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a b s t r a c t

A methacrylic homopolymer bearing in the side-chain achiral zinc tetraarylporphyrin moieties, has been
studied as macromolecular chromophoric host to determine the absolute configuration of a,x-diamines.
The polymeric material resulted able to bind the chiral guest through amine nitrogen/zinc coordination
to form a complex which exhibits exciton-coupled bisignate circular dichroism (CD) spectra, due to ste-
reodifferentiation leading to a preferred porphyrin helicity. The sign of CD signal reflects the absolute
configuration of diamine and the method turns out very sensitive, requiring only few microgram quan-
tities of guest compound.

To our knowledge this is the first example of absolute configuration assignment to chiral molecular
compounds by means of a polymeric derivative containing in the side-chain metallo-porphyrins
moieties.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years there has been a widespread interest in the study
of porphyrins and their derivatives which are characterized by an
intense and red-shifted Soret band, propensity to undergo p–p
stacking and easy incorporation of metals. In fact, such attributes,
besides the vital role played in biological processes, make these
materials available to a wide range of practical applications in areas
such as catalytic asymmetric synthesis [1–3], nonlinear optics [4,5],
and molecular devices [6,7].

In addition, the literature reports the possibility to enhance the
circular dichroism (CD) sensitivity of chiral compounds through
their derivatization with 5-(4-methylcarboxy-phenyl)-10,15,20-
triphenylporphyrin and/or its zinc analog [8–10]. Thus, resulting
powerful, versatile and multifaced chromophores for CD studies,
porphyrins have been employed also in the field of molecular
and chiral recognition [11,12], as well as absolute configuration
assignment [13–21].

In the last few years, indeed, the so-called CD exciton chirality
method was developed [14,15], a nonempirical microscale ap-
proach for absolute stereochemical determinations, which has
been applied to discriminate between enantiomeric forms of a
wide variety of compounds, such as diamines, carbohydrates and
amino acids [15–21]. All that is essential because these substrates
exhibit important biological activities but often are available only
in limited amounts.
ll rights reserved.

: +39 051 2093675.
).
The method is based on the through-space exciton coupling
between two or more chirally oriented chromophores, which are
usually introduced through derivatization of functional groups
present in the substrates [14,15].

However, it was recently demonstrated that the absolute config-
uration assignment may be performed through reversible complex-
ation of the chiral guest with achiral porphyrin hosts, which can then
be recovered after the spectroscopic measurements, thus bypassing
the chromophoric derivatization [15–23]. In particular, linker
bridged bisporphyrin derivatives (zinc porphyrin tweezers) resulted
capable of binding various chiral guests (acyclic a,x-diamines, ami-
no alcohols, etc.) to form 1:1 host/guest complexes, giving rise to
exciton-coupled CD spectra. The sign of the dichroic bands reflects
the absolute configuration of the optically active compound
[13,22–24], while their intensity depends on several other factors
such as solvent, temperature, and the relative steric bulkiness of
the guest molecule [25].

In this context, we envisaged the possibility to use a macromolec-
ular system binding achiral tetraarylporphyrin moieties in the side-
chain for the absolute configuration assignment to optically active
acyclic a,x-diamines. To this purpose, we have synthesized
the new homopolymeric porphyrin–zinc derivative poly{{5-
[4-(methacryloyloxy)phenyl]-10,15,20-triphenylporphyrin}zinc(II)}
{poly[Zn–M-TPP]} (Fig. 1), which shows high thermal stability and
should easily coordinate amines with a squared pyramidal ligand
arrangement of the metal atom, as reported by Buchler for low
molecular weight porphyrin compounds [26].

The chiral recognition ability of this macromolecular compound
has been verified in the presence of two well known and thor-
oughly studied 1,2-diaminopropane enantiomers and investigated
by UV–Vis and CD spectroscopy.

http://dx.doi.org/10.1016/j.reactfunctpolym.2010.12.005
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Fig. 1. Structure of poly[Zn–M-TPP].
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2. Experimental

2.1. Physico-chemical measurements l

1H and 13C NMR spectra were obtained at room temperature, in
5–10% CDCl3 solutions, using a Varian NMR Gemini 300 spectrom-
eter. Chemical shifts are given in ppm relative to tetramethylsilane
(TMS). 1H NMR spectra were run at 300 MHz by using the follow-
ing experimental conditions: 24,000 data points, 4.5 kHz spectral
width, 2.6 s acquisition time, 128 transients. 13C NMR spectra were
recorded at 75.5 MHz, under full proton decoupling, by using the
following experimental conditions: 24,000 data points, 20 kHz
spectral width, 0.6 s acquisition time, 64,000 transients.

