reactivity of these boron complexes are 

investigated. 

 

4.1.2.1. Synthesis 

 

Figure 61: Reaction scheme for the synthesis of PhBB(cor). 

PhBHBPh(Cor) can be completely converted into PhBB(Cor) (Figure 61) by heating 

the starting material in the solid state under high vacuum at 120 °C for 4 hours 

or in dichloromethane solution at 80 °C for 2 hours. This reaction is universally 

applicable and the resulting products PhBB(TT)C, PhBB(TPFP)C, PhBB(Mes2-p-

OMeP)C and PhBB(Br8-4-CF3-P)C were formed in yields greater than 90%. 

 

4.1.2.2. Characterisation 

4.1.2.2.1. 1H NMR Spectroscopy 

The 1H NMR spectra for the different PhBB(cor) complexes showed signals for just 

one B-phenyl group per corrole ring and the loss of symmetry of the corrole ring 

which supports the loss of one benzene from PhBHBPh(cor) to form PhBB(cor).  
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Figure 62: 1H NMR spectrum of PhBB(TPFP)C in CDCl3 at 400 MHz. The upfield 

shifted phenyl group signals are enlarged. 

 

The 1H NMR spectrum of PhBB(TPFP)C (Figure 62) shows the presence of one 

phenyl group relative to the corrole signals. Eight doublets are observed, 

suggesting an asymmetric species. All eight ß-pyrrole protons appear as doublets 

with coupling constants of J = 4.65 Hz. The two triplets and one doublet for the 

phenyl group are high field shifted due to the ring current and they have a coupling 

constant of J = 7.07 Hz. Listed below (Table 15) are the phenyl signals for the 

different PhBB(cor). Corroles with electron withdrawing groups such as 

pentafluorophenyl or 4-trifluoromethylphenyl groups on the octabromocorrole 

have an increased downfield shift for the ortho phenyl signal compared to the 

other corroles, whereas meta and para phenyl signals do not show a significant 

difference. 
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Table 15: 1H NMR chemical shifts (ppm) of the phenyl group of different corroles 

in CDCl3 at 400 MHz.  

 Phpara Phmeta Phortho 

PhBB(TT)C 5.96 5.78 3.22 

PhBB(TPFP)C 5.97 5.78 3.13 

PhBB(Mes2-p-OMeP)C 5.99 5.81 3.29 

PhBB(Br8-p-CF3-P)C 6.15 5.81 2.86 

 

 

4.1.2.2.2. 19F{1H} NMR Spectroscopy 

 

 

Figure 63: 19F{1H} NMR spectrum of PhBB(TPFP)C in CDCl3 at 400 MHz. 

 

The 19F{1H} NMR spectrum of PhBB(TPFP)C (Figure 63) also shows an asymmetric 

species, exhibiting six doublets for the ortho phenyl fluorides in the region of -

136.5 to -139 ppm with a coupling constant of J = 23.15 Hz. Three triplets for the 

para phenyl fluorides are observed at -152 and -151.5 ppm with a coupling 

constant of J = 20.71 Hz and six doublets of doublets are observed at -160 to -

162 ppm with J = 22.54 Hz. 
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4.1.2.2.3. 11B{1H} NMR Spectroscopy 

The tertiary boron gives a relative sharp signal in the 11B{1H} NMR, whereas the 

quaternary boron appears as a very broad signal is sometimes very hard to 

identify within the baseline. The chemical shifts were compared to previously 

established boron corrole complexes and assigned as tertiary or quaternary borons 

in analogy (Table 16). 

Table 16: 11B{1H} NMR chemical shifts (ppm) of the tertiary and quaternary 

coordinated boron in PhBB(cor) of different corroles in CDCl3 at 128 MHz. 

 tert B quart B 

PhBB(TT)C 32.1 -22 

PhBB(TPFP)C 39.3 -22 

PhBB(Mes2-p-OMeP)C 29.7 -20   

 

 

4.1.2.2.4. Mass spectrometry 

To obtain a MS(ESI) special care had to be undertaken as the PhBB(cor) 

complexes undergo facile oxidation in solution and the conditions in the mass 

spectrometer favour oxidation and decoordination. Therefore dried and degassed 

acetonitrile were to be used as the solvent for mass spectrometry. Also, the 

spectrum needed to be recorded within a few seconds, otherwise it started to 

oxidize in the spectrometer.  

For PhBB(TT)C two species could be identified, the main peak was the sodium 

adduct ([PhBB(TT)C+Na]+ calc.: 687.2877, found 687.2876) and the other one 

was the potassium adduct ([PhBB(TT)C+K]+ calc.: 703.2616, found: 703.2631). 

For PhBB(Mes2-p-OMeP)C one signal was clearly identified. It was the sodium 

adduct of PhBB(Mes2-p-OMeP)C ([PhBB(Mes2-p-OMeP)C+Na]+ calc.:759.3415, 

found: 759.3453). PhBB(TPFP)C seems to be more stable and could be measured 

in non-dried solvent and under aerobic conditions. The sodium adduct 

([PhBB(TPFP)C+Na]+ calc.: 915.0993, found: 915.0974) was observed. 
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4.1.2.2.5. UV-vis spectroscopy 

 

 

 

 

Figure 64: Normalised UV-vis spectra of all three PhBB(cor) in CH2Cl2. 
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All three UV-vis spectra show two shoulders on each side of the Soret band, which 

is unique for the different kind of boron corrole complexes (Figure 64). The Soret 

bands of PhBB(TPFP)C and PhBB(Mes2-p-OMeP)C are red shifted just by 1 nm 

compared to the analogue free base corroles, whereas the Soret band of 

PhBB(TT)C is not shifted (Table 17). The Soret bands have left shoulders about 

29 nm blue shifted from the main band. This shoulder has not been observed in 

any other boron corrole complexes before. The Soret bands have also a right 

shoulder about 19 nm red shifted from the main band on each complex. 

Furthermore the fourth, lowest energy, Q-band is the most intense one and all 

four Q-bands appear separately. PhBB(Mes2-p-OMeP)C has the biggest split, 

whereas PhBB(TPFP)C just shows a small shoulder. This is most likely due to the 

already asymmetric nature of the corrole, which gets intensified by asymmetry of 

the PhBB coordination making these complexes asymmetric as shown before in 

1H NMR spectrum (Figure 62). 

 

Table 17: UV-vis absorbance maxima wavelength (nm) of PhBB(cor) and the 

equivalent free base corroles in CH2Cl2. 

 Soret band Q-bands 

PhBB(TPFP)C 418 516, 550, 612 

H3TPFPC 408 562, 604 

PhBB(Mes2-p-OMeP)C 383, 415, 435 515, 548, 565, 609 

H3(Mes2-p-OMeP)C 409 566, 575, 615, 647 

PhBB(TT)C 391, 420 521, 554, 574, 615 

H3TTC 420 585, 628, 660 
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4.1.2.2.6. DFT calculations 

Suitable single crystals for X-ray analysis could not be grown for any of the four 

PhBB(cor) complexes, therefore detailed DFT calculations (B3LYP/3-21G) were 

performed to investigate the most likely isomer for PhBB(cor). PhBB(TPFP)C was 

chosen to represent all PhBB(cor) as very similar behaviour for these complexes 

was observed. 

Three different isomers would be possible for the PhBB coordination (Figure 65), 

but results from other diboron corrole species, discussed in 4.2.1, showed that the 

dipyrrin A /dipyrrin A coordination site is favoured and the 1H NMR spectra indicate 

an asymmetric species. Therefore DFT calculation with the borons coordinated at 

the dipyrrin B /bipyrrole site is not discussed. The main objective here was to 

investigate if the two boron atoms were coordinated on the same side or on 

opposite side (Position (1) and (2) in Figure 66), especially if the starting material 

PhBHBPh(Cor) has the two borons on opposite sides of the corrole plane. 

 

Figure 65: Three possible isomers for the PhBB coordination are possible. 

 

Different boron starting positions for the calculations were used (Figure 66). The 

first option with both borons on the same side (1), but outside of the corrole plane. 

The second option with one boron on one side, the second boron on the other side 

of the corrole plane (2) and the third option with one boron outside of the corrole 

plane and one inside of the corrole plane as well as the 15-pentafluorophenyl 

group rotated 45° compared to the 5-pentafluorophenyl group (3). 
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Figure 66: Three different starting positions for the DFT optimization calculations 

(B3LYP/6-31G) with (1) borons on opposite sides and out of plane (PhBB(TPFP)C-

1), (2) both borons on the same side of the corrole plane (PhBB(TPFP)C-2) and 

(3) one out of plane and the other one in plane (PhBB(TPFP)C-3). 

 

Comparing starting geometries PhBB(TPFP)C-1 and PhBB(TPFP)C-3, the optimized 

structures end in the same position with the boron attached to the phenyl group 

out of plane and the trigonal boron lying close to the corrole plane (Table 18).  In 

addition, the starting geometries of PhBB(TPFP)C-1 and PhBB(TPFP)C-3 had the 

5- and 15-meso-pentafluorophenyl groups in different positions (rotated by 45° 

to each other in PhBB(TPFP)C-3) but both converged to the same arrangement of 

boron atoms.  This result shows that the meso-phenyl group can rotate freely and 

are not sterically hindered, therefore no energy barrier for the rotation exists, 

giving the same optimization energy for both compounds. It seems that 

PhBB(TPFP)C-2 reached a local minimum for the energy that is significantly higher 

than PhBB(TPFP)C-1 and PhBB(TPFP)C-3. 
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Table 18: Selected distances (Å) and bond angles (°) calculated for PhBB(TPFP)C 

structures (B3LYP/3-21G). 

 PhBB(TPFP)C-1 

(1) 

PhBB(TPFP)C-2 

(2) 

PhBB(TPFP)C-3 

(3) 

∆E /kcal mol-1 0 23.143 0 

Bond distances/Å    

N1-N2 2.39273 2.39279 2.39329 

N2-N3 2.77574 2.77571 2.77657 

N3-N4 2.44398 2.44397 2.44529 

N4-N1 3.26233 3.26234 3.25964 

B1-B2 1.66052 1.51351 1.66104 

Bond angles/°    

N1-B1-N2 113.521 91.053 113.508 

N3-B2-N4 104.178 104.178 104.206 

B1-B2-CPh 112.835 91.154 112.881 

 

It is observed that in all three compounds the N·∙·N distances are very similar only 

in PhBB(TPFP)C-3 the N4·∙·N1 distances are a bit shorter than in the other two 

structures (Figure 67). Notable the B1-B2 bond for PhBB(TPFP)C-2 is much shorter 

than in the other two structures and in addition the B1-B2-CPh angle is more 

distorted. These unfavourable distance and angle for B1-B2-CPh is likely to be the 

reason why PhBB(TPFP)C-2 is much higher in energy. All structures show a slight 

domed configuration. 

Previous DFT studies on [B2(cor)]-, B2(cor) and [B2(cor)]+ showed much shorter 

B–B bonds.55 The B - B bond length for [B2(cor)]- was 1.60 Å, and 1.61 Å for 

B2(cor) and [B2(cor)]+, which is about 0.05 Å shorter than our calculated bond 

length, whereas the porphyrin analogues [B2(por)]2+  and B2(por) showed much 

longer bond lengths of 1.70 Å and 1.73 Å (calculated with B3LYP/6–311G(d,p)).51 
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Also the X-B-B angles ranged from 102° to 113° with X = n-butyl giving an angle 

of 112.9°, which fits nicely with the calculated angles for PhBB(TPFP)C-1 and 

PhBB(TPFP)C-3 of 112.8°.51 

                                   a)   

  

 

 

 

 

 

b)        c) 

Figure 67: Displayed are the DFT optimized structures (B3LYP/6-31G in Gaussian 

09W). a) top-down view of PhBB(TPFP)C-3 with pentafluorophenyl groups rotated 

by 45° to each other; b) side-on view of PhBB(TPFP)C-1, showing one boron out 

of plane and the other boron in plane; c) side-on view of PhBB(TPFP)C-2, showing 

both borons out of plane.  

 

To predict and understand some of the reactivity of PhBB(cor), the HOMO and 

LUMO orbitals were calculated and displayed. We also hoped to understand why 

only one boron signal could be observed in 11B{1H} NMR spectrum. Also two 

different corroles were used, PhBB(TPFP)C and PhBB(TT)C, to investigate whether 

different electronic properties on the meso 5-,10- and 15-aryl groups change the 

reactivity on the PhBB unit, as the pentafluorophenyl groups is known to be 

electron withdrawing.  
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a)          b) 

 

 

 

 

c)          d) 

 

 

 

 

 

 

 

Figure 68: (a) PhBB(TT)C HOMO top view; (b) PhBB(TT)C HOMO side view; (c) 

PhBB(TPFP)C, top view; (d) side view of dipyrrin A/dipyrrin A coordination with 

the 5,15-meso-phenyl groups rotated 45° to each other. 

It is apparent that different phenyl groups at the meso position of the corroles do 

not influence the HOMO and LUMO on the boron centres and the corrole ring. From 

the side-on views of the HOMO (Figure 68) we can see that B1, the three-

coordinate boron without the phenyl group, sits in the corrole plane covered by 

the orbital of the corrole, whereas B2, the four-coordinate boron bearing the 

phenyl group, sits free and has the orbital on the top and bottom of it. Similarly, 

for the LUMO (Figure 69) B2 is completely free, whereas B1 has some orbital on 
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the top and bottom. This would explain the reactivity of PhBB(cor). PhB (B2) is 

relative inert, whereas the other boron (B1) is very reactive and undergoes an 

oxidation reaction. 

a)         b) 

 

Figure 69: (a) LUMO of PhBB(TT)C and (b) LUMO of PhBB(TPFP)C.  

 

 

4.1.2.3. 1H NMR Spectroscopy study 

After PhBHBPh(cor) is obtained pure from a silica column, it can be completely 

converted into PhBB(cor) by heating (Figure 70). Studies show that heating in 

solid state under high vacuum at 120 °C for 4 hours results in a complete 

conversion. The same result is obtained in solution by heating at 80 °C for 2 hours. 

The latter method was used to identify the production of benzene by this process. 

The elimination of benzene could be observed by 1H NMR studies during the 

conversion of PhBHBPh(cor) to PhBB(cor). 

 

Figure 70: Formation of PhBB(Cor) from PhBHBPh(Cor). 
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The PhBHBPh(TT)C sample dissolved in CDCl3 was enclosed in a sealed NMR tube 

to reduce the loss of benzene from the solution when heated at 80 °C. The first 

1H NMR spectrum was taken after 10 min (red), then 25 min (green), 1 h (purple), 

2 h (yellow) and 5 h (orange) (Figure 71). After 5 hours the signals for 

PhBHBPh(TT)C completely disappear and PhBB(TT)C was formed with up to 90% 

conversion. Although no other B-phenyl corrole species was observed, 100% 

conversion was not achieved according to signal integration. This could be 

attributed to a small amount of free base corrole slowly formed due to the slight 

instability of corrole at this temperature. Benzene formation was observed up to 

75%, most likely because some of the benzene evaporates out of the solution into 

the NMR tube atmosphere. 

 

 

Figure 71: Shown is the conversion of PhBHBPh(TT)C at the bottom to PhBB(TT)C 

at the top over time in CDCl3 at 300 MHz.  

 

In Figure 71 the important signals are highlighted in boxes. For the doublet for 

the B-phenyl ortho signal at 2.29 ppm, the two triplets at 5.44 and 5.79 ppm are 

decreasing, whereas for PhBB(TT)C, the doublets at 3.22 ppm and the two triplets 

at 5.78 and 5.96 ppm, as well as the benzene signal at 7.36 ppm, are increasing 

over time. 
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Figure 72: Change of 1H NMR signals versus time for PhBHBPh(TT)C, PhBB(TT)C 

and benzene. Normalised as one is the B-phenyl ortho signal in PhBHPh(TT)C, 

accounting for two B-phenyl groups. The other signals were calculated compared 

to this integral. 

This graph (Figure 72) visualizes the decrease of PhBHBPh(TT)C and the increase 

of PhBB(TT)C and benzene over the time by constant heating at 70 °C. The 

B-phenyl ortho signal of PhBHBPh(TT)C, representing four hydrogens was 

normalized as an integral of one to represent the maximal possible conversion of 

100%. The new set of signals of ortho B-phenyl from PhBB(TT)C, accounting for 

two hydrogens, was used to measure the increase of PhBB(TT)C. The singlet at 

7.36 for benzene, taking corresponding to six hydrogens, was calculated in 

reference to PhBHBPh(TT)C. 

 

 

4.1.2.4. Reactivity studies on PhBB(cor) 

This PhBB(cor) species, formed by a reductive coupling reaction, is a very reactive 

species, due to the empty p-orbital at the tertiary boron. Several test reactions 

were accomplished to study the reactivity. 
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4.1.2.4.1. Reaction of PhBB(cor) with iodine 

Another test reaction was of PhBB(cor) with iodine. PhBB(TT)C was dissolved in 

CDCl3 and excess iodine was added, resulting in a colour change from bright green 

to brown green. The reaction mixture was stirred for 30 min at room temperature, 

the solvent was removed and the 1H NMR spectrum was measured.  

