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A chiral hybrid organic-inorganic material based on porous
silicon surface functionalized with a chiral cavitand was
designed and synthesized. The affinity of this device in water
toward a bromine-marked alkyl-ammonium salt has been
evaluated using XPS detection. UV and CD measurements
highlighted the enantioselective extraction from a racemic
mixture in water of the S-enantiomer of the selected guest
(e.e. > 80%).

Chirality is a property of matter that plays a key role in
several branches of science, from optics to medicine.! Many
biological processes involve chiral molecules in order to
achieve highly specific and selective interactions. The
separation of chiral isomers is an appealing burgeoning field
that captures the interest of many researchers.? Different
methods are employed to resolve a racemic mixture in
solution, including crystallization,® chromatography,® and
magnetic stirring.®> Usually, those techniques exploit the
enantioselective  recognition using chiral metal-ligand
complexes,® chiral polymers,” micelles,® gels® and enzymes.*

An interesting approach for harnessing the full potential of
molecular receptors consists of their arrangement in
monolayers hosted on an inorganic surface.’ Moreover the
use of heterogeneous solid device for enantioselective
recognition would allow reutilize of the solid device, thus
increasing the enantiomeric separation in eco-friendly
conditions. To date, although some examples of enantiomeric
recognition assisted by chiral surfaces have been reported in
the literature,*? to our knowledge, no examples of chiral host
molecules anchored on a solid support able to
enantiodiscriminate have been hitherto described.

Cavitand receptors have been recently bonded to flat Si
(100) to perform molecular recognition tasks at the
silicon—liquid*® and at the silicon—air'® interfaces. Among
these systems, porous silicon (PSi) is a material with unique
properties, including, besides the mentioned high surface area,
convenient surface chemistry and easy integration in silicon-
based devices.'®

Recently, we reported on the synthesis of diastereomeric
triquinoxaline cavitands, containing a salen chiral framework,
and their uranyl complexes which were proved to achieve

excellent selective molecular recognition of chiral ammonium
ion pairs.’® In particular, we verified the extraction properties
so of these salen cavitands in a biphasic system
(chloroform/water) towards the chiral guest N,N,N-trimethyl-
a-methylbenzyl ammonium iodide.'®® The anchoring of these
supramolecular hosts, whose synthesis is expensive and time-
consuming, onto a surface is highly desirable since it allows
ss the multiple use of the solid device and reduces the
purification steps of the hosts. Taking into account these
considerations, we designed and synthesized a chiral hybrid
organic-inorganic material (PSi-SalCav, Figure 1)'7 based on
porous silicon surface functionalized with the chiral SalCav,
e and studied the enantioselection property in water of this
device towards (R/S)-N,N,N-trimethyl-a-methyl-p-bromo-
benzylammonium iodide (Br-MBA) by X-ray photoelectron
spectroscopy (XPS) and Circular Dichroism measurements
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es Figure 1. Molecular structures of the chiral cavitand-salen receptor
(SalCav) and the selected guest (R/S)-N,N,N-trimethyl-a-methyl-p-
bromo-benzylammonium iodide (R/S-Br-MBA), and schematic
representation of SalCav grafted on PSi surface (PSi-SalCav).

The cavitand monolayer was prepared from a solution of
7 SalCav bearing an undecylenic foot, via thermic
hydrosilylation of the double bonds on H-terminated PSi,
prepared by metal-assisted chemical etching.?!” The affinity of
PSi-SalCav surface towards alkyl-ammonium salts has been
evaluated using the bromine-marked guest (£)N,N,N-
75 trimethyl-a-methyl-p-bromobenzylammonium  iodide (Br-
MBA), to allow easy XPS detection.

Complexation was accomplished through the immersion of
PSi-SalCav into a racemic R/S-Br-MBA solution in water.
The complexation of the Br-MBA guest on PSi-SalCav has

g0 been assessed by XPS measurements.
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Figure 2. XPS and CD experiments of PSi-SalCav surface: A) CD spectrum of the racemic mixture R/S-Br-MBA in water, B) XPS region of Br
of PSi-SalCav; C) XPS region of Br of PSi-SalCav complexed with Br-MBA (PSi-SalCaveBr-MBA); D) CD spectrum of the resulting mixture

s of R/S-Br-MBA after the immersion of PSi-SalCav; E) XPS region of Br of PSi-SalCav after decomplexation with water; F) CD spectrum of the
resulting water solution used for the decomplexation of PSi-SalCaveBr-MBA.

