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Corroles and hexaphyrins are porphyrinoids with great potential for diverse applications. Like porphyrins, many of their

applications are based on their unique capability to interact with light, i.e., based on their photophysical properties.

Corroles have intense absorptions in the low-energy region of the uv-vis, while hexaphyrins have the capability to absorb

light in the near-infrared (NIR) region, presenting photophysical features which are complementary to those of porphyrins.

Despite the increasing interest in corroles and hexaphyrins in recent years, the full potential of both classes of

compounds, regarding biological applications, has been hampered by their challenging synthesis.

1. Definition

Corroles are tetrapyrrolic macrocycles containing 4 pyrrole units, 3 methine bridges and a direct pyrrole–pyrrole linkage

(Figure 1). Therefore, corroles are contracted porphyrinoids with one methine (=CH–) bridge less than porphyrins, which

leads to lower symmetry, higher fluorescence quantum yields, lower oxidation potentials and more intense absorption in

the low-energy region of the visible spectrum. Despite being less studied than porphyrins over the years, probably due to

their challenging synthesis, there was a significant change in this scenario after the synthetic breakthroughs by Gryko,

Gross and Paolesse . In fact, many efforts have been devoted to the synthesis of corroles in recent years 

. Their free-bases and metal complexes have been explored in a wide range of applications , namely as promising

drug candidates for prevention and treatment of diverse diseases, such as diabetes, neurodegenerative diseases and

cancer , as antibacterial agents   as well as bio-imaging agents . Corroles also found application in the

photodynamic inactivation of microorganisms (PDI) , sonodynamic therapy  and photodynamic therapy (PDT)  .

Expanded porphyrins  have gained remarkable attention due to their interesting and versatile features, such as

diverse p-conjugation pathways owing to flexible structures , near- infrared (NIR) absorption/emission , facile

interconversion between multiple redox states , and multi-metal coordination cavities for various divalent and trivalent

metal ions (Figure 1) . Beyond the study of these unique properties and their applications, the interest in expanded

porphyrins has been focused on exploring the limits to which the classic Hückel definition of aromaticity may be applied.

The goal has been to understand what factors endow a fully conjugated macrocycle with characteristics that can be

considered aromatic or antiaromatic. Among the known expanded porphyrins that can combine from 5 to 12 pyrrole rings

and diverse meso-bridges, hexaphyrins stand-out because these six-pyrrole macrocycles can adopt various

conformations and electronic states such as Hückel aromatic, Hückel antiaromatic, Möbius aromatic, Möbius antiaromatic

and stable radical states .

Hexaphyrins(1.1.1.1.1.1) and hexaphyrins(1.1.1.1.1.1), having six meso-bridges, are attractive molecules in view of

aromaticity/antiaromaticity with a 26 and 28 p-electronic system, respectively, intense uv-vis absorption and a small

HOMO-LUMO gap (Figure 1). Hexaphyrins(1.1.1.1.1.1) can adopt a double-sided rectangular ring conformation with

Hückel aromaticity while hexaphyrins(1.1.1.1.1.1) adopt a single-sided twisted ring conformation with Möbius

aromaticity. The unique uv-vis-NIR absorption/emission properties of these expanded π conjugated molecular systems

offer useful optical nonlinear properties such as two-photon absorption (TPA) , which make them a promising class of

two-photon absorption chromophores, with potential for a wide range of applications including microscopy,

microfabrication, three-dimensional data-storage, optical power limiting, up-converted lasing, localized release of bio-

active species, as well as application in photodynamic therapy .
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Figure 1. Chemical structures of corrole and hexaphyrins.

2. Synthesis of New Corrole Derivatives

In recent decades, the synthesis of corroles and metallocorroles had attracted considerable attention from the scientific

community and some reviews have been published . Nevertheless, the relevance of corroles’ applications has driven

the development of interesting approaches to construct macrocycles with new moieties, via classical and novel

methodologies, collected herein.