FT-IR spectra were recorded with a Perkin–Elmer 1750 spectro-
photometer, equipped with an Epson Endeavour II data station, on
sample prepared as KBr pellets.

Number average molecular weights of the polymer ðMnÞ and
their polydispersity indexes ðMw=MnÞ were determined in THF
solution by SEC using a HPLC Lab Flow 2000 apparatus, equipped
with an injector Rheodyne 7725i, a Phenomenex Phenogel 5 lm
MXM column and a UV–Vis detector Linear Instrument model
UVIS-200, working at 254 nm. The calibration curve for the MXM
column was obtained by using monodisperse polystyrene stan-
dards in the range 2700–200,000.

The glass transition temperatures of the polymer (Tg) were
determined by differential scanning calorimetry (DSC) on a TA
Instruments DSC 2920 Modulated apparatus, adopting a tempera-
ture program consisting of three heating and two cooling ramps
starting from room temperature (heating/cooling rate 10 �C/min
under a nitrogen atmosphere). Each sample (5–9 mg) was heated
up to only 250 �C in order to avoid thermal decomposition.

The initial thermal decomposition temperature (Td) was deter-
mined on the polymeric samples with a Perkin–Elmer TGA-7 ther-
mogravimetric analyzer by heating the samples in air at a rate of
20 �C/min.

UV–Vis absorption spectra in solution were recorded at 25 �C in
CHCl3 with a Perkin–Elmer Lambda 19 spectrophotometer by using
cell path lengths of 0.1 cm and concentrations of porphyrin chro-
mophore of about 3.5 � 10�5 mol L�1.
Circular dichroism (CD) spectra were recorded at 25 �C in chlo-
roform solutions on a Jasco 810 A dichrograph, using the same path
length and solution concentrations as for the UV–Vis measure-
ments. De values, expressed as L mol�1 cm�1, were calculated from
the following expression: De = [H]/3300, where the molar elliptic-
ity [H] in deg cm2 dmol�1 refers to one porphyrin chromophore.

Measurement of chiral recognition have been performed by
adding an aliquot (175 lL) of chiral diamine solution (0.02
mol L�1) to porphyrin solution (3.5 � 10�5 mol L�1) in CHCl3.

2.2. Materials

5-(4-Hydroxyphenyl)-10,15,20-triphenylporphyrin (HOTPP)
was synthesized from benzaldehyde, p-hydroxybenzaldehyde
and pyrrole as previously reported by Little et al. [27].

Methacryloyl chloride (Aldrich) was distilled (bp 95 �C) under
dry nitrogen in the presence of traces of 2,6-di-tert-butyl-p-cresol,
as polymerization inhibitor, before use. Triethylamine (Aldrich)
was refluxed over dry CaCl2 for 8 h and then distilled (bp 89 �C).
2,20-Azobisisobutyronitrile (AIBN) (Aldrich) was crystallized from
abs. ethanol before use.

Chloroform (CHCl3), methylene dichloride (CH2Cl2), and tetra-
hydrofuran (THF), were purified and dried according to reported
procedures [28] and stored over molecular sieves (4 Å) under
nitrogen. All other reagents and solvents (Aldrich) were used as
received.

2.2.1. 5-[4-(Methacryloyloxy)phenyl]-10,15,20-triphenylporphyrin
(M-TPP) [29]

Methacryloyl chloride (0.1 mL, 0.9 mmol) in dry methylene
dichloride (3 mL) and triethylamine (0.13 mL, 0.9 mmol) in dry
methylene dichloride (3 mL) were simultaneously added dropwise
to an ice cooled, vigorously stirred solution of the porphyrin alco-
hol HOTPP (0.50 g, 0.73 mmol), dimethylamino pyridine (0.03 g,
0.25 mmol) as catalyst, and 2,6-di-tert-butyl-4-methyl phenol
(0.02 g) as polymerization inhibitor, in dry methylene dichloride
(30 mL), under nitrogen flow.

