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Abstract: Ton binding and transport abilities of 10-, 20-, and 25-membered macrolides (2, 4, and 5, respectively) oonsmtmg
of alternating tetrahydropyran and ester moieties were evaluated mainly by extraction equilibrium and transport experiments

of various metal picrates. Thernaaod:hde!wastotallymeffecuvemmnbmdmsand
§ were found to be in the order of ~10~107, and their ion selsctivity sequences

of the macrotetrolide 4 and the

The ion extraction constants

were Cs* > Rb* > K* > Nat > Li* and Ba?* > Ca?t, Thetransportrateefmetalprcratumedmtedbydand&thmgh
organic liquid membranes decreased in the order, Cs* > Rb* > K+ > Ba? > Ca*t o Nat > Li*, the selectivity of K* over
Na* being ~2-3. Sepamwmmmmdmupuhemdmrdmdmgmmmcmmymumamw
that the jon uptake step was rate determining in the transport of metal picrates by 4 and 5. These ion binding propertics and
transport behaviors are discussed in comparison with those of some natural and synthetic ionophores.

Introduction

There have been found in nature a varicty of macrocyclic
antibiotics which show a high degree of cation selectivity and act
as mx?hores to permeate specific jons through biological mem-

Such elaboraie functions digplayed by these antibiotics

have been elucidated to a considerable extent, particularly with
recent advances in crystallographical and spectroscopical tech-
niques. On the other hand, since the epoch-making discovery of
crown cthers by Pedersen,® numerons multidentate macrocyclic
ligands aiming at specific ion and substrate sclectivities have been
designed and their characteristic binding behaviors have been
quantitatively investigated.’ Some of these synthetic macrocyclic
ligands have been studied as model carriers for transport of cations
across cefl membranes by naturally occurring ionophores.*

Recently, the authors succeeded in the highly selective synthesis
of 10-, 20-, and 25-membered ma ic olj (macrodilide
2., macrotetrolide 4, macropentahde §, respectively) by cationic
ring-opening polymerization of (%)-6,8-dioxabicyclo[3.2.1]oc-
tan-T-one (1) at —40 °C.>7 In addition, optically active ma-
crotetrolide (4R) and macropentalide (5R) were prepared in a
similar manner from {+)-(1R,5R)-6,8-dioxabicyclo[3.2.1]Joctan-

(1) Pressman, B. C. Awni. Rev. Blockem. 1976, 45, 501-530.

(2) Pedersen, C. J. J. Am. Chem. Soc. 1967, 89, 7017-7034.

(3) lutt.R M.; Chmwmen,.l J. “Synthetic Multidentate Macrocyclic

Aﬂdemic : New York, 1978

(4)Rm|dt.C F.; Cussler, 'B. L. AICKE J. 1973 19, 736141,

(5) Okada, M.; Sumitomo, H.; Yamamoto, Y. Makromol, Chem. 1974,
175, 3023-3028.
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membranes.!! Therefore, it would be of considerable interest to
investigate ion binding and transport behaviors of these novel
synthetic macrolides. The present paper is concerned with ion
extraction and transport abilities of 2, 4, and 5 as evaluated by
extraction equilibrium and carrier-mediated transport of alkali
and alkaline earth picrates. The optically active macrolides 4R
and SR are structurally identical with the racemic macrolides 4
and 5, respectively, and therefore the ion binding and transport
behaviors of the former ligands are expected not to differ from
those of the latter ligands.

Experimental Section

Preparation of (+)-6,8-Dioxabicyclo{3.2.1]octan-T-ome (1). An
aqueons solution (122 mL} of racemic sodium 3,4-dihydro-2H-pyran-2-
carboxylate (50 g) was slightly acidified with 6 N hydrochloric acid {64
mL), and after a sufficient amount of sodium chloride was added to
saturate the solution, the liberated racemic carboxylic acid was extracted
several times with ethyl ether (500 mL). The ethyl ether extract was
washed three times with a saturated sodium chloride aqueous solution,
dried over anhydrous sodium sulfate, and distilled under reduced pressure
to give racemic monomer 1 in 78% yield, bp 68—70 *C (4 mm) (lit."? bp
62-64 °C (3 mm)). It was purified by drying over calcium hydride and
repeated fractional distillation before use. i

Polymerization. th]y distilled monomer and solvent were charged
into a glass ampule, and an initiator solution was added to the monomer
solution at 78 °C. All these manipulations were carried out under a
nitrogen atmosphere. The ampule was chilled in liquid nitrogen, evacu-
ated, sealed off, and allowed to stand in a constant-temperature bath.
After the addition of a small volume of pyridine to terminate the po-
lymerization, the composition of the reaction products was determined
by a Jasco Trirotar gel permeation chromatograph using chloroform as
eluent (column, Jasco JSP101, 20 i.d. X 500 mm). Cyclic dimer (2),
racemic cyclic tetramer (4), and racemic cyclic pentamer (5) were se-
lectively prepared in acetonitrile, chloroform, and 1-nitropropane, re-
spectively, by the oligomerization of racemic monomer (1). 2 and 4 were
purified by crystallization in acetonitrile and chloroform, respectively,
while 5 was separated by a preparative gel permeation chromatograph.

