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Chiral amphiphilic C-undecylcalix{4]resorcinarenes
substituted with phenylethyl group or L(-)nore-
phedrine were found to form well-organized mono-
layers at the aqueous solution-air interface. The
substituents, L(~)norephedrine and phenylethyl
group, determined the area occupied by the mole-
cule on the water subphase. Introduction of these
substituents lead also to perpendicular dipole
moments of the molecules in the monolayers ca. 6
times larger than those of the parent amphiphilic
calixresorcinarene, CAL11. Interactions of the com-
pounds with K* were detected by the increase of
the surface potential values measured at maximum
packing of the monolayer. Addition of amino acids
to the subphase lead to conformational changes in
the monolayers evidenced by increased surface
mean molecular area of the unmodified C-undecyl-
calix[4]resorcinarene. These changes were explained
by the formation of hydrogen bonds with the amino
acids at the expense of hydrogen bonding between
the calixarene molecules in the monolayer. In
contrast to unsubstituted calixresorcinarenes, inter-
actions of the L(-)norephedrine- and phenylethyl-
substituted molecules with amino acids could be
easily recognized by the decrease of surface poten-
tial and dipole moment in monolayers formed by
these calixarenes on subphases containing amino
acids. A significant drop in the surface potential
and an increased area per molecule demonstrated
more specific interactions with selected amino acids:
L(-)norephedrine-substituted calixarene interacted
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with D-valine and the phenylethyl-substituted, with
D-tryptophan.

Keywords: Monolayers, calix[4]resorcinarenes, surface poten-
tial, surface pressure, Langmuir monolayer

INTRODUCTION

Molecular recognition of ions and neutral
molecules is one of the mainstream topics in
supramolecular chemistry. It is executed by
macrocyclic and acyclic molecular receptors of
diverse molecular architecture.

Chiral macrocyclic molecular receptors have
been the subject of investigation for many years.
There were many types of chiral molecular
architectures, such as crown ethers, cryptands,
podands, cyclophanes, cyclodextrins, or their
chemical modifications. The goal was to use
them as a means for recognition of enantiomeric
species by the process of molecular recognition.
It should be noted, however, that practically
all the above-mentioned receptors were avail-
able through rather tedious multistep synthesis
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(except cyclodextrins, prepared biochemically
from the starch). Thus the overall yields were
rather low, limiting, therefore, their potential
applications as auxilliaries for the resolution of
enantiomeric mixtures. Furthermore, the versa-
tility of these receptors was also limited: crown
ethers and cryptands could recognize cationic
species, whereas cyclodextrins, neutral mole-
cules. It is noteworthy that calixarenes the
receptors prepared from phenols and aldehydes
by an acid-catalysed condensation, can deliver
an outstanding variety of the receptor structures
that can, in principle, recognize cationic and
anionic species, as well as neutral molecules,
depending on the substituent attached to the
pre-formed calixarene skeleton. The availability
of modified calixarenes is much higher than in
the case of other synthetic receptors. Calixarene
chemistry has a very rich literature, including
monographs [1, 2].

There has been an interest in the past con-
cerning chiral calixarenes [3-27]: some reports
dealt with inherently chiral calixarenes (no sym-
metry elements in the skeleton), some with
chirality introduced by attaching the chiral unit.

There is a need to separate enantiomers and
monitor the enantiomeric purity of commercial
products, such as drugs, pesticides, food addi-
tives, etc., and according to international regu-
lations the use pure enantiomers is usually

requested. Development of chiral receptors
based on calixarenes, may provide not only
new analytical tools for controlling the enantio-
meric purity, but also a means for the separation
of enantiomers. It should be noted that attrac-
tiveness of calixarenes relies on their possibili-
ties to form the molecular cavities of various size
and depth. This feature is particularly important
for rational design and synthesis of specific
receptors for particular molecules, or ions which
differ in size, functionalities, and shape.

Molecular recognition phenomena can be
followed by a number of methods, such as
calorimetry, NMR and UV -Vis spectroscopy,
electrochemical methods, mass spectrometry,
X-ray analysis, and more recently, by Langmuir,
or Langmuir-Blodgett techniques. Calixarenes
have been shown to produce stable monolayers
[28-38].

Ion binding properties of ionophores as-
sembled in monolayers have been reported by
several authors [31, 33 -35, 37]. Complexing abil-
ities of alkylated calix[4]resorcinarenes toward
alkali metal cations in bulk solutions have been
proved [39-42].

In the present work our aim was to compare
the properties and organization of monolayers
of three differently substituted C-undecylca-
lix[4]resorcinoarenes (Fig. 1) at the air—aqueous
subphase interface.