The mixture was kept ice cooled for 2 h, then left at room tem-
perature for one night, washed with 0.1 M HCl, 5% Na2CO3 and fi-
nally with water, in that order. The organic layer was dried
(Na2SO4) and the solvent was evaporated under reduced pressure.
The solid residue was purified by column chromatography (SiO2,
CH2Cl2 as eluent) (84% yield).

1H NMR (CDCl3): 8.53 (m, 8H, 2, 3, 7, 8, 12, 13, 17, 18-H TPP),
7.70 (m, 8H, 2H arom. metha to ester group and 6H arom. ortho
to monosubst. phenyl groups), 7.25 (m, 9H, arom. metha and para
to monosubst. phenyl groups), 7.00 (d, 2H, arom. ortho to ester
group), 6.05 and 5.35 (2d, 2H, CH2@), 1.7 (s, 3H, CH3) ppm.

FT-IR: 3059 (mCAH arom.), 1718 (mC@O, ester), 1633 (mC@C meth-
acr.), 1602 and 1515 (mC@C arom.) 1222 (mCAO, ester), 818 (dCH

1,4-disubst. arom. ring), 760 and 687 (dCH monosubst. arom. ring)
cm�1.

2.2.2. Poly{5-[4-(methacryloyloxy)phenyl]-10,15,20-triphenylporphy
rin} {Poly[M-TPP]} [29]

The homopolymerization of M-TPP was carried out in a glass
vial using 2,20-azobisisobutyronitrile (AIBN) as thermal initiator
(2 wt.% with respect to the monomers) and dry THF as solvent
(1 g of monomer in 15 mL of THF). The reaction mixture was pre-
pared and introduced into the vial under nitrogen atmosphere,
submitted to several freeze–thaw cycles, and allowed to polymer-
ize at 60 �C for 72 h. The polymerization was then stopped by pour-
ing the mixture into a large excess of methanol and the polymeric
product purified by repeated precipitations in methanol. The
material was finally dried at 80 �C for 4 days under high vacuum
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to constant weight (68% yield). ðMnÞ = 9200 g mol�1, ðMw=Mn ¼
1:6Þ, Tg = 210 �C, Td = 358 �C.

The monomer conversion was determined gravimetrically and
the product characterized by FT-IR, 1H- and 13C NMR.

1H NMR (CDCl3): 8.88–8.15 (8H, 2, 3, 7, 8, 12, 13, 17, 18-H TPP),
7.80–7.42 (8H, 2H arom. metha to ester group and 6H arom. ortho
monosubst. phenyl groups), 7.20–6.65 (11H, 2H arom. ortho to es-
ter group and 9H arom. metha and para to monosubst. phenyl
groups), 5.60–5.10 (1H, CH), 2.72–2.20 (main chain CH2), 2.10–
1.05 (main chain CH3) ppm.

13C NMR (CDCl3) (ppm): 169.3 (CO), 150.1 (arom. a to phenyl
group), 141.9 (C–N), 140.0 (arom. a to ester group of disubst. phe-
nyl group), 135.2 (arom. ortho to ester group of disubst. phenyl
group), 134.5 (arom. ortho to monosubst. phenyl groups), 131.2
(b-TPP), 127.8 (arom. para to monosubst. phenyl groups), 126.6
(arom. metha to monosubst. phenyl groups), 119.6 and 120.0
(meso-TPP), 70.1 (CH), 54.6 (main chain CH2AC), 46.0 (main chain
CH2AC), 17.7 (main chain CH3AC) ppm.

FT-IR: 3062 (mCAH arom.), 1729 (mC@O, ester), 1606 and 1507
(mC@C arom.), 1219 (mCAO, ester), 816 (dCH 1,4-disubst. arom. ring),
762 and 684 (dCH monosubst. arom. ring) cm�1.

2.2.3. Poly{{5-[4-(methacryloyloxy)phenyl]-10,15,20-triphenylporphy
rin}zinc(II)} {Poly[Zn–M-TPP]}

Poly[M-TPP] (0.041 mmol) and Zn(OAc)2 (0.082 mmol) were
dissolved in chloroform (30 mL) and MeOH (6 mL). The solution
was kept at room temperature under nitrogen flow for 2 h, then
washed with a NaCl saturated solution, 5% aq. Na2CO3 and water
in that order. After drying the organic layer on anhydrous Na2SO4

and evaporation of the solvent under vacuum, the desired pure
product is quantitatively obtained.