 

Figure 73: 1H NMR spectrum in CDCl3 of the reaction of PhBB(TT)C with iodine, # 

[BB(cor)]+, * (PhB)(BI2)(cor). 

This 1H NMR spectrum (Figure 73) shows two products from this reaction, 

indicated by the sets of methyl groups. Visible is one set of two methyl signals 

(2:1 ratio) at 2.72 and 2.76 ppm indicating a C2 symmetric species and one set of 

three methyl signals at 2.64, 2.69, and 2.77 ppm indicating an asymmetric corrole 

species. The ratio of the two species is 1:1.5. The same symmetries are seen for 

the ß-pyrrole hydrogens and meso-tolyl hydrogens in the range 7 – 10.2 ppm. 

One boron coordinated phenyl groups is observed, belonging to the asymmetric 

boron corrole species as indicated by the integral ratio. A sharp signal at 7.36 ppm 

is observed for benzene. The species (PhB)(BI2)(TT)C and [BB(TT)C]+ are 

suggested to be formed in this reaction. The species [BB(TT)C]+ was confirmed 

by mass spectrometry ([BB(TT)C]+ calc.: 587.2578, found: 587.2591), whereas 

for (PhB)(BI2)(TT)C only a species without the B-phenyl group and one iodide was 

found ([IB(TT)C]+ calc.: 703.2981, found: 703.2939). This result makes it a bit 

unsure, whether (PhB)(BI2)(TT)C was formed or (PhB)(BI)(TT)C, but due to the 
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strong upfield shift of the phenyl signal 1H NMR, we assume (PhB)(BI2)(TT)C is 

formed (Figure 74). 

 

Figure 74: Suggested reaction pathway of PhBB(cor) with I2. 

 

4.1.2.4.2. Reaction of PhBB(cor) with iodotoluene dichloride 

PhBB(cor) was dissolved in CDCl3 under nitrogen. Iodotoluene dichloride (1.5 eq.) 

was added and the reaction mixture was stirred for 30 min at 65 °C. The colour 

of the solution changed from dark green to a light yellow green in that time. 

1H NMR analysis of the mixture indicated the formation of two phenyl boron corrole 

complexes in a ratio of 1:1.8 with the more electronegative element on the boron, 

shown by the upfield shifted phenyl signals enlarged in Figure 75. The phenyl 

signals appear at similar chemical shifts to the phenyl signal in (PhB)(BI2)(TT)C, 

therefore we conclude that (PhB)(BCl2)(TT)C was formed as iodotoluene dichloride 

is a chloride transfer reagent (Figure 76). It is very likely that the second species 

an isomer of (PhB)(BCl2)(TT)C with the substituents differently orientated, but no 

evidence in the mass spectrometry was observed. 

 

 

Figure 75: 1H NMR spectrum of of PhBB(cor) with PhICl2 in CDCl3 at 500 MHz. 
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Figure 76: Proposed reaction pathway of PhBB(cor) with PhICl2.  

Similar reactivity was observed for a square planar, tetra-coordinated Ge(IV) 

cation, [(TPFPC)-Ge]+.73 This complex was synthesized through the reaction of 

(TPFC)Ge-H with [Ph3C]+[B(C6F5)4]-. The [(TPFPC)-Ge]+ cation was found to be 

highly reactive towards benzene, toluene, ethylene and cyclopropane, forming the 

phenyl complex (TPFPC)Ge-C6H5 for instant via an electrophilic pathway. The 

extraordinarily high reactivity of [(TPFPC)-Ge]+, compared to most of the 

previously reported group 14 cations, is ascribed to the well-exposed cationic 

germaium center with novel frontier orbitals. The absence of conjunction of the 

cationic germanium center to the corrole π-system and the strongly electron-

withdrawing pentafluorophenyl groups on the periphery of the TPFPC ligand 

further enhanced the electrophilicity of the germanium cation.73 

Another corrole complexe, able to activate small molecules, is the noval four-

coordinate, divalent tin corrole complex [(TPFPC)SnII]-, synthesized by facile 

reduction of (TPFPC)SnIVCl using NaBH4. The divalent tin anionic complex showed 

highly nucleophilic chemical reactivity toward alkyl halides and olefins to produce 

quantitatively alkyl stannyl corrole complexes through a nucleophilic attack 

pathway.74 Also an one-carbon bridged dimetallic (TPFPC)Sn-CH2-Sn(TPFPC) was 

obtained. 

Further on, phosphorus corrole complexes with different meso-aryl and axial 

ligands are comparable as main group corrole complexes. The chelated 

phosphorus element attracts more electron density from the macrocycle, which is 

reflected by its effect on redox potentials. Electrophilic substitution of 

chlorosulfonation reaction showed a kinetic controlled monosubstitution, while bis-

chlorosulfonation is thermodynamically controlled, and iodination proceeds with 

selectivity on the directly joined pyrrole moieties.75 The selective introduction of 

heavy atoms on phosphorus corroles led to complexes that are more 

phosphorescence then fluorescence.  
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4.1.3. PhBOB(Cor) 

It was observed that PhBB(cor) has limited stability in solution and undergoes 

further reaction within an hour. Previous studies suggested the formation of 

PhBOB(cor).58 

 

4.1.3.1. Synthesis 

PhBOB(Cor) is formed from PhBB(cor) in solution in the presence of oxygen. This 

species has been observed before by using fewer equivalents of PhBCl2 and 

NEt(iPr)2 with the free base corrole under the same conditions as for the formation 

of PhBHBPh(cor), however the mechanism for the formation of PhBOB(TT)C from 

PhBB(cor) was not fully understood.58 It was suggested that hydrolysis of 

PhBB(cor) trace by quantities of water in the reaction mixture could be leading to 

PhBOB(cor) (Figure 77).58 

                       

 

 

 

Figure 77: Suggested reaction paths for the formation of PhBOB(cor). 

Given the unknown mechanism of formation of PhBOB(cor), further 1H NMR 

studies were performed to investigate whether this reaction is an oxidation. 

Therefore, a few drops of degassed H2O was added to a sealed NMR tube with 

PhBB(TT)C in CDCl3 and the reaction was followed by 1H NMR. Initially the sample 

was measured every few minutes, later every few hours and then once a day for 

one week (Figure 78). 
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Figure 78: This graph shows the integral change (normalised) by addition of water. 

The doublet for the ortho B-phenyl protons was normalized as one and used as 

the reference signal for the other integrals. Over a time period of 570 hours, the 

proportion of PhBB(TT)C decreases by about 20% but only a very small quantity 

of PhBOB(TT)C is formed (< 5% relative to PhBB(TT)C). If the reaction was 

involving hydrolysis of PhBB(cor) we would expect a much higher integration for 

PhBOB(TT)C. In addition, free base corrole is detected as result of the unstable 

boron corrole species in solution, especially with light exposure. 

The second study was conducted by bubbling oxygen through a sample of 

PhBB(TT)C in CDCl3. The oxygen gas was passed through a drying agent to 

eliminate any moisture before it was bubbled into the solution for about five 

minutes. The NMR sample was measured over a time period of 600 hours (Figure 

79). 

0

0.2

0.4

0.6

0.8

1

1.2

0 100 200 300 400 500 600

In
te

gr
al

Time / h

Hydrolysis of BBPh(TT)C

BBPh(TT)Cor

BOBPh(TT)Cor

H3(TT)Cor



Chapter 4 

116 
 

 

Figure 79: Formation of PhBOB(TT)C by O2 oxidation of PhBB(TT)C, monitored by 

1H NMR spectroscopy in CDCl3.  

 

This graph shows that the addition of oxygen leads to the formation of 

PhBOB(TT)C. The signal of PhBB(TT)C disappears completely after 250 hours, at 

the same time PhBOB(TT)C reaches the highest integration signal, but we can see 

that only a 60% conversion happened. The other 40% is decomplexed to free base 

corrole, which could be attributed to the instability of the boron corrole species in 

solution, or from traces of moisture diffused into the NMR tube over this long time 

period. These two studies give a clear evidence that the conversion of PhBB(cor) 

to PhBOB(cor) proceeds via an oxidation reaction. 
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4.1.3.2. Characterisation 

4.1.3.2.1. 1H NMR Spectroscopy 

 

 

Figure 80: 1H NMR spectrum of PhBOB(TPFP)C in CDCl3 at 500 MHz. The high field 

shifted signals for the phenyl group are enlarged. 

Compared to PhBB(Cor), the signals for the B-phenyl group in the 1H NMR 

spectrum (Figure 80) appear more downfield shifted due to the close environment 

of the electronegative oxygen. Also eight doublets for an asymmetric corrole 

species are observed in the range 7.9 to 9.8 ppm. Listed in Table 19 are the phenyl 

signal shifts for different corroles. We can see that the corrole with the electron-

withdrawing pentafluorophenyl groups has the doublet for the ortho protons more 

upfield shifted, but the triplet signal for the para phenyl protons is further 

downfield shifted than the tritolylcorrole. 

Table 19: Chemical shifts (ppm) in 1H NMR spectrum for the phenyl group in 

different corroles CDCl3 at 400 MHz. 

 Phpara Phmeta Phortho 

PhBOB(TT)C 6.59 6.47 4.91 

PhBOB(TPFP)C 6.63 6.48 4.85 

PhBOB(Mes2-p-OMeP)C 6.58 6.47 4.87 
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4.1.3.2.2. 11B{1H} NMR Spectroscopy 

By comparison with 11B{1H} NMR chemical shifts of PhBB(cor) complexes (Table 

20), the boron signals were assigned to the tertiary or quaternary boron atom. 

 

Table 20: 11B{1H} NMR chemical shifts for PhBOB(cor) in CDCl3 at 128 MHz. 

 tert B quat B 

PhBOB(TT)C 25.5 -3.1 

PhBOB(TPFP)C 29.6 -8.1 

PhBOB(Mes2-p-OMeP)C 27.6 -6.8 

 

The signals between 25 and 30 ppm are relatively sharp, whereas the signals in 

the negative range appear very broad. The sharp signals occur for the 

tetracoordinated boron and the tri-coordinated boron gives rise to the broad 

signal. 

 

4.1.3.2.3. Mass spectrometry 

PhBOB(Cor) is stable and unreactive in the environment of the mass spectrometer 

allowing a variety of ions to be observed. 

For PhBOB(TT)C the sodium adduct was observed ([PhBOB(TT)C+Na]+ calc.: 

703.2826, found: 703.2832) and with no adduct ([PhBOB(TT)C]+ calc.:680.2928, 

found: 680.2939). 

PhBOB(TPFP)C was also detected as the sodium adduct ([PhBOB(TPFP)C+Na]+ 

calc.: 931.0942, found: 931.0903). A small amount of the protonated form was 

found (([PhBOB(TPFP)C+H]+ calc.: 909.1122, found: 909.1087) as well as the 

potassium adduct (([PhBOB(TPFP)C+K]+ calc.: 947.0681, found: 947.0641). 

For PhBOB(Mes2-p-OMeP)C the protonated form was observed ([PhBOB(Mes2-p-

OMeP)C+H]+ calc.: 753.3567, found: 753.3535). 



Chapter 4 

119 
 

4.1.3.2.4. UV-vis Spectroscopy 

 

 

 

Figure 81: Normalised UV-vis spectra for PhBOB(cor) for all three corroles and 

their free base H3(cor) spectra for comparison. 
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UV-vis spectrometry is also used to confirm the boron coordination. The 

PhBOB(cor) with different corroles, show similar pattern for the Soret band, having 

a shoulder to each side of the Soret band (Figure 81).  

The PhBOB(cor) complexes do not have a large shift in the maxima of the Soret 

band, rather they experience a narrowing of the Soret band. PhBOB(Mes2-p-

OMeP)C still has a sharp shoulder at 421 nm. The fourth Q-band is not only 

intensified, it is also blue shifted by 42 nm for PhBOB(Mes2-p-OMeP)C and 44 nm 

for PhBOB(TT)C, but only 8 nm for PhBOB(TPFP)C, compared with the free base 

spectra for each corrole (Table 21). 

 

Table 21: UV-vis Absorbance maxima wavelength (nm) of PhBOB(cor) and the 

equivalent free base corroles in CH2Cl2. 

 Soret band Q-bands 

PhBOB(TPFP)C 415 512, 559, 596 

H3TPFPC 408 562, 604 

PhBOB(Mes2-p-OMeP)C 410, 421 521, 561, 595. 

H3(Mes2-p-OMeP)C 409 566, 575, 615, 647 

PhBOB(TT)C 417 488, 565, 606 

H3TTC 420 585, 628, 660 

 

 

4.1.3.3. Different synthetic routes to form PhBOB(cor) 

The conversion of PhBB(cor) to PhBOB(cor) was first done by bubbling oxygen 

through the PhBB(cor) solution for 20 h. However, this gave a low yield of 

PhBOB(cor) (30%) and increasing the reaction time to 7 days resulted in only 60% 

conversion. Due to this method not being practical, different oxygen transfer 

reagents were used to decrease reaction time and increase conversion of reactant 

to product.  
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The first oxygen transfer reagent attempted was iodosyl toluene, which is 

prepared from 4-iodotoluene.76 PhBB(Cor) was reacted with iodosyl toluene to 

obtain PhBOB(cor) and a yield of 30% in one hour was achieved. 

The next oxygen transfer reagent was t-butyl peroxide (70% in H2O). The reaction 

of PhBB(cor) with t-butyl peroxide solution resulted in a faster and cleaner 

reaction. The stacked 1H NMR spectra in Figure 82 illustrates the efficient 

conversion of PhBB(Cor) (bottom spectrum) to PhBOB(Cor) (top spectrum) over 

the time. Highlighted are the phenyl signals, which were used to follow the 

transformation. The bottom spectrum still shows the signals for PhBHBPh(Cor), 

which was converted to PhBB(Cor) in CDCl3 by heating to 80 °C. Once 

PhBHBPh(Cor) completely disappeared, t-butyl peroxide was added to the solution 

in the NMR tube and it was maintained at 80 °C during the whole period. The 1H 

NMR spectrum was then measured after 1 h, 2 h, 25 h and after 3 days. After 3 

days PhBB(cor) disappeared completely and PhBOB(cor) was formed up to 50% 

(Figure 83) and at the same time 45% of free base is formed, due to the instability 

of boron corrole complexes at these temperatures and the presence of some 

water. 

 

Figure 82: 1H NMR spectra showing the conversion of PhBB(TT)C (bottom) to 

PhBOB(TT)C (top) in CDCl3, using t-butyl peroxide as oxidant.  

Overall this reaction is reasonably fast in the first few hours, but reaches a plateau 

after about 20 hours and does not result in 100% conversion. 
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Figure 83: This graph displays the decrease of PhBB(TT)C signal and the increase 

of the PhBOB(TT)C signals with t-butyl peroxide as oxidant. CHCl3 was used as 

reference signal and the ortho B-phenyl doublet was normalized as one. 

Another oxidizing reagent, hydrogen peroxide (35%), was used. A few drops of 

hydrogen peroxide were added to PhBB(cor) in a dichloromethane solution. The 

colour of the solution changed immediately from green to pink. The 1H NMR 

spectrum gave the same signals as in the previous reactions for forming 

PhBOB(cor). This reaction is complete within 30 min at room temperature. Results 

in the positive ion mass spectrum (ESI) show signals for (PhBOH)(BOH)(cor). For 

(PhBOH)(BOH)(TPFP)C the sodium adduct was observed 

([PhB(OH)B(OH)(TPFP)C+Na]+ calc.: 949.0848, found: 949.0856). Similar results 

were found for the reaction of PhBB(Mes2-p-OMeP)C with hydrogen peroxide. The 

1H NMR spectrum looks analogous to PhBOB(Mes2-p-OMeP)C, but mass 

spectrometry showed a signal for (PhBOH)(BOH)(Mes2-p-OMeP)C (Figure 84).  

 

Figure 84: Formation of PhB(OH)B(OH)(cor) from PhBB(cor). 
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4.2. From boron trihalide reagent 

The corrole anion [FBOBF(cor)]- was the first published corrole boron complex.54 

It is proposed that BOB type corrole is derived by hydrolysis from the diboryl 

corrole [(BF2)2(cor)]- from traces of water in reaction mixture.57 Here two further 

examples of boron corrole complexes were prepared using the optimized reaction 

conditions. 

 

4.2.1. [FBOBF(Cor)][HNEt(iPr)2] 

4.2.1.1. Synthesis 

[FBOBF(TPFP)C][HNEt(iPr)2] and [FBOBF(Mes2-p-OMeP)C][HNEt(iPr)2] are 

prepared from the reaction of free base corrole with BF2∙OEt2 in the presence of 

NEt(iPr)2 in a ratio 1:12:20. Due to being negatively charged corrole species, these 

complexes cannot be purified by silica gel column chromatography, therefore they 

need to be purified by careful recrystallization in a dichloromethane and n-hexane 

mixture. 
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4.2.1.2. Characterisation 

4.2.1.2.1. 1H NMR Spectroscopy 

 

 

Figure 85: 1H NMR spectrum of [HNEt(iPr)2][FBOBF(TPFP)C] in CDCl3 at 400 MHz. 

