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The influence of calix[4]arene upper rim substitution on the complexation withiNa', K™ was stu-
died by H NMR spectroscopy. Calix[4]arenes—4 namely 25,26,27,28-tetrakis(3-oxapenty
oxy)calix[4]arene 1), its 5,17-diamino Z) and 5,17-dinitro derivative 3] as well as
25,26,27,28-tetrakis(3,6,9-trioxadecyloxy)calix[4]ared§ llaving four monoalkyloligoethylene glyco
chains on the lower rim have been studied. No complexation has been observed Tavd_ilec-
tron-donating NH groups on the calixarene upper rim (compo@dmprove the complexation
ability for Na” and K" compared with parent calixarede The electron-withdrawing nitro groups &
have the opposite influence. It seems that the complexation of alkali metal ions studied is not
ficantly influenced by the increasing number of donor atoms (from eighttinsixteen ind) avail-
able for complexation on the lower rim. The position of sodium catiofh inNa and 4 . Na is
supposed to be in close proximity of phenolic oxygens basetHoand**C NMR data. The error
analysis is given for the stability constant determination from NMR data.

Key words: Calix[4]arenes; Complexation; Alkali metals.

Calixarenes are a family of macrocycles prepared by the condensatparaoub-

stituted phenols and formaldehyd& Preparative procedures have been developec
efficient synthesis of these macrocycles with fpsix® or eighf phenolic residues in
the ring in high yields. The alkyl (usualkert-butyl) group at thepara position is

relatively easy to remove by aluminium chloride catalyzed reaction with toluene
phenol, leaving both rims (upper-hydrogens and lower-phenolic hydroxyls) read
further synthetic elaboration. Calixarenes bearing oligooxyethene chains have be
died as early as 1955 in a study directed to the synthesis of antituberculous
tants8 using the treatment of calixarene with ethylene oxide in different ratios u
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basic condition$!®. Synthesis and structural characterization of calixarenes with 2
droxyethoxy lower rim functionalization (among others) have also been studie
cently'™,

We are interested in a structure—complexation ability relationship study utilizing
fact that calixarenes are able to form complexes with cations, anions and neutral
cules3 In this work NMR spectroscopy was used to investigate the complexatic
alkali metal cations with calix[4]arends-4 (Fig. 1).

Compoundsl-3 bear four 3-oxapentyloxy groups on lower rim, compodnakars
four 3,6,9-trioxadecyloxy groups forming extended array of oxygens — cation bir
sites. It enables to study the influence of the lower rim chain length on alkali r
cation complex formation. Calixarengs3 on the other hand, differ by substitution ¢
the upper rim of calix[4]arene skeletoh;is unsubstituted, while calixaren2sand 3
bear two electron-donating and two electron-withdrawing substituents, respective
positions 5 and 17 of calix[4]arene skeleton. Consequently, the second aim of this
is to investigate influence of electronic factors on complexation ability. The t
aim is to determine the complexation site for cation in the complex of this tyr
solution.

The bottom-line of this study was our interest in mimetics of ion channels. The
died compounds are expected to orient themselves on the two immiscible liquids
face in organized way and to form something like perforated phase boundary wi
ability to conduct charged species. These future applications dictated in some
our choise of experimental conditions (solvents, anions).

Fe. 1
Structures of systems studied including proton nu
bering and carbon lettering; RL,R? = H, 2 R! =
NH, RP=H,3R'=NO, RR=H,4R'= H, B=
O-CH,~CH,—O-CH;; M* = Li*, Na", K*
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EXPERIMENTAL

Materials

Calixarenesl (ref!?), 2 (ref1d), 3 (ref1%) and4 (ref'?) were synthesized according to the publish
procedures. Deuterated solvents used were €(®818%) and CBOD (99.5%) from Merck. LING,
NaSCN and KSCN, all of p.a. purity grade, were from Lachema Brno.