2.2.4. Preparation of diamine solutions
A solution of (R)-(+)- or (S)-(�)-1,2-diaminopropane dihydro-

chloride (0.102 mmol) in MeOH (2 mL) was allowed to react in
the presence of Na2CO3 (28 mmol) at room temperature for one
night. The solvent was evaporated and the residue dried under
high vacuum for 1 h. Then chloroform (5 mL) was added to yield
a solution of (R)-(+)- or (S)-(�)-1,2-diaminopropane (0.02 mol L�1).
3. Results and discussion

3.1. Synthesis and characterization of the polymer

5-[4-(Methacryloyloxy)phenyl]-10,15,20-triphenylporphyrin
(M-TPP) and poly{5-[4-(methacryloyloxy)phenyl]-10,15,20-tri-
phenylporphyrin} {Poly[M-TPP]}, were synthesized by a slightly
different procedure with respect to that one previously reported
by Kamachi et al. [29].

The methacrylic monomer M-TPP was obtained starting from
porphyrin alcohol HOTPP and methacryloyl chloride in the pres-
ence of triethylamine (TEA) and dimethylamino pyridine (DMAP)
as catalyst.

The structure of the above mentioned product was confirmed
by 1H NMR analysis, which displays the resonances of the vinylic
protons of monomeric methacrylate (around 5.35 and 6.05 ppm)
and the aromatic protons of the porphyrin moiety.

The radical homopolymerization of M-TPP in THF solution and
in the presence of AIBN as thermal initiator, afforded a polymeric
product in high yield (68%), average molecular weight ðMnÞ of
9200 g mol�1 and polydispersity index ðMw=MnÞ of 1.6.

The occurrence of polymerization, involving the methacrylic
double bond, was confirmed by FT-IR, showing the disappearance
of the band around 1630 cm�1, which corresponds to the stretch-
ing vibration of the monomer double bond, and the shift of the
carbonyl stretching to higher frequencies, as a result of the reduced
electron delocalization caused by the reaction of the methacrylic
double bond.

Accordingly, in the 1H NMR spectrum of the polymer, the reso-
nances of the vinylic protons of monomeric methacrylate are ab-
sent and the methyl resonances are shifted to higher field.

The thermal stability of Poly[M-TPP], as determined by thermo-
gravimetric analysis (TGA), resulted high, with decomposition
temperature value of 358 �C, indicative of a remarkable presence
of strong dipolar interactions in the solid state between the chro-
mophores located in the macromolecular side-chains. Such a
behavior makes this material interesting by the applicative point
of view.

The DSC thermogram revealed only one second-order transi-
tion, originated by glass transition, with no melting peaks, thus
suggesting that this polymeric material is substantially amorphous
in the solid state. Furthermore, the Tg value appears to be quite
high, around 210 �C.

Poly[M-TPP] was fully metallated with Zn(OAc)2 to give
poly[Zn–M-TPP] (Fig. 1). The formation of this new porphyrin–zinc
polymeric derivative was confirmed by UV–Vis analysis and com-
parison with the metallated monomer Zn–M-TTP obtained from
M-TPP with similar procedure.

3.2. UV–Vis analysis

As previously reported for other porphyrin derivatives [30,31],
the absorption spectra of the synthesized monomer and corre-
sponding polymer (Table 1 and Fig. 2) show an intense Soret band
at 418 nm related to p?p� transitions, and four Q bands at 515,
550, 590 and 645 nm of lower intensity.

A remarkable hypochromism is observed for the Soret band
when passing from the low molecular weight compound, where
the lack of structural restraints originates a random distribution
of the chromophores in dilute solution, to the corresponding
homopolymer (Table 1 and Fig. 2). Such a behavior was previously
observed for porphyrin dimers [32,33] and polymers [29], and ex-
plained in terms of an exciton coupling model due to the close ap-
proach of two porphyrin rings which are forced to interact.
Assuming that no aggregates of monomer nor intermolecular
interactions are present in dilute solution, and that the nature of
the chromophoric moieties is the same for the monomer and the
corresponding polymer, although the chromophores are anchored
to the polymer backbone, it therefore appears that intramolecular
electrostatic dipolar interactions between porphyrin moieties are
present in the macromolecules, evidently as a consequence of close
proximity of the side-chain chromophores located along the mac-
romolecular backbone. The extinction coefficient of Q bands, in-
stead, does not exhibit any relevant change.