 

Figure 85 shows the 1H NMR spectrum of [HNEt(iPr)2][FBOBF(TPFP)C] as an 

example. There are four doublets for the ß-pyrrole protons in the range 8.0 to 

9.2 ppm with a coupling constant J=4.7 Hz. This indicates that this diboron corrole 

has a C2 symmetry with a cisoid out-of-plane coordination mode.54 The internal 

NH signals were seen at negative chemical shifts.49 Strong signals for the counter 

ion [HNEt(iPr)2]+ are observed, the protonated NH, a quintet, quartet, triplet and 

two doublets are seen. 
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4.2.1.2.2. 11B{1H} NMR Spectroscopy 

Table 22: 11B{1H} NMR chemical shifts (ppm) of [HNEt(iPr)2][FBOBF(cor)] in CDCl3 

at 128 MHz. 

 B 

[HNEt(iPr)2][FBOBF(TPFP)C] -10.7 

[HNEt(iPr)2][FBOBF(Mes2-p-OMeP)C] -8.9 

 

One broad signal is observed in the 11B NMR spectrum at negative chemical shifts 

between -11 and -8 ppm (Table 22). This is in agreement with other quaternary 

coordinated borons. 

 

 

4.2.1.2.3. UV-vis Spectroscopy 

Table 23: UV-vis absorbance maxima wavelength in nm of [FBOBF(cor)]- and the 

equivalent free base corroles in CH2Cl2. 

 Soret band Q-bands 

[FBOBF(TPFP)C]- 415 571, 595. 

H3TPFPC   408 562, 604 

[FBOBF(Mes2-p-OMeP)C]- 418 429, 580, 604 

H3(Mes2-p-OMeP)C   409 566, 575, 615, 647 

 

The red shifts of 7 and 9 nm of the Soret bands for the two complexes proves the 

coordination of the boron (Table 23). There is also a clear change in the pattern 

of the Q-bands observed. 
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4.2.1.2.4. Fluorescence quantum yields 

A strong fluorescence was observed while synthesizing these corrole complexes. 

Therefore, fluorescence quantum yields were determined for some of the boron 

and free base corrole complexes. 

The fluorescence quantum yield (φf) is the ratio of photons absorbed to photons 

emitted through fluorescence. The method used for recording quantum yields, 

described by Williams et al., involves the use of φf from a standard sample using 

the same conditions. The UV-vis absorbance spectrum of the solvent background 

was recorded followed by recording the fluorescence spectrum of the same 

solution. The fluorescence intensity was integrated and noted. These steps were 

repeated for different concentrations of solutions between 0 – 0.1 absorbance. 

From the plotted graph of integrated fluorescence intensity vs. absorbance, the 

gradient m was obtained from the interpolated straight line running through the 

origin. Once the gradient is obtained the fluorescence quantum yield can be 

calculated according the following formula.77 

𝜑𝑋 = 𝜑𝑆𝑡 (
𝐺𝑟𝑎𝑑𝑋

𝐺𝑟𝑎𝑑𝑆𝑡
) (

ƞ𝑋
2

ƞ𝑆𝑡
2 ) 

𝜑: fluorescence quantum yield, St: standard, X: sample, Grad: gradient from the 

linear plot, ƞ: refractive index, which is for sample and reference the same. 

The brightness can be calculated from  

𝐵𝑟𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠 =
𝜀  𝜑𝑓

1000
 

 

𝜀 =
𝐴

𝑐 𝑙
 

With c: concentration of the solution, l: length of the cuvette, A: absorbance in 

the UV-vis spectrum. 
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Table 24: Molar extinction coefficients ε, fluorescence quantum yield φf and 

brightness for several boron corrole.  

compound ε 

(L/mol cm) 

φf measured Brightness 

(L/mol cm) 

H2TTP (standard)78 111300 0.13 14 

H3TPFPC 358900 0.14 50 

[HNEt(iPr)2][FBOBF(TPFP)C]  13400 0.71 9 

PhBHBPh(TPFP)C 469481 0.24 113 

H3(Mes2-p-OMeP)C 123000 0.07 9 

[HNEt(iPr)2][FBOBF(Mes2-p-OMePh)C]  8900 0.42 4 

PhBHBPh(Mes2-p-OMeP)C 518 0.11 0 

H3TTC 102600 0.06 6 

[HNEt(iPr)2][FBOBF(TT)C]  260300 0.49 128 

BF2(H2TT)C 123480 0.03 4 

 

The porphyrin H2TTP was used as standard77 and its measured fluorescence 

quantum yield matched well with the reported quantum yield.78 Table 24 shows 

that the diboron group coordinated to the corrole increases the fluorescence 

quantum yield enormously. The trispentafluorophenylcorrole shows strong 

fluorescence in general, but experiences an increase in the quantum yield of 0.57, 

the tristolylcorrole shows in increase of 0.35 and the bismesityl–p-

methoxyphenylcorrole has an increase by 0.43. The diboron corrole complex 

PhBHBPh increases the quantum yield as well, but not as much. One monoboron 

corrole was measured, BF2(H2TT)C, but actually showed a decrease in the 

fluorescence quantum yield, therefore no further BF2(H2Cor) were investigated.  

The highest fluorescence quantum yield (φf = 0.71) was obtained for 

[HNEt(iPr)2]+[FBOBF(TPFP)C]-. This is reasonably close to the fluorescence 

quantum yield of the well-known BODIPY fluorophore (φf = 0.78) in the same 

solvent, dichloromethane.79   
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4.3. Summary 

The reaction of phenyldichloroborane reagent with free base corrole resulted in 

the diphenyl hydride corrole, PhBHBPh(cor). 1H NMR analysis of the reaction 

mixture showed that the species (PhBCl)(BPh)(cor) is formed first, which is 

transformed into PhBHBPh(cor). The diphenyl hydride corrole is easily transformed 

into the PhBB(cor) by the loss of benzene induced by heat. This reduced species 

shows very high reactivity. It can activate small molecules like dioxygen, hydrogen 

peroxide, iodine or dichloroiodosyl toluene. The PhBOB(cor) species is formed by 

oxidation and not by hydrolysis, which was proved by NMR studies. The use 

phenyldifluoroborane in the same reaction resulted in low reactivity, due to the 

inability of fluoride act as a reductant.  

 

In general the trend is observed in Table 25 that the more electronegative the 

substituent on the same boron as the B-phenyl group is, the more further 

downfield is the chemical shift for the B-phenyl group. The other observed trend 

is that if the corrole contains more electron withdrawing groups, then the B-phenyl 

signal is shifted further upfield compared to the analogous boron corrole complex 

containing less electron withdrawing groups.  
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Table 25: 1H NMR chemical shifts (ppm) of the phenyl groups and their 

dependence on electronegative substituents in CDCl3. 

 Phpara Phmeta Phortho 

(TT)C complexes    

(BCl2)(BPh)(TT)C 5.81 5.23 1.83 

(BI2)(BPh)(TT)C 5.83 5.25 1.91 

(ClBPh)(BPh)(TT)C 5.94 5.25 1.95 

(PhBF)(BPh)(TT)C58 5.77 5.27 1.99 

PhBHBPh(TT)C 5.79 5.44 2.29 

PhBB(TT)C 5.96 5.78 3.22 

PhBH(H2TT)C 6.35 6.26 4.27 

(PhBCl)(BPh)(TT)C 6.43 6.34 4.52 

(PhBF)(BPh)(TT)C58 6.63 6.44 4.63 

PhBOB(TT)C 6.59 6.47 4.91 

(TPFP)C complexes    

PhBHBPh(TPFP)C 5.77 5.45 2.13 

PhBB(TPFP)C 5.97 5.78 3.18 

PhBH(H2TPFP)C 6.42 6.19 4.06 

PhBF(H2TPFP)C 6.59 6.42 4.63 

PhBOB(TPFP)C 6.63 6.48 4.85 
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4.4. Experimental section 

4.4.1. PhBHBPh(TPFP)C 

 

H3TPFPC (50 mg, 0.063 mmol) was weighed in a Schlenk flask and dissolved in 

dry dichloromethane (10 mL) under nitrogen. NEt(iPr)2 (0.055 mL, 0.315 mmol, 

5 eq.) was added dropwise via syringe followed by Cl2BPh (0.025 mL, 0.189 mmol, 

3 eq.). The reaction mixture was stirred for 30 min and the solvent was removed 

in vacuum. The residue was purified by column chromatography (2 : 1 

dichloromethane : n-hexane). Removal of the solvent gave the product as a shiny 

blue solid. Yield: 21 mg (34 %). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -6.72 (br s, 1H, BHB), 2.13 (d, 4H, 

BPhortho, J=7.66 Hz), 5.45 (t, 4H, BPhmeta, J=7.66 Hz), 5.77 (t, 2H, BPhpara, 

J=7.66 Hz), 8.21 (d, 2H, CH, J=4.95 Hz), 8.30 (d, 2H, CH, J=4.95 Hz), 8.65 (dd, 

2H, J=4.95 Hz), 9.50 (d, 2H, CH, J=4.95 Hz).  

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -137.33 (d, 2F, Phortho, J=24.09 

Hz), -137.47 (d, 4F, Phortho, J=24.09 Hz), -151.76 (t, 1F, Phpara, J=21.37 

Hz), -151.81 (t, 2F, Phpara, J=21.37 Hz), -161.06 (t, 2F, Phmeta, J=21.37 

Hz), -161.66 (t, 4F, Phmeta, J=21.37 Hz). 

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -4.3 (br s, 2B). 

UV-vis (λmax/nm CH2Cl2): 429, 516, 552, 584, 614. 

MS (ESI) m/z: C49H19B2F15N4+H+ calc.: 971.1635, found: 971.1705. 
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4.4.2. PhBHBPh(Mes2-p-OMeP)C 

 

H3(Mes2-p-MeOP)C (40 mg, 0.062 mmol) was weighed in a Schlenk flask and 

dissolved in dry dichloromethane (10 mL) under nitrogen. NEt(iPr)2 (0.055 mL, 

0.31 mmol, 5 eq.) was added via syringe followed by Cl2BPh (0.024 mL, 0.186 

mmol, 3 eq.). The reaction mixture was stirred for 30 min at room temperature 

and the solvent was removed in vacuum. Silica gel column chromatography (2 : 1 

dichloromethane : n-hexane) was applied. The product was eluted first as a green 

fraction. Yield was 25 mg (55 %). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -6.67 (br s, 1H, BHB),  1.08 (s, 6H, 

CH3), 2.15 (s, 6H, CH3), 2.28 (d, 4H, BPhortho, J=7.56 Hz), 2.56 (s, 6H, CH3), 4.10 

(s, 3H, OCH3), 5.43 (t, 4H, BPhmeta, J=7.56 Hz), 5.79 (t, 2H, BPhpara, J=7.56 Hz), 

7.09 (s, 2H, CH), 7.24 (s, 2H, CH), 7.31 (d, 2H, CHortho, J=8.14 Hz), 8.02 (d, 2H, 

CH, J=4.65 Hz), 8.20 (d, 2H, CH, J=4.65 Hz), 8.22 (d, 2H, CHmeta, J=8.14 Hz ), 

8.36 (d, 2H, CH, J=4.65 Hz), 9.30 (d, 2H, CH, J=4.65 Hz).  

11B NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -7.8 (br s, 2B). 

UV-vis (λmax/nm CH2Cl2): 420, 442, 543, 577, 617.  

MS (ESI) m/z: C56H48B2N4O calc.: 814.4026, found: 814.3905. 

 

 

4.4.3. PhBHBPh(TT)C 
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H3(TT)C (40 mg, 0.070 mmol) was weighed in a Schlenk flask and dissolved in dry 

dichloromethane (10 mL) under nitrogen. NEt(iPr)2 (0.147 mL, 0.844 mmol, 12 

eq.) were added via syringe and then followed by Cl2BPh (0.182 mL, 1.4 mmol, 

20 eq.). The reaction mixture was stirred for 30 min and the solvent was removed 

in vacuum. The residue was purified by silica gel column chromatography (2 : 1 

dichloromethane : n-hexane). The product was eluted first as a green fraction. 

Removal of the solvent gave a green solid. Yield was 25 mg (46%). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -6.33 (br s, 1H, BHB), 2.29 (d, 4H, 

BPhortho, J=7.64 Hz), 2.62 (s, 6H, CH3), 2.74 (s, 3H, CH3), 5.44 (t, 4H, BPhmeta, 

J=7.64 Hz), 5.79 (t, 2H, BPhpara, J=7.64 Hz), 7.54 (d, 4H, Ph, J=7.56 Hz), 7.63 

(d, 2H, Ph, J=7.56 Hz), 8.02 (d, 4H, Ph, J=7.56 Hz), 8.27 (d, 2H, CH, J=4.16 Hz), 

8.28 (d, 2H, Ph, J=7.56 Hz), 8.30 (d, 2H, CH, J=4.16 Hz), 8.83 (d, 2H, CH, J=4.16 

Hz), 9.46 (d, 2H, CH, J=4.16 Hz). 

11B NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -8.9. 

13C NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 21.43, 21.56, 119.09, 119.38, 

120.21, 120.98, 124.65, 125.48, 127.85, 128.41, 129.15, 130.70, 133.70, 

135.25, 135.36, 135.91, 137.28, 137.34, 137.45, 142.90, 143.41. 

UV-vis (λmax/nm CH2Cl2): 430, 453, 547, 598, 643. 

 

4.4.4. PhBHBPh(Br8-p-CF3-P)C 

 

H3(Br8-p-CF3-P)C (24 mg, 0.0176 mmol) were weighed in a Schlenk flask and 

dissolved in 10 mL dry dichloromethane. NEt(iPr)2 (0.06 mL, 0.352 mmol, 20 eq.) 

were added via syringe and then 0.03 mL (0.211 mmol, 12 eq.) Cl2BPh were added 

under nitrogen. Reaction mixture was stirred for 30 min and the solvent was 

removed in vacuum. Silica gel column chromatography with 2 : 1 dichloromethane 
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: n-hexane was applied. The product was eluted first as a red brown fraction. Yield 

was 6 mg (22 %). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -6.24 (br s, 1H, BHB), 2.86 (d, 4H, 

BPhortho, J=7.97 Hz), 5.81 (t, 4H, BPhmeta, J=7.97 Hz), 6.15 (t, 2H, BPhpara, 

J=7.97 Hz), 7.66 (d, 2H, Ph, J=8.21 Hz), 7.71 (d, 2H, Ph, J=8.21 Hz), 7.78 (d, 

2H, Ph, J=8.21 Hz), 7.89 (d, 2H, Ph, J=8.21 Hz), 8.05 (d, 2H, Ph, J=8.21 Hz), 

8.35 (d, 2H, Ph, J=8.21 Hz). 

MS (ESI) m/z: C52H23B2Br8F9N4+H+ calc.: 1537.5623, found: 1537.5657. 

 

4.4.5. PhBB(TPFP)C 

 

PhBHBPh(TPFP)C (20 mg, 0.021 mmol) was added to a Schlenk flask and heated 

at 120 °C under high vacuum for 3 h to give the product as a blue solid. Yield: 14 

mg (75 %). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 3.13 (d, 2H, BPhortho, J=7.15 Hz), 5.70 

(t, 2H, BPhmeta, J=7.15 Hz), 5.97 (t, 1H, BPhpara, J=7.15 Hz), 8.51 (d, 1H, CH, 

J=4.47 Hz), 8.57 (d, 1H, CH, J=4.47 Hz), 8.80 (d, 1H, CH, J=4.47 Hz), 8.91 (d, 

1H, CH, J=4.47 Hz), 8.96 (d, 2H, CH, J=4.47 Hz), 9.53 (d, 1H, CH, J=4.47 Hz), 

9.82 (d, 1H, CH, J=4.47 Hz). 

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm =-135.78 (d, 1F, Phortho, J=23.53 

Hz), -136.16 (d, 1F, Phortho, J=23.53 Hz), -136.23 (d, 1F, Phortho, J=23.53 

Hz), -137.74 (d, 1F, Phortho, J=23.53 Hz), -138.07 (d, 1F, Phortho, J=23.53 

Hz), -138.41 (d, 1F, Phortho, J=23.53 Hz), -151.50 (t, 1F, Phpara, J=20.00 

Hz), -151.59 (t, 1F, Phpara, J=20.00 Hz), -151.96 (t, 1F, Phpara, J=20.00 

Hz), -160.31 (td, 1F, Phmeta, J=22.35 Hz, J=8.24 Hz), -160.67 (td, 1F, Phmeta, 

J=22.35 Hz, J=8.24 Hz), -160.94 (td, 1F, Phmeta, J=22.35 Hz, J=8.24 Hz), -161.11 

(td, 1F, Phmeta, J=22.35 Hz, J=8.24 Hz), -161.29 (td, 1F, Phmeta, J=22.35 Hz, 

J=8.24 Hz), -161.60 (td, 1F, Phmeta, J=22.35 Hz, J=8.24 Hz). 
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11B NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -2 - -6, -22. 