Instrumentation

A Varian NMR spectrometer, model Gemini 300 HC, with working frequency of 300.075 M
deuterium lock, temperature of 298 K and 5 mm NMR tubes were used for all measurement
one-dimensionatH NMR (5 in ppm;J in Hz) spectra were acquired using a 45 degree pulsgs(10
a spectral width of 4 500 Hz, an acquisition time 1.778 s, a repetition delay of 2 s and typice
accumulations. The one-dimensioddC NMR spectra & ppm) were measured with working fre
quency 75.462 MHz using standard APT technique (relaxation delay 2 s).

Preparation of Samples

The corresponding amount of calixarene was weighted accurately and dissolved in 0.6 ml o
erated solvent to obtain the calixarene concentration around 0.05 mol/l. A mixture of &idCl
CD;0OD was used because of insolubility of inorganic salts in GDHe ratio of both components
was 2 : 1 (CDQ: CD;0D, v/v) for measurements of systems containing NaSCN, NaBr, {1840

1 : 1 (viv) for those containing KSCN. Typicaljd NMR spectrum of pure ligand was measure
first, then weighted amounts of corresponding salt were added gradually to the same sample ti
the spectrum was taken after each addition. The accuracy of the differential weighing on the ¢
cal balance was better than 0.1 mg. Usually ten additions of salt were used corresponding t
05,1, 2, 3,4,5, 6,7, 8 and 10 molar equivalents of alkali metal as compared to calixarene.
additions of inorganic salts were limited by solubility of inorganic salts used. For systems cont
calixarene2 the experiments had to be carried out using concentration of calixarene ten times
(c = 0.005 mol/l). In this case the needed additions of solid salts would be very small and the
the measurement was performed using the addition of salt stock solutions. Stock solutions ¢
with concentration 0.5 ml/l were prepared in the same mixtures of solvents as used for cali
itself and defined volumes of this stock solution were added. Appropriate corrections were me
sample dilution. For higher additions (10-50) equivalents of a given salt weighing of solid salt
used again. Tetramethylsilane (TMS) was added to the solution of calixarene to test if the ch
shifts of deuterated solvents are constant.

THEORETICAL

All experiments were performed at 298 K. At this temperature fast exchange be
two sites corresponding to free and complexed forms of calixarene occurs, i.e.
spectra of partially complexed calixarene only one averaged signal for each indi
proton is observed. Then the differentg of the chemical shift of a given signe
corresponding to the partially complexed calixaréggand the chemical shift of this
signal for the free, uncomplexed form of calixarépg.is given in Eq. {)
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Cim
6dif = 6obs_ 6free: Tl 6cis ) @

whered is the complexation induced shift (CIS), i.e. the difference of chemical
of an individual proton of calixarene in fully complexed state and its free f@ris the

initial concentration of ligand and ,, is the actual concentration of the complex
equilibrium. Only the 1 : 1 complex stoichiometry (calixarene—cation, i.e. ligand—m
was taken into account.

There is no definitive proof, that compountdsd can form only 1 : 1 complexes witl
alkali metal cations. Our assumption of exclusive 1 : 1 complex stoichiometry is t
on following facts. First, all calixarenek-4 are fixed in cone conformation. A
calix[4]arenes provide “softT-donor cavity composed of benzene ring as well
“hard” oxygen cavities constructed on lower ¥ifd5 it is well known that only the
softest cesium cation can be complexed by upper rim of reinforced con
calix[4]arene skeletdf. Moreover, it was proved that very similar compounds (nam
25-bromoalkoxy-5,11,17,23-tettart-butyl-26,27,28-tripropoxycalix[4]arenes) whicl
are alco stable in cone conformation are able to form only 1 : 1 complexes with lit
and sodium cations in CDEICD,CN 4 : 1 solutiof’. As all our compounds posses
very flexible cavity we believe that they are able to form only 1 : 1 complexes
sodium and potassium cations using an array of hard oxygen donors at lower |
calixarene unit in cone conformation.

The simplest model of complex-formation reaction between ligand L and metal cati
(L + M - LM) assumes that the mixture of true species in equilibrium (L, M, L
forms an ideal solution. The standard equilibrium congtamt terms of relative con-
centrations (reference state is unit concentration 1 mol/l) can be defined as give

in Eg. @).