The addition of increasing amounts of trifluoroacetic acid (TFA)
to the solutions of these porphyrin derivatives alters significantly
their electronic spectra (Fig. 3), as previously reported for low
molecular weight systems [34–36] and demonstrated by sudden
color change: the acid immediately turns the reddish solution to
a brilliant green.

As reported in Fig. 3 for Poly[M-TPP], it can be noticed that, by
increasing the amount of acid in solution (5 ? 60 eq.), the intensity
of the Soret band at around 418 nm fades, with a progressive
growth of a new absorption band centered at 439 nm and attrib-
uted to the formation of the protonated species. At the same time,
the Q bands at 515 and 550 nm progressively decrease of intensity,
while those at 590 and 645 nm increase. As suggested by Gou-
terman and subsequently proved by means of semiempirical calcu-
lations [34,37,38], the observed red-shift of the Soret band of 21 nm
reflects the occurrence of phenyl-to-porphyrin charge transfer
transitions.



Table 1
UV–Vis spectra of the investigated compounds in chloroform solution at 25 �C.

Sample Soret band 1st Q band 2nd Q band 3rd Q band 4th Q band

kmax
a emax

b (10�3) kmax
a emax

b (10�3) kmax
a emax

b (10�3) kmax
a emax

b (10�3) kmax
a emax

b (10�3)

TPPc 417 478.6 514 20.0 549 9.1 592 6.9 647 6.3
HOTPP 419 505.2 516 18.8 552 8.8 590 5.7 646 4.3
M-TPP 418 486.0 515 19.1 550 7.9 590 5.7 645 3.8
Zn–M-TTP 422 417.3 – – 550 16.7 594 4.4 – –
Poly[M-TPP] 417 261.1 516 17.0 551 7.2 591 5.2 647 3.5
Poly[Zn–M-TPP] 422 265.5 – – 552 16.3 594 4.1 – –

a Wavelength of maximum absorbance, expressed in nm.
b Expressed in L mol�1 cm�1 and calculated for one single chromophore.
c TPP: tetraphenylporphyrin from Ref. [34].
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Fig. 3. UV–Vis spectra of Poly[M-TPP] in chloroform after addition of increasing
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Such a behavior is due to the gradual protonation of the pyrrolic
moieties and the process is reversible: by adding an equivalent
amount of base (for example triethylamine), it is possible to restore
the original spectra, as shown in Fig. 4. In the inset of this figure we
report the absorbance variation at 420 nm after 10 subsequent
protonations and deprotonations in order to verify the chemical
stability of the polymeric substrate (the absorbance values are cor-
rected as a function of volume changes due to the subsequent addi-
tion of acid and base). These results suggest the possibility to
obtain a two-state molecular switch whose interconversion can
be monitored by UV–Vis spectroscopy, which seems promising
also for its application as acid responsive organic material.

A similar behavior is shown by the monomer, but the proton-
ation, under the same experimental conditions, takes place with
lower amount of TFA (0.5 ? 10 eq.). This occurrence can be due
to the presence, in the polymer, of p–p dipolar interactions be-
tween adjacent chromophores which reduce the electronic density
at the pyrrolic nitrogen atoms and the free volume necessary to the
acid to give protonation, thus requiring a larger amount of acid.

The macromolecular Zn-derivative poly[Zn–M-TPP] displays
with respect to Poly[M-TPP] a red-shift of the Soret band from
418 to 422 nm and, in the spectral region of the Q bands, the disap-
pearance of two bands with a shift of the remaining signals to
around 552 and 594 nm (Fig. 2). This effect was previously re-
ported for similar compounds [39–41].
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3.3. Assignment of absolute configuration

As reported in the Introduction, the stereoselective complexa-
tion of metal–porphyrin derivatives with chiral diamines gives rise
to one preferred porphyrin helicity, disclosed by the exciton-cou-
pled CD spectra with the signs reflecting the absolute configura-
tions of the guest molecule [13,22–24].

To assess whether the same process can take place between the
above porphyrin polymer and an acyclic a,x-diamine, solutions of
poly[Zn–M-TPP] containing a known aliquot of a solution of (R)-
(+)- or (S)-(�)-1,2-diaminopropane (10 equivalents with respect
to the porphyrin unit) were prepared. Thus, formation of the
host/guest complex via coordination of the amine nitrogens to
the zinc atoms of porphyrin moieties in the side-chain, was re-
vealed by the solution color change which turns from reddish to
teal blue and confirmed by UV–Vis and CD spectroscopy.