13C NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 20.37, 20.40, 20.45, 20.55, 114.23, 

114.78, 117.79, 117.85, 118.70, 118.89, 119.07, 119.22, 120.31, 120.99, 

121.97, 123.31, 124.25, 124.39, 124.71, 124.76, 125.58, 125.69, 125.91, 

126.35, 126.49, 126.67, 126.98, 127.83, 127.90, 127.96, 128.55, 132.12, 

132.19, 132.25, 132.90, 133.12, 133.56, 133.86, 136.63, 136.80. 

UV-vis (λmax/nm, CH2Cl2): 418, 516, 550, 612. 

MS (ESI) m/z: C43H13B2F15N4+Na+ calc.: 915.0993, found: 915.0974.  

 

4.4.6. PhBB(Mes2-p-OMeP)C 

 

PhBHBPh(Mes2-p-OMeP)C (25 mg, 0.031 mmol) was heated at 120 °C under high 

vacuum for 3 h in a Schlenk flask to give the product as green solid. Yield: 22 mg 

(96 %) 

1H NMR (CDCl3, 25 °C, 400 MHz): δ = 1.35 (s, 3H, CH3), 1.41 (s, 3H, CH3), 1.87 

(s, 3H, CH3), 2.38 (s, 3H, CH3), 2.56 (s, 3H, CH3), 2.59 (s, 3H, CH3), 3.29 (d, 2H, 

BPhortho, J=7.27 Hz), 4.11 (s, 3H, OCH3), 5.81 (t, 2H, BPhmeta, J=7.27 Hz), 5.99 

(t, 1H, BPhpara, J=7.27 Hz), 7.13 (s, 1H, Phmesityl), 7.16 (s, 1H, Phmesityl), 7.23 (s, 

1H, Phmesityl), 7.27 (d, 1H, Ph, J=8.48 Hz), 7.33 (d, 1H, Ph, J=8.48 Hz), 7.37 (s, 

1H, Phmesityl), 7.9 (d, 1H, Ph, J=8.48 Hz), 8.25 (d, 1H, Ph, J=8.48 Hz), 8.28 (d, 

1H, CH, J=4.94 Hz), 8.31 (d, 1H, CH, J=4.94 Hz), 8.54 (d, 2H, CH, J=4.94 Hz), 

8.63 (d, 1H, CH, J=4.94 Hz), 8.80 (d, 1H, CH, J=4.94 Hz), 8.26 (d, 1H, CH, J=4.94 

Hz), 9.57 (d, 1H, CH, J=4.94 Hz). 

11B NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -20, 29.7. 

13C NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 19.24, 19.49, 20.36, 20.50, 20.71, 

21.67, 28.34, 30.92, 54.55, 111.28, 111.41, 117.06, 118.93, 120.99, 121.15, 

122.27, 122.32, 124.15, 125.79, 126.27, 126.80, 127.05, 127.26, 127.35, 
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128.74, 128.97, 132.65, 132.92, 134.41, 134.48, 134.59, 135.00, 136.26, 

136.53, 136.83, 136.99, 137.29, 137.70, 138.55, 139.48, 141.01, 158.31. 

UV-vis (λmax/nm CH2Cl2): 383, 415, 435, 515, 548, 565, 609. 

MS (ESI) m/z: calc.: C50H42B2N4O+Na+ calc.: 759.3415, found: 759.3453. 

 

4.4.7. PhBB(TT)C 

 

PhBHBPh(TT)C (25 mg, 0.034 mmol) was heated at 120 °C under high vacuum 

for 3 h in a Schlenk flask to give the product as a green solid. Yield: 18 mg (90%). 

PhBB(TT)C was also made in a NMR tube in CDCl3 by heating at 70 °C for 5 hours, 

yielding in 90 %. 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 2.63 (s, 3H, CH3), 2.66 (s, 3H, CH3), 

2.74 (s, 3H, CH3), 3.22 (d, 2H, BPhortho, J=8.05 Hz), 5.78 (t, 2H, BPhmeta, 

J=8.05 Hz), 5.96 (t, 1H, BPhmeta, J=8.05 Hz), 7.56 (d, 4H, Ph, J=7.74 Hz), 7.61 

(d, 1H, Ph, J=7.74 Hz), 7.63 (d, 2H, J=7.74 Hz), 7.95 (d, 1H, Ph, J=7.74 Hz), 

8.10 (d, 2H, Ph, J=7.74 Hz), 8.23 (d, 2H, J=7.74 Hz), 8.38 (d, 1H, CH, J=4.54 Hz 

), 8.67 (d, 1H, CH, J=4.54 Hz), 8.85 (d, 2H, CH, J=4.54 Hz), 8.96 (d, 1H, CH, 

J=4.54 Hz), 8.97 (d, 1H, CH, J=4.54 Hz), 9.35 (d, 1H, CH, J=4.54 Hz), 9.63 (d, 

1H, CH, J=4.54 Hz). 

11B NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -22, 3-6. 

13C NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 20.38, 20.41, 20.46, 20.57, 114.21, 

114.78, 117.80, 117.85, 118.43, 118.69, 118.89, 119.08, 119.24, 120.33, 

120.99, 121.98, 123.30, 124.24, 124.39, 124.71, 124.77, 125.58, 125.69, 

125.90, 126.36, 126.50, 126.67, 126.97, 127.84, 127.90, 127.97, 128.23, 

128.55, 129.41, 132.15, 132.20, 132.26, 132.91, 133.12, 133.57, 133.87, 

133.95, 136.66, 136.81. 

UV-vis (λmax/nm CH2Cl2): 391, 420, 521, 554, 574, 615. 
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MS (ESI) m/z: C46H34B2N4+Na+ calc.: 687.2877, found: 687.2876; C46H34B2N4+K+ 

calc.: 703.2616, found: 703.2631. 

 

4.4.8. PhBOB(TPFP)C 

 

Using iodosyl toluene as the oxygen transfer reagent: 

PhBB(TPFP)C (10 mg, 0.011 mmol) was dissolved in dry dichloromethane (8 mL). 

Iodosyl toluene (3 mg, 0.013 mmol, 1.1 eq.) was then added under nitrogen. The 

reaction mixture was sonicated for 1 min to dissolve the iodosyl toluene and then 

stirred for 30 min at room temperature. The solvent was removed under reduced 

pressure to give PhBOB(TPFP)C as a pink solid. Yield: 3 mg (30%).  

Using t-butyl peroxide as the oxygen transfer reagent: 

PhBB(TPFP)C (15 mg, 0.023 mmol) was dissolved in dry dichloromethane (10 mL). 

Then t-butyl peroxide (2.1 µL, 0.023 mmol) was added via microsyringe. The 

reaction mixture was stirred for 20 min and the solvent was removed under 

reduced pressure to give PhBOB(TPFP)C as a pink solid. Yield: 7 mg (45%) 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 4.85 (d, 2H, BPhortho, J=7.63 Hz), 6.48 

(t, 2H, BPhmeta, J=7.63 Hz), 6.63 (t, 1H, BPhmeta, J=7.63 Hz), 7.92 (dd, 1H, CH, 

J=4.60 Hz, J=2.19 Hz), 8.21 (dd, 1H, CH, J=4.60 Hz, J=1.46 Hz), 8.45 (dd, 1H, 

CH, J=4.60 Hz, J=1.46 Hz), 8.61 (d, 1H, CH, J=4.60 Hz), 8.69 (d, 1H, CH, 

J=4.60 Hz), 9.00 (dd, 1H, CH, J=4.60 Hz, J=2.19 Hz), 9.31 (d, 1H, CH, J=4.60 

Hz), 9.69 (d, 1H, CH, J=4.60 Hz). 

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm =-135.03 (d, 1F, Phortho, 

J=23.73 Hz), -136.11 (d, 1F, Phortho, J=23.73 Hz), -136.31 (d, 1F, Phortho, 

J=23.73 Hz), -138.18 (d, 1F, Phortho, J=23.73 Hz), -138.77 (d, 1F, Phortho, 

J=23.73 Hz), -138.85 (d, 1F, Phortho, J=23.73 Hz), -151.12 (t, 1F, Phpara, 

J=21.02 Hz), -151.59 (td, 2F, Phpara, J=21.02 Hz, J=7.01 Hz), -160.23 (td, 1F, 

Phmeta, J=21.90 Hz, J=8.57 Hz), -160.48 (td, 1F, Phmeta, J=21.90 Hz, J=8.57 Hz), 
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-160.68 (td, 1F, Phmeta, J=21.90 Hz, J=8.57 Hz), -160.91 (td, 1F, Phmeta, J=21.90 

Hz, J=8.57 Hz), -161.33 (td, 1F, Phmeta, J=21.90 Hz, J=8.57 Hz), -161.63 (td, 1F, 

Phmeta, J=21.90 Hz, J=8.57 Hz). 

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -8.1, 29.6. 

UV-vis (λmax/nm CH2Cl2): 415, 512, 559, 596. 

MS (ESI) m/z: C43H13B2F15N4O+Na+ calc.: 931.0942, found: 931.0903; 

C43H13B2F15N4O+H+calc.: 909.1122, found: 909.1087; C43H13B2F15N4O+K+ calc.: 

947.0681, found: 947.0641. 

 

4.4.9. PhBOB(Mes2-p-OMeP)C 

 

PhBB(Mes2-p-OMeP)C (10 mg, 0.014 mmol) was dissolved in dry dichloromethane 

(10 mL). Iodosyl toluene (3.5 mg, 0.015 mmol, 1.1 eq.) was added under 

nitrogen. The reaction mixture was sonicated for 1 min to dissolve the iodosyl 

toluene and then stirred for 30 min at room temperature. The solvent was 

removed under reduced pressure to give PhBB(Mes2-p-OMeP)C as a pink solid. 

Yield: 4 mg (38 %). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 0.49 (s, 3H, CH3), 1.13 (s, 3H, CH3), 

1.86 (s, 3H, CH3), 1.92 (s, 3H, CH3), 2.45 (s, 3H, CH3), 2.51 (s, 3H, CH3), 2.56 

(s, 3H, CH3), 4.12 (s, 3H, OCH3), 4.87 (d, 2H, BPhortho, J=7.62 Hz), 6.47 (t, 2H, 

BPhmetha, J=7.62 Hz), 6.58 (t, 1H, BPhpara, J=7.62 Hz), 6.84 (s, 1H, Phmesityl), 7.09 

(s, 1H, Phmesityl), 7.16 (s, 1H, Phmesityl), 7.32 (d, 2H, Ph, J=8.13 Hz), 7.38 (s, 1H, 

Phmesityl), 7.65 (d, 1H, CH, J=4.56  Hz), 7.99 (d, 1H, CH, J=4.56 Hz), 8.15 (d, 2H, 

Ph, J=8.13 Hz), 8.24 (d, 1H, CH, J=4.56  Hz), 8.32 (d, 1H, CH, J=4.56 Hz), 8.43 

(d, 1H, CH, J=4.56  Hz), 8.99 (d, 1H, CH, J=4.56  Hz), 9.08 (d, 1H, CH, 

J=4.56 Hz), 9.47 (d, 1H, CH, J=4.56 Hz). 

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -6.8, 27.6. 

UV-vis (λmax/nm CH2Cl2): 410, 421, 521, 561, 595. 
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MS (ESI) m/z: C50H42B2N4O2+H+ calc.: 753.3567, found: 753.3535. 

 

4.4.10. PhBOB(TT)C 

 

PhBB(TT)C (10 mg, 0.015 mmol) was dissolved in dry dichloromethane (10 mL). 

t-Butyl peroxide (2.1 µL, 0.0215 mmol, 1.1 eq.) was added and the reaction 

mixture was stirred for 20 min. The solvent was removed under reduced pressure 

to give PhBB(TT)C as a pink solid. Yield: 5 mg (49 %). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 2.54 (s, 3H, CH3), 2.63 (s, 3H, CH3), 

2.74 (s, 3H, CH3), 4.91 (d, 2H, BPhortho, J=7.93 Hz), 6.47 (t, 2H, BPhmeta, J=7.93 

Hz), 6.59 (t, 1H, BPhmeta, J=7.93 Hz), 7.41 (d, 2H, Ph, J=7.61 Hz), 7.43 (d, 1H, 

Ph, J=7.61 Hz) 7.59 (d, 2H, Ph, J=7.61 Hz), 7.61 (d, 2H, Ph, J=7.61 Hz), 7.70 (d, 

2H, Ph, J=7.61 Hz), 8.11 (d, 2H, Ph, J=7.61 Hz), 8.13 (d, 1H, CH, J=4.76 Hz), 

8.21 (d, 1H, CH, J=4.76 Hz ), 8.25 (d, 1H, Ph, J=7.61 Hz) 8.40 (d, 1H, CH, 

J=4.76 Hz), 8.73 (d, 2H, CH, J=4.76 Hz), 9.02 (d, 1H, CH, J=4.76 Hz), 9.15 (d, 

1H, CH, J=4.76 Hz), 9.54 (d, 1H, CH, J=4.76 Hz). 

13C NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 14.19, 21.40, 21.47, 21.61, 21.64, 

22.74, 29.75, 31.63, 119.48, 119.76, 120.21, 120.30, 121.39, 122.00, 122.07, 

122.99, 123.07, 125.44, 125.82, 125.98, 127.41, 127.72, 127.93, 128.02, 

128.36, 128.46, 128.95, 128.96, 129.22, 129.28, 129.61, 130.16, 130.46, 

133.25, 133.33, 133.61, 133.95, 134.16, 134.56, 134.62, 135.67, 135.98, 

136.09, 136.59, 137.55, 137.70, 137.85, 139.31, 141.16. 

11B{1H} NMR (CDCl3, 25 °C, 128 MHz): δ/ppm = -3.1, 25.5. 

UV-vis (λmax/nm CH2Cl2): 417, 488, 565, 606. 

MS (ESI) m/z: C46H34B2N4O+Na+ calc.: 703.2826, found: 703.2832; C46H34B2N4 

calc.: 680.2928, found: 680.2939. 
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1.1.1. [FBOBF(TPFPC)][HNEt(iPr)2] 

H3(TPFP)C (20 mg, 0.025 mmol) was dissolved in CH2Cl2 (10 mL) and NEt(iPr)2 (0.089 mL, 0.502 mmol, 

20 eq) was added followed by BF3∙OEt2 (0.038 mL, 0.301 mmol, 12 eq). The reaction mixture was 

stirred for 1 h at RT. The solvent was removed under reduced pressure. The solid was washed with 

hexane and then recrystallized in 1 : 1 CH2Cl2 : n-hexane mixture, affording dark green crystals. Yield: 

10.5 mg, 44 %. 

 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 1.44 (d, 12H, NCH(CH3)2), 1.47 (t, 3H, NCH2CH3), 3.15 (q, 2H, 

NCH2CH3), 3.70 (m, 2H, NCH(CH3)2), 6.60 (br s, 1H, NH),  8.26 (d, 2H, CH, 3J=4.80 Hz), 8.29 (d, 2H, CH, 

3J=4.80 Hz), 8.62 (d, 2H, CH, 3J=4.80 Hz), 9.34 (d, 2H, CH, 3J=4.80 Hz).  

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -131.6s (br s, 2F, BF), -136.43 (d, 2F, CFortho, 

3J=24.19 Hz), -138.1 (d, 2F, CFortho, 3J=24.19 Hz), -153.8 (t, 2F, CFpara, 3J=20.43 Hz), -153.9 (t, 1F, CFpara, 

3J=20.43 Hz), -162.04 (t, 2F, CFmeta, 3J=24.36 Hz ), -162.62 (t, 1F, CFmeta, 3J=24.36 Hz). 

11B{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -10.7 ppm (br s). 

13C NMR (CDCl3, 25 °C, 100 MHz): δ/ppm = 10.92 (4C, NCH(CH3)2),  15.61 (1C, NCH2CH3),  40.50 (1C, 

NCH2CH3), 52.66 (2C, NCH(CH3)2), 116.92, 117.12, 120.32, 125.65, 128.58, 132.30, 135.25, 135.37, 

135.48, 136.06, 137.56, 137.69, 137.79, 137.91, 139.28, 139.60, 143.23, 144.10. 

MS (ESI−): C37H8B2F17N4O: Calcd.: 869.0630, found 869.0614. 

UV-vis (λmax/nm (𝜀/M-1 mol-1)): 415 (13.4×103), 571, 595. 

Fluorescence (λSoret exc./nm): 597 

 

4.4.11. [BFOBF(Mes2-p-MeOP)C)] [HNEt(iPr)2] 

H3(Mes2-p-MeOPh)C (20 mg, 0.0312 mmol) was dissolved in CH2Cl2 (10 mL). 