Extraction Messsremenat. The jon extraction efficiencies of the cyclic
oligomers were cvaluated from distribution equilibria of the respective
metal ptcrate complexes between an agueous phase and an immiscible
otganic phase (methylene chioride). A Tris buffer solution (tris(hy-
droxymethyl)aminomethane, PH 8.3, 5 mL) containing 1 X 10~* mol/L
of metal picrate and 1 X 107 mol/L of metal chloride was vigorously
shaken in a small flask with an equal volume of a methylene chloride
sofution containing 1 X 1072 mol/L of cyclic cligomer. The binary system
was allowed to stand overnight to give clear aqueous and organic phases.
The metal picrate concentration of the aqueous phase was measured by
UY spectroscopy (Age 357 nm, € 1.45 X 104). By assuming a 1:1 stoi-
chiometry for the complexation between metal picrate and cyclic ofi-
gomer, the iom extraction constants of cyclic oligomers were evaluated
from the eq 1 for alkali metal picrates and from the eq 2 for alkaline
carth metal picrates.!?

(LM*Pi ]y
K M P Ty
I STy
* " M 1P Ly

L = oligomer; M* and M** = metal cations; Pi~ = picrate anion. Initial
concentrations: [cligomer] = 1 X 1072 mol/L, [metal chloride] = 1 X
107 mol/L, and [metal picrate] = 1 X 10~ mol/L.

Cation Transport through Liyaid Membranes. Cation transport ex-
periments were condugted using a double cylindrical glass cell {diameter,
inner cylinder 22 mm, outer cylinder 35 min) in which the inner cylinder
had small channels connecting inner and outer arces at its bottom. A
methylene chloride solution (7 mL) containing 1 X 1072 mol/L of cyclic
oligoester was placed at the bottom. Atop the methylene chloride solution
inside the inner cylinder was carefully placed a Tris buifer solution (7
mL) containing 1 X 10~ moi/L of metal picrate and 0.1 mol/L of metal
chloride (aqueous phase I, surface area 380 mm?). Simultanegusly, atop
the outer ring of the methylene chloride solution was placed a Tris buffer

)

)

(11) Haynes, D. Y.; Wiens, T ; Pressman, B. C. J. Membr. Biol. 1974, 18,
23-38

{12) Whetstone, R. R; Ballard, S. A. J. Am. Chem. Soc. 1951, 73,
5280-5282.

(13) Roeske, R. W; Isaac, 5 King, T. K.; Steinrauf, L. K. Biochem.
Biophys. Res. Commun. 1974, 57, 554-361,
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Table I. Ion Extraction Constants of Synthetic Macrolides®

[+ 2
diam- —AH,b th (Lf"l'l'lﬁl)

ion eter, A kJ/mol dilide tetrolide pentalide
Li* 1.20 559 0 i5+5 20:10
Na* 1.90 444 0 1535 20+ 10
K* 2.66 360 0 45+ 5 75¢5
Rb* 2.96 339 0 65+ 15 110 = 10
Cs* 3.38 315 0 110 £ 30 155 £ 35
Ca® 198 1669 0 30104 452154

Ba®* 270 1379 0 50 + 109 60+ 204

% Aqueous phase: [metal picrate] = 1 X 10™* mol/L, {metal
chloride] = 1 X 10™! molfL; methylene chloride phase;
[macrolide] =1 X 10 mol/L. b Heat of hydration.* ¢ K, val-
ues are given by an average value of three measurements. % K, X

107* (L/mol)®.

solution (10 mL, aqueous phase II, surface area 470 mm?). These three
phases were gently stirred at ca. 200 rpm without mixing at 25 £ 1 °C

-uging a magnetic stirrer. At specified time intervals, the concentrations

of metal picrate in both aqueous phases were determined by UV spec-
troscopy. It was confirmed by the silver nitrate titration method using
59 potassium chromate as indicator that no chloride ion was transported
from aqueous phase I t0 aqueous phase I1.

Separated Measurersents of [on Uptake and Ion Release. A methylene
chloride solution (7 mL).containing 5 (1 X 1072 mol/L) was placed st
the bottom of a glass cell (35 mm id.) and a Tris buffer solution (10 mL)
of cesinm chloride (1 X 107 mol/L) and cesium picrate {1 X 10~ mol/L) -
was placed on the organic phase. The two phases were slowly agitated
without mixing at 25 & 1 °C. At prescribed intervals, the concentration
of cesium picrate remaining in the aqueous phase was determined, from
which the rate of ion uptake into the organic phase was estimated. The
ion release from a methylene chloride solution containing cesium picrate
(7.1 x 1078 mnl/L) and 5 (1 X 1072 mol/L) into a Tris buffer solution
was examined in a similar manner.

