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Abstract: The rcaclions of diacids with the bicyclophosphanc 1 lead to podands 3a-f in which two
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Macrocycles 4a-b are obtained by cyclization of podands 3a-b by way of Michaelis-Becker reaction. The
formation of Ca2* and Mg2+ complexes with 3a-f and 4a-b has been investigated by UV, IR and NMR
spectroscopies. Liquid-liquid extraction studies show for macrocycles efficient extracting properties and

oood selectivities of Ca + towards Mn2+ The calcium transnort across a chloroformic membrane agrees
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better with stability constants than thh extraction data. © 1998 Elsevier Science Ltd. All rights reserved.
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"dioxazapnosphocanes” bearing a lipophilic moiety exhibit phospholipid properties.’ These compounds are

phospholipase AZ inhibitors and act on blood plateiet aggregation and on cel

b

ular proliferation. Their reactivity
towards calcium dependent systems and the presence of amide and phosphoryl groups in the same molecule
prompted us to study the complexing ability of these heterocycles. In a previous paper, we have shown that these
compounds display interesting complexing properties towards alkaline-earth cations.? We demonstrated that the
calcium ion is located between two dioxazaphosphocane units either independent as in model A or linked by a
tetramethylenic spacer as in model B (scheme 1).
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Scheme 1

In this paper we describe the synthesis and the characterization of new podands B and macrocycles C
containing two dioxazaphosphocane subunits. A more extensive study has been performed in view of analyzing
their complexing propertics in relation with rigidity and lipophilicity of the spacers, and their ionophoric
properties.
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Synthesis and characterization

The different podands 3a-f described in this paper are prepared by the same approach, outlined in scheme
2. The key step of this method is based on the reactivity of the constrained bicyclophosphane 1 towards
carboxylic acids according to a literature procedure of Houalla and coll.3 These authors studied in detail the
oxidative addition of benzoic acid onto bicyclophosphane 1. Low temperature 31p NMR (-80 °C) showed the

formation of a pentacoordinated bicyclic intermediate. Rearrangement by phosphorus-nitrogen bond cleavage and
acyl migration leads to the dioxazaphosphocane. We have extended t,.is reacticn to the diacids 2a-f. Each
function of the diacid reacts with a bicyclophosphane to give podands 3a-f in which two dioxazaphosphocane
cycles are linked by a more or less rigid spacer owing to the starting diacid (sc,herne 2).
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Scheme 2. Synthetic scheme and podands 3a-f described in this study

The structures proposed for the podands 3a-f are consistent with data derived from infrared, phosphorus,
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The 1H and 13C NMR spectra of podands 3a-f show that the hydrogen and carbon atoms of the

dioxazaphosphocane rings are non equivalent. The 13C NMR spectrum of the podand 3b is represented on figure
1 and reveals that each carbon of a cycle is equivalent to its homologue in the other cycle. Thus, the four singlets
ar 6 =279, 26.8, 25.9 and 22.9 ppm can be assigned to the four methyl groups. Moreover two singlets at 8 =
59.5 and 57.3 were observed for the methylenic carbons o to the nitrogen atom and two doublets arising from a
coupling with the phosphorus atom at & = 85.3 and 84.0 for the methylenic carbons o to the oxygen atom. This

behaviour was described earlier in the case of separated dioxazaphosphocanes.3 It indicates that each

dioxazanhnsnhocane unit exigts at Toom temnerature 1 n averagsed asyvmmetric conformation. The extracvclic
ai1oxazaphosphocane unit €xists at room temperature 1n an averagea asymmelric € Y
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Figure 1: 'H-Decoupled and J-Modulated 13C NMR (62.9 MHz) spectra of podand 3b in CD3CN
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podands 3a and 3b bearing rigid spacers. They were reacted with dibromides with the same kinds of spacer.
As for compounds 3a-f the macrocycles 4a and 4b behave, at room temperature, as mirror-symmetry

compounds.
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Complexation

Complexation sites — Calcium complexes were prepared by mixing equal quantities of podands 3a-f (or
macrocycles 4a-b) solutions (1.5 10-2 mol.dm-3) and perchlorate salts solutions (1.5 10-2 mol.dm-3) of the
studied cation in acetonitrile. Sites of complexation were located by IR spectroscopy in the solid state (KBr
pellets) and by 31P NMR spectroscopy in CH3CN. Table 1 summarizes the IR spectral data of the carbonyl,

phosphoryl and P-H groups of ligands 3a-f and 4a-b in their free forms and in their complexes obtained with

calcium perchlorate.