NEt(iPr)2 (0.111 mL, 0.625 mmol) was added followed by BF3∙OEt2 (0.047 mL, 

0.374 mmol). The reaction mixture was stirred for 1 h at RT. The solvent was 

removed in vacuum and the crude product was recrystallized in CH2Cl2/n-hexane, 

yielding a dark solid. Yield: 9.5 mg, 35 %. 
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1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm =0.81 (s, 6H, CH3
para), 1.37 (d, 12H, NCH(CH3)2), 1.39 (t, 3H, 

NCH2CH3) 2.52 (s, 6H, CH3
ortho), 2.86 (s, 6H, CH3

ortho), 3.09 (q, 2H, NCH2CH3), 3.63 (m, 2H, NCH(CH3)2), 

4.06 (s, 3H, OCH3), 6.47 (br s, 1H, NH), 6.96 (s, 2H, CHPhenyl), 7.17 (d, 2H, CHPhenyl, 3J=8.58 Hz), 7.34 (s, 

2H, CHPhenyl), 7.76 (d, 2H, CH, 3J=4.68 Hz), 7.83 (d, 2H, CH, 3J=4.68 Hz), 7.91 (d, 2H, CHPhenyl, 3J=8.58 Hz), 

8.30 (d, 2H, CH, 3J=4.68 Hz), 8.78 (d, 2H, CH, 3J=4.68 Hz). 

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -128.15 ppm (br s, 2F, BF). 

11B{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -8.9 ppm (br s). 

13C NMR (CDCl3, 25 °C, 100 MHz): δ/ppm = 10.53 (4C, NCH(CH3)2), 16.83 (1C NCH2CH3), 20.34 (4C, CH3), 

21.12 (2C, CH3), 40.48 (1C, NCH2CH3), 52.30 (2C, NCH(CH3)2), 54.45 (1C, OCH3), 110.57, 115.68, 116.04, 

116.67, 117.21, 125.55, 126.50, 126.56, 126.66, 133.82, 134.06, 135.20, 135.83, 137.13, 139.09, 

140.69, 142.16, 142.93. 

MS (ESI−): C44H37B2F2N4O2: calc.:713.3090, found 713.3065. 

UV-vis (λmax/nm (𝜀/M-1 mol-1)): 418 (8.8×103), 429, 580, 604. 

Fluorescence (λSoret exc./nm): 602 
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5.  Group 16 and 17 corrole complexes  

Corrole is known to be a very versatile ligand as it can accommodate from the very 

small boron element up to the bigger elements uranium or gold for instant.80, 81 The 

corrole ligand is able to host only one boron element, which is unique compared to  

boron porphyrin complexes. Not many main group corrole complexes are known so 

far, especially none of group 16 and 17 elements. The only comparable complex is 

the tellurium porphyrin complex [Te(TTP)Cl2], which showed coordination by only 

three porphyrin nitrogens instead of all four nitrogens, due to the stereochemically 

active lone pair at the tellurium(IV).46 Therefor we expected corrole, as a trianionic 

ligand, to be an even better fit for tellurium and the analogue selenium. Furthermore, 

corrole is known to stabilise metals in high oxidation states, therefor we thought 

corrole might be able to stabilise iodonium(III) as he very first halonium corrole 

complex. 

 

5.1. Selenium corrole 

Although selenium is an essential trace element, it is toxic if taken in excess. 

Elemental selenium and most metallic selenides containing Se2- have relatively low 

toxicities because of their low bioavailability, but exceeding the tolerable upper intake 

level of 400 micrograms per day can lead to selenium poisoning. In contrast, 

selenates (SeO4
2-) and selenites (SeO3

2-) are very toxic, having an oxidant mode of 

action similar to that of arsenic trioxide. Selenium poisoning of water systems may 

result whenever new agricultural runoff courses through normally dry undeveloped 

lands. This process leaches natural soluble selenium compounds into the water, 

which may then be concentrated in wetlands as the water evaporates.82 Therefore it 

is important to investigate suitable ligands which are able to stabilize these highly 

reactive and toxic selenium compounds. As no selenium corroles are reported to 

date, we wanted to investigate this issue. Similar synthetic methods to those applied 

for the synthesis of lanthanide corroles were considered.  

The successful coordination of selenium(IV) into a porphyrin has not yet been 

reported. 

A number of synthetic methods were tried using free base porphyrin or lithiated 

porphyrin with O=SeCl2 or O=Se(NMe2)2 in toluene or THF. However, all these 
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reactions led to the diprotonated porphyrin dication [H4TTP]2+ (Figure 86), indicating 

the reluctance of selenium to insert into the porphyrin core.47 In contrast Yamamoto 

et al. reported the reaction of lithiated porphyrin with O=SCl2 resulting in an oxidized 

16π electron porphyrin.48a  

 

Figure 86: Synthetic methods of free base porphyrin or lithiated porphyrin with 

O=SeCl2 or O=Se(NMe2)2. 

 

5.1.1. Synthesis 

Salt metathesis was chosen for the synthesis method as it is proven to be a clean, 

high-yielding reaction, which only requires the removal of the salt byproduct (Figure 

87). With the availability of lithium corrole Arnold et al. showed, for example, that it 

is a good precursor for zirconium corrole using the salt metathesis reaction.40 

Lithium corrole and selenium tetrachloride were combined in a Schlenk flask. The 

flask was cooled to -40 ºC and THF was added by cannula. The solution was allowed 

to warm to room temperature and stirred overnight, during which time a gradual 

colour change from bright green to brown/green was observed. The solvent volume 

was reduced under vacuum and hexane was added under nitrogen. The reaction 

mixture was centrifuged to separate the salt byproduct and the solution was 

decanted and filtered to remove any remaining salt. The solvent was removed and 

the product was dried under high vacuum. Complexes tentatively characterised as 

[Se(Mes2-p-OMeOP)C]2Cl2 (69 %), [Se(TT)C]2Cl2 (79 %) were obtained as a 

brown/green solid and [Se(TPFP)C]2Cl2 (73 %) was a dark green solid. Mass 

spectrometry results indicated dimeric complex formation of the selenium corroles, 

which is discussed in paragraph 5.1.2.3. THF as reaction solvent could be replaced 

by toluene, but the selenium corrole complexes showed a low solubility in n-hexane 

and a lower solubility in chloroform than the starting corrole complex.  

 

Figure 87: General reaction scheme for [Se(cor)]2Cl2 synthesis in THF or toluene. 
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After the reaction of Li3(cor)(THF)6 with SeCl4 was established, Na2(Hcor)(THF)3 and 

K2(Hcor)(THF) were tried as precursors for the salt metathesis. The same colour 

changes and similar yields were observed as in the previous reactions using the 

lithium corrole, and also UV-vis and NMR data showed very similar results. Therefore 

it was established that the synthesis of [Se(cor)]2Cl2 is independent of which alkali 

metal corrole precursor is used. 

[Se(Cor)]2Cl2 can be stored as a solid for couple of weeks under nitrogen without 

noticeable degradation. It decomposes at temperatures higher than 300 °C.  

 

5.1.2. Characterisation 

5.1.2.1. 1H NMR spectroscopy 

The first characterisation method was 1H NMR spectroscopy. Due to extreme 

moisture sensitivity, special air tight NMR tubes and dried deuterated solvents were 

required. The NMR samples were prepared in a glovebox.  

 

Figure 88: 1H NMR spectrum of [Se(TT)C]2Cl2 in CDCl3 at 300 MHz. 

Shown in Figure 88 is the 1H NMR spectrum of [Se(TT)C]2Cl2 as an example for the 

three selenium corrole complexes obtained. The methyl groups at 2.47 and 2.50 ppm 

integrate as 1:2. In all cases the signals undergo a broadening and an upfield shift 

relative to the free base corrole. The aryl group signals are shifted upfield from 

7.5 - 8.2 ppm to the range 6.9 - 7.9 ppm compared to free base corrole. The β-
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pyrrole hydrogens give rise to broad signals at 7.4 - 8.0 ppm. No internal NH 

hydrogens are observed, which leads to the conclusion that coordination has occured. 

 

5.1.2.2. UV-vis spectroscopy 

The simplest characterisation method for these complexes is UV-vis spectroscopy. 

For this method the samples needed to be prepared and measured under nitrogen in 

an air-tight cuvette. Dried and degassed THF was used as solvent.  

 

Table 26: UV-vis absorbance maxima wavelength (nm) of [Se(cor)]2Cl2 and the 

equivalent free base corroles in THF. 

 Soret band Q-Bands 

[Se(Mes2-p-OMeP)C]2Cl2 391 558, 727 

Li3(Mes2-p-OMeP)C 422, 446 587, 626 

H3(Mes2-p-OMeP)C 413, 432 566, 575, 615, 647 

[Se(TPFP)C]2Cl2 429 584, 645 

Li3(TPFP)C 436 620, 654 

H3TPFPC 408 562, 604 

[Se(TT)C]2Cl2 420 568, 610, 661 

Li3(TT)C 421, 442 532, 589, 638 

H3TTC 420 585, 628, 660 

 

Table 26 shows that for [Se(TPFP)C]2Cl2 a red shift of 21 nm and for [Se(Mes2-p-

OMeP)C]2Cl2 a blue shift of 22 nm are observed for the Soret band, whereas 

[Se(TT)C]2Cl2 has no apparent shift in the Soret band shift (Figure 89). The blue shift 

and disappearance of Q-bands indicates the oxidation of the corrole, very likely from 

a 18π- to a 16 π-electron corrole system, as described by Yamato et al,48b that could 

be the reason why no internal NH hydrogens were observed in 1H NMR. The Q-bands 

change and experience a shift in all three selenium corrole complexes, which 



Chapter 5 

145 
 

indicates that no free base is in solution. The UV-vis spectra also clearly differentiate 

from the starting material Li3(cor)(THF)6, good evidence that therefore we can 

assume a coordination has occured. 

 

 

 

Figure 89: UV-vis spectra of selenium corroles. [Se(TPFP)C]2Cl2 (top), [Se(TT)C]2Cl2 

(middle) and [Se(Mes2-p-OMeP)C]2Cl2 (bottom). 
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5.1.2.3. Mass spectrometry 

The selenium corrole species showed a high air and moisture sensitivity, thus 

extreme precautions had to be taken, and therefore the spectra had to be measured 

within a few seconds after the sample was injected. Only one selenium corrole could 

be identified, as these measurements were carried out at the University of California 

at Berkeley. The main peak observed was free base corrole, due to the instability of 

this complex. The second signal accounted for a protonated selenium corrole dimer 

species with two chlorides ([[Se(Mes2-p-OMeP)C]-(µ-Cl)2-[Se(Mes2-p-OMeP)C]+H]+ 

calc.: 1505.3715, found: 1505.3756). From this observation we concluded that the 

actual selenium corrole species is a dimer with two µ-bridging chlorides. This would 

be in agreement with the only observed tellurium porphyrin.46 Another small signal 

for a single selenium corrole with one chloride and proton was detected as well 

([[Se(Mes2-p-OMeP)C]Cl+H]+ calc.: 752.1816, found: 752.1832), which represents 

the cleaved selenium corrole dimer complex. 
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5.1.2.4. DFT calculation 

DFT structure optimisations (Figure 90) were performed by Dr Hugo Vasquez-Lima 

in the research group of Professor Abhik Ghosh at UiT The Arctic University of 

Norway.  

 

 

Figure 90: DFT optimised structure of [Se(cor)]2Cl2 with labelling scheme.  

 

 

 

 

 

 

 



Chapter 5 

148 
 

Table 27: Selected distances and angles from DFT structure optimisation for 

[Se(cor)]2Cl2. 

Distances (Å) Angles (°) 

N1-Se1 1.98503 N1-Se1-N3 142.66 

N2-Se1 2.13529 N2-Se1-N4 127.06 

N3-Se1 2.07019 N40-Se38-N42 135.06 

N4-Se1 1.94731 N39-Se38-N41 141.42 

N39-Se38 1.97901 N1-Se1-Cl25 110.47 

N40-Se38 2.17178 N2-Se1-Cl25 150.98 

N41-Se38 2.09842 N3-Se1-Cl25 97.75 

N42-Se38 1.95563 N4-Se1-Cl25 81.95 

Se1-Cl25 2.59147 N39-Se38-Cl37 119.7 

Se1-Cl37 3.09175 N40-Se38-Cl37 138.2 

Se1-Se38 3.89844 N41-Se38-Cl37 91.29 

Se38-Cl37 2.53283 N42-Se38-Cl37 82.74 

Se38-Cl25 3.04366   

 

The average N-Se1 and N-Se38 distances are 2.034 Å and 2.051 Å, respectively, 

which are shorter by 0.29 Å than the Te-N distances in the published tellurium 

porphyrin (2.170 Å - 2.595 Å), whereas the difference in the covalent radii of Se and 

Te is only 0.19 Å (Table 27).46 The long Se-N distances are just at the edge of the 

sum of the covalent radii of 2.15 Å with the distance in the top complex being withing 

this sum, whereas the complex on the bottom has the longest Se-N distance outside 

the sum with 2.172 Å. Another example of Se-N and Te-N distances are in the 

trimethylsilyl amide complexes, Te[N(SiMe3)2]2 and Se[N(SiMe3)2]2, where these 

distances are described as very short with 1.68 Å for Se-N and 2.28 Å for Te-N.83 

The Se1-Cl25 and Se38-Cl37 distances are 2.591 Å and 2.533 Å, respectively, which 

exceed the Te-Cl distances in the porphyrin complex, but are longer compared to 
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Se-Cl distance in SeCl2 (2.157(3) Å).84 Overall, the complex is not quite 

centrosymmetric, and the second Se-Cl chloride distances (Se1-Cl37 and Se38-Cl25, 

3.092 and 3.044 Å, respectively) are too long to be assigned as covalent bonds, but 

are within the sum of the Van-der-Waals radii (3.65 Å). The coordination geometry 

of the selenium atom can be described as trigonal bipyramidal geometry with two 

nitrogens as the equatorial atoms and one nitrogen and the chloride as the axial 

atoms. 
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5.2. Tellurium corrole 

Tellurium is very toxic and teratogenic. Exposure to as little as 0.01 mg/m2 or less 

leads to tellurium breath, which has a garlic-like odour. Tellurium intoxications are 

rare, as it is of low abundance in the earth’s crust, and almost exclusive occurs to 

occupationally exposed workers. Tellurium is found most commonly as a by-product 

from the electrolytic refining of copper. Its main uses are cadmium telluride solar 

panels, the vulcanization of rubber and in alloys of copper, steel, lead, and bronze. 

In addition, tellurium is used in metal-oxidizing solutions to blacken or tarnish 

metals.85 It forms many compounds corresponding to those of sulfur and selenium, 

therefore we investigated the synthesis of tellurium corroles, especially as the 

tellurium porphyrin showed a very interesting and unusual coordination mode. 

The tellurium porphyrin complex showed a new coordination chemistry of the 

porphyrin. The crystal structure of [Te(TTP)Cl2] showed two porphyrin molecules with 

an inversion center and a square pyramidal tellurium coordination sphere (Figure 

91), with a five-coordinate geometry for the Te(IV), due to the stereochemically 

active electron lone pair.  

 

Figure 91: Sketch of the structure of tellurium porphyrin complex with a square 

pyramidal coordination sphere. 

Another example of a bimetallic main group corrole complex is 

(TPFPC)SnCH2Sn(TPFPC), produced from the [(TPFPC)SnII]- anion with CH2Br2. The 

one-carbon-bridged SnIV-CH2-SnIV dimer was identified by comparing the distinctive 

pyrrolic proton resonances. The four sets of pyrrolic hydrogens in the monocorrole 

(TPFPC)SnCH3 occur in a 0.5 ppm range, but in the dinuclear complex they occur 

over a wider range of 1.2 ppm (δ = 9.13 – 7.93 ppm) due to the local magnetic field 

from the combined ring currents of adjacent corrole rings.74 The methylene protons 

between the two corrole planes experience the combined shielding ring current 
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effects associated with two aromatic rings. The resonance for the methylene bridge 

in 1H NMR spectrum occurs at -8.04 ppm. The UV-vis spectrum of the same 

compound experiencea shift of the Soret-band to shorter wavelength and a 

significant broadening of both the Soret and Q-bands.74 

 

5.2.1. Synthesis 

5.2.1.1. Method 1 

The same synthesis method for the tellurium corrole as for the selenium corrole was 

adopted, starting from the lithium corrole Li3(cor)(THF)6 using a salt metathesis 

reaction with tellurium tetrachloride under inert atmosphere (Figure 92). Three 

different corroles were used, trispentafluorophenylcorrole, tritolylcorrole and 

bismesityl-4-methoxyphenylcorrole. 

 

Figure 92: General reaction scheme for [Te(cor)]2Cl2 (cor = TPFP, TTC, Mes2-p-

OMeP)C) synthesis in THF. 

 

The lithium corrole and tellurium tetrachloride were combined as solids in a Schlenk 

flask, which was then cooled to -40 ºC and THF or toluene was added by cannula. No 

differences were observed by changing the solvent from THF to toluene. After 30 min 

the solution was allowed to warm to room temperature and stirred overnight. In that 

time a gradual colour change from bright green to brown/green was observed. The 

solvent was reduced under vacuum and hexane was added under nitrogen. The 

reaction mixture was centrifuged to separate the salt by-product, and the solution 

was decanted and filtered to remove any remaining salt. The solvent was removed 

and the product was dried in high vacuum. Complexes tentatively identified as 

[Te(Mes2-p-OMeOP)C]2Cl2 (46 %), [Te(TT)C]2Cl2 (54 %), [Te(TPFP)C]2Cl2 (62 %) 

were obtained as sticky brown solids. 
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5.2.1.2. Method 2 

Another synthesis method was tried in an attempt to improve the yield and to obtain 

a powder instead of a sticky solid by avoiding production of a salt as the by-product. 

