J. Am. Chem. S0d.998,

Template-Imprinted Chiral Porphyrin Aggregates

Emanuele BellacchibRosaria Lauceri,Sergio Gurriert,
Luigi Monsu Scolaro? Andrea Romed,and
Roberto Purrello*

Dipartimento di Scienze Chimiche
Universitadi Catania, Viale Andrea Doria 6
95125 Catania, Italy
Istituto per lo Studio delle Sostanze Naturali
di Interesse Alimentare e Chimico Farmaceutico
C.N.R., Catania, Italy
Dipartimento di Chimica Inorganica
Chimica Analitica e Chimica Fisica
Universitadi Messina, ICTPN-C.N.R.
Sezione di Messina, Messina, Italy

Receied June 16, 1998

Interactions between cationic or anionic porphyrins and tem-

plates with opposite charges have been extensively investigated

for their possible biomedichhnd technological applicatioAg.he
formation of binary heteroassemblie®f oppositely charged
porphyrins has also been widely studfed/ery recently, we have
showrt that it is possible to “build” chiraheteroassembliesf
cationic andanionic porphyrins oranionicchiral matrixes. The
formation of such supramolecular species is made possible by
the shielding effect of the cationic component which minimizes
the electrostatic repulsion between the anionic ones. We have
pursued in studying these type w@frnary species because their
“second level” of coordination might allow a more refined design
of the resulting supramolecular complexes, owing to the possibility
of tuning the electronic and structural properties tbfee
constituents.

Here we present a spectroscopic study in water solution of
chiral ternary complexes of the protonated form of tetra-anionic
mesetetrakis(4-sulfonatophenyl)porphine {FPPS, X, ~ 4.8,
Figure 152 on a preformed complex betweerhelical poly-
glutamaté and the copper(ll) derivative of the tetracationiese
tetrakis(N-methylpyridinium-4-yl)porphine (CuT4, Figure 1). We

anticipate that these ternary supramolecular species show a

remarkable stability, which allows them to “memorize” the chiral
information imprinted by the template and to retain it even if the
matrix chirality is “disrupted” by pH-induced conformational
transitions.
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Figure 1. Schematic structure of protonated form rokesetetrakis(4-
sulfonatophenyl)porphine (fIPPS), and the copper derivativernese

tetrakis(\-methylpyridinium-4-yl)porphine (CuT4).
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Figure 2. CD spectra of: (&) a solution of CuT4 (M) in the presence
of poly-L-glutamate (20@:M) at pH 3.6 and (b) the same solution, after
the addition of a 4-fold excess of pobrglutamate.

In the pH range 3.24.8, CuT4 interacts with poly-glutamate
forming a kineticallylabile chiral binary complex. This is shown
by (i) the presence of an induced band in the Soret region of the
circular dichroism (CD) spectra (Figure 2, curvé apd (ii) the
inversion (in about 10 minutes) of the same band upon the addition
of a 4-fold excess of the-form of the polymer (Figure 2, curve
b)# The addition of HTPPS (in the pH range 3-2.0) to such
species induces drastic changes in the absorption, fluorescence,
and CD spectra, indicating the formation ohiral ternary
complexes. In particular, the Soret bands of both porphyrins
experience quite strong hypochromic effects50%), and the
fluorescence emission ofiPPS is quenched by50%? Also,

(7) The porhyrins used in this study are not CD active; therefore, a CD
signal can only bénducedby interaction of these dyes with chiral molecules.

