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Abstract

The complexation behaviour between salts of HRb™ in CD3CN and tris(benzocrown ethers,b X=P(NMeN=CH-

B15C5% (X = O, S) and tri[bis(benzocrown ether)] [N=P(NMeN=CH-B15¢]5)3 was investigated by*C NMR
spectroscopy. Using the program RMNSTAB, the complexation constants for the different possible compjéxedi(M

and ML, were L represents one benzo-15-crown-5) were obtained and were compared with those of the corresponding
monomer material. A remarkable “biscrown effect” for compouids and 3 was found, especially for potassium and
rubidium by the predominant formation of stable Mtomplexes. The strong chelate effect make these ligands highly
efficient extracting agents for alkali metal picrate salts of Rb™ and Cg, as shown by UV-Vis spectroscopy.

Introduction of two crown ether rings has been used to construct bis(15-
crown-5) derivatives exhibiting a high'Kselectivity. Both

It is well known that the selectivity of crown ethers for ssystems allowed the formation of Nar K* selective elec-
given cation mainly depends on the following points [1]trodes which found practical application in the simultaneous
(i) the relative size of the cavity of the crown ring and théletermination of these cations in human blood serum and
diameter of the cation, (i) the number of donor atoms in th&ine [3].
crown ring and the topological effect, (iii) the relationship Obviously, the nature of the bridge connecting the crown
between the hardness of the cation and that of the dor@her moieties plays an important role. However, up to now,
atom, (iv) the charge of the cation. When only the sizeelatively few reports were devoted to the linkers other than
selectivity relationship for cations of the same family, fomainly polyethylene or polyether units. In the course of
example alkali metals, is considered, ML complexes [i.eQur investigations dendrimers bearing bis(benzocrown ether)
one cation per crown cavity] are formed when the size &hits [4] and polyphosphazenes containing crown ethers as
the cation is smaller or equal to that of the cavity. Catiorigendant groups have been reported [5-9]. However detailed
are either totally or partially encircled by the ring. In thecomplexation studies have never been described.
latter case, the counteranion and/or the solvent complete theln this paper we wish to describe our results ob-
coordination sphere. For cations whose sizes exceed tiifed for poly(benzocrown ether) entities which contain
of the crown ether, Mk or intermolecular sandwich com- Y=P(NMeN=CH-),, (Y =0, S, m = 3; Y = N, m = 2) units
plexes [i.e., one cation embedded by two crown cavities] a#é linkers between benzo-15-crown-5 cavities. By orientat-
formed. ing (MM™) calculations we found that a pre-arrangement of

These observations are true for molecules containing ofé linked crown units is possible which should favour in-
ring. However, what phenomena will be observed whdfamolecular sandwich complex formation and an enhanced
more than one crown cavity is linked in such a way that ®iscrown effect” may be expected.
polymacrocyclic molecule is created and will the formation
of intramolecular sandwich complexes be favoured? Several
bis(crown ether)s have been prepared for this purpose and
most of them show an enhanced ability to complex cations.
For example, some bis(12-crown-4) derivatives are highly
selective neutral carriers for Naions [2]. This selectivity
is highly dependent on the length of the chain connecting
the two crown ether rings. Similarly the co-operative action

1 The energetically lowest lying conformations of the molecules invest-

* Author for correspondence. Fax: ++33 3 20 43 67 55; E-mailgated in the study show structures in which the benzo groups are aligned
joelle.mitjaville@univ-lille1.fr in a co-planar fashion thus favouring sandwich formation.
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Experimental section shaken for two hours at room temperature. The mixture was
then allowed to stand for two hours in order to complete the
NMR phase separation. The picrate concentration was determined

at its maximum of absorptiortfax = 357 nm) on a Varian
Up to ten equivalents of different saltsvere successively Cary 1 spectrophotometer. The percentage of picrate extrac-
added (one equivalent at a time) to an acetonitrile solutieed was calculated from the difference between the original
containing the ligand:3C and®!P NMR spectra were recor- and final aqueous picrate concentrations. The reported val-
ded after every equivalent added on a Bruker WP 300 NMires of the percent of picrate extracted are the average of two
spectrometer. independent experiments.