Therefore the reaction of free base corrole, H3TPFPC with Te[N(SiMe3)2]2 was carried 

out in THF (Figure 93). Te[N(SiMe3)2]2 was prepared according to literature, using 

lithium bistrimethylsilyl amide and tellurium tetrachloride.86 The tellurium in 

Te[N(SiMe3)2]2 has an oxidation state of +II, therefore a different coordination mode 

might be expected, which does not have all four nitrogens coordinated.  

 

Figure 93: Proposed reaction using synthesis method 2. 

5.2.2. Characterisation 

5.2.2.1. 1H NMR spectroscopy 

Due to extreme moisture sensitivity, special air tight NMR tubes and dried deuterated 

solvent were required. The NMR samples were prepared in a glovebox.  

 

 

Figure 94: 1H NMR spectrum of [Te(TT)C]2Cl2 in CDCl3 at 500 MHz. [Te(TT)C]2Cl2 

signals are marked with *. 

 

The 1H NMR spectrum of [Te(TT)C]2Cl2 prepared by method 1 shows that the four 

ß-pyrrolic signals are downfield shifted by 0.5 ppm compared to the free base corrole 

(Figure 94). The aryl signals at the meso-position appear at the same place as for 
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the free base corrole. The methyl signals at 2.68 and 2.41 ppm integrate roughly 

2:1. No internal hydrogens are observed. 

 

 

Figure 95: 1H NMR spectrum in CDCl3 of the product after the reaction by method 2, 

showing free base corrole. 

The initial conclusion from the 1H NMR spectrum in Figure 95 was that coordination 

had occurred, because no internal hydrogens are observed and the lower ppm 

doublets in the region 8.5-8.6 ppm are not overlapping as observed in the spectrum 

of the free base corrole. A close look at the chemical shifts and the sharpness of the 

ß-pyrrolic signals, however, lead to the conclusion that no coordination had happened 

as in all the other 1H NMR spectrum of tellurium corrole complexes a broadening and 

small downfield shift of the β-pyrrolic hydrogens is observed. This was confirmed 

later by UV-vis spectroscopy showing absorbance for free base corrole. 

 

 

5.2.2.2. UV-vis spectroscopy 

The simplest characterisation method for these complexes is UV-vis spectroscopy. 

For this method the samples needed to be prepared and measured under nitrogen in 

an air-tight cuvette. Dried and degassed THF was used as solvent.  
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Table 28: UV-vis absorbance maxima wavelength in nm of [Te(cor)]2Cl2 and the 

equivalent free base corroles in THF. 

 Soret band Q-Bands 

[Te(Mes2-p-OMeP)C]2Cl2 390 557, 730 

H3(Mes2-p-OMeP)C 413, 432 566, 575, 615, 647 

[Te(TPFP)C]2Cl2 410 566, 604 

H3(TPFP)C 408 562, 604 

[Te(TT)C]2Cl2 420 581, 630, 657 

H3(TT)C 420 585, 628, 660 

 

Table 28 shows a blue shift for the Soret band in [Te(Mes2-p-OMeP)C]2Cl2 and a 

decreased number of Q-bands. The UV-vis spectrum of [Te(TPFP)C]2Cl2 shows a 

small red shift of the Soret band, but less shifted than for the [Se(TPFP)C]2Cl2. 

[Te(TT)C]2Cl2 had no shift and showed a very similar spectrum to the free base 

corrole (Figure 96).  

These are very similar results to the [Se(cor)2]Cl2 UV-vis spectra. The blue shift for 

[Te(Mes2-p-OMeP)C]2Cl2 indicates no tellurium coordination, but a corrole oxidation 

as observed for the [Se(Mes2-p-OMeP)C]2Cl2 and described by Grubisha et al. in the 

study of the preparation of selenium porphyrin.47 [Te(TT)C]2Cl2 might be a mixture 

of free base corrole and the dimeric corrole complex. Under the dilute conditions 

employed for recording UV-vis spectra the major content was free base corrole. 

[Te(TPFP)C]2Cl2 shows the most promising result, although it could be a mixture of 

free base corrole and the [Te(TPFP)C]2Cl2 complex, due to a less red shift observed 

as for the [Se(TPFP)C]2Cl2. The electron-withdrawing tripentafluorophenylcorrole 

appears to stabilise the tellurium complex the most, whereas tritolylcorrole seems to 

be more facile. 
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Figure 96: UV-vis spectra of [Te(TPFP)C]2Cl2 (top), [Te(TT)C]2Cl2 (middle) and 

[Te(Mes2-p-OMeP)C]2Cl2 (bottom) in THF. 
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5.2.2.3. Mass spectrometry 

The tellurium corrole species show a high air and moisture sensitivity, thus extreme 

precautions had to be taken, and the spectra had to be measured within a few 

seconds after the sample was injected. Only one tellurium corrole, the [Te(Mes2-p-

OMeP)C]2Cl2 could be identified by MS. The measurements were carried out at the 

University of California at Berkeley. 

The main peak found was for the free base H3(Mes2-p-OMeP)C, due to the liability of 

this complex. The next signal was for the dimer tellurium complex with just one 

bridging chloride, assumingly the other chloride was already fallen off in the 

environment of the mass spectrometer ([Te(Mes2-p-OMeP)C]2Cl]+ calc.: 1567.3725, 

found: 1567.3768). Another tellurium species observed in small quantity was the 

monomer tellurium corrole ([Te(Mes2-p-OMeP)C]+ calc.: 767.2024, found: 

767.2027). From these results we concluded that except the formed tellurium corrole 

is similar to the selenium corrole by forming a dimeric complex with two µ-bridging 

chlorides as discussed before and that would be also in good agreement with the 

analogous tellurium porphyrin. 
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5.2.2.4. DFT calculation 

DFT structure optimisations (Figure 97) were performed by Dr Hugo Vasquez-Lima 

in the research group of Professor Abhik Ghosh and at UiT The Arctic University of 

Norway.  

 

 

Figure 97: DFT optimised structure of [Te(cor)]2Cl2 with labelling scheme. 
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Table 29: Selected distances and angles for the DFT structure optimization for 

[Te(cor)]2Cl2. 

Distances (Å) Angles (°) 

N1-Te1 2.10682 N1-Te1-N3 123.99 

N2-Te1 2.16863 N2-Te1-N4 121.38 

N3-Te1 2.20803 N5-Te2-N7 122.67 

N4-Te1 2.15729 N6-Te2-N8 120.95 

N5-Te2 2.09871 Cl1-Te1-Cl2 75.95 

N6-Te2 2.23216 Cl1-Te2-Cl2 75.71 

N7-Te2 2.23216 N1-Te1-Cl1 85.87 

N8-Te2 2.16096 N2-Te1-Cl1 81.46 

Te1-Cl1 2.80298 N3-Te1-Cl1 139.41 

Te1-Cl2 2.86300 N4-Te1-Cl1 149.73 

Te2-Cl1 2.87763 N5-Te2-Cl2 87.12 

Te2-Cl2 2.80298 N6-Te2-Cl2 79.81 

Te1-Te2 4.03597 N7-Te2-Cl2 137.58 

  N8-Te2-Cl2 152.32 

  Te1-Cl1-Te2 90.84 

  Te1-Cl2-Te2 90.55 

 

The average N-Te1 and N-Te2 distances (Table 29) are 2.144 Å and 2.146 Å, 

respectively. The Te1-N3 and Te2-N7 distances are not included in the average as 

these are not judged to be a covalent bond, exceeding 2.2 Å. In contrast to the 

selenium corrole dimer, the two Te-Cl distances are quite similar, showing that both 

chlorides of each Te atom are bonded the same way. The average N-Te distance is 

shorter by about 0.1 Å than in the molecular structure of [Te(TTP)Cl2] and no 

crystallographic inversion centre is observed as the mean corrole planes are tilted by 
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around 90° with respect to one another. The coordination geometry is trigonal 

pyramidal compared to the square pyramidal geometry of [Te(TTP)Cl2], due to one 

less chloride covalently bonded to the tellurium. The corrole ring shows a slightly 

domed conformation, which is similar to the calculated [Te(por)Cl2] structure, but 

not in the porphyrin molecular structure, where the porphyrin adopted a saddled 

conformation.46  
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5.3. Iodine corrole 

Iodine is a naturally occurring chemical. Small amounts are needed for good health. 

However, large doses can be toxic. Iodine has moderately strong oxidizing 

properties. There are no known iodine porphyrinoid complexes. The closest iodine 

coordination complex is [IPy2][BF4], a bispyridine iodinium cation, a so-called 

Barluenga reagent, which acts as an iodinating and oxidizing reagent. The N-I-N bond 

angle of the iodinium cation is nearly linear and symmetric and the I-N bond length 

is 2.259 Å. 

 

5.3.1. Synthesis 

The same synthesis method for iodine corrole as for the group 16 corrole complexes 

was used, starting from lithium corrole using a metathesis reaction with iodine 

trichloride under inert atmosphere (Figure 98). 

 

Figure 98: General reaction scheme for [I(Cor)](THF)5-8 synthesis in THF. 

 

Lithium corrole and iodine trichloride were combined in a Schlenk flask, which 

resulted in some light smoking. The Schlenk flask was cooled to -40 ºC and THF was 

added via cannula. The solution changed to a dark green. The solution was allowed 

to warm to room temperature and stirred overnight. The solvent volume was reduced 

and hexane was added under nitrogen. The reaction mixture was centrifuged to 

separate the salt by-product from the solution, the solution was decanted and filtered 

to remove any remaining salt. The solvent was removed and the product was dried 

in high vacuum resulting in a green fine powder. Complexes tentatively assigned as 

I(cor) were isolated. [I(Mes2-p-OMeOP)C] (91 %), [I(TT)C] (86 %), [I(TPFP)C] 

(94 %).  
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5.3.2. Characterisation 

5.3.2.1. 1H NMR spectroscopy 

Due to extreme moisture sensitivity, special air tight NMR tubes and dried deuterated 

solvent were required. The NMR samples were prepared in a glovebox.  

 

 

Figure 99: 1H NMR spectrum of [I(TPFP)C](THF)6 in C6D6. ß-Pyrrolic hydrogen are 

marked with *. 

The 1H NMR spectrum (Figure 99) shows eight broad doublets in the range of 8.0 - 

9.5 ppm, indicating that each ß-pyrrolic hydrogen is chemically unique. No internal 

NH hydrogens are observed in the region of -1 to -3 ppm, suggesting that the corrole 

ring is completely deprotonated and iodine coordination through three nitrogens is 

very likely. The number of coordinated solvent molecules varies from 5-8 THF 

molecules, determined by integration of the solvent signals and corrole signals. 
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5.3.2.2. UV-vis spectroscopy 

For UV-vis spectroscopy the samples needed to be prepared and measured under 

nitrogen in an air-tight cuvette. Dried and degassed THF was used as solvent.  

 

Table 30: UV-vis absorbance maxima wavelength in nm of [I(cor)] and the equivalent 

free base corroles in THF. 

 Soret band Q-Bands 

[I(Mes2-p-OMeP)C] 416 566, 654 

H3(Mes2-p-OMeP)C 413, 432 566, 575, 615, 647 

[I(TPFP)C] 430 624 

H3TPFPC 408 562, 604 

[I(TT)C] 420 571, 662 

H3TTC 420 585, 628, 660 

 

Table 30 shows that the iodine coordination gives rise to a small red-shift in [I(Mes2-

p-OMeP)C] and [I(TPFP)C] for the Soret band with a very strong red-shift of 22 nm 

in the case of [I(TPFP)C]. For all three complexes the number of Q-bands is reduced 

and the lowest energy Q-band has a slight increased absorbance (Figure 100). 
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Figure 100: UV-vis spectra of [I(TPFP)C] (top), [I(TT)C] (middle) and [I(Mes2-p-

OMeP)C] (bottom) in THF. 
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5.3.2.3. Mass spectrometry 

The iodine corrole showed the same air and moisture sensitivity as the group 16 

corroles, thus the same precautions were taken. The spectra were measured within 

a few seconds after the sample was injected. Two iodine corroles could be identified, 

the measurements were undertaken at the University of California at Berkeley. 

One ion was found for the iodine pentafluorophenylcorrole ([HI(TPFP)C+H]+ calc.: 

922.9783, found: 922.9790). 

For the iodine dimesityl-p-methoxyphenylcorrole complex the main peak observed 

was the protonated complex with two chlorides. ([[I(Mes2-p-OMeP)C]Cl2+H]+ calc.: 

835.1462, found:835.1470). From this observation the postulated iodine corrole 

structure has two chlorides bond to the iodine [I(cor)]Cl2. If this is the case and the 

chlorides were not completely removed as MCl salt, the oxidation state of the iodine 

must have been oxidized from +III to +V during the reaction, while obtaining the 

coordination through three corrole nitrogens. Based on this mass spectrum result the 

formulated species will be [I(cor)]Cl2 in the following paragraphs. 

 

5.3.2.4. DFT calculations 

The mass spectrometry results raise a few questions about the iodine coordination 

number and geometry. Therefore DFT structure optimizations (Figure 101) were 

performed by Dr Hugo Vasquez-Lima in the research group of Professor Abhik Ghosh 

at UiT The Arctic University of Norway.  

 

 



Chapter 5 

165 
 

 

 

 

 

 

 

 

 

Figure 101: DFT optimised structures of [I(cor)]Cl2 (left) and [I(cor)Cl2]2 (right) with 

labelling schemes. 

 

Table 31: Selected distances and angles from DFT optimised [I(cor)Cl2]2 structure. 

 Distances (Å)  Angles (°) 

N1-I1 2.17024 N4-I1-N2 115.721 

N2-I1 2.17087 N3-I1-N1 115.734 

N3-I1 2.2729 Cl3-I1-Cl4 84.463 

N4-I1 2.2725 Cl4-I1-Cl1 81.008 

N5-I2 2.17024 Cl3-I1-Cl1 81.003 

N6-I2 2.17013 N4-I1-Cl4 118.678 

N7-I2 2.27229 N3-I1-Cl4 75.100 

N8-I2 2.27298 N3-I1-Cl3 118.679 

I1-Cl1/I2-Cl2 2.50235 N1-I1-Cl3 95.840 

I1-Cl3/I2-Cl4 2.80593 N1-I1-Cl4 166.792 

I1-Cl4/I2-Cl3 2.80581 N2-I1-Cl4 95.857 

I1∙··I2 4.15512 N2-I1-Cl3 166.788 
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The dimer [I(cor)Cl2]2 structure shows the two corrole rings have an inversion centre 

with an average N-I distance of 2.222 Å and an average I-Cl distance of 2.705 Å 

(Table 31). The iodine sit 65° out of the N4 plane and the corrole ring is hardly 

distorted at all.  

The observed change of oxidation state from I(III) to I(V), would make the iodine 

corrole complex I(cor)Cl2 isoelectronic to the Te(IV) porphyrin complex Te(por)Cl2. 

Results from DFT calculations showed that if the calculated structures of the iodine 

corrole [I(cor)Cl2]2 with the crystallographic structure of [Te(TTP)Cl2]2, are overlap, 

they match up well (Figure 102). This DFT calculations show that the iodine corrole 

complex is very similar to the group 16 corroles, just due to the lability in the mass 

spectrometer the dimeric structure was not observed. 

 

Figure 102: DFT calculations showing the good match of the overlapped [Te(TTP)Cl2]2 

and [I(TTC)Cl2]2 structures (purple for iodine, pink for tellurium and green for 

chlorine atoms). 
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5.4. Summary 

Group 16 and 17 corroles were prepared using the salt metathesis reaction from 

lithium corrole and the Group 16 tetrachloride or ICl3 salts. This reaction was 

accomplished for three different corroles with different properties. UV-vis 

spectroscopy showed that the trispentafluorophenylcorrole is the most stable and 

therefore the most suitable corrole for this reaction. The reaction with tritolylcorrole 

showed mixed results as no red-shift for the Soret band is observed and hardly any 

change in the Q-bands was observed compared to free base corrole. This suggests 

that tritolylcorrole is easily demetallated and forms free base corrole when any traces 

of moisture are present. The dimesityl-p-methoxyphenylcorrole seems to be the 

most unstable corrole and was oxidised under these reaction conditions with SeCl4 

and TeCl4. Although the main species was the oxidised dimesityl-p-

methoxyphenylcorrole, traces of dimeric corrole structures [Se(Mes2-p-OMeP)C]2Cl2 

and [Te(Mes2-p-OMeP)C]2Cl2 were observed in the mass spectrometry analysis. 