R=Cq4Hy3
X
CAL11PhE CALT1 X=H
t Y=PhCHCH
§03 CAL11EPh X= & /*
$ R
N o
VAN

FIGURE 1 Structures of the compounds studied.
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The calix[4]resorcinarene has four important
conformers: come, flattened partial cone, 1,3-
alternate and flattened cone [1]. Monolayers of
unsubstituted C-undecylcalix[4]resorcinarene
have been studied by Aroca et al. [29, 31, 32].
We expected that conformational changes would
have a pronounced effect in the case of calix-
arenes with large substituents such as L(-)nore-
phedrine or phenylethyl groups. Since metal
ions and small molecules are known to bind to
calixarenes special attention is paid to the effects
of the composition of the subphase upon the
organization of the monolayer.

EXPERIMENTAL

Organic Synthesis

All compounds were obtained by described
methods: unsubstituted C-undecylcalix[4]resor-
cinarene 1 by the method of Aoyama [42], the
two chiral calix[4]resorcinarenes 2 and 3 by the
method described by Bohmer [44]. All chemicals
were purchased from Aldrich or Merck, and
used as received.

Langmuir Film Studies

Surface pressure and surface potential vs. area
per molecule isotherms were recorded using the
computer controlled KSV-5000 with Wilhelmy
plate type microbalance. Surface potential and
surface pressure measurements were done si-
multaneously as a function of molecular area.
Software version KSV 5000 was used. The
instrument was placed in a laminar hood in
which temperature was kept constant, 20 +£1°C.
The procedures of cleaning the trough and
monolayer spreading have been described ear-
lier [45-49]. The accuracy of measurements
was £0.1mNm™' for surface pressure, +1 A2
molecule™ for molecular area and +5mV for
surface potential.

All materials were of analytical grade. The
solutions of molecules were prepared daily by

dissolving 5 mg of the compound in 5 ml CHCl;.
Distilled water used as the subphase was passed
through a Millipore-Q water purification sys-
tem. Chloroform (Aldrich) was employed as the
spreading solvent.

RESULTS AND DISCUSSION

Monolayers on the Air~-Water Interface

Monomolecular layers of the three amphiphilic
calixarenes (Fig. 2) were prepared initially on a
pure water subphase. The characteristics of the
isotherms is given in Table L

The limiting areas per molecule in the mono-
layer are 1.68, 2.81 and 2.78 nm? for compounds
CAL11, CAL11PhEt and CAL11Eph, respec-
tively. The value for compound CAL11 is larger
than predicted for the crown headgroup in the
cone shape, 1nm? [32]. The area reported for
CAL5, CAL7 and CAL15 are 1.3, 1.6 and 2.2nm?,
respectively [32]. These values point to the
tilting of the hydrocarbon chain which changes
with the increase of chain length and defines the
area occupied by a molecule. As reported by
Aroca [29] the conformation is not simply locked
into a cone and a distribution of conformers may
be present. The interaction with solvent may
also change the relative orientation of aromatic
rings. Binding of the chloroform Cl group in

60
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~— 30 \ 3 401
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FIGURE 2 Surface pressure and surface potential — area

isotherms for the compounds studied on a pure aqueous
subphase 1. CAL11, 2. CAL11PhEt and 3. CAL11Eph.
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TABLE I Characteristics of isotherms of the calix[4]Jresorcinarenes

Compound Solution Ao/ solid q col ct AV [V]
[A?) [ImN/m] [ImN/m] measured at max. [D]
packing
28mN/m

CAL11 H,O 16843 38 133+3 0.125 0.45+0.05
CAL11 KCl 17343 34 135+3 0.167 0.64+0.05
CAL11PhEt H,O 281+3 30 16118 0.425 2.75+0.20
CAL11PhEt KCl1 28349 35 130+ 10 0.520 3.25%0.18
CAL1l1Eph H,O 2786 40 14619 0.550 3.431+0.20
CAL11Eph KCl 263 +9 35 153+9 0.478 2.83+0.18

the cavity would be more effective if the cone
is flattened. The shape of the surface-pressure
isotherm depends on the size of the cavity and
the nature of its substituent. When a bulky
substituent is used such as L(-)norephedrine or
phenylethyl, the area per molecule is distinctly
larger than for the unsubstituted compound
CALI1 (Tab. I), which indicates that the sub-
stituent determines the area occupied by the
molecule on the air—water interface. The slope
of the isotherms decrease upon substitution.
Compressibility modulus, C;! = (A)(dr/dA), al-
lows to obtain the information on the phases of
the monomolecular films (Tab. I). The compres-
sibilities of the monomolecular layers spread
on water are depicted in Table 1. The values
correspond to that qualified as liquid condensed
phase [50].