Table 1. IR spectral data (KBr, cmr1) of the free ligands and of their complexes with calcium perchlorate.

compd vibration Ligand Complex Avd compd vibration Ligand  Complex Av?

. vC=0 1647 1627 -20 R vC=0 1660 1635 -25

Ja vP= 1269 1239 -30 Je vP=0 1264 1242 -22
vP-H 2436 2463 +27 vP-H 2431 2463 +32
vC=0 1654 1629 -25 vC=0 1683 1646 -37

3b  vpP=0 1263 1236 -27 3f  vp=0 1262 1232 -30
vP-H 2437 2462 +25 vP-H 2432 2466 +34
vC=0 1646 1625 -21 4a vC=0 1651 1618 -33

3¢ vP=0O 1261 1243 -18 vP=0 1258 1244 -14
vP-H 2436 2463 +27
vC=0 1667 1651 -16 4b vC=0 1640 1611 -29

3d  vp=0 1263 1241 22 vP=0 1260 1241 -19
vP-H 2440 2468 +28

) Av = v(complex) -v(free ligand)

Complexation with podands and macrocycles shifts to lower frequencies the carbonyl (16-37 cm-l) and
tha mhAacnhAryl (1420 e 1Y ctratnhing vihea tian Thaca ra 1¢tc sviawr ha ralatad +~n tha Aanranca ~f tha A~hla
il PllUDPllUl!l \1"? GSU il } SUT U llllls ViULALUIVUIID. L1HIVDOU IVDOUIWL | Aa._y v 1vidatuil LU LIV UL Tady Ul LIV UUuU Ui
bond character of the C=0 and P=0 bonds by coordination of the oxygen donor atoms. A variation of the same

magnitude has been observed for alkaline-earth complexes with linear amides by Simon,> with macrocyclic
polyether tetralactams by Tisnes & and with phosphorylated macrocycles by Chaikovskaya.” In the case of the PH
vibrator, the complexarion leads to a displacement towards higher frequencies. This may be explained by a

reinforcement of this bond.

Table 2. 31P NMR

(CH3CN) shifts & (ppm) and coupling constants J (Hz) of the free ligands and of their
calcium perchlorate complexes -
compd Ligand Complex  Ag5a) Ajb) | compd Ligand Complex A5 AJD
§3ip ]jPH §3ip 1pH 531p 1JPH 83ip ljpy

3a  -57 706 -4.5 737 31 Je -5.8 708 N.D.©)

1.2
3b -5.8 706 -4.8 740 1.0 34 3f -5.8 706 -4.7 745 1.1 39
-5.3 736 0.5 30
8

3¢ -5.7 705 -4.9 729 . 24 4a 164 17.1 0.7
3d 59 707 N.D. ¢ ) 4b 16.5 16.9 0.4

a) A§ = 6(complex) S(free ligand); P) AJ = 1Jpp(complex) - Hpy(free ligand); ©) N.D. = Not determined

________________
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The 3P NMR spectra of the complexes were compared to those of the free ligands. As shown in Table 2,
we observed for all complexes a deshielding of the signal (0.4 < A8 < 1.2) and for the complexes issued from the
podands a strong increase of the coupling constant 1Jpy (24 <AJ < 39 Hz). Analogous observations were made
for complexes obtained with other phosphonates and BF38 and with some Ca2+ and Mg2+ phosphinate
complexes.?

Stability constants — The stability constants were measured in THF solutions by U.V. spectrophotometry for

podands or macrocycle /metallic picrate complexes. This technique is particularly suitable for the measurement of
stability constants ranging from 102 to 103 L.mol-1. Furthermore, in a solvent of low polarity (THF), absorption
of the metallic picrate shows a bathochromic shift (11 nm < AX < 25 nm) in the presence of a ligand with Ca2+
and Mg2*, resulting from the change of a tight ion pair to a looser ion pair.10:11 This bathochromic shift is
explained by the complexation phenomenon and is not observed with alkaline picrates (Na+ and K+).

