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The functionalisation of a porphyrin derivative with a chiral
functionality results in a selective interaction with chiral
micellar aggregates.

The study of the interaction of porphyrin derivatives with
membrane models, such as micelles or liposomes, represents an
important area of research aimed at, for example, the development
of Cytochrome P450 mimics,1 or the achievement of systems for
clinical uses such as the photodynamic therapy of tumors (PDT)
and related diseases.2 The activity of these systems is influenced by
the interactions between the included porphyrins and the surfac-
tants, that can be effectively modulated by structural features of the
involved species.3 Among others, chiral recognition plays a striking
role in these effects. To the best of our knowledge, studies on chiral
recognition of chirally functionalised porphyrin derivatives by
chiral micellar aggregates have not been reported,4 although the
study of the interaction of porphyrins with DNAs, and chiral
synthetic polymers constitutes an active and fascinating area of
research.5

Here we report our results on the interaction of a proline-
functionalysed porphyrin derivative (1H2) with micellar aggregates
formed by sodium dodecyl sulfate (SDS) or sodium N-dodecanoyl-
L-prolinate (L-SDP; Scheme 1). Parallel studies, carried out on a
related p-carboxyphenyl-porphyrin derivative (2H2), should give
important information on the nature of porphyrin–surfactant
interactions modulated by chiral recognition.

Micellar solutions are constituted by 0.1 M surfactant aqueous
solutions, well above their critical micelle concentration.‡6 UV-
visible spectra of 1H2 in L-SDP feature the expected bands whose
lmax are slightly red-shifted with respect to that observed in ethanol
solution (Fig. 1, and ESI Table S1). The corresponding absorbance
vs. concentration plot has been found to be linear well above the
porphyrin/surfactant concentration ratio R = 0.005 (ESI Fig. S1).
In contrast, the inclusion of 1H2 in SDS results in the formation of
self aggregated species, as witnessed by the gradual broadening and
hypochromicity of the Soret band, at value of R above 0.0001.7 The
red-shift up to 450 nm indicates the formation of J-type ag-

gregates.8 This put in evidence the role of the chiral functionality on
the efficiency of the solute–micelle molecular recognition proc-
ess.

Detailed fluorescence spectroscopy studies, such as steady state,
time resolved, and fluorescence anisotropy, have been carried out in
order to give further insights into the mode (i.e. monomer or
aggregated state) and the topology of the inclusion in micellar
phases. The results are summarised in Table 1. The emission
spectra reveal a substantial decrease of fluorescence intensity,
along with a slight red shift of the emission maxima, in SDS (lem

= 647 nm with respect to lem = 645 nm in L-SDP and ethanol)
ascribable to porphyrin quenching, confirming the occurrence of
aggregation. In all the media investigated, the fluorescence time
decays of 1H2 are well described by a single exponential lifetime
(t), typical of the emission of monomer species.3,7a

As far as fluorescence anisotropy9 measurements are concerned,
the results obtained show an increased anisotropy coefficient (r)
compared to that observed in ethanol, confirming the inclusion in
the micellar aggregates.§ Fluorescence quenching experiments
have been carried out on the 1H2/L-SDP system, in order to get
more insight into the location within the biomembrane model. The
use of “depth-dependent” lipophilic quenchers10 such as 2-bro-
mooctanoic acid and 16-bromohexadecanoic acid (C2-Br, and C16-
Br, respectively) provided some information on the location of 1H2

† Electronic supplementary information (ESI) available: experimental and
spectroscopic details. See http://www.rsc.org/suppdata/cc/b3/b317054c/

Scheme 1 Porphyrins and surfactants employed in the studies.

Fig. 1 UV-vis spectra of 1H2 (1.7 3 1025 M) in a) EtOH; b) L-SDP 0.1 M;
c) SDS 0.1 M.