L(-)norephedrine or phenylethyl substitution
leads to the increase of the surface potential of
the monolayer formed at the air - water interface
(Tab. I) which can be translated into the change
of vertical component of the dipole density. The
change of surface potential brought about by the
formation of monolayer [51, 52] is given by:

AV = Vy — Vi, (1)

where V) is measured in the presence and Vy
without monolayer of calixarene. The potential
jump at the air — water interface, AV, induced by
the formation of monolayer is described by the
Helmholtz equation:

AV =1/eg xn x p, (2)

where n is the number of spread molecules, ¢ is
the permittivity in vacuum and g is the effective
dipole moment perpendicular to the surface.
The values of surface potentials depicted in
Tables I and II correspond to close to maximum
packing of the monolayer which is assumed to
be attained at surface pressure of 28 mN/m.
In our case [53, 54, 32]:

AV = AV, + AV, = /,Llcﬂa/(emEQA)
+ pthead/(EwEQA)

(3)

where AV, and AV, are the components of the
surface potential corresponding to the alkyl tail
and headgroup, respectively, pich, and finead are
the effective dipole moment of the hydrocarbon
chain and of the headgroup, respectively, €, and
€m are relative dielectric permittivities of water
and of the molecular layer and A is molecular
area. Using equation [32]:

BicH, =4 pcH, 08 © (4)

and the values of the measured surface potential
we deduced the average tilt of the four hydro-
carbon chains. pich, was taken 0.35D following
Nabok et al. [32] based on the calculation for a
close-packed stearic acid monolayer. The tilt of
the hydrocarbon chain in CAL11 and was found
to be 66°. _

Substitution of the molecule by phenylethyl or
L (—)norephedrine groups leads to the perpen-
dicular component of dipole moment ca. 6 times
that of CAL11 as depicted in Table I. This
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TABLE II Limiting area per molecule and surface potential at maximum packing corresponding to 28 mN/m for the
calixresorcinarene monolayers on subphase containing 10™*M amino acids

Subphase CAL11 CAL11 CAL1 CAL11Ep CAL11Eph CAL11Eph CAL1IPhEt CAL11PhEt CAVI11PhEt
Ag C;’ AViV] Ay C;‘ AV{V] Ao C;’ AV[V]
[AJ? mN/m at max. [AP mN/m at max. AP mN/m at max.
packing packing packing
at 28mN/m at 28mN/m at 28mN/m
I-trp 201+7 155+ 8 0.191 204+ 4 1705 0.575 203+4 90+ 10 0.458
I-val 2115 157+5 0.104 200+ 6 14915 0.628 18815 124 +9 0.433
d-trp 2067 189+7 0.100 2145 125+4 0.574 267110 156 + 8 0.353
d-val 20945 164+ 5 0.121 2385 13616 0.463 202+9 112+8 0.430
dl-trp 20415 1625 0.170 20016 13415 0.572 202+9 951 10 0.430
dl-val 205+5 16915 0.147 238+8 107 +10 0.553 186 +7 140+9 0435
H,O 168 +£3 13813 0.125 278+ 6 153+9 0.550 28143 161 +4 0.425

exhibits that polar groups have been inserted
into the molecule and have impact in the total
dipole moment.

Effect of K* Ion in the Subphase
on the Monolayer Properties

Figures 3a, b, c and Table I allow comparison of
the effect of KCl in the subphase on the rigidity
of the monolayer. For unsubstituted and phenyl-
ethyl-substituted compounds the presence of
KCl leads to higher perpendicular dipole mo-
ments and surface potentials while the mean
molecular areas are not very different. The latter
means that the polar headgroup interacts with
the ion, the ion remains in the solution and does

102
04 ~—,
401
30 4
1 2
— 2
E =
- e CALITHO
1 2. CAL11KCI 1o
0
. T T T Y —~ \ 02
100 150 200 250 300 350 400
(a) Mma [A?)

not increase repulsion between molecules in the
monolayer, nor does it change the conformation
of the molecules.

s s Jos
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2 1 402
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FIGURE3 Comparison of surface pressure and surface potential - area isotherms on a pure aqueous and on 0.1 mol dm~> KCl
subphase. (a) CAL11; (b) CAL11PhEt and (c) CAL11Eph. 1. H,O and 2. KCI subphase.
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Effects of Amino Acids upon the Properties
of Langmuir Monolayers