The difference between the chemical shifts of the com- Lithium, sodium, potassium, rubidium and cesium
plexes and those of the ligans was determined and plotspicrates were prepared according to the procedure developed
of Aé against the number of equivalents of cation addasl Pedersen [15]. Before use, the solvents were saturated
were obtained. The RMNSTAB [10] program was used t@ith each other to prevent volume changes in the phases
fit the NMR chemical shift data corresponding to one of theuring extraction. The concentration a®% 10~° mol/L for
following models: (i) ML complex, (ii) ML and Ml com-  picric acid was chosen because at this concentration using a
plexes, (ii) ML and ML complexes, (iv) Ml complex, 1 cm cell, the aqueous phase does not require further dilution
(v) M2oL complex, where L represents one benzo-15-crowitthe extraction efficiency is very low.

5 cavity and M, the cation. According to the model chosen In the experiments directed to determine extraction equi-
before, the program calculates one or two stability constaritsrium constants (Ky), chloroform solutions of the ligands
K. For example, in the case of a mixture of ML and ML of various concentrations (J x 10~° to 2.5 x 10~2 mol/L)

complexes, the equilibria are the following: and aqueous alkali metal picratesq% 10> mol/L) were
K brought to equilibrium by the same procedure.
M + L = ML The overall extraction equilibrium between an aqueous
solution of alkali metal picrates (MPic™) and a chloroform
mo lo - solution of ligand (L) can be defined for a ligand-cation
x complex ratio as follows:
whereK; =
(mo—x — y)(lo— x — 2y) _ .
K>
- - - 7 [Pic JagM ¥ lagl L Itrg
- - y Subscriptsaq and org refer to the aqueous and organic

phases respectively. (Since chloroform is used as the organic

solvent, the dissociation of the ion pair MRic is negligible

[16] and the concentration of uncomplexed cation in the
In this case, two stability constankg (for the ML com-  chloroform phase is extremely low compared with that of

plex) andK> (for the ML, complex) will be determined. the complex. The concentration of the ligand in the aqueous

The RMNSTAB program provides a plot showing percenphase was also found to be quite low.)

ages of the different species (free ligand and complexes) asThe distribution ratioD of a metal cation between an

Y

whereKp = ————.
2 x(lop—x — 2y)

a function of the number of equivalents of cation. organic and an aqueous phase is expressed as follows:
UV/Vis . [ML ,,Piclorg )
M*]laq

Binding efficiencies of the crown compounds were evaluated ] ) ) .
from distribution equilibria of the salt complexes between afrom Equations (1) and (2), expression (3) is obtained:
aqueous phase and chloroform. The method developed by

Pedersen and subsequently used by other investigators [11— Kex = __#. (3)
14] involves the transfer of a picrate salt from an aqueous [Pic” Jag[L16rg
metal hydroxide salt solution to the organic phase Contain"ﬂgaformulation of Equation (3) results in the following Equa-
the ligand. tion (4):
Equal volumes (10 mL) of a chloroform solution of the
ligand (25 x 10~2 mol/L per crown ether unit) and of the 10g(D/[Pic Daq = 1 10g[L lorg + 10 Ke @)
= .

aqueous picric acid (@x 10~° mol/L) containing 0.1 mol/L
of metal hydroxide were introduced into a flask, whichwas A plot of log(D/Pic ]ag) as a function of log[Lrg
T2 o Hexafluorophosphate salts were used in the case of drid KF should give a straight line with a slope of n indicating the

instead of tetraphenylborate salts for stability and solubility reasons BP€ Of pomplex. !—09 Kx is ‘?btained_ from the intercept of
CD3CN. the straight line with the ordinate axis.
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Moo e W me Peak 110 Peak 2{0 Peak 3;A Peak 4 for'3C chemical shifts.

6 eq. NaBPh, i w
e’ ‘WJ “J e methylene carbon nuclei in the polyether unit (Figure 1) and
° also of the arene and imine carbon nuclei. A spectrum was
o recorded after each addition of the salts of various alkali
8 eq. NaBPh, AN, W/ YA metals to a crown ether compound.
3 o Average resonance signals are observed which indicate
| | rapid dynamic exchanges between complexed and uncom-

10 eq. NaBPh, NIV plexed sites on th@(; NMR time scale at room temperature.

: When up to six equivalents of sodium salt were added, a sig-
PPM 7200 71.00 7000 69.00 68.00 67.00 | nificant and characteristic low frequency shift is observed.