As reported in Fig. 5, in fact, after addition of the diamine to the
achiral zinc–porphyrin polymer, the two Q bands shift from 552
and 594 nm to 560 and 600 nm (red-shift) and a new band rises
at 635 nm.

It is noteworthy that no red-shift of the Soret band is observed
after addition of the diamine to the zinc polymer, contrary to what
reported by other authors [24,42]. Such a behavior could be due to
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Fig. 5. UV–Vis spectra (bottom) in chloroform solution of poly[Zn–M-TPP] before
(� � �) and after addition of (S)-(�)- or (R)-(+)-1,2-diaminopropane (___). CD spectra
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the use of a polar solvent, required because of the low solubility of
the macromolecular system.

Nevertheless, the CD spectra, initially silent, display two signals
of opposite sign, with a crossover point in correspondence of the
maximum absorption. Such a behavior suggests that chiral diamine
complexation leads to a unique twisted arrangement of the effec-
tive electric transition moments of zinc porphyrins. By using dilute
solutions, intermolecular interactions should be prevented, thus
the excitonic CD couplet can be ascribed to interactions between
adjacent chromophores bound to the same macromolecular chain.
The absolute sense of the twist can be correlated with the sign of
the couplet and hence with the diamine configuration.

By adding (R)-(+)-1,2-diaminopropane, a negative CD couplet is
obtained (Fig. 5) which, accordingly to the CD exciton chirality
method [14,15], suggests the presence of cooperative interactions
between side-chain porphyrin chromophores disposed in a mutual
chiral geometry of anticlockwise prevailing handedness. Similar
results have been previously obtained by Nakanishi et al. [22]
who reported the possibility to bind a pentanediol-linked bis zinc
porphyrin molecule (porphyrin tweezer) with various diamines to
form macrocyclic host/guest complexes.

The dependence of the observed UV–Vis and chiroptical proper-
ties on sample concentration have also been investigated in the
range 10�6–10�4 mol L�1, based on porphyrin repeating unit, by
using variable cell pathlength. In these conditions, the UV–Vis
and CD spectra result, within the limit of experimental errors, prac-
tically unchanged, thus confirming that the observed spectroscopic
behavior is related to individual polymeric chains and originated
by chromophoric intrachain interactions.

As expected, the achiral porphyrin polymer gives a CD spectrum
which is the mirror image of the previous one (positive couplet) in
the presence of (S)-(�)-1,2-diaminopropane (Fig. 5), thus revealing
a clockwise orientation of the porphyrin moieties, at least for chain
sections.

The couplet intensity, normalized for two porphyrin moieties in
order to allow a comparison with the data reported in the literature,
in presence of 10 equivalents of (R)-(+)-1,2-diaminopropane, is
about four times lower than that one for porphyrin tweezer
(De = 24.40 and +15.32 L mol�1 cm�1 vs.�93 and +76 L mol�1 cm�1,
respectively) [22] and could be attributed to the reduced mobility of
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Fig. 6. CD spectra of poly[Zn–M-TPP] after the addition of 2 (___), 5 (- - -) and 10
(� � �) equivalents of (S)-(�)-1,2-diaminopropane.
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porphyrin chromophores in the polymer with consequent reduced
availability to diamine complexation.

However, as reported in Fig. 6, the presence of only two equiv-
alents of a,x-diamine is sufficient to achieve a slight signal still
detectable by CD.

Thus, the method results very sensitive for the absolute config-
uration assignment to a,x-diamine, requiring only few microgram
quantities of the guest compound. In addition, being the amine
complexation reversible, it advantageously allows to repeatedly
use the polymeric Zn–porphyrin system for further chiral recogni-
tion. Work is in progress to assess the applicability of this system
to other classes of chiral compounds.

4. Conclusions

A new homopolymeric polymethacrylate bearing in the side-
chain the tetraarylporphyrin chromophore as well as its zinc-com-
plex, were synthesized. Displaying remarkable changes of UV–Vis
spectrum in response to pH, these materials seem to be promising
for application as acid responsive organic materials.