The computational treatment of the electronic spectra modifications of metal picrates / THF solutions in presence
of increasing ligand amounts showed the formation of one (ML) or two (ML and ML;) complexes with podands
3a-f and a main ML complex for macrocycles 4a-b. The so determined constants are gathered in table 3.

In contrast with podands 3a-b with aromatic spacers, podands 3d-f, bearing an ether or diether bridge
show a good selectivity for calcium as compared to magnesium (the complexes of calcium are about 26 times
more stable). Introduction of oxygen atoms in the spacers with an ether bridge increases the stability of the
complexes only in the case of the Ca2+ cation. This can be explained by the fact that the magnesium ion is small
and its coordination with additional oxygen atoms of the ligand would increase steric crowding of the molecule
more than the coordination of the larger calcium ion. In the case of 3d-f, MLy complexes were found to be less
stable than the ML ones (with log KML/KMmr2 ~ 2.5). On the other hand, in the case of 3b, the stability of the
two kinds of complexes (ML and ML7) are comparable (log Kyp/Kmp2 = 1.1). Finally, the increase of the
stability constants going from podands 3b-c to the corresponding macrocycles 4a-b is in accord with the well-
known macrocyclic effect.12

Table 3. Stability constants in THF at 25 °C for 1:1 (Kpmp) and 1:2 (KML,) complexes of CaZ+ and Mg2+
picrate with ligands 3a-f and 4a-b.

compd Ca2+ , Mg2+
log KmL® logKmr, P | logKmL log Km1,

3a 2.8 - 2.6

3b 33 2.9 3.1 3.3
3c 3.0 - 2.8 -

3d 5.0 1.9 2.7 -

3e 5.6 2.4 3.0 -

3f 5.1 - 2.7 -

4a 4.6 - 4.3 -

4b 5.1 - U.C.o) U.C.

a) Ky in L. mot-1 b) KML2 in 12, mol-2 is determined by supposing that ML is obtained from ML. 9 UC =
uncomputable.
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We tried to characterize ML and MLj complexes , analyzing by mass spectrometry (ES positive mode) an
equimolecuiar soiution of 3b and caicium picrate in THF. For comparison, we also studied the ES mass spectrum
of an equimolecular solution of 3b and hexahydrated calcium perchlorate in acetonitrile. Table 4 summarizes the
results obtained. It must be noticed that the species are the same as detected by UV spectrophotometry or by ES
mass spectrometry. Moreover, the results are identical whatever the counterion or the solvent may be.

Table 4. m/z and relative abundance of positive ions observed for THF solutions of 3b complexes with calcium
nmrme or perchlorate

Ca(Pic)y/3b Ca(ClO4)2, 6 H2O/3h
principal ions m/z relative abundance incipal ions m/z relative abundance
La) Ht 5733 10 LH* 573.1 90
L Nat 595.3 100
LK+ 611 12 LK+ 611 100
(or L-1 Ca%t) (or L-1 Cat)
Picb), LCa* 840.1 16 ClOg4, LCa* 711 65
L Cat++ 306.1 43
Pic, LpCa+ 1412.6 2 ClOy4, LpCat 1283.3 36
LpCat+ 592.2 15 LpCat* 592.2 50

a3} L = 3b; P) Pic = picrate

Liguid - liquid extraction — Calcium and m, gnesmm picrate salts were extracted from an aqueous phase to a
()

chloroformic one bv form

3 - - | metry The extraction percentases (B and the
aqueous phase was monitored by UV-VIS spectrophotometry. The extraction percentages (E%) and the
[ I N N PP - I I . - S y: POU: PRSPt APPSR [P PR SNy DUy I

POPNICITES, a8 10g 1,7~ Of tne Iive poaandas, ine two macroCyci€s anda two Teierence compounds reporied in

Table 5. Extraction percentage (E%) of Ca2*+ and Mg2* picrates by podands 3b-f and macrocycles 4a-b?).