2.1. Classical Synthetic Methodologies

One of the most explored routes to meso-substituted corroles relies on the synthesis of bilanes, obtained from the

condensation of dipyrromethanes (DPs) with aldehydes, followed by oxidative macrocyclization. This strategy was applied

to the synthesis of new corroles to be used in diverse applications.

Liu and coworkers described the synthesis of trans-A B corroles meso-substituted by phenothiazine (PTZ) and 2,3-di(2-

pyridyl)quinoxaline (DPQ) groups. The HCl-catalyzed condensation of PTZ and DPQ formyl derivatives 2 and 4 with 5-

pentafluorophenyldipyrromethane (1) followed by 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)-promoted

macrocyclization gave the target corroles 3 and 5 in 31 and 34% yield, respectively (Scheme 1) . Corroles 3 and 5 are

novel donor-acceptor systems, in which the corrole scaffold is an acceptor and PTZ or DPQ moiety is an energy/electron

donor. The absorption spectra of both dyads are a superposition of the absorption spectra of the monomers, indicating a

weak electronic interaction between the corrole and either PTZ or DPQ groups, which was corroborated by the observed

electrochemical properties. A detailed study of the excited state deactivation of both dyads shows that the singlet–singlet

energy transfer from PTZ to the corrole unit is the main process in the case of dyad 3, while in the case of 5 a reductive

electron transfer, from the ground state of DPQ to the excited state of the corrole, is the main process. Therefore, one

dyad mimics the primary process and the other mimics the reaction center events in photosynthesis. The proton-triggered

emission studies of dyad 5 and OFET studies indicate that they can be applied in the DNA photocleavage.

Scheme 1. Synthesis of trans-A B-corroles bearing phenothiazine and 2,3-di(2-pyridyl)quinoxaline substituents.

The synthesis of 10-(4-methyl-bipyridyl)-5,15-di(pentafluoropheny)corrole (7) was achieved through Gryko’s methodology,

i.e., the condensation of dipyrromethane 1 with the bipyridyl-aldehyde 6 in a mixture of H O/MeOH using HCl as catalyst.

Oxidation with DDQ afforded corrole 7 in 17% yield (Scheme 2) . The uv-vis spectrum exhibits a strong Soret band at
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approximately 400 nm and the Q bands appear between 500 and 700 nm; a single emission band is observed in the

fluorescence spectrum. The photophysical properties studied in dichloromethane (DCM) showed that corrole 7

fluorescence quantum yield is 0.04, the internal conversion quantum yield is 0.45 and the triplet quantum yield formation

is about 0.54. The singlet oxygen quantum yield, a measure of the ability of the photosensitizer to generate cytotoxic

singlet oxygen and an important parameter to evaluate the capability of the molecules to act as photosensitizers for PDT,

was measured as 0.47, indicating a high efficiency in energy transfer from the corrole triplet state.

Scheme 2. Synthesis of 10-(4-methyl-bipyridyl)-5,15-di(pentafluorophenyl)corrole.

The trifluoroacetic acid (TFA)-catalyzed condensation of meso-pentafluorophenyl-dipyrromethane (1) with 8-

hydroxyquilonine-2-carboxaldehyde (8) gave the low-symmetric A B-type corrole 9 in 16% yield. Free base corrole 9 was

treated with an excess of GaCl  in refluxing pyridine to produce the Ga(III) corrole 10 in 40% yield (Scheme 3) .

According to the fluorescence studies, Ga(III) corrole 10 was a good “off-on-off” pH sensor in 1–14 pH range. The Ga(III)

complex presents a fluorescence band with maximum at 603 nm, fluorescence quantum yield of 11.7% and a

fluorescence lifetime of 2.42 ns in DCM solution. The intensity of fluorescence decreases gradually with the acidity of the

solution and increases when the solution is more basic.

Scheme 3. Synthesis of a 8-hydroxyquinoline-substituted A B-type free base corrole and the corresponding Ga(III)

corrole.