Table 1 Fluorescence time decays (t/ns) and anisotropy coefficients (r) of
1H2 (8.5 3 1026 M) in various mediaa

Medium Frel t r

EtOH 1 12.4 ± 0.1 0.008 ± 0.001
L-SDP 0.97 12.5 ± 0.1 0.023 ± 0.001
L-SDPb 0.97 12.5 ± 0.1 0.023 ± 0.002
L-SDPc 0.89
L-SDPd 0.75
SDS 0.32 11.4 ± 0.1 0.019 ± 0.002
SDSb 0.24 11.6 ± 0.1 0.025 ± 0.002
a [surfactants] = 0.1 M; lexc = 513 nm, lem = 645 nm; T = 25 °C. b [1H2]
= 1.7 3 1025 M. c [C16-Br] = 5.0 3 1023 M. d [C16-Br] = 2.0 3 1022

M.
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in the chiral micellar aggregates. The fluorescence is quenched by
C16-Br whereas it is not affected by C2-Br (Table 1 and ESI Fig.
S2, Inset) indicating location of the macrocycle in an inner region
of the surfactant.

CD spectroscopy studies reveal that the inclusion of 1H2 in L-
SDP micelles results in an intense, bisignate, positive band centred
at ca. 440 nm ([q]max ±5 3 104 deg cm2 dmol21; Fig. 2, trace a) as
a result of excited-state interaction between chromophores held in
a chiral conformation11 upon chiral recognition by the micelle.¶
Fluorescence quenching experiments demonstrate that this chiral
recognition takes place in an internal region of the aggregate, far
from the polar head groups and that, consequently, it does not arise
from a close interaction with the stereogenic centers of the
monomers. The independence of the molar ellipticity on the
porphyrin concentration (i.e. well above R = 0.005), and the
sharpness of the Soret band (UV-vis), ruled out the formation of
porphyrin aggregates. In contrast, a solution of 1H2 in SDS features
an intense, coupled CD band with opposite (i.e. negative) sign,
centered at 450 nm, whose intensity, higher than that observed in L-
SDP, is largely dependent on the porphyrin concentration (Fig. 2,
trace b). This finding, along with the presence of substantial
broadening of the Soret band (UV-vis), implies the formation of
porphyrin chiral aggregates, with the L-proline appended residues
steering the helical sense of the self-assembling process.12 This is
confirmed by the fact that CD spectra of 1H2, run in aggregative
conditions (increased water proportion of solvent mixture), feature
an intense, bisignated band (Fig. 3) with negative sign, analogous to
that observed in the case of 1H2 in SDS. Again, [q] values increase
with increasing porphyrin concentration, indicating the evolution of
the chiral system upon aggregate growth. On the other hand, the
achiral 2H2 derivative is CD silent once included in L-SDP micelles
in either monomeric form (i.e. at R 5 0.0001) or in aggregative
conditions (i.e. R > 0.0001).

In summary, these studies point out that chiral recognition in
self-aggregate systems may be the result of a complex combination
of events. Here we have the evidence of a recognition phenomenon
that is induced by the chiral head groups in an internal groove of the
aggregate. These results are of importance for the development of
stereoselective Cytochrome P450 biomimetic systems. Studies on
related redox-active metalloporphyrin derivatives are in progress
and will be reported in the near future.

Notes and references
‡ The “bulk pH” of 0.1 M L-SDP solution is 8.9. Studies in water and in
SDS aqueous solutions have been carried out at pH 9.0 (Buffer solution,
Aldrich).
§ The increase of r for the inclusion of 1H2 in SDS, at different
concentrations, can be inferred as resulting from some porphyrin ag-
gregation.
¶ Ethanol solutions of 1H2 are CD silent in the 350–700 nm range (i.e.
porphyrin B and Q bands region) even in the presence of 0.10 M L-SDP. In
these non-aggregating conditions the surfactant is not micellised, this
implies that the stereochemical information possessed by the surfactant
aggregates must be read-out by the included macrocycles upon molecular
recognition. However, the CD spectrum features the typical dichroic band
of the L-proline group centred at 230 nm, with [q] = 5500 deg cm2 dmol21,
at l 230 nm (ESI Fig. S3). Moreover, the presence of 0.10 M sodium N-
acetyl-L-prolinate (i.e. non-aggregating, polar head mimic) does not affect
the CD spectroscopic features of 1H2 solutions.
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Fig. 2 CD spectra of 1H2 (1.0 3 1025 M) in a) L-SDP 0.1 M; b) SDS 0.1
M.

Fig. 3 CD spectra of 1H2 (8.5 3 1026 M) in ethanol/water mixtures at
increasing water proportion: a) 65%; b) 85%; c) 95%.

C h e m . C o m m u n . , 2 0 0 4 , 9 7 2 – 9 7 3 9 7 3