compound Ca* Mg2+ log P ©)
3b 5 3 1.45
3¢ 3.5 3 1.5
3d 3 2 0.5
3e 4 2 0.5
3f 3.5 0 1.2
d4a 16 2 2.3
4b 32.5 ) 2.7

ETH 10019 38 3 6.2

18-C-6 9 26.2 2.5 0
a) Extraction conditions: temperature 25.040.2°C; aqueous phase (0.25 mL): [picrate] = 1.5 10-2M; organic phase

H re \
(CHCl3, 0.25 mL): [ligand] = 1.5 10° 2M. E% = 100 (1 - AD/el. Cg) with A bsorbance; D = dilution factor for
the different aliquots; € molar extinction cocfficient; 1: w1dth of the cell; Cg: in 1 1 picrate concentration. s

b) Lipophilicity measured by RPTLC technique. c) [pxcralcjaq 6.5 10-4M; [ligandiCcHpClp = 1.5 107° M
according to ref 14, d) [picraie]aq = (ligand]CH,Clp =3 10-3 M according to 15.
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he oiher hand, macrocycies 4a-b with siability constants of the same order as the 3d-f podands, show
extracting properties which can be compared to those of ETH 100114 and 18-C-615 As in the case of these last
compounds, a good selectivity of Ca2*+ towards Mg2+ was observed. This selectivity may be partly attributed to a
much higher hydration energy in the case of magnesium (AG? = 1897 kJ mole -1)16 as compared to calcium (

M
i

AGO = 1584 kJ mole -1).16 Extraction of magnesium requires therefore a ligand possessing a great affinity
towards this ion , which is not the case for our type of compounds.

The main conclusion of this extraction study is

the significant increase of calciom extraction by the

mbpared to the nadandc

macrocycles compared to the podands,
Cation iransport ihrough a liquid membrane - The pronounced interaction of our compounds with Ca+ ions
prompted us to study their possible activity as ionophores. We investigated the CaZ+ migration through a CHCl3
liquid membrane system , under the influence of two podands and one macrocycle.

The cell used for this study is divided into three parts separated by two fluoropore membranes. A
schematic mechanism of the process is given in figure 2.

Aqueous phase I Aqueous phase 11

(
| \

Pic,Ca
~ Macrocycie # N /

N———

I
|
ic,Ca |
|
|

Figure 2 : Schematic mechanism of the transport phenomenon
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The transport of Ca<* was followed by the analysis o

summarizes the results obtained.

ot a

ll(luOlS withdrawn from the aqueous phases‘ Table 6

Table 6. Transport percentages (T%) and Transport rates of Ca2+ with podands 3b-c and macrocycle 4b

compound [PicoCa] @) (PicaCa] P T% ©) Transport rate 9)
aq. phase 1 aq.phase 11 (107 mol.h-1)
3b 12.3 mM 0.10 mM 0.8 0.45
3¢ 13.0 mM 0.09 mM 0.7 0.41
4b 14.3 mM 0.8 mM 5.7 3.7

Transport condition : Tem

perature 25.0 *

0.2 °C; aqucous phase I and II and CHCI3 phase: 11 mlL.

4) jinitial

concentration ; ?) concentration after 24h ; ) T% = [PicpCalyt / (PicpCaly. 100; 9 Transport rate = [PicpCalr. v /

24h (v = 11 mL)

The weak extraction percentages (E%) observed in the case of the podands (Table 5) explain their poor

performances as carriers. However, the rather high extraction value of 4b (E% = 32) allowed us to expect better

carrying properties than those observed (T% = 5.7). The high formation constant (logKmL = 5.1) observed in
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THEF for the complex 4b/Pic2Ca probably explains this result, the complex formed remaining in the chloroformic
membrane.

in conciusion , it 1s difficult to predict the ionophoric efficiency of our compounds , but it seems that the
correlation is better using the stability constants than the extraction percentages as previously observed. 17:18