The condensation of 5-(4-nitrophenyl)dipyrromethane (11) with aromatic aldehydes, followed by oxidation with p-chloranil

allowed the isolation of trans-A B corroles 12 in 29–38% yield (Scheme 4) . The photophysical properties in toluene

show characteristic absorption/emission spectra with Soret type bands between 420 and 450 nm, Q-type bands around

590–655 nm and the fluorescence bands in the range of 673–690 nm. The fluorinated corroles present fluorescence

quantum yields higher than the carboxymethyl derivative, 0.76 for 12a, 0.80 for 12b and 0.77 for 12c. Corroles 12a–d

showed an excellent affinity for the fluoride ions, allowing for an unusual selectivity for fluoride ions. The quenching of the

fluorescence emission with the addition of fluorine ion indicates that these corroles can be used as fluorine ion sensors.

Scheme 4. Synthesis of trans-A B corroles [where A = 4-nitrophenyl and B = pentafluorophenyl, 2,6-difluorophenyl, 3,4,5-

trifluorophenyl and 4-(methoxycarbonyl)phenyl groups].

Liang and coworkers developed the synthesis of three low-symmetry A B type manganese(III) meso-triarylcorroles

providing a push–pull electronic system (Scheme 5). The acid-catalyzed condensation of dipyrromethane 13 with the

appropriate aldehyde followed by oxidation with p-chloranil gave corroles 14. The reaction of these macrocycles with
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manganese chloride in DMF afforded metallocorroles 15a–c in high yields (63–90%) . The fluorescence studies reveal

that Mn(III) corroles 15a–c strongly interact with the cell-free circulating tumor DNA in solution and the ability of this

interaction increases with the electron-donating character of the 10-substituent of the triarylcorrole. This interaction with

DNA can be used for tumor detection and targeting drug delivery in vivo.

Scheme 5. Synthesis of Mn(III) trans-A B triarylcorroles [where A = 3-nitrophenyl and B = 4-methoxphenyl, 4-

(dimethylamino)phenyl and 4-(trifluoromethyl) phenyl groups].

Triaryl corroles with a meso-iodoaryl substituent were prepared and their photophysical properties were studied in order to

evaluate their capabilities as photosensitizers for PDT. A B-type triaryl corroles 17 were synthesized through the TFA-

catalyzed condensation of DP 1 with 2-hydroxybenzaldehyde and m-iodinated 2-hydroxybenzaldehydes, 16, followed by

oxidation with DDQ (Scheme 6) . The presence of iodine atoms did not significantly influence the absorption spectra

and only a slight decrease in the absorption coefficient of the Soret band (ca. 420 nm) was observed with the increase in

the number of iodine atoms. However, the fluorescence quantum yield and fluorescence lifetime are strongly influenced by

the iodine atom. Corrole 17a, without iodine atoms, has a fluorescence quantum yield of 0.143 that decreases to 0.031 in

the case of mono-iodo-corrole 17b and to 0.023 for the di-iodo-corrole 17c. The decrease in the fluorescence quantum

yield is accompanied by the decrease in the fluorescence lifetime and a slight increase in the triplet quantum yields

showcasing the heavy atom effect. Despite the increase in the efficiency of the triplet state formation, the singlet oxygen

quantum yield (F ) decreased, going from mono-iodo-corrole 17b (F  = 0.9) to di-iodo-corrole 17c (F  = 0.4).

Scheme 6. Iodine-containing A B-type triaryl corroles synthesized to evaluate the influence of iodine atoms on the

photophysical properties.

During the synthesis of the bulky bis-pocket corrole 20a, Chang and coworkers identified another green compound as

being the β-chlorinated corrole 20b, fully supported by characterization data, including X-ray crystallography analysis

(Scheme 7) . The β-chloro-corrole 20b was formed through the mono-chlorination of corrole 20a in which DDQ acted

as both oxidant and chlorinating agent. The presence of a chlorine atom at the β-position of corrole 20b induced a slight

red shift in the absorption and fluorescence emission spectra, together with a significant decrease in fluorescence

intensity. Fluorescence lifetimes, as well as the fluorescence quantum yields, are shorter for β-chloro-corrole 20b (2.5 ns)

than for corrole 20a (4.2 ns). However, the decrease in the fluorescence did not promote the increase in the capability to

generate singlet oxygen, since non-chlorinated corrole 20a demonstrated a higher ability to generate singlet oxygen than

the β-chlorinated corrole 20b.
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Scheme 7. Synthesis of bulky bis-pocket corroles.