K = CLm/Co _ CLm ©
(c1/c — cumlCo)(CfCo — CmlC) (G — (S —Cim)

wherec, is the initial concentration of metal. For the constant ligand concentr&tic
the expression foK can be given in the form of EqB)(

_ a
K= 1-aymn-a) ®

wherea = ¢ /¢, is the degree of complexation and= c,/c, is the number of molar
equivalents of metal ion.

To evaluateK it is necessary to measure the depender{opin a wide range of.
Generally, the range 0.2-0.8 is recommended for all methods of stability cor
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determination as relative error Kfis proportional to the ternuf[1 —a)]™* (ref®). For
the limitsa - 0 anda — 1 the relative error of tends to infinity. These two require
ments are not sufficient. The relative errorkotan be expressed (supposing const
¢, and negligible error im) as given in Eq.4).

i
dIogK:%+
1-a n-

! + 1 Hiu=eEd 4
an

From this equation it is clear that not only tor- 0 anda - 1 but also fom - nthe
relative error of stability constant tends to infinity. Besides two recommended c
tionsa > 0.2 and (1 @) > 0.2 (i.e.a < 0.8) also the conditiom a) > 0.2 should be
included. In the NMR experiment the valueoofs not determined directly, in fact th
dependencégy;(n) is measured and = d4;/8,;. For the precise determination &fsthe
last part of dependenégg(n) (for high enough values o) is very important, as far - 1
the measuredy; is approaching the value @, Therefore the dependencén) is
measured also fax > 0.8 although it means high relative errorof

In Fig. 2 the contour lines are given for fackbe 4.5, 6 and 10. The minimal valu
of E = 4 is reached fan tending to infinity andx = 0.5. It means that the relative err
of K is at least four times higher than the absolute errax,dfe. the uncertainty of
1+0.01 in the determination of complexation degree causes at least 4% é&trdn iRig. 2
also the dependencegn) are given for different values &fc,. Supposing constan
calixarene concentratior,(= 0.05 mol/l) the curves represent different valuek ofK =
1 (a), K=10 (), K =100 ), andK - . For each value oK also curves with
stability constants by 10% higher and 10% lower are given. The accuracy+4l084at
is mostly considered as acceptable for stability constant determination. It is apj

1.0

0.8

0.6

Fic. 2

The model dependences of complexation degr%‘é
(a) on the number of equivalents of added metal
cation ) for the stoichiometry 1 : 1 and ligand
concentration 0.05 mol/l. Curves correspond 182
K=1+01@), K=10+1 (b, K=100+ 10 (),
andK - oo (d). The contour lines (4.5, 6, 10) are
given for the constant value Bf(d In K = E da)
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from the Fig. 2 that high values of factBmean insensitivity of measured dependen
a(n) to K. Relatively large changes &f result in small changes af(n). Therefore
relatively small experimental errors in measuremendi@f cause high error of the
calculatedK. So the whole curve is placed in the region with high valuesiand it
can be seen that(n) is very insensitive t& compared with curvea andb. The curve
d corresponds to the full complexatiam £ n for n < 1 anda = 1 forn= 1 andn > 1).
This curve represents a limiting case when no information about the value of st:
constant can be obtained. On the other hand this curve contains information abot
chiometry of the complex which is used in the method of molarfatithe measure-
ment is performed with high enough concentratiol,dd approach the limiting curve
d.

It is necessary to use suitable concentration of calixarene and suitable additit
alkali metal in order to cover the rangeoofrom about 0.2 ta — 1. The curveb is
suitable for evaluation df, i.e. the concentration of calixarene of 0.05 mol/l is suita
for the determination ok value around 10. The cunahas narrow range of measure
a, therefore it would be necessary to continue with additions up to 100 equivalel
salt for reachingt = 0.8. Another possibility is to increase the concentration of lige
e.g. for 10 times higher concentration, te= 0.5 mol/l andK = 1 it corresponds to the
shape of curvéd. As mentioned above, the determinatiorKdg very inaccurate for the
curve c¢. SupposinK value around 100 the concentration of calixarene should be
creased by one order of magnitudecio= 0.005 mol/l to obtain again the shape
curve b. Such an experiment only (cureg can be used to prove the stoichiometry (
1 in this case).