EXPERIMENTAL SECTION

Melting points were deiermined with a Biichi-Totioli apparatus and are uncorrecied. infrared spectra were
recorded on a Perkin-Elmer 1600 spectrophotometer in KBr disks. NMR spectra were recorded in the case of 31P
(32.44 MHz) on a Bruker AC 80 spectrometer, H ( 250 MHz) and 13C (62.89 MHz) unless otherwise indicated
on a Bruker AC 250 spectrometer and are reported in parts per million from internal H3PO4 85% for 31P and
Me4Si for TH and 13C on the 8 scale. Data are reported in the following order: chemical shift, spin multiplicity (s
= singlet, d = doublet, t = triplet, m = multiplet), coupling constant, integration and assignment. UV-Vis specira
were monitored on a Perkin-Elmer Lambda 17 spectrophotometer coupled with an Epson PC AX Elmer
computer. Mass spectra (MS) were performed with a NERMAG R10-10C spectrometer using the Fast Atom
Bombardment (FAB, GLY matrix) or Electro Spray (ES) techniques. Elemental analyses were carried out by the
"Service Commun de Microanalyse-Ecole de Chimie" in Toulouse. Commercially available chemicals were used
without further purification: isophtalic acid 2a; 1,3-phenylene diacetic acid 2b; 4,4'-oxybis(benzoic acid) 2c;
2,2"-oxydiacetic acid 2d; 1,2-phenylene dioxydiacetic acid 2f and calcium perchlorate. The following
compounds were prepared as described in the literature: 4,4,8,8-tetramethyl-1,3-dioxa-6-aza-2-
phosphabicyclo(3.3.0] octane 119.20 | 4 4'-di(bromomethyl)diphenyl oxide 2! 1,2-ethylenedioxydiacetic acid
2e22 | calcium and magnesium picrates 23. Solvents were purified prior to use by standard methods.
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To a stirred solution of the bicyclophosphane 1 (5 mmol) in dry DMF (10 mL) was added under argon a solution

of diacid (2.5 mmol). The mixture was stirred for 1 hour. The solution was then flash evaporated.

Compound 3a: 3a was recrystallized from toluene in 72% yield; white crystals, m.p. = 173 °C. IR cm-! (KBr):
Ve=0 = 1647 ; vp=p = 1262 ; vp.g = 2436. 31P NMR (DMF) 8: -5.4 (d,1Jpy = 706 Hz); lH NMR(CDCl3) &:
1.39, 1.46, 1.59 (s, 24H, CH3); 3.6-4.2 (m, 8H, NCHy); 6.87 (d, 1Jgp = 708,6Hz, 2H, PH); 7.3 (s, 1H, Ha);
7.4 (d, 3Tyy = 7.1 Hz,2H, Hap); 7.5 (d, 3Jyy = 7.1 Hz, 1H,Hyy); 13C NMR (CDCI3) 8: 27.97, 27.45, 27.20,
25.80 (CHj3); 53.08 and 59 (NCHy); 84.74 (d, 2Jcop = 9.5 Hz, (CH3)2C-0); 83.26 (d, 2Jcop = 9.5 Hz,

(OISO 0N 194 20 17771 172020 12702 (C_ N 177 0 (=N Anal snlad foar Ca . HaaNANDA (7 §9 QA
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H, 7.03; N, 5.14. Found: C, 52.12; H, 7.28; N, 5.13.

Compound 3: 3b was recrystallized from toluene affording white crystals in 72% yield; m.p. = 98 °C; IR cm!
(KBr ): ve=0 = 1654 ; vp_p = 1263 ; vp.g = 2436. 31P NMR &: (DMF) -5.6 (d,}Jpy = 705 Hz) ; 1H NMR
(CDCi3) &: 1.50,1.44,1.38,1.34 (s, 24H, CH3); 3.71 (s, 4H, C(O)CH2Ph); 3.62-4.01 (m, 8H, NCHj); 6.80
(d, WIyp = 712 Hz,2H, HP); 7.08 (s, 1H, Har); 7.09 (d, 3Jgu = 6.9 Hz, 2H, Hy); 7.27 (d, 3Juy = 6.4 Hz,
1H,Hgp). 13C NMR (CDCl3) 6: 25.30, 27.40, 27.59, 28.00 (CH3); 41.52(Ph-CH,C(Q0)); 54.79 and 58.36

(NCH>»); 83.10 (d, 2ZJcop = 9.4 Hz, (CH3)2C-0); 85.20 (d, Z2Jcop = 9.3 Hz, (CH3)2C-0); 127.70, 129.40,
129.48, 135.10(Cy;); 172.50 (C=0). Anal, calcd for C3gH42N20gP). 0.3 HyO: C,54.03; H, 7.43; N, 4.85,

.20 RLVLE OB AS 2400

Found: C, 53.98; H, 7.41; N, 4.87.