The three component one-pot reaction of pyrrole, p-trifluoromethylbenzaldehyde and azulene (21), catalyzed by TFA,

followed by oxidation with DDQ, allowed the isolation of novel meso-triarylazulicorrole 22 (Scheme 8) . Despite the

poor yield (<1%), carbacorrole 22 could be converted into the corresponding Cu(III) and Au(III) complexes. Single-crystal

X-ray structures were obtained for the free-base and Cu(III) derivatives, uncovering detailed structural information on

these novel macrocyles. The meso-triarylazulicorroles show absorption spectra with absorption features extending into

the NIR region, opening the way to their application in bioimaging and photodynamic therapy.

Scheme 8. Synthesis of meso-tri-(p-trifluoromethyl)phenylazulicorrole.

2.2. New Synthetic Methodologies

The above-described syntheses of corroles were based on classical methodologies involving acid-catalyzed condensation

of pyrroles or meso-substituted dipyrromethanes and aldehydes, followed by oxidation. Recently, Pinho e Melo et al.

described an innovative synthesis of A B-type corroles, bearing an oxime functionality, by exploring the reactivity of

dipyrromethanes toward nitrosoalkenes (Scheme 9) . In situ dehydrohalogenation of the α,α-dihalo-oximes 23
generates transient α-chloro-nitrosoalkenes, which react with dipyrromethanes either via hetero-Diels−Alder reaction or

conjugated addition to give the corresponding alkylated dipyrromethanes. The side chains of these DPs undergo another

dehydrohalogenation to afford new nitrosoalkenes, allowing the synthesis of the target bilanes 24 (16–40%) upon reaction

with a second molecule of the dipyrromethane. The oxidative macrocyclization with DDQ affords the corresponding

corroles 25 in 40–84% yields. These are the first examples of meso-substituted corroles with an oxime functionality.
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Scheme 9. Synthesis of oxime-containing trans-A B-corroles based on the reactivity of nitrosoalkenes toward

dipyrromethanes.

3. Hexaphyrins: Synthesis and Applications

Gossauer et al. described, in 1983, the first synthesis of hexaphyrins with six meso-bridges, b-substituted aromatic

macrocycles with 26-electron conjugation, following a “3 + 3” approach, i.e., through the condensation of two

tripyrromethanes . Following this work, meso-substituted hexaphyrins were synthetized using the classical

methodologies for the synthesis of porphyrins, such as Lindsey and Rothemund synthetic approaches . Although

these methods are convenient and effective, when stabilized with electron-withdrawing groups at the meso-position, the

simultaneous formation of every size of expanded porphyrins, at least up to dodecamer, inevitably causes serious

separation difficulties. Therefore, more ring-size selective syntheses using dipyrromethanes and tripyrromethanes as the

starting materials were developed .

More recently, Osuka and coworkers described the synthesis of hexaphyrins bearing two benzoyl groups at meso-

positions and their complexes . Hexaphyrin 103 was synthesized as a stable compound in 12% overall yield by p-

toluenesulfonic acid catalyzed cross-condensation of tripyrrane 101 with phenylglyoxal monohydrate (102), at 0 °C under

N  atmosphere with protection from room light for 1.5 h, followed by oxidation with DDQ (Scheme 37). X-Ray diffraction

analysis has revealed that 103 adopts a dumbbell-like conformation, held by effective intramolecular hydrogen bonding

between the pyrrolic NH protons and benzoyl carbonyl groups. Oxidation of 103 with MnO  afforded hexaphyrin 104,
quantitatively. However, hexaphyrin 104 is easily reduced back to 103 under ambient conditions, indicating that

hexaphyrin is more stable than hexaphyrin despite its distinct antiaromatic character. The complexation of 103 with Au(III)

afforded two bis-Au(III) isomeric complexes 105a and 105b in 32% and 3%, respectively (Scheme 37). X-Ray crystal

analysis showed that both complexes present rectangular conformations with hydrogen bonding between the benzoyl

groups and the outer NH protons.