_ _ 13 , , Further increase of the cation concentration does not influ-
Figure 1. Evolution of the*°C chemical shifts of the methylene carbon th tra. Thi b lained by th turati f
nuclei of the crown ether cavities of compouddas a function of NaBPh ence_ e spectra. o IS can _e exp ame y e_ sawration o
equivalents{) Peak 1,0 Peak 2{] Peak 3;A Peak 4. the binding capability of the ligand by six Neequivalents.

The same evolution is seen in Figure 2 in which the ex-
perimental curves of the variation of the chemical shifts of

Results and discussion the different methylene carbon nuclei of the crown cavity of
compound3 are given as a function of the number of equi-
Distribution equilibria of ML, complexes valents of sodium salt added in acetonitrile solution (Figure

2a). For comparison, the freéfbrmyl-benzo-15-C-3 was

The two kinds of compounds we have investigated are thwestigated under the same conditions (i.e., 6 equivalents of
tris(benzocrown ether)2a,b for which the three benzo- compoundl compared to 1 equivalent 8f diagram b).
crown cavities are linked via a hydrazone bond to an oxo- A plateau is reached when six equivalents of sodium salt
or thiophosphorus core, and a tri[bis(benzocrown ettr)] have been added. When these curves are compared to those
In this case the three bis(benzocrown) moieties are linkeddbthe free crown ethet, a similar behaviour is observed. At
a phosphorus atom included in a phosphazene ring (Schefing glance, this seems to indicate that for both compounds
1). In a recent paper, we have described the syntheseslaind3, saturation of the binding capability is reached when
these compounds [9], according to the procedure establisl@dequivalents of metal salt have been introduced, indicating
by Majoral and co-workers [17]. the formation of 1: 1 complexes.

The complexation behaviour df 2a,band3 was mon- In Figure 3 the variations of th€C chemical shifts of
itored by13C NMR spectroscopy. Relevant information wasompound3 as a function of the number of equivalents of
obtained from the variation of the chemical shifts of th&PFg in acetonitrile solution is represented.
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Figure 4. Percentages of different species as a function of the number fggure 5. Percentages of different spec‘ies. as a function of the number of
equivalents of NaBPhin acetonitrile solution: (a) compourd(6 eq.), (b) €quivalents of KPE in acetonitrile solution: (a) compourt(6 eq.), (b)
compound3 (1 eq.).4 free ligand;2 ML complex; A MLy complex. compound3 (1 eq.).4 free ligand;JJ ML complex; A ML complex.

Table 2. Complexation of KPg by 1 and3

Table 1. Complexation of NaBPhby 1 and3

1 3
1 3 K1 (ML) L/mol 97000 100

K1 (ML) L/mol 9800 68000 K2 (ML2) L/mol 17000 74000

Ky (MLp) L/mol - 130 0 104x 103  4.63x 1073

0 7.18x 1073 294x 1073

Stability constants are given in L/ma} is the sum of
the squared residuals.

Stability constants are given in L/ma} is the sum of
the squared residuals.

most all crown cavities are involved in the formation of a
ML > complex.

In the case of this cation which is larger than the size However, when further K cations are added, this com-
of the benzocrown cavity, a plateau value is reached whplex is destabilised in favour of the ML complex. In contrast
three equivalents of potassium salt have been added to thehe tri[bis(crown ether)B the sandwich complex remains
trilbis(benzocrown etherf. The same behaviour was foundstable in the presence of an excess df. Kthese obser-
by following the evolution of thé'P NMR spectra with K vations show that aK3(3)]3" sandwich complex is much
concentration (Figure 3b). Experiments on 6 equivalents afore stable than a 1 : K(3)]®" complex (Table 2). The
the free crown ethet led to curves that are very similar toformation of this intramolecular sandwich complex occurs
those shown in Figure 3a. Do these curves mean that thereli&iously with a significant change of the conformation of
no active “biscrown effect” for compourgp the ligand as compared with the [N8)]®+ complex: the

In order to answer this question, the RMNSTAB prograrfk 3(3)]3+ sandwich complex exhibits a strong variation of
was employed. This program fitas values for M/L (M the3!P NMR chemical shifts48 = 4 ppm at 3 equivalents
= metal concentration, L = benzo-15-C-5 units concentraf K+ ions added, see Figure 3) while for the p{@]°+
tion) ratios derived from NMR spectra under the assumpti@amplex this variation amounts to only 0.6 ppm when 6
that all species are in a rapid equilibrium on the NMR timequivalents of N& ions were added.
scale. Various equilibria including the species L, MLzIM In Figure 6, the equilibrium distribution of the L, ML,
and ML (see experimental part) can be chosen by the usdsL and ML, species in acetonitrile solutions containing
and usually, only one model leads to a satisfactory fit @ excess (10 equivalents) of different alkali metals MX (M
calculated and experimental curves. The plots represesattit, Nat, K+, Rb"; X = PR~, BPhy™) is graphically
ing the percentages of the different complexes formed éepicted.
dependence of the metal salt added are shown in Figure 4. For sodium, as already discussed (Figure 4), almost