Typical peripheral substitutions at the β-pyrrolic positions are formylation or nitration 

reactions, for example. These substitutions happen at the 3-position as the main 

product, 2,17-position or even less likely at the 2, 3 and 17 position, but only on 

metallocorroles with a coordinated Ga, Ge, Al or Ag cation.87,87b Peripheral 

substitution can be excluded as the integration in the 1H NMR spectra still accounts 

for eight β-pyrrolic protons. A monomeric iodine corrole with two chlorides was found 

in the mass spectrometry indicating a change in the oxidation state from I(III) to 

I(V). DFT calculations confirmed the proposed dimeric structures as very likely, 

especially the I(V)(cor)Cl2 showed an isoelectronic structure to the fully characterised 

tellurium(IV) porphyrin complex [Te(TTP)Cl2]2. The extreme moisture sensitivity of 

these complexes made the full characterisation challenging and further attempts 

need to be made to obtain X-ray structures. 
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5.5. Experimental part 

All compounds were handled under nitrogen either using Schlenkline technique or a 

Unilab plus Eco glove box from MBraun. Dry solvents were obtained from a solvent 

purifier from LC Technology Solutions Inc. and subsequently dried over 

Na/benzophenone. Deuterated solvents were dried over CaH2 and distilled under 

nitrogen. Li(N(TMS)2) was either used as solid premade by literature methods or 

used as a 1 M solution in toluene purchased from Sigma-Aldrich.88 Na(N(TMS)2) was 

used as a solid prepared by a literature method and K(N(TMS)2) was used as a 

solution 0.5 M in toluene purchased from Sigma-Aldrich.65 J. Young valve NMR 

sample tubes were purchased from Wilmad LabGlass and NMR samples were 

measured on 300, 400, 400pl and 500 Bruker NMR machines. UV-vis spectra were 

recorded on a Shimadzu UV-3600 Plus instrument with suba-sealed 10 mm air tight 

cuvette. The UV-vis spectra were normalised in the absorbance to enable a quick 

comparison between corrole complex and the analogue free base corrole. Due to the 

extreme moisture sensitivity in low concentrations, no time was spend on making 

exact concentrations, therefore no molar absorption coefficients were calculated. 

Some samples were prepared and measured at the University of California at 

Berkeley. UV-visible spectra were determined with a Varian Cary 50UV-vis 

spectrophotometer using a 1 mm quartz cell and the mass spectral data (ESI-MS, 

positive mode) were obtained at the Berkeley Microanalytical Facility. NMR solvent 

C6D6 was dried over Na/benzophenone, and vacuum transferred. All NMR spectra 

were obtained at ambient temperature using Bruker AVB-400 or AVQ-400 

spectrometers. 
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5.5.1. [Se(Mes2-p-OMeP)C]2Cl2 

 

Li3(Mes2-p-OMeP)C(THF)6 (100 mg, 0.0.092 mmol) was weighed into a Schlenk flask. 

SeCl4 (22.3 mg, 0.100 mmol, 1.1 eq.) was added under nitrogen. The flask was 

cooled to -40 °C and then 10 mL THF was added via cannula. The reaction mixture 

turned brown immediately. It was stirred for 5 min at -40 °C and then warmed to 

room temperature and stirred overnight. The volume was reduced to about 4 mL and 

3 mL hexane was added. The reaction mixture was centrifuged and afterwards the 

solution was filtered through a pipette. The solvent was pumped off and dried in high 

vacuum. A brown purple sticky solid was obtained (66 mg, 69 %). 

 

1H NMR (C6D6, 25 °C, 400 MHz): δ/ppm = 2.46 (s, 6H, CH3), 3.52 (s, 3H, OCH3), 

6.59 (br s, 2H, CHPh), 6.71 (br s, 2H, CHPh), 6.76 (br s, 2H, CHPh), 7.04 (br s, 2H, 

CHPh), 7.08 (br s, 2H, CHPh), 7.16 (br s, 2H, CHPh), 8.10 (br s, 2H, CH), 8.35 (br s, 

2H, CH), 8.47 (br s, 2H, CH), 8.53 (br s, 2H, CH). 

MS (ESI) m/z: C88H74O2N4Cl2Se2 +H+ calc.: 1505.3715, found: 1505.3756; 

C44H37ON4ClSe calc.: 752.1816, found: 752.1832. 

UV-vis (λmax/nm in THF): 391, 558, 727. 

Decomp: >320 °C. 
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5.5.2. [Se(TT)C]2Cl2 

 

Li3(TT)C(tol)6 (50 mg, 0.044 mmol) was weighed into a Schlenk flask. SeCl4 (10 mg, 

0.044 mmol) was added under nitrogen. The flask was cooled to -40 °C and then 

8 mL toluene was added via cannula. The reaction mixture turned brown. It was 

stirred for 5 min at -40 °C and then warmed to room temperature and stirred 

overnight. The volume was reduced to about 2 mL and 2 mL hexane was added. The 

reaction mixture was filtered through a pipette. The solvent was pumped off and the 

product was dried in high vacuum. A brown solid was obtained (24 mg, 79 %). 

 

1H NMR (CDCl3, 25 °C, 300 MHz): δ/ppm = 2.52 (s, 6H, CH3), 2.37 (s, 3H, CH3), 6.91 

(br s, 2H, CHPh), 7.00 (br s, 2H, CHPh), 7.38 (br s, 2H, CHPh), 7.40 (br s, 2H, CHPh), 

7.56 (br s, 2H, CHPh), 7.97 (br s, 2H, CHPh), 8.07 (br s, 2H, CH), 8.47 (br s, 2H, CH), 

8.51 (br s, 2H, CH), 8.59 (br s, 2H, CH). 

UV-vis (λmax/nm in THF): 420, 568, 610, 661. 

 

5.5.3. [Se(TPFP)C]2Cl2 
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Li3(TPFP)C(THF)6 (50 mg, 0.033 mmol) was weighed into a Schlenk flask. SeCl4 

(10 mg, 0.037 mmol, 1.1 eq.) was added under nitrogen. The flask was cooled 

to -40 °C and then 6 mL THF was added via cannula. The reaction mixture turned 

brown immediately. It was stirred for 5 min at -40°C and then warmed to room 

temperature and stirred overnight. The volume was reduced to about 2 mL and 2 mL 

hexane was added. The reaction mixture was filtered through a pipette. The solvent 

was pumped off and dried in high vacuum. A brown green sticky solid was obtained 

(23 mg, 73 %). 

1H NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = 8.58 (d, 2H, CH, J = 3.15 Hz), 8.60 (d, 

2H, CH, J = 3.15 Hz), 8.79 (d, 2H, CH, J = 3.15 Hz), 9.12 (d, 2H, CH, J = 3.15 Hz).  

19F{1H} NMR (CDCl3, 25 °C, 400 MHz): δ/ppm = -137.11 (d, 2F, CFortho , 

J = 23.68 Hz), -138.02 (d, 2F, CFortho , J = 23.68 Hz), -138.57 (d, 2F, CFortho , 

J = 23.68 Hz), -150.67 (t, 1F, CFpara, J = 23.68), -150.88 (t, 1F, CFpara, J = 23.68), 

-151.29 (t, 1F, CFpara, J = 23.68), -160.77 (dd, 2F, CFmeta, J = 23.68 Hz), -161.35 

(dd, 2F, CFmeta, J = 23.68 Hz), -161.59 (dd, 2F, CFmeta, J = 23.68 Hz). 

UV-vis (λmax/nm in THF): 429, 584, 645. 

 

5.5.4. [Te(Mes2-p-OMeP)C]2Cl2 

 

Li3(Mes2-p-OMeP)C(THF)6 (85 mg, 0.078 mmol) was weighed into a Schlenk flask. 

TeCl4 (22 mg, 0.086 mmol, 1.1 eq.) was added under nitrogen. The flask was cooled 

to -40 °C and then 10 mL THF was added via cannula. The reaction mixture turned 

brown immediately. It was stirred for 5 min at -40 °C and then warmed to room 

temperature and stirred overnight. The volume was reduced to about 4 mL and 3 mL 

hexane was added. The reaction mixture was centrifuged and afterwards the solution 
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was filtered through a pipette. The solvent was pumped off and dried in high vacuum 

to give 29 mg (46 %) of a brown purple sticky solid. 

1H NMR (C6D6, 25 °C, 400 MHz): δ/ppm = 2.09 (s, 12H, CH3), 2.50 (s, 6H, CH3), 

6.14 (br s, 3H, OCH3), 6.60 (br s, 2H, CHPh), 6.71 (br s, 2H, CHPh), 6.95 (br s, 2H, 

CHPh), 7.04 (br s, 2H, CHPh), 7.28 (br s, 2H, CH), 7.41 (br s, 2H, CH), 8.66 (br s, 2H, 

CH), 8.89 (br s, 2H, CH). 

UV-vis (λmax/nm in THF): 390, 557, 730. 

MS (ESI) m/z: C88H74N8O2Te2Cl calc.: 1567.3725, found: 1567.3768; C44H37N4OTe 

calc.: 767.2024, found: 767.2027. 

Decomp: >325 °C. 

 

5.5.5. [Te(TT)C]2Cl2 

 

Li3(TT)C(tol)6 (45 mg, 0.044 mmol) was weighed into a Schlenk flask. TeCl4 (12 mg, 

0.044 mmol) was added under nitrogen. Toluene (8 mL) was added via cannula and 

the reaction mixture turned brown-green. It was stirred at room temperature 

overnight. The volume was reduced to about 2 mL and 2 mL hexane was added. The 

reaction mixture was filtered through a pipette. The solvent was pumped off and the 

product was dried in high vacuum to give 17 mg (54 %) of a brown sticky solid. 

1H NMR (CDCl3, 25 °C, 300 MHz): δ/ppm = 2.33 (s, 3H, CH3), 2.68 (s, 6H, CH3), 7.52 

(br s, 2H, CHPh), 7.61 (br s, 2H, CHPh), 8.17 (br s, 2H, CHPh), 8.26 (br s, 2H, CHPh), 

8.33 (br s, 2H, CHPh), 8.57 (br s, 2H, CHPh), 8.94 (br s, 2H, CH), 9.07 (br s, 2H, CH), 

9.30 (br s, 2H, CH), 9.41 (br s, 2H, CH). 

UV-vis (λmax/nm in THF): 420, 581, 630, 657.  



Chapter 5 

173 
 

5.5.6. [Te(TPFP)C]2Cl2 

 

 

Method 1: 

Li3(TPFP)C(THF)6 (50 mg, 0.033 mmol) was weighed into a Schlenk flask. TeCl4 (10 

mg, 0.036 mmol, 1.1 eq.) was added under nitrogen. THF (8 mL) was added via 

cannula and the reaction mixture turned brown purple. The reaction mixture was 

stirred at room temperature overnight. The volume was reduced to about 2 mL and 

2 mL hexane was added. The reaction mixture was filtered through a pipette. The 

solvent was pumped off and dried in high vacuum to yield 18 mg (62 %) of a brown 

sticky solid. 

1H NMR (CDCl3, 25 °C, 500 MHz): δ/ppm = 8.57 (d, 2H, CH, J = 4.58 Hz), 8.63 (d, 

2H, CH, J = 4.58 Hz), 8.75 (d, 2H, CH, J = 4.58 Hz), 8.84 (d, 2H, CH, J = 4.58 Hz). 

19F{1H} NMR (CDCl3, 25 °C, 500 MHz): δ/ppm = -138.30 (d, 2F, CFortho, J=22.01 Hz), 

-138.64 (d, 2F, CFortho, J=22.01 Hz), -138.86 (d, 2F, CFortho, J=22.01 Hz), -153.39 

(t, 1F, CFpara, J=22.01 Hz), -153.80 (t, 2F, CFpara, J=22.01 Hz), -161.98 (dd, 2F, 

CFmeta, J=22.01 Hz), -162.63 (dd, 2F, CFmeta, J=22.01 Hz), -162.95 (dd, 2F, CFmeta, 

J=22.01 Hz). 

UV-vis (λmax/nm in THF): 410, 566, 604. 

Method 2: 

H3TPFPC (43 mg, 0.054 mmol) was weighed into a Schlenk flask. Te[N(SiMe3)2]2 (25 

mg, 0.054 mmol) was added under nitrogen. The flask was cooled to -40 °C and THF 

was added via cannula. The reaction mixture turned dark green from purple and it 

was stirred at room temperature overnight. The solvent was removed and the 
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product was washed with hexane and then dried under high vacuum. The obtained 

solid was green/purple. 

 

5.5.7. [I(Mes2-p-OMeP)C]Cl2 

 

Li3(Mes2-p-OMeP)C(THF)6 (50 mg, 0.046 mmol) was weighed into a Schlenk flask 

and ICl3 (14 mg, 0.060 mmol, 1.3 eq.) was added under nitrogen. THF (8 mL) was 

added via cannula and the reaction mixture started to fume a bit. The reaction 

mixture turned brownish green and it was stirred at room temperature overnight. 

The volume was reduced to about 2 mL and 2 mL hexane was added. The reaction 

mixture was centrifuged and then filtered through a pipette. The solvent was 

removed and the product was dried in high vacuum to give 35 mg (91 %) of a dark 

green solid. 

1H NMR (C6D6, 25 °C, 400 MHz): δ/ppm = 1.80 (s, 6H, CH3), 2.11 (s, 6H, CH3), 2.42 

(s, 6H, CH3), 3.50 (s, 3H, OCH3), 6.61 (br s, 2H, CHPh), 6.73 (br s, 2H, CHPh), 7.06 

(br s, 4H, CHPh), 7.54 (br s, 2H, CH), 8.08 (br s, 2H, CH), 8.14 (br s, 2H, CH), 8.34 

(br s, 2H, CH). 

UV-vis (λmax/nm in THF): 416, 566, 654. 

MS (ESI) m/z: C44H38ON4Cl2I calc.: 835.1462, found: 835.1470. 

Mp.: 130 °C, decomp: >205 °C.  
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5.5.8. [I(TT)C]Cl2 

 

Li3(TT)C(tol)6 (61 mg, 0.031 mmol) was weighed into a Schlenk flask. ICl3 (8 mg, 

0.034 mmol, 1.1 eq.) was added under nitrogen. The flask was cooled to -40 °C and 

8 mL toluene was added via cannula. The reaction mixture was warmed to room 

temperature and the colour changed to brown green. It was stirred at room 

temperature overnight and the volume was reduced to about 2 mL and 2 mL hexane 

was added. The reaction mixture was filtered through a pipette and the solvent was 

pumped off and the product was dried in high vacuum to yield 20 mg (86 %) of a 

brown green solid. 

1H NMR (CDCl3, 25 °C, 500 MHz): δ/ppm = 2.26 (s, 3H, CH3), 2.33 (s, 3H, CH3), 2.43 

(s, 3H, CH3), 6.85 (d, 1H, CHPh), 6.99 (d, 1H, CHPh), 7.09 (d, 1H, CHPh), 7.23 (d, 1H, 

CHPh), 7.26 (d, 1H, CHPh), 7.33 (d, 1H, CHPh), 7.37 (d, 1H, CHPh), 7.39 (d, 1H, CHPh), 

7.44 (d, 1H, CHPh), 7.49 (d, 1H, CHPh), 7.68 (d, 1H, CHPh), 7.73 (d, 1H, CHPh), 8.31 

(br s, 2H, CH), 8.42 (br s, 2H, CH), 8.54 (br s, 1H, CH), 8.57 (br s, 2H, CH), 8.74 

(br s, 1H, CH). 

UV-vis (λmax/nm in THF): 420, 571, 662. 

 

5.5.9. [I(TPFP)C]Cl2 

 

Li3(TPFP)C(THF)6 (80 mg, 0.064 mmol) was weighed into a Schlenk flask. ICl4 

(17 mg, 0.070 mmol, 1.1 eq.) was added under nitrogen. THF (8 mL) was added via 

cannula and the reaction mixture turned dark green. The reaction mixture was stirred 

at room temperature overnight. The volume was reduced to about 2 mL and 2 mL 

hexane was added. The reaction mixture was centrifuged and then filtered through 
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a pipette and the solvent was pumped off. The product was dried in high vacuum 

yielding 54 mg (94 %) of a dark green solid. 

1H NMR (C6D6, 25 °C, 400 MHz): δ/ppm = 8.29 (br s, 1H, CH), 8.32 (br s, 1H, CH), 

8.38 (br s, 1H, CH), 8.41 (br s, 1H, CH), 8.50 (br s, 1H, CH), 8.57 (br s, 1H, CH), 

8.74 (br s, 1H, CH), 9.41 (br s, 1H, CH). 

19F{1H} NMR (C6D6, 25 °C, 400 MHz): δ/ppm = -142.04 (d, 1F, CFortho, J=21.34 Hz), 

-142.12 (d, 1F, CFortho, J=21.34 Hz), -142.46 (d, 1F, CFortho, J=21.34 Hz), -142.64 

(d, 1F, CFortho, J=21.34 Hz), -142.72 (d, 1F, CFortho J=21.34 Hz), -142.87 (d, 1F, 

CFortho J=21.34 Hz), -155.98 (dd, 1F, CFmeta J=21.34 Hz), -156.39 (dd, 1F, CFmeta 

J=21.34 Hz), -156.60 (dd, 1F, CFmeta, J=21.34 Hz), -156.72 (dd, 1F, CFmeta, 

J=21.34 Hz), -157.11 (dd, 1F, CFmeta J=21.34 Hz), -157.28 (dd, 1F, CFmeta, 

J=21.34 Hz), -165.67 (t, 1F, CFpara J=21.34 Hz), -165.76 (t, 1F, CFpara J=21.34 Hz), 

-166.05 (t, 1F, CFpara J=21.34 Hz). 