Scheme 10. Synthesis of isomeric 5,20-dibenzoylhexaphyrins and their Gold(III) complexes.

Complex 105b was quantitatively reduced to hexaphyrin Au(II) complex 106 with NaBH  at room temperature, which could

oxidize back to 105b without significant degradation by treatment with MnO . The benzoyl substituents and pyrrolic NH-

protons of the bis-Au(III) complex of [28]hexaphyrin 106 were used as peripheral bidentate coordination sites to prepare

the boron(II) complex 107. The complexation was achieved in 90% yield by heating a mixture of 106, BF -OEt  and

DIPEA in dichloromethane at 40 °C for 24 h (Scheme 38) .

The absorption spectrum of the hexaphyrin 103 in CH Cl shows a Soret band at 516 nm and a Q band (without fine

structure) between 700–900 nm. The absorption spectra of gold complexes 105a and 105b are similar, showing Soret-like

bands around 670 nm and Q-like bands in the NIR region at ca. 822, 930 and 1195 nm, supporting their 26p aromaticity.
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The absorption spectrum of the reduced complex 106 shows broad absorption bands at 544, 603, and 738 nm and weak

absorption in NIR region, reflecting its antiaromaticity. The absorption spectrum of 107 is red-shifted by ca. 100 nm and

sharper than that of 106, probably due to structural rigidity and the presence of electron withdrawing BF -moieties.

Scheme 11. Synthesis of a [26]hexaphyrin bis-gold(III) complex and the corresponding exocyclic boron complex.

5,20-Bis(ethoxycarbonyl)-[28]hexaphyrin 109 was synthesized using meso-pentafluorophenyl tripyrrane 101 and ethyl 2-

oxoacetate (108) as starting materials and the previously described methodology to promote the cross-condensation,

followed by oxidation with DDQ (Scheme 39) . X-Ray crystallographic analysis revealed that 109 presents a dumbbell-

like conformation held by effective intramolecular hydrogen bonding between the pyrrolic NH protons and carbonyl oxygen

of ethoxycarbonyl group. The uv-vis spectrum of 109 displayed characteristic features of antiaromatic porphyrinoids with a

broad Soret-like band at 514 nm, and relatively weak Q-like bands. [28]Hexaphyrin 109 can serve as a bis-NNNO ligand

to form square planar bis-Ni(II) and bis-Cu(II) complexes. The reaction of 109 with 20 equiv. of nickel(II) acetylacetonate

(Ni(acac) ) in dry toluene at 100 °C for 48 h afforded a bis-Ni(II) complex 110 in 48% yield. X-Ray crystallographic

analysis has confirmed that 110 has a square planar geometry formed through the coordination of the three nitrogen

atoms inner and the carbonyl oxygen atom to the Ni(II) ion, and that this bis-complex kept the dumbbell-like conformation.

The complexation with a large excess of CuCl in the presence of NaOAc in CH Cl  at room temperature, for 24 h, yields

the bis-Cu(II) complex 111 in 79% yield, which also takes on a dumbbell-like conformation and square planar geometry.

The absorption spectrum of 110 in CH Cl  showed a broad Soret-like band at 508 and 621 nm, Q-like band at 830 nm

and a weak absorption tail up to 1700 nm. The complexation with copper modified the absorption spectrum of 111,
narrowing the Soret-like band at 520 and 635 nm, blue-shifting the Q-like bands to 814 nm and also the very weak

absorption tail up to ca. 1500 nm. Oxidation of 5,20-bis(ethoxycarbonyl)-[28]hexaphyrin 109 with a large excess of PbO

in CH Cl at room temperature for 3 min afforded [26]hexaphyrin 112 in 73% yield. This hexaphyrin was easily reduced

back to 109 with NaBH  in a mixture of CH Cl /MeOH at room temperature for 10 min (Scheme 39). Interestingly, the

hexaphyrin 112 was the sole product, in contrast with the formation of two isomeric [26]hexaphyrins in the oxidation of