Furthermore, the polymeric zinc derivative resulted capable to
complex a chiral a,x-diamine (1,2-diaminopropane) as demon-
strated by color variation and spectroscopic analysis. In particular,
the CD spectra, initially silent, upon addition of optically active dia-
mine, show dichroic signals related to the electronic transitions of
the porphyrin chromophores, with a behavior typical of exciton
splitting determined by cooperative interactions between side-
chain porphyrin chromophores disposed in a mutual chiral geom-
etry of one prevailing handedness. Being the observed couplet sign
a direct consequence of the chirality of the diamine, which is trans-
mitted to a prevailing helical handedness of the interacting chro-
mophores, the assignment of chirality is nonempirical.

Although the CD signals displayed by this polymeric system re-
sulted four times lower in intensity with respect to low molecular
weight porphyrin tweezers previously reported in the literature, it
appears however very sensitive and convenient for chiral recogni-
tion, being the material easy to synthesize, thermally stable, and
requiring only few microgram quantities of the guest compound.

This example may open a new route for a general approach to
the design of polymeric systems to be applied in the field of chiral
recognition and absolute configuration assignment and could be
extendable to a large variety of chiral substrates.

Acknowledgement

Financial support from Consortium INSTM and PRIN 2007 (2007
WJMF2W) project are gratefully acknowledged.

References

[1] Z. Gross, S. Ini, J. Org. Chem. 62 (1997) 5514–5521.
[2] J.P. Collman, X. Zhang, V.J. Lee, E.S. Uffelman, J.I. Brauman, Science 261 (1993)

1404–1411.
[3] S. Nimri, E. Keinan, J. Am. Chem. Soc. 121 (1999) 8978–8982.
[4] M.O. Senge, M. Fazekas, E.G.A. Notaras, W.J. Blau, M. Zawadzka, O.B. Locos, E.M.

Ni Mhuircheartaigh, Adv. Mater. 19 (2007) 2737–2774.
[5] A.D. Tillekaratne, R.M. de Silva, K.M.N. de Silva, J. Mol. Struct. (Theochem) 638

(2003) 169–176.
[6] A. Krivokapic, H.L. Anderson, G. Bourhill, R. Ives, S. Clark, K.J. McEwan, Adv.

Mater. 13 (2001) 652–656.
[7] L. Wang, M.E. Meyerhoff, Anal. Chim. Acta 611 (2008) 97–102.
[8] S. Matilde, N. Berova, K. Nakanishi, S. Novkova, I. Philipova, B. Blagoev, J. Am.

Chem. Soc. 117 (1995) 7021–7022.
[9] S. Matilde, N. Berova, K. Nakanishi, J. Fleishhauer, R. Woody, J. Am. Chem. Soc.

118 (1996) 5198–5206.
[10] R. Lauceri, A. D’Urso, A. Mammana, R. Purrello, Chirality 20 (2008) 92–96.
[11] H. Ogoshi, T. Mizutani, Acc. Chem. Res. 31 (1998) 81–89.
[12] S.L. Chen, N. Harada, K. Nakanishi, J. Am. Chem. Soc. 96 (1974) 7352–7354.
[13] N. Berova, G. Pescitelli, A.G. Petrovic, G. Proni, Chem. Commun. (2009) 5958–

5980.
[14] N. Berova, K. Nakanishi, Exciton chirality method: principles and applications,

in: N. Berova, K. Nakanishi, R.W. Woody (Eds.), Circular Dichroism. Principles
and Applications, John Wiley & Sons, New York, 2000, pp. 337–382.

[15] M. Chang, H.V. Meyers, K. Nakanishi, M. Ojika, J.H. Park, M.H. Park, R. Takeda,
J.T. Vazquez, Pure Appl. Chem. 61 (1989) 1193–1200.

[16] M. Takeuchi, T. Imada, S. Shinkai, J. Am. Chem. Soc. 118 (1996) 10658–10659.
[17] T. Mizutani, T. Kurahashi, T. Mukakami, N. Matsumi, H. Ogoshi, J. Org. Chem.