Compound 3¢: 3¢ was recrystallized from toluene/ petroleum ether mixture (- 30°C) affording white crystals in
77% yield; m.p. = 108-109 °C; IR cm-! (KBr ): vo=0 = 1646 ; vp=0 = 1261 ; vp.g = 2436. 31P NMR (DMF) &:
5K (4 1 705 Hz; 1H NMR (CDCI3) 3: 1.25, 1.230, 146, 1.60 (s, 24H CH»); 3.65-418 (m, 8H

Torr —

-5.6 ({d, YTpy = 705 Hgz; NMR (CDCl3) 1.20 1.60 24H, CHj); g8H,
NCH»); 6.89 (d, lyp = 707 Hz, 2H, HP); 7.04 (d, 3Jgy = 8.2 Hz, 4H, Hay); 7.36(d, 3Jgy = 8.7 Hz, 4H, Hy);
13C NMR (75MHz) (CDCl3) 8: 26.12, 26.88, 27.58, 27.88 (CH3); 52.86 and 58.66 (NCHy); 83.62 (d,2Jcop =
9.5 Hz, (CH3)2C-0); 84.74 (d,2Jcop = 9.4 Hz, (CH3)2C-0); 119.19, 128.81, 131.49, 157.70(Cyy); 173.33
(C=0). Anal.cald for C3gH42N209P2: C, 56.60; H, 6.65; N, 4.40. Found: C, 56.40; H, 6.91; N, 4.07

Compound 3d: 3d was precipitated in petroleum ether as a white powder with 77% yield ; m.p. = 132 °C; IR cmr
1 (KBr ): ve=0 = 1667 ; vp=0 = 1264 ; vp. = 2436.31P NMR (DMF) &: -5.6 (d, lJpy = 706 Hz); 1H NMR
(CDCl3) 8: 1.28, 1.34, 1.48, 1.50 (s, 24H, CH3z); 3.60-4.09(m, 8H, NCHy); 4.26 (s, 4H, C(O)CH70); 6.81
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(d, 1Jgp = 712 Hz, 2H, HP);13C NMR (CDCl3) 8: 25.14, 27.46, 27.57, 27.99 (CH3); 55.18 and 57.45

(NCHy); 70.10 (C(O)CH20); 83.20 (d, 2Jcop = 9.3 Hz, (CH3),C- 0), 84.75 (d, Zcop = 9.2 Hz, (CH3),C-0);
170.47 (C=0). Anal. calcd for CooH3gN209P;: C, 46.87; H, 7.47; N, 5.47.Found: C, 46.64; H, 7.99; N, 5.50.

Compound 3e: 3e was precipitated in petroleum ether as a yellow powder in 77% yield, m.p. = 148 °C; IR cm-l
(KBr ): ve=0 = 1660 ; vp=p = 1264 ; vp.y = 2431, 31P NMR (DMF) &: -5.6 (d, 1Jpy = 706 Hz); 1H NMR
(CDCl3) 8: 1.27, 1.34, 1.46, 1.49 (s, 24H, CH3); 3.63-4.07 (m, 8H, NCHj); 3.70 ( s, 4H, O-CH>-CH>-0);
4.21 (s, 4H, C(O)CH20); 6.80 (d, lJgp = 711.5 Hz, 2H, HP); 13C NMR (CDCl3) &: 25.28, 27.36, 27.47,
27.96 (CH3); 54.59 and 57.14 (NCHy); 68.44 (O-CH»-C=0); 70.48 (s, O-CHp-CH3-0); 83.26 (d, 2Icop = 9.3
Hz, (CH3)2C-0); 84.86 (d, 2Jcop = 9.4 Hz, CH3)2C-0O); 170.80 (C=0).