5,20-dibenzoyl-[28]hexaphyrin with MnO  . The uv-vis-NIR absorption spectrum of 112 showed a sharp Soret-like band

at 562 nm and Q-like bands at 712, 770, 892, and 1022 nm, characteristic features of aromatic porphyrinoids.
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Scheme 12. Synthesis of a 5,20-bis(ethoxycarbonyl)-[28]hexaphyrin, its bis-Ni(II) and bis-Cu(II) complexes and the

corresponding 5,20-bis(ethoxycarbonyl)-[26]hexaphyrin.

Following studies on the complexation of aromatic electron-deficient meso-pentafluorophenyl [26]hexaphyrin and electron

rich meso-pentafluorophenyl [28]hexaphyrin with Möbius aromaticity, Osuka and coworkers reported the synthesis of π-

ruthenium complexes . The treatment of mono- and bis-gold(III) complexes of [28]hexaphyrin 113a and 113b with five

equivalents of [RuCl (p-cymene)] in the presence of NaOAc in a mixture of toluene/DMF at 100 °C for 65 h afforded π-

ruthenium complexes 114a and 114b in 45% and 56% yield, respectively (Scheme 40). When the meso-

pentafluorophenyl [26]hexaphyrin was submitted to the same reaction conditions, only decomposition products were

obtained, suggesting that the formation of ruthenium π-complexes might need an electron-rich hexaphyrin. The absorption

spectrum of 114b shows two intense bands at 490 and 656 nm and two less intense and more broad bands at 1066 and

1250 nm. The treatment with TFA yielded the trifluoroacetate 115, with the absorption spectrum of this salt presenting the

same bands, and blue shifted to 455, 609, 1066 and 1097 nm.

Scheme 13. Synthesis of Ru(II) complexes of meso-pentafluorophenyl-[28]hexaphyrin mono- and bis-Au(III) complexes.

Ru-metalation of [26]hexaphyrin bis-Pd(II) complex 116, a unique complex with a characteristic conjugated aromatic

circuit and relatively acidic outer pyrrolic NH protons , was achieved through a reaction with [RuCl (p-cymene)] in the

presence of NaOAc in a mixture of toluene/DMF (4:1) at 100 °C for 12 h . The [26]hexaphyrin bis-Pd(II)-bis-Ru(II)

complex 117, a triple-decker complex with both the [(p-cymene)Ru(II)] moieties located above and below the center of the

hexaphyrin framework, was obtained in 57% yield (Scheme 41). The absorption spectrum of 117 in CH Cl shows two

Soret-like bands at 461 and 650 nm and a Q-like band at 829 nm.
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Scheme 14. Synthesis of Ru(II) complexes of meso-pentafluorophenyl-[28]hexaphyrin bis-Pd(II) complex.

Hexaallyloxy-appended hexaphyrin 119 prepared through nucleophilic aromatic substitution reaction of 5,10,15,20,25,30-

hexakis(pentafluorophenyl)-[26]hexaphyrin (118) with allyl alcohol,   was subjected to olefin metathesis reaction using

the improved Hoveyda–Grubbs catalyst. When the reaction was conducted at room temperature, only peripherally

strapped [26]hexaphyrin monomer 120 was obtained in a 37% yield. Decreasing the amount of catalyst and increasing the

reaction temperature to 40 °C led to the formation of 120 as a minor product (9% yield) and cyclophane-type

[26]hexaphyrin dimer 121 in 21% yield (Scheme 42). The treatment of dimer 121 with NaBH  at room temperature for 10

min afforded [28]hexaphyrin dimer 122 in 30% yield, which could be transformed back into 121 by oxidation with MnO

(Scheme 42) . The uv-vis-NIR absorption spectrum of aromatic hexaphyrin 120 shows a typical sharp Soret-like band

at 569 nm and Q-like bands at 718, 908, and 1031 nm. Dimer 121 shows split Soret-like bands at 543 and 577 nm,

attributed to the exciton coupling of the two hexaphyrin cores in a stacked geometry,  and Q-like bands 724, 899, and

1031 nm. The absorption spectrum of 122 exhibits characteristics of anti-aromatic [28]hexaphyrins, smaller absorption

bands at 490, 526, and 571 nm and a weak absorption at the near-infrared region.