Another fact which contributes to the accuracy of stability constant determinati
the error of determination ddy; which was estimated to be 0.5 Hz. As mention
above, the relative error &f is at least four times higher then the absolute errar. o
If 34 becomes smaller the error of its determination becomes higher and consec
the error of stability constahtis also higher tending to infinity when the valdggare
negligible. For smalby; (in the order of 1 Hz) the error of its determination is co
parable with the value measured. That is why usually only those protons exhibitir
highest value of CIS are taken into account for calculation of the stability consta
is, however, more correct to consider as much protons as possible. In this work we
used the second approach. For each measurement (with known ligand conceayjya
the dependenced,;;(n) were obtained for all protons except those with overlapp
signals and those with very small valuesdgf. From these input data the stabilil
constantK andd, values were calculated. The objective function given as the sul
squares of differences between experimental and calculated valdgs whs mi-
nimized to find the best values of parametérand s within their 95% confidence
intervals and the standard deviation ot%fitAveraged value of stability constant we
then determined as the weighted arithmetic mean (weighi®re the the reciproca
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values of square roots of standard deviations of each particular stability constant
the values of stability constants obtained for individual protons @&J). (

WK
K= 26 (5)
2%
The 95% confidence interval for these averaged stability constants was also calc
and is given by Eq.6],

Wi(K; — Kq))? ﬂfZ

Jm-n3yw o

whereF is the Student coefficient amd is the number of particulaf values. These
averaged stability constants were used to compare the complexation abilities
investigated calix(4)arends-4

The calculated values of stability constants have in general only limited phy
meaning. The assumption of ideal behaviour of the system calixarene—cation ig-C
CD30D solvent represents an inevitable simplification because the activity coeffic
of all species are not at disposal. Therefore only values oélculated for similar
systems can be compared. In this caseKhelues obtained for systems containir
similar calixarenes, identical cation and identical solvent were compared.

o(Ka) =F ©

RESULTS

The 'H NMR spectra of calixarenes-4 in CDCL-CD;0D (2 : 1, v/v) mixture are
given in Table I. Differences between chemical shifts of free calixarene obtained
measurement in two solvent mixtures namely CBCD;OD 2 : 1 and 1 : 1 were
negligible. The chemical shift of proton signal of chloroform depends on the com
tion of the CDCJ-CD;OD mixture, however. The complexation experiments w
changing sample volume (it increases from 0.6 ml to about 0.7 ml during the add
of anion stock solutions) were performed with addition of small amount of TMS a
was found that the position of the chloroform signal is stable. It was thus use
referring of the spectra in the complexation experiments with constant volume.
No changes in chemical shifts were observed for additions"ofdr the other hand,
Na* and K" additions to the calix[4]arenes-4 caused significant changes in chemic
shifts, except the systeB* KSCN where the changes were subtle. The systerNaSCN
was measured twice with freshly prepared samples. The dependences of the ol
changes of chemical shifts for all groups of equivalent protons fod theNaSCN
system are given in Fig. 3. The calculated values of stability constants and CI<
their 95% confidence intervals and the standard deviation of fit are given for rep

Collect. Czech. Chem. Commun. (Vol. 61) (1996)
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TaBLE |