Compound 3f: 3f was recrystallized in toluene affording white crystals in 85% yield ; m.p. = 161 °C; IR cm-!
(KBr ): ve=0 = 1683 ; vp=0 = 1262 ; vp.iy = 2432.5 ; 3IP NMR (CDCl3) &: -4.5 (d, 1Ipy = 728 Hz); 1H NMR

= e}

(CDCl3) &: 1.34, 1.48, 1.50,1.54 (s, 24H, CHz); 3.70—4.09 (m, 8H, NCHy); 6.90 (d, 3Ign = 7 Hz, 2H, Hy);
6.92 (d, 3Jgu = 5.3 Hz, 2H, Hyy) ; 4.80 (s, 4H, C(O)CH0); 6.84 (d, LJyp = 711.2 Hz, 2H,HP); 13C NMR
(CDCl3) &: 25.35, 27.38, 28.05 (CH3); 54.67 and 57.27 (NCHp); 83.33 (d, 2Icop = 9.3 Hz, (CH3)2C-0);

84.84 (d, ZJcop = 9.3 Hz, CH3)2C-0);88.59 (O-CH»C(0)) 115.08, 122.81, 147.82 (Cay); 169.78 (C=0).
Anal. caled for CogHaaN2O0P2. 0.1 toluene: C, 52.25; H, 7.03; N, 4.56. Found: C, 52.17; H, 7.01; N, 4.53.

Preparation of macrocycles 4(a-b)
To a stirred suspension of NaH (2.4 eq.) in 6 mL of dry DMF was added a solution of 1 equwalent of the podand

in ﬁ ml, nf drv DMF. Thp reactinn mivimire wace ctirrad under arcon nrntpr\hnn at _10°C durinaga nna hanr Tha
14 K ¥ A WAAW LARZLE RLAL/NLALEANY VY G4 OLALIAN/AL AKX w& Pl\ll\-«\ll AW N uulllls A llvul 4 11w

dibromide solution (1 eq. in 12 mL of dry DMF) was then introduced dropwise. After completion of the reaction,
the DMF was evaporated. The residue was extracted three times with HpO/CHCl3. The CHCl3 extracts were
dried over anhydrous NazSO4 and concentrated to 10 mL. Compound 4a was recristallized at -30° from CHCl3/
petroleum ether and 4b from CHCl3/isopropylic ether

Compound 4a: Yield : 40%; m.p. = 172 °C; IR cm*! (KBr ): vc=0 = 1654 ; vp=0 = 1259 ; 3P NMR (CH3CN)
8: 17.1 (1, 2Jpy = 20,4 Hz): TH NMR (CDCl3) 8: 1.37-1.28 (s large, 24H, CHsz); 3.01 (d, 2Jgp = 20.8 Hz, 4H,
P(O)CH2,Ph); 3.68 (s, 4H, C(O)CH,Ph); 3.71-4.22 (m, 8H, NCHy); 7.25-7.08 (m, 8H, Hy,); 13C NMR
(CDCl3) 8: 22.86, 25.90, 26.85, 27.87 (CH3); 36.15 (d, Jpc = 144.3 Hz, P(O)CH,Ph); 40.92 (s, Ph-CHj3-
C(0) ); 57.35 and 59.55 (NCHg): 82.26 (d. 2Icop = 10.4 Hz, (CH3)2C-O); 84.44 (d, 2Icop = 9.8 Hz,
(CH3)2C-0); 127.70, 128.33, 129.21, 129.63, 131.51, 135.12 (Cyp); 172.90 (C=0). MS (FAB, GLY) m/e 675

[MH*] (10%). Anal. caled for C34H4gN20gP7: C, 60.52; H, 7.17; N, 4.15. Found: C, 60.44; H, 7.09; N,
4.14.