Scheme 15. Synthesis of monomeric and dimeric strapped hexaphyrins.
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Following the pioneer work of Osuka and coworkers on regioselective nucleophilic substitution reactions of meso-

hexakis(pentafluorophenyl)-substituted [26]hexaphyrin with an alkoxides and isopropyl amine , Wiehe and coworkers

achieved the synthesis of hexa-glycosylated [28]hexaphyrin 124 in high yield (Scheme 43) . [28]Hexaphyrin 123,

obtained in 96% yield through a reduction in [26]hexaphyrin 118 with NaBH  in methanol at room temperature for 20 min,

was transformed into the hexa-glycosilated derivative in 78% yield by nucleophilic substitution of the para fluorine

substituent of all six pentafluorophenyl units, using 1-thio-β-D-glucose sodium salt as nucleophile, in dry DMF overnight at

room temperature. Attempts to promote the glycosylation of [26]hexaphyrin 118 delivered a complex mixture with traces of

the expected product and evidence for the formation of the corresponding reduced form, [28]hexaphyrin 123.

Scheme 16. Synthesis of a hexa-glycosylated [28]hexaphyrin.

To create well-defined NIR-II dyes, chemical modification of the hexapyrrolic core is an alternative viable approach.

Recently, Sessler and coworkers reported the synthesis of a new hexaphyrin, pyrihexaphyrin (0.1.0.0.1.0) 125, (Figure 4)

that, upon uranyl dication complexation, undergoes ring contraction, affording 22 p-electron aromatic contracted

pyrihexaphyrin (0.0.0.0.1.0)-uranyl complex, 126, which displays Hückel type aromatic features. In fact, uv-vis

spectroscopic analysis revealed marked differences in comparison to the precursor. A relatively weak Soret-like band was

observed at 549 nm along with Q-type bands at 734 and 1003 nm . A robust bis-rhodium(I) complex of p-extended

planar, anti-aromatic meso-pentafluorophenyl-b,b-phenylene-bridged hexaphyrin [1.0.1.0.1.0], rosarin 127, was

synthesized in 60% yield from the corresponding free-base (Figure 4). Both the ligand and the bis-Rh(I) complex show uv-

vis spectra in CH Cl  with broad bands between 400–700 nm .

The synthesis of doubly N-confused dioxohexaphyrins 128a,b as well as their Zn and Cu complexes, was also reported

(Figure 4). These are interesting small molecule-based photoacoustic agents that respond to NIR-II light excitation and

constitute a promising platform for deep-tissue NIR-II photoacoustic imaging applications .

Hexaphyrin (2.1.2.1.2.1), also known as rubyrins, 129a and b and their rhodium, zinc and copper metal complexes, were

obtained to explore the control of aromaticity and cis-/trans-isomeric structure of non-planar hexaphyrins (Figure 4). While

the free-base and Zn complex exhibit uv-vis spectra similar to the ones observed for porphyrins, the copper complex has

a significant red-shifted bands with Q-like bands at 859 and 947 nm. The rhodium complex displayed a sharp, intense

Soret-like band, and a weak Q-like band in the NIR region .

The incorporation of chalcogenic elements into five-membered rings (i.e., furan and thiophene) significantly affects the

dipole vector and charge displacement. This causes a reversal in the direction of the dipole moment between the

furan/thiophene and pyrrole . The change in the polarization results in electronic perturbations of the p conjugation. In

this regard, chalcogen-substituted hexaphyrins have been synthesized , some of them having been

explored as NIR photodynamic therapy agents , and others such as dithiabronzaphyrin 130   show intense

absorption and fluorescence in the NIR region, opening the way for their use in biological applications.
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Figure 4. Other hexaphyrins derivatives and analogs synthesized in recent years.
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