(8) This is in agreement with previous findings where it was shown that
the phase of the induced CD signal in the Soret region reflects the helical
sense of the matrix;e., the complex species formed on ther o forms are
characterized by mirror image CD spectra; see Pasternack, R. F.; Giannetto,
A.; Pagano, P.; Gibbs, E. J. Am. Chem. S04991, 113 7799-7800. Also,
curve b of Figure 2 is not the perfect mirror image of curve a because both
L- andp- supramolecular isomers coexist in solution, with the aggregate on
poly-pD-glutamate in excess.
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given by the stability vs. pH as well. In fact, once the ternary
400 ' ' complexes are formed, no significant variations of iineéuced
CD spectra are monitored by raising+d 2 the pH of the solution
(Figure 5). Recalling that at this pH polyglutamate is in a
“random-coil” conformatior?, this finding strongly indicates that
these porphyrin assemblies retain their “original” chirality even
when the matrix loses it. We have also checked the time stability
under such critical experimental conditions (pH12). It turns
out that these complexes remain stable for several days, as
indicated by the CD intensity in the Soret region which decreases
only by 30% in about two weeks. To the best of our knowledge
- 200 . \ this is the first example of porphyrin assemblies which do not
200 400 600 follow the “chirality” of the template they were grown on. A
possible explanation for this behavior is that aggregation could
) i lead to the formation of clusters which have a fractal struéture
Figure 4. CD spectra of. (a) a solution of CuT4 (M), H,TPPS (4 and which are tightly assembled and stabilized by an extended
#M) in the presence of poly-glutamate (20Q«M) and (b) the same ook of electrostatic interactions.d, those between the
solution 1 day after the addition of a 4-fold excess of polglutamate. oppositely charged peripheral groups an,d the %" between the

i i 2

.bOth the shape (bisignatg) and the unusually high in_ten_sity of the polrr?trgrneitrilr?gglf/),{. also the interactions between the cationic and
induced CD features (Flgurg 3, curve a) strongly |nd|c§1te that anionic free porphyrins leads to aggregates which show the same
both porphyrlnos are extenswely aggregated ontodHeelical kind of “memory” effect. However, the intensity of the CD
polyglutamate When RTPPS is added .to a preformed CuT4- signals is about 10 times weaker. On the other hand, neither ZnT4
poly-o-glutamate binary complex, the mirror images of the CD nor MnT4 form this type of ternary complex under the same
S'gnals.‘ ob_served with the_|so_mer are obtained (F|_gure 3, curve experimental conditions. Most likely, this is due to the presence
b), indicating that the chirality of these assemblies follows the of, respectively, one or two water molecules axially coordinated

matrix chirality. .. to the central metal ions which hinders a close “contact” among
However, these supramolecular ternary complexes behave qu'teporphyrin molecules
differently compared to the parent CuT4-polyglutamabeary In conclusion, our data suggest that the role of the matrix is

quigﬁz.te It'; ;:rcrgért;] ﬁo?ndp?l:et;(oer;oa{lt’?oﬁ tfr?tledpgl);/f-zslugmﬁg crqmal only.ln the very first step of the formation of these ternary
doesnot lead to the inversion of the induced CD signal in the chiral Species. In fact, once formed, these aggrega‘t‘es seem to
Soret region (even aftér daysfollowing the addition). The only g?;/r?easrl:;e é”(;’fet';i”j’nﬁgﬂfou’gégi;frt‘;gi"’;tfeof’#fart%ﬁ'” memory
indication of the.-form excess is the inversion of the helix marker P ’
bands at 222 and 208 finfFigure 4). The same behavior has Acknowledgment. We thank MURST and CNR for partial support.
been observed for the ternary’*supramolecular species upon
addition of an excess of poly-glutamate. The lack of inversion ~ JA9820893
of theinducedCD bands shows that, in contrast to thiinary -

(11) The fractal nature of some porphyrin aggregates has been already

precursors, the polyglutamate-CuT4IHPPS aggregates are ki-  gemonstrated; see Mallamace, F.; Micali, N.; Trusso, S.; M@wlaro, L.;

netically inert. Another evidence of this remarkable inertia is Romeo, A.; Terracina, A.; Pasternack, RPRys. Re. Lett.1996 17, 4741

4744,
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5534

CuT4 is not fluorescent. .
(10) Gibbs, E. J.; Tinoco, |.; Maestre, M.; Ellinas, P.; Pasternack, R. F. (13) They form in about 20 h the chiral nonstoichiometric J- and H-type

Biochem. Biophys. Res. Commu®888 157, 350-358. aggregates discussed in ref 4.

200

CD Intensity (mdeg)

Wavelength (nm)