In Figure 2 B the XPS of the Br 3d spectral region of PSi-SalCav
before complexation shows no signal for any Br. After dipping
the PSi-SalCav into Br-MBA solution, the presence of the Br 3d
1 bands in the XPS spectrum of PSi-SalCav confirms the
complexation ability of the cavitand-functionalized surface (PSi-
SalCaveBr-MBA, Figure 2, C). Note that complete
decomplexation of Br-MBA was obtained by a simple immersion
of PSi-SalCaveBr-MBA in water for 15 min, as shown by the
s disappearance of the Br 3d signal (Figure 2, E). These
experiments give rise to the reversible recognition of Br-MBA on
the PSi-SalCav surface, due to the inclusion of the guest inside
the cavities of the cavitands. Furthermore to rule out the
possibility that the recognition on PSi surface occurs even
20 without SalCav functionalization, control experiments were
performed. Unfunctionalized PSi surfaces were immersed for 2 h
into a solution of Br-MBA. The XPS of the Br 3d spectral region
of the treated Psi surface did not show any evidence of the guest,
thus indicating that interaction does not occur without SalCav
2 functionalization.’

To evaluate the enantioselectivity properties of the
functionalized surface and to estimate the enantiomeric excess
towards Br-MBA, CD measurements were carried out. The
device was dipped in a racemic solution of Br-MBA (1 mM,

w0 Figure 2, A). After the removal of the functionalized surface,
a CD spectrum of the resulting Br-MBA solution, diluted to
30 uM, was performed.’® As shown in Figure 2 D, a small

positive CD signal at 223 nm is observed, indicating an excess
of R-Br-MBA enantiomer in the resulting solution. Thus, this
35 data suggests that PSi-SalCav preferentially recognize the S-
enantiomer of Br-MBA.
Considering that enantiomer molecules show mirror image
CD spectra, the selective extraction of the S-enantiomer of
Br-MBA by the chiral surface has to be confirmed by
« performing the CD spectrum of the extracted guest. As
expected, the immersion of the PSi-SalCaveBr-MBA in
water for 15 min leaded to a desorbed solution, whose CD
spectrum is the mirror image of the R-Br-MBA, establishing
the selective extraction of the S-enantiomer (Figure 3).

220 230 240 250

wavelength / nm

210

45 Figure 3. CD spectra of: resulting solution of Br-MBA 30 uM after
the immersion of PSi-SalCav (black curve), desorbed solution (red
curve) and 3 uM solution of R-Br-MBA (dashed blue curve).
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To quantify the enantiomeric excess CD and UV data were
combined. The CD spectrum of the solution of Br-MBA salt,
after the immersion of PSi-SalCav, showed an excess of 3.28
uM of the R-Br-MBA enantiomer.” UV data of this solution
indicated a concentration decrease of 4.1 uM (from 30 uM to
25.9 uM, Figure 4, B), suggesting that 8.2 x 1072 umol of R/S-
Br-MBA were extracted from the initial racemic solution.*®
Bearing in mind that 3.28 uM is the concentration of the pure
S extracted enantiomer (i. e. 6.56 x 10"2 umol, calculated from
CD data, Figure 4, D, green area), the remaining 0.82 uM
consists in an equimolar mixture of S and R enantiomers (1.64
x 102 umol, Figure 4, D, blue area), thus obtaining an
enantiomeric excess > 80%.2° Notable, the concentration
value of the solution obtained by dipping the device into 2 mL
of water is ~ 4.1 uM (Figure 4, E), in good agreement with the
total amount of R/S-Br-MBA extracted by PSi-SalCav
(Figure 4, D), thus confirming the whole decomplexation as
previously reported by XPS experiments.

Hence, the complexation/decomplexation reversibility of
the PSi-SalCav surface with a racemic mixture of Br-MBA
guest was tested. Interestingly, upon three successive
experiments in which the PSi-SalCav surface was first rinsed
in different freshly prepared racemic solutions of Br-MBA for
two hours, and then immerged in water for 15 min, the
recorded CD spectra revealed a positive curve centered at 223
nm, indicating the enantiomeric excess of R-Br-M BA,T
demonstrating the robustness and the reusability of this
functionalized surface.
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Figure 4. Concentration of: A) racemate (Br-MBA salt racemic solution
30 uM); B) resulting solution of racemate after immersion for 2 h of
PSiSalCav; C) and D) concentrations of pure S enantiomer (green) and
racemic mixture of R- and S-Br-MBA (blue) extracted by the surface
from the initial racemic mixture; E) concentration of desorbed solution
after the immersion of the device in 2 mL of water.

In conclusion, a promising chiral hybrid organic-inorganic
device, based on a chiral cavitand-salen covalently assembled
on a porous silicon surface, having enantioselection properties
in water solution, exploiting non-covalent interaction, was
disclosed. This chiral surface paves the way for the
developing of synthetic heterogeneous enantioselective
catalysts. Furthermore, the facile handling of the chiral
surface and its successive reutilize, appoint this device as an
ideal material for the enantioselective recognition of chiral
guests.
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