IH NMR spectra of calixarenes-4

1 2 3 4
Proton
1¢) J m 1¢) J m e) J m 1e) J
1 6.585 7.5 t 6.679 7.5 t 6782 7.1 t 6.584 7.0
2 6.648 7.5 d 6810 75 d 6817 7.1 d 6.628 7.C
2 s 5.936 S 7.449
3A 4516 13.5 d 4444 134 d 4.625 137 d 4.490 13.
3B 3.177 135 d 3.069 13.2 d 3.299 137 d 3.148 13.
4 4124 5.7 t 4160 5.9 t 4185 5.3 t 4132 54
4 t 3996 5.5 t 4254 4.8
5 3.895 5.7 t 3.882 5.8 t 3.856 5.0 t 3896 5.4
5 t 3.836 5.8 t 3.873 5.0
6 3.597 7.0 g 3591 7.0 g 3578 7.0 @ 2
6 g 3559 7.0 g 3572 7.0
7 1.239 7.0 t 1.215 7.0 t 1.223 7.0 @ @
7 t 1.202 7.0 t 1231 7.0
8 ) a
9 ) a
10 s 3.370

140
8y HZ
120
100
80
60

40

20 |

Fic. 3
System1l + NaSCN, protons 1-7: measure
(points) and fitted (curves) dependences
changes of chemical shifdf;) on the number
of equivalents of added catiom)( temperature
298.15 K, ligand concentration 0.05035 mol/|
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measurements (shown &3 NaSCN, set 1, antd+ NaSCN, set 2) in Table II. The CI
values obtained in both measurements are in good agreement. The averaged v:
K manifest an acceptable reproducibility.

The influence of the anion of the salt used for additions dfve examined using
sodium bromide. The averaged valuekofind also the CIS values are different th
those obtained fofl + NaSCN. The results obtained for+ NaBr andl + KSCN
system are given in Table Il. For the latter system the changes in chemical sh
proton 3A of calixarene were very small — in order of 1 Hz. In such a case the o}
zation procedure collapses because the response variable is a random numbe
proton had to be excluded.

As has been already mentioned above, the mixture SIOOLOD (1 : 1) was used
for experiments with KSCN. Therefore the results obtained for complexations
NaSCN are not fully comparable with those obtained with KSCN.

The systen? + NaSCN was also measured for the concentration of calixarene
0.05 mol/l. In Fig. 4 the dependengg(n) measured for proton in position 1 is show
It was found that the stability constant is high (the order of 100). This combinatic
K and calixarene concentratian represents the case (as discussed in Theoret
when the producKc, is too high and the determination I§fis very inaccurate. The
standard deviations & were comparable with the calculated value&oOn the other
hand, from this experiment the 1 : 1 stoichiometry can be clearly proved while the
(ligand : metal ion) stoichiometry (dotted line in Fig. 4) can be excluded.

To determine th& for system2 + NaSCN value the experiment was carried out w
the initial calixarene concentration about 0.00578 mol/l which was changed by c
quent additions of NaSCN solution to 0.00437 mol/l while for the last 2 additions
to 30 equivalents) solid NaSCN was used.

+ T
70 + b
8gip Hz
60 1
50 |
40 1
30 1
FG. 4 20 i
System2 + NaSCN. Proof of 1 : 1 stoichio- |
metry, proton 1; ligand concentration 0.05 mol/l. 10
Dotted line corresponds to 1 : 2 (ligand : metal . . \
cation) stoichiometry 4 6 , 8
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Similarly the systen? + KSCN was measured: the initial calixarene concentra
0.00507 mol/l was diluted by additions of stock solution of salt to final total conce
tion of ligand in sample 0.00340 mol/l. Last additions (up to 50 equivalents of

TasLE Il

Calculated stability constant§, CIS values (Hz) and standard deviations of fit (Hz) for the syste
2 + NaSCN an® + KSCN measured in CDGICD;OD 2 : 1

2 + NaSCN 2+ KSCN

Proton

K CIS Oiit K CIS Oiit

199.7+ 33.4 66.3 2.2 1.3 23.4 1.0 69.3+t 1.5 0.4

182.4+ 32.8 107.1+ 4.0 2.4 20.% 0.5 120.6+1.5 0.4

2 167.8+ 36.1 170.3 7.9 4.5 19.9+ 0.6 161.2+25 0.6

3B 182.7+39.1 73.1+ 3.2 1.9 20.4: 0.8 76.0+ 1.4 0.4

4 187.3: 39.1 40.2 1.8 1.0 23+ 11 32.7£ 0.8 0.2

4 176.6+ 28.4 73.4 25 15 23.2 1.0 36.4+ 0.8 0.2

5 308.6+ 71.0 —-14.1+ 0.5 0.4 19.5 06 -25.3t04 0.1

5 218+ 78.5 -16.8 1.3 0.6 25.4 2.2 -7.2+ 0.3 0.1
TaBLE V

Averaged values of stability constants
CDCl,—CD,0D 1 : 1 (B)