For simple CAL11 the molecular areas in the
monolayer increase when amino acids are
introduced into the subphase [Fig. 4c]. This
means that a more flattened conformation
predominates. This may be explained assuming
that the hydrogen bonding between multiple
hydroxyl groups of the host molecules is
weakened by the interactions with amino acids
in the subphase. Amino acids also decrease the
surface potential values of CAL11 at maximum
packing of the monolayer (Tab. II). The decrease
of surface potential can be understood in terms
of increase of the effective dipole moment of
the calixarenes head groups (Eq. 3) due to their
interactions with amino acids in the solution and
the resulting changes in the local dielectric
permitivity. The compressibility factor does not
practically change. For both the L(-)norephe-
drine- and phenylethyl-substituted calixarenes
(Tab. II) the area occupied by a molecule of
compound in the monolayer decreases in contact
with a subphase containing amino acids [Figs.
4b-c]. Most probably, partial immersion of the
substituent in the subphase is the result of
interaction with the amino acids. Under these
conditions substituents do not control the
molecular area at the air — water interface and it
becomes similar for all derivatives of CAL11
(Tab. I). The dipole moment also decreases for
CAL11Eph and CAL11PhEt when any of the
amino acids studied is present in the solution
(Tab. IID). It is of importance that more specific
interactions seem to be induced by the func-
tionalization of the calixarenes with the L(-)-
norephedrine group. They are visualized by the
large decrease of surface potential in the
presence of D-isomers of the amino acids
studied. Ca. 100mV lower surface potential at
maximum packing is seen in case of D-valine
when norephedrine substituted calixarene is
used to construct the responsive monolayer.
Similarly, the phenylethyl derivative responds

0]

3
Z
E 20+ > CAL11 H,0
= . CAL11d-TRP
10 - CAL11I-TRP
o CAL11 dI-TRP
0
T T T T T AL
100 150 200 250 300 350 400
(a) Mma [A%]
GO-I
o
E
S = CAL11PhEtH,0
E 201 > CAL11PhEt d-TRP
= s CAL11PhEt|-TRP
o CAL11PhEt di-TRP
0 -
- T M L s T
100 200 300 400 500 600
(b) Mma [A?9]
60-1
50 o
40
€ %
z +  CAL11EPH H,0
&= 207 s CAL11EPH d-TRP
»  CAL11EPH I-TRP
104 o CAL11EPH dI-TRP
0
— T B T T T A T L — 1
100 200 300 400 500 600 700
() Mma [A?]

FIGURE 4 Dependence of surface pressure— mean molecu-
lar area on the isomer of tryptophan present in the subphase.
(a) CAL11, (b) CAL11PhEt and (c) CAL11Eph.
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TABLE OI Perpendicular component of the dipolar moment calculated from surface potential at maximum surface packing

taken as 28 mN/m

Subphase CAL11 CAL-PhEt CAL-Eph
#iD] (D] 1 (D]
at max. packing at max. packing at max. packing
at 28mN/m at 28mN/m at 28mN/m
I-trp 0.85+0.07 1.82+0.09 2644014
I-val 0.48 +£0.06 1.75+0.07 2.73+0.08
d-trp 0.47 £0.07 213+0.10 2644016
d-val 0.56 +£0.05 1.83+0.12 2.52+0.06
dl-trp 0.78+0.05 1.82+0.11 2.50+0.12
dl-val 0.68 +£0.06 1.76 £0.09 2.70+0.11
HO 0.45+0.05 275+0.20 . 3434020
KCl 0.64+0.05 3.25+0.18 2.83+0.18
1
-
] 504
30 4
40
£ » CALM E
5 20 H,0 > 301
£ = CAL11d-VAL E = CAL11EPH H,0
“ ol g’:tu :YC:L = o CAL1EPH d-VAL
- 10 +  CAL11EPH VAL
o CAL11EPH d\-VAL
04 0
b 1% . i . r T 100 200 300 P 500 &0 700
100 150 200 250 300 350 400 2
(a) Mma {A%] {c) Mma [A?)
80 FIGURE 5 (Continued).
60 CONCLUSIONS
F 0] Molecular films of the calixarenes studied are
z - CAL1IPhELH,0 able to form liquid condensed phases as de-
=, o CAL11PhEt d-VAL duced from the_ slopes of surface pressure-
s CAL11PhEtI-VAL molecular area isotherms. Interactions of the
°  CAL11PhEtdI-VAL molecules in the monolayer with solution resi-
o1 dent ions (K*) and neutral compounds (amino
— 1 T T acids) were reflected by changes of surface
100 200 300 400 500 600

(b) Mma [A?)

FIGURE 5 Dependence of surface pressure—mean mole-
cular area isotherms for (a) CAL11, (b) CAL11PhEt and (c)
CAL1Eph on the valine isomer present in the subphase.

to D-tryptophan. This is a pronounced indica-
tion of chiral recognition abilities of the modified
calixresorcinarene molecules.

potential and dipole moment. Interactions with
amino acids lead also to conformational changes
of the calixarenes exhibited by changes in the
mean molecular area of the molecules in the
monolayer.

Functionalisation of C-undecylf4]resorcinar-
enes with L(-)norephedrine or phenylethyl
substituent was shown to induce recognition
properties of the monolayers of these molecules
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towards D- and L-amino acids. They were
exhibited by a significant decrease of surface
potential and dipole moment at the maximum
packing of the monolayer when D-tryptophan or
D-valine were added to the subphase.
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