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The solvent promoted aggregation behaviour of a meso-substi-

tuted amphiphilic corrole derivative occurs with the formation of

aggregates with regular morphology, different from those

obtained in the case of related porphyrin structures, opening

interesting perspectives for the application of these derivatives in

important fields of research.

The controlled organisation of functional heterocyclic chro-

mophores, such as porphyrinoids and alike, into highly or-

dered self-assembled arrays is an appealing area of research

with great potential in many different fields such as, for

example, the construction of systems mimicking biological

functions,1 for sensor applications,2 and in materials science,3

owing to their unique and intriguing photophysical and opto-

electronic properties, as a consequence of excitonic interac-

tions between adjacent dye units, which make them useful for

specific applications.4

While studies on the self-aggregation of tetrapyrrolic

macrocycles, such as porphyrins or chlorins, have been widely

reported in the literature,5 there has been very little work on

the same topic for other porphyrinoids, such as phthalocya-

nines6 or corroles.7 The paucity of such information is prob-

ably related to the elaborate and time-consuming preparation

of these macrocycles. Fortunately, in the past decade, the

‘‘corrole scenario’’ has changed in a striking way with the

development of efficient synthetic procedures,8 allowing ex-

ploitation of the potential applications of such tetrapyrrolic

derivatives in catalysis, sensors or medicine.9 Also, an array of

several highly selective methods for peripheral substitution8b,10

at b-pyrrolic and meso-carbon positions has enabled research-

ers to decorate the aromatic platform easily, with polar groups

located in specific positions, conferring upon them, for exam-

ple, amphiphilic character. This finding was the fundamental

key for novel investigations of such charged compounds as

efficient biomimetic oxidation systems7d,11 and highly potent

inhibitors of growth factor activity in vitro and in vivo,7a as

they are easily soluble in physiological environments.

While the practical implications of charged corroles begin to

be successfully explored, to the best of our knowledge no

studies have been reported on the self-aggregation properties

of such corroles, although this aspect is of fundamental

interest in the above-mentioned applications. Prompted by

the results obtained in the case of amphiphilic porphyrin

derivatives,12 we extended the same philosophy to related

corrole derivatives, with the aim of investigating the unknown

aggregation properties of such an important class of mole-

cules. The exploitation of this strategy to the case of corroles

may open important perspectives for the achievement of new

supramolecular materials, owing to the special properties of

these macrocycles, such as, for example, their ability to

coordinate transition metal cations in non-conventional,

hypervalent oxidation states and their interesting photophysi-

cal and electrochemical properties.10c,13 For this purpose we

required the preparation of a triphenylcorrole bearing a

carboxylic group at the meso-para-phenyl position of the

macrocycle, which acts as a ‘‘polar head’’ of the whole

hydrophobic structure. Exploiting a new efficient methodology

recently reported by Gryko and Koszarna,8d we were able to

prepare the mono-substituted corrole precursor 1 in satisfac-

tory yield, whose alkaline hydrolysis afforded the target

carboxylic derivative 2, as shown in Scheme 1.

Aggregation experiments on 2 have been carried out in

mixed water–ethanol solvent mixtures, typically at 5 �
10�6 M, at 298 K. In the composition range of 100% to

50% ethanol (v/v) the macrocycle is in monomeric form, as

clearly evidenced by the shape of the Soret band positioned at

413 nm. Further increase of water proportion triggers the

aggregation process, as witnessed by the broadening and a

small hypsochromic shift of the Soret band (ca. 2 nm).w It is

interesting to note that, in similar conditions, the correspond-

ing anionic porphyrin results in the formation of J-type

aggregates.12b The different behaviour featured by the

Scheme 1 Synthetic scheme of the preparation of corrole 2. Reagents
and conditions: (i) H2O, HCl, rt; (ii) p-CHO-C6H4–CO2CH3, HCl,
H2O, MeOH; (iii) p-chloranil, CHCl3; (iv) NaOH, EtOH, DT, 2 h.
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anionic corrole is certainly due to the different geometry of