for the systems measured in,€IBEOD 2 : 1 (A) and in

A B

System K System K
1+ NaSCN, set 1 1261.7 1+ KSCN 13.# 1.2
1+ NaSCN, set 2 1281.0 2+ KSCN 20.9+ 1.3
1+ NaBr 22.1+ 1.6 3+ KSCN a
2+ NaSCN 18& 24 4+ KSCN 6-1%
3+ NaSCN 1
4+ NaSCN 11.4 4.7

2 Negligible changes of chemical shifts for all protons, probably low

values of part

icular constants.

Collect. Czech. Chem. Commun. (Vol. 61) (1996)
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were added in solid form. The results for NaSCN an® + KSCN systems are givel
in Table Ill. The accuracy is much better in these experiments than in previous
with calixarene concentration 0.05 mol/l. For some protons the changes of che
shifts were very low or the signals were overlapped.

The systenB + NaSCN represents the opposite case compared with the S¥stel
NaSCN. Here the value of stability constant is low and therefore the priddustalso
low. It would be necessary to continue with additions to reach higher concentr
degree or to perform this experiment using highethan 0.05 mol/l. Both ways are
unfortunately not possible due to the limited solubility of NaSCN in mixed solvent.
changes of chemical shifts were high enough only for protons 1, 2’ aRésults thus
obtained are summarized in Table IV.

The results for systens+ NaSCN andd + KSCN are given in Table IV only for
three protons due to signal overlapping (Table I) or due to very low changes of
chemical shifts.

The calculated values of stability constants with their 95% confidence interva
all measured systems are summarized in Table V.

For systems3 + NaSCN and4 + KSCN where the values of constants calcula
from shifts of individual protons differ substantially only the range of these valu
given. It should be admitted here that accuracy of stability constants obtained fo
tems containing calixarenésand 4 is very low — in fact only the order of stabilit
constants was determined. In spite of poor accuracy it is clear that the stability cc
for calixarenes is significantly lower compared with that farwhile the stability con-
stants for4 are of the same order as thosel.of

TasLE VI
13C NMR spectrum of ligand and changes of chemical shifts corresponding to 90% complexe
with NaSCN

Carbon o Ad
a 122.56 +3.74
b 128.54 +1.00
c 135.33 +0.31
d 31.17 -1.02
e 156.67 -4.79
f 73.39 +2.88
g 70.11 -1.99
h 66.75 +0.45
i 15.36 -0.23

Collect. Czech. Chem. Commun. (Vol. 61) (1996)
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DISCUSSION

'H NMR spectra of all ligand—metal systems studied contain only one signal for
individual proton. It means that all structures (different conformations of free lig
and complexes) are in dynamic equilibrium with the time-constant much lower tha
NMR time-scale; this situation is usually referred as “fast exchange®rathe NMR
signals measured represent weighted average of all forms present in equilibriun
cone conformation of calixarene skeletonle# is stable enough thanks to four low
rim substituents3 The actual shape of the cone, however, is far from being>tgic
The oligooxyethylene chains are also flexible, as documented by the study of
podand-like structurés It is reflected by*H NMR interaction constants measured f
oligoxyethylene moiety. They are close to values known from completely relaxec
goethylene glycols. The interaction constant of 5.7 Hz was measured for protc
positions 4 and 5 of free calixarefigTable I). The value of interaction constant d
creases gradually during the complexation with NaSCN reaching the value of 4 |
the last addition corresponding to the degree of complexation of about 0.82. Th
creasing could correspond to the changardf position of both oxygens in completel
relaxed dioxyethylene unit intgaucheorientation of these oxygens prepared for t
interaction with cation. It can be concluded that in any of compoimdithe lower rim
substituent does not adopt preorganized conformation. It is very probably that cat
complexed state is located within pseudo-cavity formed by eight oxygen atoms
“phenolic” and four “pure” ether) as evidenced by broadening of signals belongi
protons in positions 4,5 and,g as well. On the other hand, the chemical shifts ¢
shapes of signals belonging to protons 6, 7, 8, and 9 (unresolved multiplet) in lig
seems to be almost unaffected by the complexation. This reflects both the conf
tional mobility of long oligooxyethylene chains and relatively restricted mobility
calix[4]arene cone. The pseudo-cavity is therefore preferentially formed by «
oxygen atoms close to the lower rim of calixarene.