Soc. 61 (1996) 539–548.
[18] K. Konishi, K. Yahara, H. Toshishige, T. Aida, S. Inoue, J. Am. Chem. Soc. 116

(1994) 1337–1344.
[19] M.J. Crossley, L.G. Mackay, A.C. Try, J. Chem. Soc., Chem. Commun. (1995)

1925–1928.
[20] S. Arimori, M. Takeuchi, S. Shinkai, J. Am. Chem. Soc. 118 (1996) 245–246.
[21] H. Imai, S. Nakagawa, E. Kyuno, J. Am. Chem. Soc. 114 (1992) 6719–6723.
[22] X. Huang, H. Rickman, B. Borhan, N. Berova, K. Nakanishi, J. Am. Chem. Soc. 120

(1998) 6185–6186.
[23] T. Kurtàn, N. Nesnas, Li. Y-Q, X. Huang, K. Nakanishi, N. Berova, J. Am. Chem.

Soc. 123 (2001) 5962–5973.
[24] M. Tanasova, C. Vasileiou, O.O. Olumolade, B. Borhan, Chirality 21 (2009) 374–

382.
[25] V.V. Borovkov, G.A. Hembury, Y. Inoue, Acc. Chem. Res. 37 (2004) 449–

459.
[26] J.W. Buchler, in: D. Dolphin (Ed.), Porphyrins, vol. 1, Academic Press, New York,

1978, p. 425 (Chapter 10).
[27] R.G. Little, J.A. Anton, P.A. Loach, S.A. Ibers, J. Heterocycl. Chem. 12 (1975) 343–

349.
[28] D.D. Perrin, W.L.F. Amarego, D.R. Perrin, Purification of Laboratory Chemicals,

Pergamon Press, Oxford, 1966.
[29] M. Kamachi, X.S. Cheng, T. Kida, A. Kajiwara, M. Shibasaka, S. Nagata,

Macromolecules 20 (1987) 2665–2669.
[30] M. Gouterman, J. Chem. Phys. 30 (1959) 1139–1161.
[31] A.H. Corwin, A.B. Chivvis, R.W. Poor, D.G. Whitten, E.W. Baker, J. Am. Chem.

Soc. 90 (1968) 6577–6583.
[32] M. Gouterman, D. Holten, E. Lieberman, Chem. Phys. 25 (1977) 139–153.
[33] I.W. White, in: M. Dolphin (Ed.), Porphyrins, vol. 4, Academic Press, New York,

1973, pp. 306–324.
[34] I.H. Wasbotten, J. Conradie, A. Ghosh, J. Phys. Chem. B 107 (2003) 3613–3623.
[35] M. Nawakowska, F. Kataoka, J.E. Guillet, Macromolecules 29 (1996) 1600–

1608.
[36] C.P. Tidwell, P. Bharara, G. Rudeseal, T. Rudesea, F.H. Rudeseal Jr., C.A. Simmer,

D. McMillan, K. Lanier, L.D. Fondren, L.L. Folmar, K. Belmore, Molecules 12
(2007) 1389–1398.

[37] M. Gouterman, in: D. Dolphin (Ed.), The Porphyrins, vol. III, Academic Press,
New York, 1978, pp. 1–128 (Chapter 1).

[38] M. Vitasovic, M. Gouterman, H. Linschitz, J. Porphyrins Phthalocyanines 5
(2001) 191–197.

[39] M.S. Liao, S. Scheiner, J. Chem. Phys. 117 (2002) 205–219.
[40] R. Wang, B.M. Hoffman, J. Am. Chem. Soc. 106 (1984) 4235–4240.
[41] J.A. Shelnutt, V. Ortiz, J. Phys. Chem. 89 (1985) 4733–4739.
[42] X.F. Huang, B. Borhan, B.H. Rickman, K. Nakanishi, N. Berova, Chem. Eur. J. 6

(2000) 216–224.


	Polymethacrylic zinc porphyrin: A new approach to chiral recognition
	Introduction
	Experimental
	Physico-chemical measurements l
	Materials
	5-[4-(Methacryloyloxy)phenyl]-10,15,20-triphenylporphyrin (M-TPP) [29]
	Poly{5-[4-(methacryloyloxy)phenyl]-10,15,20-triphenylporphy rin} {Poly[M-TPP]} [29]
	Poly{{5-[4-(methacryloyloxy)phenyl]-10,15,20-triphenylporphy rin}zinc(II)} {Poly[Zn–M-TPP]}
	Preparation of diamine solutions


	Results and discussion
	Synthesis and characterization of the polymer
	UV–Vis analysis
	Assignment of absolute configuration

	Conclusions
	Acknowledgement
	References


