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Optical activity is commonly related to molecular dissymmetry.
Symmetric molecules, however, may also present supramolecular
chirality by (i) forming intrinsically chiral assemblies1a-h or (ii)
aggregating onto chiral polymeric templates (extrinsic chirality).2a-f

The latter case leads to induced circular dichroism bands (ICD)
which, having a conformational origin2a (i.e., arising from self-
organization of the achiral guest by chiral templates), modify or
disappear2a,c following matrix conformational transition.

Tunability3 and memory2e,4,5of supramolecular-induced chirality
have been already achieved, but no evidence of self-replication of
induced chirality has been presented until now.

Chiral systems able to self-replicate in solution are useful in
understanding the transfer of information in biologically relevant
aggregation processes (i.e., prion-mediated disease, diabetes, etc.),
but also for technological applications.

We report evidences that the interaction of opposite-charged,
achiral CuT4 and H2TPPS (Figure 1) in the presence of chiral
aggregates ofL- or D-aromatic amino acids leads to a simple but
smart chemical system capable of autonomous growth.

Self-aggregation of the above porphyrins in water leads to achiral
1:1 complexes.6 However, addition of the same porphyrins to
aqueous solutions ofL- or D-phenylalanine (Phe) at least 1× 10-3

M leads to mirror images ICD in the Soret7 region (Figure 2a,b).8

According to the ICD conformational origin, monomeric amino
acids should not induce chiral aggregates because they generate
only locally asymmetric environments. DLS data of the Phe solution
(Figure 3) show, indeed, the presence at 30°C of large Phe
aggregates (∼60 nm), whose size decreases with increasing
temperature, leveling off over 60°C (∼20 nm).9

DLS measurements do not give, however, any insight on Phe
clusters chirality. Yet, such information can be inferred by using
the title assemblies as chirality reporters. Thus, we monitored the
ICD of porphyrins added to different amino acid solutions pre-
warmed at a given temperature. By increasing the temperature, the
ICD decreases paralleling the reduction of Phe mass average
molecular weight MW (Figure 3). After 60°C, the ICD is reduced
almost to a noise level suggesting that there are critical cluster sizes
and concentrations needed to initiate chiral porphyrin aggregation.
Persistence of porphyrin assemblies at high temperature was
confirmed by absorption measurements. Therefore, different from

all the previous examples reported in the literature, here the
preferential conformation of the porphyrin aggregates is borrowed
by noncoValent supramolecular chiral templates.

According to our previous results,2e the title aggregates are inert
enough to memorize the chirality of polymeric templates. A similar
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Figure 1. Schematic structures of H2TPPS, CuT4 andt-H2Pagg.

Figure 2. CD spectrum (cuvette path length) 1 cm) of H2TPPS and CuT4
(2 × 10-6 M each) in ultrapure Millipore water in the presence of (a)L-,
(b) D-phenylalanine (8× 10-3 M), and (c) after the removal of the
L-enantiomer. Inset shows the CD spectra of the films of CuT4-H2TPPS
(d) achiral and (e) imprinted chiral aggregates, respectively.

Figure 3. Intensity variations with temperature of ELS of 80 mML-Phe
solutions (circles) and CD in the Soret region of the imprinted CuT4-H2TPPS
assemblies (squares).
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result is expected also here after Phe removal.10 Indeed, ultra-
filtration of the solution (Phe residual concentration ca. 3× 10-8

M)11 leaves the CD signal almost unaltered (Figure 2c), showing
that the imprinted aggregates retain the “memory” of the mold.12

The inertness of the CuT4-H2TPPS aggregates is conceivably related
to the synergistic occurrence of an extended network of salt bridges
between opposite-charged porphyrins. In fact, the Phe-induced chiral
self-assemblies oft-H2Pagg (Figure 1), not stabilized by net ionic
interactions, do not survive to Phe removal.

SEM data (Supporting Information), obtained by drying the
aqueous solutions, allow for direct visualization of the differences
between achiral and imprinted chiral porphyrin aggregates. Images
of achiral assemblies show an amorphous waxy film whose CD
spectrum is featureless as that recorded in aqueous solution (inset
of Figure 2, curve d).13 In contrast, the imprinted chiral aggregates
show self-similar structures, and their solid-state CD (inset of Figure
2, curve e) is identical to that obtained in solution.13

Different from other examples,1h,2a,14,15SEM images do not show
evidence of the presence of macroscopic canonical chiral features
(helices or twisted ribbons). Yet, theoretical works16a,b anticipate
that mesoscopic chirality might not be necessarily related to
canonical structures, but could derive from intrinsic dissymmetry
(e.g., DLA fractals).

The issue is quite intriguing and worth investigating further. If
the chirality of the porphyrin complex is expressed to a supra-
molecular level, the growth process would lead to the growth of
the existing chiral species. The scenario that opens foresees the
possibility of indefinitely building in solution exact copies of an
initial molecule. Indeed, Figure 4 shows that when equimolar
amounts of CuT4 and H2TPPS are individually added to solutions
containing about 6× 10-13 M of imprinted assemblies (each of
them formed by about 2× 106 porphyrin molecules),17 the ICD of
the imprinted aggregates increases and doubles with doubling
porphyrins concentration (inset of Figure 4). Interestingly, the linear
increase of the CD with porphyrin concentration shows that the
chiral growth process is substantially 100% enantiospecific.

Our results unambiguously show that ca. 10-13 M9 of chiral Phe
clusters play an initiation role by inducing the formation of similar
concentrations of chiral porphyrin assemblies. Thereafter, self-
propagation begins. Altogether our data show evidence of a
correlated sequence of induction, memory, and amplification of
chirality in mesoscopic assemblies. These phenomena involve only
noncovalent interactions between polyanions and polycations;
however, their synergism gives rise to interactions which are by
no means weak. The strength of these forces is the key factor for
the memory and propagation of the chiral structures.

The simplicity of this mixing and shaking synthetic approach,
the robustness, and the remarkable ability to build exact duplicates

of themselves candidate these imprinted noncovalent aggregates
for a wide range of possible technological applications as enantio-
selective catalysts, racemate resolution agents, and remarkably
sensitiveamplifiersof chirality. Their ability to self-propagate the
induced chirality can be seen as a kind of nonenzymatic polymerase
chain reaction (PCR) system for amplifying femtomoles of chiral
assemblies in water.
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Figure 4. CD spectra of the phenylalanine-imprinted aggregates before
(c) and after d-h) five additions of the individual porphyrins aliquots
(2.5× 10-7 M). Inset shows the CD increase (∆CD) vs the added porphyrin
concentration (M x 107), considering (c) as reference.
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