UV-vis (λmax/nm in THF): 430, 624. 

MS (ESI) m/z: C37H10N4F15I+H+ calc.: 922.9783, found: 922.9790. 

Mp.: 185 °C, decomp: >210 °C.  
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6.  Summary and Future Work 

The reaction of boron trifluoride reagent and free base corrole can be tuned to result 

in either the monoboron corrole complex BF2(H2cor) or the diboron corrole complex 

[FBOBF(cor)]- by variation of the stoichiometry of the reagents. A high stoichiometry 

ratio of 12:20:1 of BF3·OEt2 to NEt(iPr)2 to free base corrole results in the 

[FBOBF(cor)]- in the presence of trace moisture. The precursor, (BF2)2(cor), for this 

species was characterised in collaboration with the group of Ghosh et al. In this thesis 

three new corrole complexes of this FBOBF type were prepared and characterised 

and initial photophysical studies undertaken. The lower reaction stoichiometry of 

2:4:1 of BF3·OEt2 to NEt(iPr)2 to free base corrole resulted in the monoboron complex 

BF2(H2cor), which is surprisingly stable and does not undergo hydrolysis. 

 

The reaction of phenyldichloroborane reagent with free base corrole resulted in the 

diphenyl hydride corrole, PhBHBPh(cor). The origin of the hydride is still not 

completely understood and further studies need to be done to understand this 

process. It was found that the species (PhBCl)(BPh)(cor) is formed first, which most 

likely comes from [(PhBCl)(PhBCl)(cor)]-. The diphenyl hydride corrole is easily 

transformed into the PhBB(cor) by the loss of benzene induced by heat. This reduced 

species shows very high reactivity. It can activate small molecules like dioxygen to 

form PhBOB(cor), as well as hydrogen peroxide, iodine or dichloroiodosyl toluene.  

The use of phenyldifluoroborane showed different reactivity, as fluoride cannot act 

as a reductant. A low stoichiometry of the reagents resulted in the monoboron 

complex PhBF(H2cor), whereas with phenyldichloroborane the same reaction resulted 

in the monoboron hydride species PhBH(H2cor). 
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New group 1 corrole complexes with lithium, sodium and potassium, were 

synthesised in analogy to Li3(Mes2-p-OMeP)C(THF)6 and all showed high moisture 

sensitivity. Characterisation indicated a maximum alkali metal coordination number 

of two, giving the general formula M2(Hcor)(THF)x (M=Na, x=3; M=K, x=1). Crystal 

structures of two monosodium corrole complexes were obtained, unfortunately not 

showing a close interaction (6.260 Å and 6.343 Å) of the ligand and the sodium. 

Further studies need to be undertaken to fully prove the molecular structure and the 

coordination interaction of the metal with the corrole.  
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The lithium corrole complexes were used as precursors for the synthesis of new 

selenium, tellurium and iodine corrole complexes. Characterisation methods and DFT 

calculations showed that a dimeric structure with two bridging chlorides is most likely 

for these complexes.  

Further studies should be undertaken to fully characterise these complexes, 

especially to understand their molecular structures. Due to their high sensitivity to 

moisture, difficulties in purification appeared and that might have been the reason 

why no single crystal for X-ray crystallography could be obtained. 

The free base corroles are saddled, due to the steric hindrance of the internal protons. 

Most corroles are either relatively planar or the metallocorroles have a domed out-

of-plane distortion. Only a few other distortions have been observed, for example the 

copper and silver corrole complexes are saddled and the BHB corrole is waved. 

Interestingly, no ruffling has been observed. The boron corrole complexes discussed 

here exhibit domed structures.  
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7.  Appendix 

7.1. Crystal data tables 

7.1.1. [Na(DME)3][H2(Mes2-p-OMeP)C] 

 

Crystal data and structure refinement for [Na(DME)3][H2(Mes2-p-OMeP)C] 

Identification code smas_18a_0m 

Empirical formula C88H74NaN4O7 

Formula weight 892.87 

Temperature/K 99(2) 

Crystal system monoclinic 

Space group P21/n 

Unit cell dimensions  a/Å 12.564(5)       α/° 90.000(5) 

  b/Å 18.782(5)       β/° 101.081(5) 

c/Å 22.656(5)       γ/° 90.000(5) 

Volume/Å3  5247(3) 

Z  4 

ρcalc g/cm3  1.1303 

μ/mm-1  0.083 

F(000)  1841.0 

Crystal size /mm3  0.12 x 0.16 x 0.44  

Radiation  Mo Kα (λ = 0.71073) 

2Θ range for data collection /°  2.84 to 55.82 

Index ranges    -16 ≤ h ≤ 16, -24 ≤ k ≤ 24, -29 ≤ l ≤ 29 

Reflections collected   65571 

Independent reflections   12512 [Rint = 0.0808, Rsigma = 0.0761] 

Data/restraints/parameters  12512/0/619 
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Goodness-of-fit on F2   1.249 

Final R indexes [I>=2σ (I)]  R1 = 0.1113, wR2 = 0.3270 

Final R indexes [all data]   R1 = 0.2037, wR2 = 0.3998 

Largest diff. peak/hole / e.Å-3  1.06/-0.71 
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7.1.2. [Na(DME)3][(H2TPFP)C] 

 

Crystal data and structure refinement for [Na(DME)3][(H2TPFP)C]  

   

Identification code                hb096  

Empirical formula                  C49 H38 F15 N4 Na O6  

Formula weight                     1086.82  

Temperature                        293(2) K  

Wavelength                         0.71073 Å  

Crystal system  Trigonal 

Space group   P 65  

Unit cell dimensions               a = 17.3020(10) Å       α = 90°.  

                                         b = 17.3020(10) Å       ß = 90°.  

                                         c = 27.824(2) Å           γ = 120°.  

Volume                             7213.4(8) Å3  

Z 6 

Calculated density              1.501 Mg/m3  

Absorption coefficient             0.145 mm-1  

F(000)                             3324  

Theta range for data collection    1.36 to 25.37°.  

Limiting indices                   -20 <= h <= 20, -20 <= k <= 20, -27 <= l <= 32  

Reflections collected / unique     102345 / 8357 [R(int) = 0.0518]  

Completeness to theta = 25.37      99.4 %  

Refinement method                  Full-matrix least-squares on F2  

Data / restraints / parameters     8357 / 1 / 678  

Goodness-of-fit on F2             2.776  
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Final R indices [I>2sigma(I)]      R1 = 0.1760, wR2 = 0.4907  

R indices (all data)               R1 = 0.1765, wR2 = 0.4918  

Absolute structure parameter       -0.3(13)  

Largest diff. peak and hole        1.017 and -1.019 e.Å-3  
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7.1.3. PhBH(H2TPFP)C-1 

 

Crystal data and structure refinement for PhBH(H2TPFP)C-1 

  

Identification code   smas_i_11b_0m 

Empirical formula   C43 H13 B F15 N4 O0 

Formula weight 881.38 

Temperature  372(2) K 

Wavelength 0.71073 Å 

Crystal system triclinic 

Space group P-1 

Unit cell dimensions a = 7.747(5) Å         α = 107.088(5)°. 

                                           b = 14.869(5) Å       ß = 102.141(5)°. 

                                         c = 17.289(5) Å         γ = 90.275(5)°. 

Volume                             1856.3(15) Å3 

Z 2 

Calculated density                1.577 Mg/m3 

Absorption coefficient             0.147 mm-1 

F(000)                             878 

Crystal size                       0.24 x 0.10 x 0.08 mm 

Theta range for data collection    2.18 to 27.93°. 

Limiting indices                   -10 <= h <= 10, -19 <= k <= 19, -22 <= l 

<= 22 

Reflections collected / unique     41991 / 8794 [R(int) = 0.1110] 

Completeness to theta = 27.93      98.8 % 

Max. and min. transmission         0.9884 and 0.9657 
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Refinement method                  Full-matrix least-squares on F2 

  

Data / restraints / parameters     8794 / 0 / 569 

Goodness-of-fit on F2             1.026 

Final R indices [I>2sigma(I)]      R1 = 0.0799, wR2 = 0.2475 

R indices (all data)               R1 = 0.1431, wR2 = 0.2994 

Extinction coefficient             0.011(3) 

Largest diff. peak and hole        1.802 and -0.393 e.Å-3 
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7.1.4. PhBH(H2TPFP)C-2 

 

Crystal data and structure refinement for PhBH(H2TPFP)C-2 

 

Identification code  smas11b_2_0m  

Empirical formula  C43H16N4F15B  

Formula weight  884.43  

Temperature/K  N/A  

Crystal system  triclinic  

Space group  P-1  

a/Å  7.729(5)  

b/Å  14.872(5)  

c/Å  17.321(5)  

α/°  107.116(5)  

β/°  101.902(5)  

γ/°  90.298(5)  

Volume/Å3  1857.3(15)  

Z  2  

ρcalcg/cm3  1.5814  

μ/mm-1  0.147  

F(000)  884.8  

Crystal size/mm3  N/A × N/A × N/A  

Radiation  Mo Kα (λ = 0.71073)  

2Θ range for data collection/°  2.52 to 55.84  
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Index ranges  
-10 ≤ h ≤ 10, -19 ≤ k ≤ 19, -22 ≤ l ≤ 

22  

Reflections collected  40790  

Independent reflections  8788 [Rint = 0.0949, Rsigma = 0.0800]  

Data/restraints/parameters  8788/0/572  

Goodness-of-fit on F2  1.077  

Final R indexes [I>=2σ (I)]  R1 = 0.0775, wR2 = 0.2368  

Final R indexes [all data]  R1 = 0.1284, wR2 = 0.2794  

Largest diff. peak/hole / e Å-3  2.17/-0.68  

 

  



Appendix 

188 
 

7.1.5. PhBF(H2TPFP)C 

 

Crystal data and structure refinement for PhBF(H2TPFP)C 

   

Identification code                smas_i_27a_0m 

Empirical formula                  C43 H15 B F15 N4 O 

Formula weight                     899.40 

Temperature                        372(2) K 

Wavelength                         0.71073 Å 

Crystal system triclinic 

Space group        P-1 

Unit cell dimensions               a = 7.758(5) Å        α = 106.909(5)°. 

                                         b = 15.000(5) Å      ß = 102.454(5)°. 

                                         c = 17.258(5) Å      γ = 90.586(5)°. 

Volume                             1870.5(15) Å3 

Z 2 

Calculated density              1.597 Mg/m3 

Absorption coefficient             0.149 mm-1 

F(000)                             898 

Crystal size                       0.36 x 0.34 x 0.30 mm 

Theta range for data collection   2.17 to 

27.92°. 

Limiting indices                   -10 <= h <= 10, -19 <= k <= 19, -22 <= l 

<= 22 

Reflections collected / unique     42330 / 8873 [R(int) = 0.0436] 

Completeness to theta = 27.92  99.0 % 
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Max. and min. transmission         0.9567 and 0.9483 

Refinement method                  Full-matrix least-squares on F2 

Data / restraints / parameters     8873 / 0 / 581 

Goodness-of-fit on F2             1.079 

Final R indices [I>2sigma(I)]      R1 = 0.0615, wR2 = 0.2142 

R indices (all data)               R1 = 0.0689, wR2 = 0.2233 

Largest diff. peak and hole        2.505 and -0.390 e.Å-3 
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7.2. Quantum yields 

 

7.2.1. [FBOBF(Mes2-p-OMeP)C]- 

 

c / mol/L ε / L/(mol cm) A I 

8.69E-07 1.63E+04 0.014202 5254 

1.74E-06 9.20E+03 0.015995 7337 

2.61E-06 8.62E+03 0.022489 8986 

3.04E-06 7.71E+03 0.023466 9742 

3.48E-06 7.11E+03 0.024724 10022 

3.91E-06 6.51E+03 0.025453 10272 

4.35E-06 6.45E+03 0.02802 10464 

 8.85E+03   

 

 

 

y = 400513x

R² = 0.9197

0

2000

4000

6000

8000

10000

12000

0 0.005 0.01 0.015 0.02 0.025 0.03

I
n

te
g

r
a
l 

fl
u

o
r
e
s
c
e
n

e
 i

n
te

n
s
it

y

Absorbance



Appendix 

191 
 

7.2.2. [FBOBF(TPFP)C]- 

 

c / mol/L ε /L/(mol cm)  A I 

1.201E-06 1.899E+04 0.022801 16583 

1.802E-06 1.479E+04 0.026649 17380 

2.402E-06 1.453E+04 0.034891 23904 

3.003E-06 1.212E+04 0.036387 24782 

5.004E-06 4.666E+03 0.023351 15576 

1.501E-06 1.380E+04 0.02072 13809 

2.252E-06 1.464E+04 0.032962 22384 

 1.336E+04   
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7.2.3. [FBOBF(TT)C]- 

 

c / mol/L ε / L/(mol cm) A I 

1.04E-06 1.31E+05 0.13566 45577 

6.91E-07 1.35E+05 0.093155 37345 

5.19E-07 1.26E+05 0.065487 31472 

5.19E-07 1.66E+05 0.086088 36779 

3.46E-07 1.53E+05 0.053049 27159 

2.59E-07 1.56E+05 0.040555 19618 

1.04E-07 5.27E+05 0.054658 27210 

6.91E-08 4.27E+05 0.02953 18324 

5.19E-08 5.20E+05 0.026978 13444 

 2.60E+05   
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7.2.4. H3(Mes2-p-OMeP)C 

 

c / mol/L ε / L/(mol cm) A I 

5.35E-07 1.33E+05 0.071051 5065 

6.24E-07 1.27E+05 0.078985 6029 

7.49E-07 1.03E+05 0.077502 5757 

4.01E-07 1.07E+05 0.0428 3141 

4.68E-07 1.11E+05 0.052081 4070 

5.62E-07 1.19E+05 0.066966 4480 

2.68E-07 1.49E+05 0.039864 2519 

3.12E-07 1.35E+05 0.042148 2905 

 1.23E+05   
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7.2.5. H3TPFPC 

 

c / mol/L ε / L/(mol cm) A I 

9.77E-08 3.80E+05 0.037071 5710 

1.10E-07 4.02E+05 0.044085 5514 

1.26E-07 4.56E+05 0.05732 7850 

1.47E-07 4.62E+05 0.067707 8801 

1.76E-07 3.16E+05 0.055557 7550 

1.95E-07 3.01E+05 0.058736 8334 

2.20E-07 2.88E+05 0.063156 8779 

2.51E-07 2.97E+05 0.07446 9913 

2.93E-07 3.30E+05 0.096631 12235 

 3.59E+05   
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7.2.6. H3TTC 

 

c / mol/L ε / L/(mol cm) A I 

9.77E-08 3.80E+05 0.037071 5710 

1.10E-07 4.02E+05 0.044085 5514 

1.26E-07 4.56E+05 0.05732 7850 

1.47E-07 4.62E+05 0.067707 8801 

1.76E-07 3.16E+05 0.055557 7550 

1.95E-07 3.01E+05 0.058736 8334 

2.20E-07 2.88E+05 0.063156 8779 

2.51E-07 2.97E+05 0.07446 9913 

2.93E-07 3.30E+05 0.096631 12235 

 3.59E+05   
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7.2.7. PhBHBPh(TPFP)C 

 

c / mol/L ε / (L/mol cm) A I 

2.58E-07 4.17E+05 0.10742 23793 

2.06E-07 4.70E+05 0.096832 21727 

1.72E-07 5.03E+05 0.086475 20883 

1.47E-07 4.55E+05 0.067029 16446 

1.29E-07 4.64E+05 0.059774 15042 

1.15E-07 5.08E+05 0.058272 15141 

 4.69E+05   
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7.2.8. PhBHBPh(Mes2-p-OMeP)C 

 

c / mol/L ε / (L/mol cm) A I 

4.92E-04 1.25E+02 0.061655 6852 

2.46E-04 2.95E+02 0.072603 7363 

2.05E-04 2.94E+02 0.060282 6645 

1.76E-04 2.52E+02 0.044252 5037 

4.10E-05 8.94E+02 0.036671 4503 

2.46E-05 8.54E+02 0.021004 2853 

 5.18E+02   
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7.2.9. BF2(H2TT)C 

 

c / mol/L ε / L/(mol cm) A I 

1.24E-06 1.19E+05 0.1476 5099 

8.29E-07 1.10E+05 0.090914 3498 

9.33E-07 1.15E+05 0.10765 3046 

6.22E-07 1.16E+05 0.072214 2287 

5.33E-07 1.15E+05 0.06133 1787 

4.98E-07 1.32E+05 0.065592 1901 

4.15E-07 1.32E+05 0.054685 1550 

3.55E-07 1.31E+05 0.04647 1193 

 1.23E+05   
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