In both cases the ML complex is the predominant speci€80% of complexes formed are ML complexes for both com-
formed with increasing equivalents of NaHowever, the pounds3 and1. In the case of potassium, intramolecular
tri[bis(crown ether)] ligand shows a seven fold higher com-
plexation constank1[ K1(3) = 68000;K1(1) = 9800 (Table
1)]. Furthermore, a small quantity of the sandwich comple
ML [K2(3) = 130] is observed at lower Naconcentrations, Refifi
which is not seen for the free crown ether. For an exce: ..
of sodium salt, the complexation behaviour is rather sin
ilar. This is not surprising because it is well established thitaiiFh
for the B15C5 system in particular, Nacomplexation oc-
curs preferentially in a 1: 1 manner. There is relatively little
change in the ring and the macromolecule conformatic 0 %88 ":'“"l.J LB S e 'w'm
accompanying Nabinding [18]. Figure 6. Percentages of complexes formed for acetonitrile solutions con-

In the case of potassium (Figure 5), when the free crowdining ten equivalents of alkali metals salts: (a) compoligél eq.), (b)
ether is taken up to three equivalents of potassium salt, edmpound3 (1 eq.).

-
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sandwich complex formation to give Mlunits is predom-

3 2a
inant when phosphazergis used as ligand under theseg * | o7 50 //4
conditions. The free crown ethérshows the expected be- ] I
haviour (i.e., mainly formation of the ML complex in the § * | % 0

der standard conditions. [crown cavities] 52 10~3 mol/L; [M*] =
7.0 x 1075 moll/L.

2b '
case of metal ion excess). As for'M= K, the observation f
of ML complexes as the main product is also made whe
Rb™ ions are reacted with crown ethirin contrast3 gives w0l 20 |
again mainly sandwich complexes with RidHowever a re- ﬁ
latively large amount of the crown cavities (25%) remain: | === 0 -
uncomplexed. Moreover, in this case, #® NMR spectra o 1 2 o 1 2 0 1 2
exhibit two signals when up to three equivalents of rubidiur.. [cavities] x 10° mol/L.
salt were added indicating a slower exchange on the NI\A:F@Utf_er?-O \f/i:?xﬁ”egeerxé;?;ig: CF;enfg::tffa@tl;Sn W_‘kéllgmelfglgig ﬁf/ef as a
time scale between the complexed and the uncomple%ﬁa'lf,’ic;. KPic: A RbPi@ Capie. : O :
sites than for N& and K*. These results allow us to assume
that the distance between the two crown cavities involved in
the sandwich complex could be a limitation for the compExtraction studies using UV/Vis spectroscopy
exation of larger cations. With lithium ions, M complexes
(i.e., two cations per crown cavity) are observed with the freecomparison of the extracting ability of compourid®a,b
benzocrown unit as complexing agent. The formation of thesxd3 was performed by measuring the distribution equilib-
complexis assumed to be due to the small size and hencerinen of alkali metal picrate complexes between an aqueous
high charge density of the cation. RemarkabiMomplex and a chloroform phase by UV/Vis spectroscopy (Figure 8).

% of extractio

formation is not observed with the tri[bis(crown ethe3¥pr It is obvious that none of the ligands extract lithium,
which a ML complex is predominant. Note however, thathich remains solvated in the aqueous phase. Sodium is
about 30% of Lilp sandwich complexes are present. similarly extracted for all compounds. This result is expec-

A similar study was also performed for tris(crown ether)ged because in all cases we have ML complexes in which
2a,b. The graph representing the percentages of the differd¢n¢ co-operativity of the benzocrown ethers is not involved.
complexes formed as a function of the metal salt added@n the other hand, potassium and rubidium are extracted
shown in Figure 7a for compourii. efficiently by more than 80% when comparedtiNo doubt