the tetrapyrrolic platform, inferred by the direct pyrrole–

pyrrole bond. This structural constraint evidently drives the

aggregation toward the formation of supramolecular species

characterised by a different packing motif, in a face-to-face

fashion. The involvement of hydrogen bonding, between the

carboxylate group and the inner hydrogen atoms of the

corrole core, would also play a role in the observed phenom-

enon. Concomitant kinetic studies have been performed in

water–ethanol 50 : 50 (v/v) composition. In this solvent

composition the aggregation rate is rather small, however,

the self-aggregation process can be triggered by the addition

of NaBr.z 14 It is well known that the increase of the ionic

strength of the medium promotes the aggregation process by

the hydrophobic effect, as reported in the case of templated

aggregation of water-soluble porphyrin derivatives on DNA,

RNA or other polymeric matrices.5 Kinetic runs were carried

out by following the decrease of the Soret band intensity (at

413 nm) with time. A typical absorbance vs. time profile is

reported in the inset of Fig. 1. Also in this case, the aggrega-

tion occurs in a well-defined fashion, with the formation of

slightly blue-shifted species. The presence of several isosbes-

tic points indicates that the aggregation process occurs

toward the formation of a narrow distribution of structurally

similar species. The experimental decays can be excellently

fitted by a stretched exponential kinetic, which is described

by eqn (1) (see experimental section). This is reported in the

inset of Fig. 1, in which the close adherence of the calculated

fit to the experimental values is emphasised. The kinetic

behaviour can be interpreted on the basis of the so-called

diffusion limited aggregation (DLA) mechanism, in which

large aggregates are formed by interaction between initial

smaller cluster (seeds) and monomers.15a Notable examples

have been reported in the aggregation of charged cyanine

dyes on charged polymeric templates, such as poly(vinylsul-

fonate),15b or in our very recent work, focused on the synth-

esis and aggregation properties of porphyrin-C-glycoside

conjugates.15c The aggregation rate has been found to be

dependent on the ionic strength of the solution, spanning

over one order of magnitude, from ca. 0.5 to 5 � 10�3 min�1,

on increasing salt concentration from 0.10 to 3.50 M,

respectively.y The aggregation factor, n, which is related to

the availability of nucleation centres during the cluster

growth, remains virtually unchanged. The results are sum-

marised in Table 1. Concomitant fluorescence and resonance

light scattering (RLS) studies give more insights on the

aggregation phenomenon. The corrole emission (lmax =

654 nm) is gradually quenched on going from ethanol to

water-rich solvent composition, paralleling the behaviour

observed via UV-visible means. Interestingly, a new, hypso-

chromically-shifted band appears in pure water (lmax =

635 nm), which can be inferred as due to the formation of

the protonated form of corrole, 2H1, upon excited state

proton-transfer equilibrium from the solvent, as evidenced

by the relative excitation spectra (Fig. 2; right plot, inset).z
Very surprisingly, RLS spectra were silent, indicating that the

aggregation process occurs with the formation of species with

a small number of corrole units (n r 25).5b

These preliminary results showed that amphiphilic corrole

derivatives could be successfully prepared by a straightfor-

ward synthetic procedure, in good yields. These substrates

feature interesting properties in terms of solvent promoted

self-aggregation, toward the formation of specific supramole-

cular structures. The differences shown, with respect to the

aggregation properties of similar porphyrin derivatives, point

out the effect of the macrocycle structure on the self-recogni-

tion process. The extension to more elaborate substrates,

e.g. featuring chiral, charged groups, would make possible

the building of assemblies with interesting stereochemical

features.

Experimental8

Kinetic studies

Kinetic experiments were performed at 298 K, on a Perkin

Elmer l18 spectrophotometer by measuring the UV-visible

spectroscopic changes of 2 with time. Corrole aqueous solu-

tions, suited for kinetic studies, were prepared as follows.

Proper aliquots of a 2 millimolar stock solution in ethanol

(15 to 150 mL) were added to 2.0 mL of ethanol in an 8 mL

glass vial. To this solution 2.0 mL of proper NaBr solutions

were then added and the resulting solution vigorously shaken.

A 3 mL portion was rapidly transferred to a quartz cuvette

and the relative UV-visible spectra acquired in a time-drive

scan. This procedure ensures a 50 : 50 H2O–EtOH (v/v) final

solvent composition, with a final 2 concentration spanning in

the range of 0.25 to 5.0 � 10�5 M. Values of k were obtained

Fig. 1 UV-visible spectral changes of corrole 2 (5.0 � 10�6 M) upon

aggregation (H2O–EtOH, 50 : 50 (v/v); [NaBr] ¼ 1.667 M; T ¼
298 K). Uppermost trace: t= 0, lowermost trace: t= 2600 min. Inset:

corresponding kinetic profile at l = 413 nm.