To support this assumption further, we have comparetf@dIMR spectrum of free
calixarenel with that of systeni + NaSCN measured for additions of 7.8 equivale
of salt (corresponding to 90% of complexed ligand). The results are shown in Table

The largest change of chemical shift corresponds to the carbon in positions (e) (F
This carbon influences strongly carbon atom (g)aat position and weakly carbons &
metaand ortho positions (b) and (c) by facile transfer through aromatic benzene |
As both carbons between the lower rim oxygens (f) and (g) are strongly influe
contrary to carbons (h) and (i), our assumption that pseudo-cavity formed by
oxygens at lower rim is strongly supported. Moreover, it is in accordance with the
that lengthening of oligoethylene chains on lower rim has almost no effect on the
plexation ability toward cations studied.

The stability constant measurements is strongly dependent on the anion used
pare Table Il). The reason for it is believed to be relatively high concentration of &
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species in NMR samples. The association and solvation of dissolved salts in suc
centration is definitely influencing the data obtained. The use of lower (milimolar)
centrations on the other hand is not possible for technical reasons (the measu
would be very time-demanding).

As far as the cation used is concerned, we have included only first three alkali
cations as more “soft” cations (especially cesium) should tend to complex at
upper rim, too. The insolubility of Rand C$ salt in the solvent used prevent us, ¢
the other hand, from trying preliminary experiments with these cations. The differe
between the complexation with Nand K are not significant for calixarendsand4.
The value of the stability constant is significantly higher for 2he NaSCN system
than for the2 + KSCN system. It is again in line with the “hardness” of both catic
For calixarene the changes in chemical shifts were very small, especially fa3 the
KSCN system.

From the comparison of all the data obtained the following conclusions can be dre

1. Ligandsl-4form 1 : 1 complexes with sodium and potassium cations in solut
of intermediate polarity (chloroform—methanol mixtures).

2. Amino substitution (calixaren2) on the upper rim of calixarene has significa
positive influence on the complexation ability compared with the unsubstituted ¢
arenel. It is likely due to the increasing electron density on “phenolic” oxygen atc
The influence of nitro (substitution calixareBeis opposite.

3. The length of the ether chains (calixarefléhas no significant influence on th
complexation ability.

4. It is very likely that Naand K" are complexed within pseudo-cavity formed |
eight oxygen atoms. Complexation is accompanied by increasing rigidity of the ¢
Ar—O—CH,—CH,—O- evidenced by change in interaction constants of protons w
this structure. Moreovet3C NMR data of ligand 1 and its complex with NaSCN st
port strongly this assumption.

The next step in the development of podand-like calix[4]arene ligands for com
ation of cations in polar media will be the synthesis and complexation study of
pounds with lipophilic alkyl (arylalkyl) groups in the oligoethylene chain where
formation of pseudo-cavity should be facilitated by hydrophobic forces. The rol
upper rim substitutiontért-butyl, adamantyl) is to be included, too.

The fitting of experiments was performed using the optimization procedure from GREGPAI
veloped at the University of Wisconsin under the supervision of Prof. W. E. Stewart. The author:
Prof. Stewart for providing this software. We thank the Grant Agency of the Czech Republic and
D7-10 for a grant in support of this work.
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