As already seen, for one equivalent of sodium salt add#tht this property is due to the stability of the intramolecular
to three equivalents of crown cavities, about 60% of MLsandwich complexes, evoked by the proximity of the crown
complexes are formed. By further addition of cation, thisavities. Rubidium and cesium are relatively better extracted
sandwich complex degrades in favour of ML complexes. by the tris(benzocrown etherfa,b than by the hexamac-

In Figure 7b a model is proposed which can explain thesecyclic phosphazen8. This may be due to an enhanced
observations. At concentrations below a 2:3 metal: cavifiexibility of two of the three crown cavities providing more
ratio, a [Na(2a)2]®+ complex is formed which contains ex-room to host larger metal ions.
clusively intra- and intermolecular MLunits. Increasing Subsequently the extracting ability of each ligdn&a,b
the Na" concentration above a 2:3 ratio leads to a rapiahd 3 for Na™, K™, Rb*, Cs" ions as a function of the
decrease of the MLconcentration. Exactly the same behaconcentration of crown ether cavity was investigated (Fig-
viour as2acould be observed f@b. We have no indication ure 9). In each experiment an aqueous solution containing
of the formation of MIg complexes in which all three crown 7.0 x 10~° mol/L of metal picrate was extracted with an
cavities surround one metal centre. Note that the percentaggal volume of a chloroform solution containing different
of NaL, complexes is significantly higher wheta,b are concentrations (0.0-8 x 10~3 mol/L) of ligand (i.e., the
used as ligands than with L/M ratio was varied from 0 to about 30).
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Table 3. Variation of the slope: determined from log/[Pic™ ]ag) = 7 log [L]org + l0g Kex

3 2a 2b
n log Kex n log Kex n log Kex n log Kex
Nat 0.9 6.2 0.9 6.4 0.9 6.2 0.8 6.0
K+ 09 538 1.5 107 1.9 122 1.7 116
Rbt 0.9 55 1.7 10.2 1.7 10.4 15 101
Ccst 07 47 0.8 6.2 11 8.0 1.2 7.5

D = distribution ratio of M" over the organic and aqueous phasex I6 the extraction
constant. The slope was determined from curves obtained for a wide range of L : M ratios
(0-30).

The extracting ability as expressed by the percentage
metal ions extracted into the organic phase of the free be . .
zocrown ethef remains weak<£ 25%) for all alkali cations
even at high ligand to alkali metal concentrations. On th
contrary, all polymacrocyclic phosphorus compougdsh -
and 3 show better extraction properties. Especially the lai

ger cations potassium and rubidium are efficiently extracte
into the organic phase under almost stoichiometric cond .
tions (i.e., in the range of L: M ratios of 2: 1 to 1:1). When

about a tenfold excess of crown ether cavity is used mo

1] ¥
w EN
) h
("L a1dl /a1 ) Sop

T
N
W

than 90% of K= ions have been extracted a,b. These t t t . 1,5
cations are only poorly extracted by the free crown ether -5.4 -5,0 -4,6 -4,2 -3.8
The new ligand&a, 2b and3 show further interesting details log [L]

org

concerning the extraction selectivities. Cesiumions are moFriE:Aure 10. Variation of Iog [Llorg as a function of log D/[Pic™Tag) for
. . . . org al

efﬂ_me_ntly_ extracted by the thlophosphate Ilg_aﬁ’ndthan by KPic. Compounds (*) and3 (M. [M*] = 7.0 x 10-5 mollL.

2aindicating that even minor changes in the ligand backbone

have a considerable effect.