Table 1 Kinetic parameters for the aggregation of corrole 1H2
a

Entry [NaBr]/M k/min�1 n

1 0.10 4.8 � 10�4 0.58
2 0.385 6.5 � 10�4 0.61
3 1.67 2.2 � 10�3 0.65
4 2.50 4.0 � 10�3 0.59
5 3.50 5.0 � 10�3 0.63

a [1H2] ¼ 5.0 � 10�6 M; T ¼ 298 K, in EtOH–H2O, 50 : 50 (v/v).
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by analysing the absorbance vs. time data points, by a

stretched exponential equation (eqn (1)):

E ¼ E0 þ (Einf � E0)exp[�(kt)n] (1)

where E, E0, Einf are the extinction values at time t, initially,

and at equilibrium, respectively. The kinetic parameters, k and

n, were obtained by nonlinear least-squares regression fit

(Kaleidagraphs program, Synergy Software, 2003) over hun-

dreds of experimental data points. Experiments have been run

in duplicate, with reproducibility within 5% (R2
Z 0.9996).

Synthesis

10-(4-Carboxymethylphenyl)-5,15-diphenylcorrole (1). In a

250 mL round bottomed flask, 5-phenyldipyrromethane

(1 mmol) and 4-acetoxybenzaldehyde (0.5 mmol) were dis-

solved in CH3OH (50 mL), following Gryko and Koszarna’s

method reported in the literature.8d Subsequently, a solution

of HClaq (36%, 2.5 mL) in H2O (50 mL) was added, and the

reaction was stirred at room temperature for 1 h. The mixture

was extracted with CHCl3, and the organic layer was washed

twice with H2O, dried on Na2SO4, filtered, and diluted to

250 mL with CHCl3. p-Chloranil (1.5 mmol) was added, and

the mixture was stirred overnight at room temperature. The

reaction mixture was then concentrated to half the volume and

passed over a silica column (SiO2, CH2Cl2–hexane, 2 : 1). All

the fractions containing the desired corrole were combined

and evaporated to dryness. The resulting solid was suspended

in boiling EtOH, cooled, and filtered to give 108 mg

(0.18 mmol, 37% yield) of pure product as a violet crystalline

solid.

UV-Vis: lmax (e/104, in CHCl3): 417 (9.54), 577 (1.61), 612

(1.23), 643 (0.74) nm. 1H NMR (300 MHz, CDCl3): d 8.99

(d, 2H, b-pyrr), 8.91 (d, 2H, b-pyrr), 8.62 (d, 2H, b-pyrr), 8.54
(d, 2H, b-pyrr), 8.46–8.37 (m, 6H, phenyl), 8.29 (d, 2H,

phenyl), 7.87–7.74 (m, 6H, phenyl), 4.12 (s, 3H, –CO2Me).

FAB-MS (NBA), m/e: 585 [M þ H]1.

Sodium 10-(4-carboxylatephenyl)-5,15-diphenylcorrole (2).

In a 250 mL round bottomed flask corrole (1) (100 mg,

0.17 mmol) was dissolved in 100 mL of 95% EtOH and NaOH

(0.2 g) was added. The mixture was stirred at reflux tempera-

ture for 2 h, then cooled to 25 1C and filtered, washing the

precipitate several times with distilled H2O. The residue was

dried on air and then dissolved with a mixture of CHCl3 and

CH3OH, and the solvent evaporated under reduced pressure.

The green solid was dissolved in 100 mL of CHCl3 and washed

with a saturated solution of aqueous NH4Cl. The organic

phase was then dried on anhydrous Na2SO4 and the solvent

was reduced to a small volume, and purified by column

chromatography (SiO2, CHCl3–MeOH 5%). All the fractions

containing the desired corrole were collected, reduced to a

small volume and washed with NaOH 0.1 M (3 � 100 mL).

The crystallisation from CH2Cl2–n-pentane afforded 83 mg of

the title corrole (0.14 mmol, 84% yield) as a dark green solid.

UV-Vis. lmax (e/104, in CHCl3): 417 (9.40), 577 (1.41),

612 (1.10), 643 (0.72) nm; lmax (e/104, in EtOH): 413 (8.30),

579 (1.32), 614 (1.10), 650 (0.65) nm. 1H NMR (300 MHz,

CDCl3): d 9.02 (d, 2H, b-pyrr), 8.92 (d, 2H, b-pyrr), 8.63

(d, 2H, b-pyrr), 8.54 (d, 2H, b-pyrr), 8.49 (d, 2H, phenyl),

8.40–8.32 (m, 6H, phenyl), 7.84–7.75 (m, 6H, phenyl).

FAB-MS (NBA), m/e: 570 [base; M þ H � Na]1, 526

[35%; M � Na � CO2]
1.
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