Compound 4b: Yield : 40%; m.p. = 190 °C. 31P NMR (CHCl3) 8: 18.1 (t, ZJpy = 19.8 Hz); 1H NMR (CDCly)
8: 1.26-1.47 (s large, 24H, CHzy); 3.06 (d, 2Jyp = 21.5 Hz, 4H, P(O)CHPh); 3.50-4.45 (m, 12H, NCHj) +
C(O)CH2Ph); 6.90-7.33 (m, 16H, Hyy); 13C NMR (CDCl3) §: 26.67, 27.01, 27.82, 27.88 (CH3); 35.59 (d,
JPC = 142.9 Hz, P(O)CH2Ph); 57.35 and 59.55 (NCH3); 82.26(d, 2Jcop = 10.4 Hz, (CH3)2,C-O); 84.44 (d,
2jcop = 9.8 Hz, (CH3)2C-0); 118.83, 119.02, 126.55, 128.79, 131.07, 131.75, 156.15, 157.38 (Car) 173.25

(C=0). MS (FAB, GLY) m/e 831[MH"*] (15%). Anal. calcd for C44H52N2010P2: C, 63.61; H, 6.31; N, 3.37.
Found: C, 63.38; H, 6.29; N, 3.40.

Determination of formation constants. The formation constants for ion-ligand complexes were determined

hu TTVY cnantranhatamates in tatrahudeafiiran calinfiane fallawing Qmid 10 Tha caanantial additian nf alinnate of 2
U)’ Wy bl)\a\allUlJ“UlUlll\rM)‘ 111 Lbuau‘y\.uuu.uau SCIUaons lUllUWllls WJLLLINL, Liv Jhajuniiuial aGGilion o1 Ailjuuis UL a

ligand to a 3 x 10-3 M solution of calcium picrate in THF (p = ligand/salt = 0 — 10-17) induces large spectral
changes in the 280-450 nm wavelength range. The calculation method uses the STAR/FA and the STAR
programs developped by Beltran24 for studying ionic equilibria from spectrophotometric data. STAR is a non-
linear regression program for the refinement of complex formation constants. The mass balance equations of the
system were soived from the given model and the total concentration of the components. STAR gives several
statistical characteristic parameters to test the reliability of the regression process. The most important parameter is
the standard deviation of the absorbances (A) which must be compared to the instrumental error of the
spectrophotometer 0.002; an acceptable fit is S(A) < 0.005. Other parameter: the distribution of residuals is
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examined by the Skewness, Kurtosis and Pearson's %2 tests; for a Gaussian distribution these values should be
equal to 0.3 and < 12.6 (for six degrees of freedom at the 95% confidence level) respectively. The Hamilton R
factor (%) indicates the relative fit (<1%). The STAR/FA program is used to determine the number of absorbing
species in solution by factor analysis of the absorbance data matrix. In all cases the characteristic parameters were

very good. In THF, the maxima of the main optical absorption band of alkaline-earth picrates are found at Amax =
322.5 nm (em = 24 700 cor1.M-1) for MgPic2 and 333.1 nm (ep = 29700 crr!.M-1) for CaPic.

Lipophilicity determination. Lipophilicities of the ligands were determined by their TLC retention Rg. The
TLC system is calibrated with a set of reference compounds of known lipophilicities with detection at 254 nm.
TLC was performed with Macherey-Nagel Sil RP8W reversed-phase plates and the solvent system used
consisted of methanol-water (8-2 by volume).

Extraction experiments. The method used was essentially that of Frensdorff25 and Cram.26 They were
carried nut hv adding a OHO1A ealintinn of the liaand M OTE M N I8 ml ) ta nn nananne anlintinm ~F svmatal minenea
SOLLIL WML V) SARLG G Rl AN ) SUILLIVIE UL UUY MEOIIU \V.V LU 1V, Ve L) WU all ajulvuus sutuuuil Ul lustal piciaic
(0.015 M, 0.25 mL). After stirring the mixture for 15 h, the aqueous phase was separated and the percent of
picrate salt extracted (E%) was determined by UV spectrophotometry as previously related. The aqueous

extinction coefficient were used : 28000 cm-1.M-1 for CaPicj and 24700 cm-1.M-1 for MgPicy at Amax = 354 nm.

Transport experiments. They were performed at 25 °C in a new apparatus which will be described later in a
tull paper. The cell used is divided into three parts of 11 mL each separated by two Fluoropore membranes of 175
pm thickness and stirred independently and synchronously at 550 rpm. The ionophore, dissolved in CHCl3, was
placed in the middle compartment and the two aqueous phases were placed in the other parts. The transport rates
gathered in Table 3 were calculated from the quantity of ion transported after 24 h in the aqueous phase I1.
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