In order to verify the results concerning the distributio ghow Keyx values for K- and RB ions which are some
of L and ML, complexes obtained by NMR techniques, Wgders of magnitude higher than the ones foundifofhe
have used the equation Idg(Pic"]ag) = 10g[L]org + 109 tris(benzocrown ether) phosphate derivatigasb have the
Kex (4) to determine:. The distribution,D, of metal ions  pighest extraction constants for cesium ions, while those of
over the organic and aqueous phase and the picrate conGegings are similar and about 1.5 orders of magnitude lower.
tration [Pic"]aqwas derived from the UV/Vis spectra of eachﬂowever, these K values, according to Equation (4), only
mixture and the crown cavity concentrationglgwas taken give reliable results when the stoichiometry of the Miom-
as being equal to the uncomplexed concentratidh @8,b,  pjex is the same and/or does not vary over the investigated
and3 neglecting traces which may be soluble in the aqueokisnge of [L},.
phase. The results are compiled in Table 3. Since the ligands investigated in this study are very ef-
The monocyclic crown ethet shows slopes close toficient extracting agents, significant changes in the UV/Vis
one for all cations M = Na"-Cs" as expected from the gpsorptions can be used to track changes of siogend
NMR investigations indicating that ML complexes prevailhence of the MI, composition) at low L concentrations. In
However, at poor extraction perc_entages*((}s 5%) val- _Figure 10 a plot of log (D/[Pic]ag) versus log [Lprg is rep-
ues of the slopes:f are less precise. The polymacrocycli¢esented for various L : M ratios, which were increased from
extracting agenta,band3 given values> 1.5 for K* and o 1 (points to the left) to about 2 (points to the right).
Rb" complexes clearly indicating the formation of sandwich \when K* ions are extracted with the hexamacrocyclic
ML 2 complexes. However, for Naand C', n values< 1.2 phosphazens, an inflection point is clearly seen when the
are also observed with these ligands. In the case of sodiymy ratio exceeds 0.71. Below this value, the slopéo
this result is in accordance with the predominant formatiqfe |eft in Figure 10 is close to 1 while above this ratio, i.e.,
of ML complexes as was evidenced by evaluation of thghen the cavity concentration becomes larger than the metal
NMR spectra. The low: values determined in extractionjon concentration, the slope is closer to 2. Witithe slope
experiments with cesium do not necessarily mean that onlymains close to one for all M : L ratios.
ML complexes are formed. It is more likely that few ML £rom these experiments we could independently verify
sandwich complexes also exist in equilibrium with rathehe conclusions, i.e., the preferred formation of intramolecu-
large amounts of non-complexed benzocrown ether cavitigs sandwich Ml complexes for larger cations, from ana-
as in the case of rubidium (see Figure 6). The extractiqfis of the NMR chemical shift differences by the RMN-
constants Kx parallel roughly the extraction percentage8Tap program. We are therefore confident that the results
shown in Figure 9. The polymacrocyclic liganda,b, and  optained by this method, which gives a considerably easier



and more detailed insight into the distribution of LM
ML and ML, complexes, is at least in tendency correct.

Conclusion
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also proved to be quite efficient in the extraction of lar-
ger alkali cations [19]. However, to our knowledge none
of them reached the efficiencies of the compounds studied
here under the same conditions. Obviously, the tetrahedral
Y=P(NMeN=CH-),, core (Y=0,S,m=3;Y=N,m=2)
evokes a favourable pre-organisation of the B15C5 units to

The aim of this study was to investigate the ability of polyfacilitate intramolecular complex sandwich formation.

macrocyclic phosphorus compounds to extract alkali metal
cations M" = LiT—Cs". The two different phosphate deriv-
atives X=P(NMe-N=CH-B15C53)(2a: X = O, 2b: X = S)

and the cyclophosphazene [N=P(NMe-N=CH-B15{538 Acknowledgements
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formation of 1: 1 ML complexes prevails as is also the case
for the monocyclic compounti 1

However, small amounts of MLsandwich complexes 2.
also seem to be present. At higher metal ion concentra-
tions (M:L ~ 3) all crown ether cavities are occupied by
a metal ion. Sandwich complexes Mhecome the predom-
inant species when the larger alkali iong Kand Rl are
complexed by2a,b and3. K+ especially forms highly stable s,
ML 2 complexes. Interestingly, even at higher metal ion con-
centration, the formation of ML complexes is favoured 6.
while some crown ether cavities still remain uncomplexed,
ML complexes seem to be present only in minor amounts
in contrast to experiments with where 1:1 complexes 8.
[K(D)]* and [Rb@)]" prevail under the same conditions.

The strong chelate effect evoked Bg,b and 3, make
these ligands highly efficient extracting agents for End 10.
Rb"™ as shown by UV-Vis spectroscopy. Remarkably, even
at very low ligand concentrations these new ligands prov%i
to be very efficient. Already at about stoichiometric ML 75
ratios, 90% of potassium ions were extracted into the organic
phase. This allowed us to verify our results obtained froA$:
NMR spectroscopy independently by another spectroscoﬂ)flc
method. Furthermore, the selectivity for the different cationg,
(Na* > Kt > Rb* > Cs™ > LiT for 1) is inverted when 16.
the polymacrocyclic phosphorus compounds are employéd.
Indeed, while monocyclic formyl-B15Ca extracts Na
ions better, the polymacrocyclic compounds show a highgs.
selectivity for the larger cations¥ Rb*, and Cg.
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