Resnits and Discussion

Ton Extraction. The ion extraction properties of the novel
synthetic macrolides (2,4,ar|d5)wereexanmwdbytheextram
equilibria of metal picrates between an aqueous phase {a Tris
buffer solution) and an immiscible organic phase (methylene
chloride) containing these macroligands. The extraction equi-
librium constants K,'s determined by using eq 1 and 2 in the
experimental section are listed in Table I, along with the reported
data of ion diameter and heat of hydration.!* The K, values arc
a composite of several equilibria which taken together define the
amount of picrate ion extracted from an aqueous phase to an
organic phase.

The 10-membered macrodlllde 2 dld not cxtract alkali and
alkaline earth metal picrates above a detectable limit.. This is
understandable in view of its structurc determined by X-ray
analysis.® 2 is composed of a pair of different enantiomeric vnits
and all the substituentx attached to the two tetrahydropyrar rings
are axially oriented. A molecular model shows that there is
virtually no cavity in this molecule and that flipping of the tet-
rahydropyran rings is imposgible because of its extremely rigid
structare. On the other hand, the 20-membered macrotetrolide
4 and the 25-membered talide 8 possess a cavity with
a diameter of ca. 3.5 and 4.5 A, respectively, in the center of the
molecule, and they extracted alkali and alkaline earth metal
picrates to some cxtent into 2 methylene chloride phase: The ion
extraction strength of 4 and 5 as evaluated from the K, values
is much weaker than that of structurally related sonactin.'®
Rather, it is comparable to that of beauvericin,) an 18-membered
depsipeptide belonging to enniatins. The jon selectivity sequences
for both 4.and 8, although not remarkable, are Cs* > Rb* > K*
> Na* > Li*, and Ba®* > Ca?*. Namely, an ion having a larger
diameter and smaller heat of hydration in the alkali and alkaline
carth metal series is apt to be cxtracted more favorably with these

(14) Friedman, H. L.; Krishnan, C. V. “Water™; F. Frank, Ed.; Plenum:
New York, 1973; Vol. 3, p 55.

(15) Tanaka, L; Tajma,l Hayakawa, Y.; Okada, M.; Bitoh, M.; Ashida,
T.; Sumitomo, H. J. Am. Chcm Soc. 1980, 102, 7873—7876

(16} Eisenman, G.: Ciani, 8.; Szabo, G. J. Membr, Biol. 1969, 1, 294-345,
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Figure 1. Energy minimized conformation of macrotetrolide 4 calculated
by MMI method.

synthetic macrolides from an aqueous phase into an organic phase,
The ion selectivity sequence above belongs to the Eisenman’s
sequence F which was classified on the basis of theoretical elec-
tromechanical analysis.”” The ion selectivity sequence of nonactin
determined by a similar cxtraction equilibrium method is re-
portedly K* ~ Rb* > Cs* > Na*,'® and also in this respect, 4
and § differ from nonactin.

The characteristic ion binding properties of the synthetic ma-
crolides described abave can be interpreted in relation to their
relatively rigid structures. These macrolides are composed of
alternating bulky tetrahydropyran ring and ester moieties, and,
unlike nactins, there is no aliphatic chain between them.
Therefore, these macrolides, especially 4, are conformationally
strained. X-ray analysis disclosed that 4 in the form of a molecular
complex with acetonitrile takes a conformation in which its four
carbonyl groups are oriented nearly perpendicular to the plane
of its 20-membered ring and moreover they are on the same side
of the macro-ring planc.'S X-ray analysis of the macrotetrolide
itself has not yet been accomplished, but conformational energy
calculation by the molecular mechanics ] method'® using the X-ray
structural data of the macrotetrolide—acetonitrile complex pre-
dicted that 4 in its uncomplexed state would take a conformation
with all the four carbonyl groups ariented considerably outward
from their positions in the acetonitrile complex (Figure 1).
Molecular medel inspection also suggested that a conformation
with all the four carbony] groups directed toward the center of
the macro-ring would be extremely strained and therefore im-
probable. Recent X-ray analysis of a S—acetonitrile molecular
complex revealed that 5 also takes a conformation analogous to
that of 4. In view of such a rather less flexible conformation, it
would appear that these synthetic macrolides capture a metal
cation with their carbonyl oxygens situated outside their macro-
rings.

The hypothesis above was, at least partly, substantiated by
NMR and IR spectroscopy. Thus, the addition of excess metal
thiocyanates to solutions of the macrolides in chloroform or
acetonitrile did not cause significant changes in the chemical shifts
of their 'H and C NMR spectra, except those of the carbonyl
carbon and of the methine proton on the carbon adjacent to the
carbonyl group {¢.g., AMC=0) = 1.95 ppm at {KSCN]/[ma-
cropentalide] = 1; AS(CH-CO) = 0.17 ppm at [NaSCN]/[ma-
cropentalide] = 1 (both in deuteriochloroform)). Furthermore,
the addition of metal thiocyanates to solutions of the macrolides
in acetonitrile shifted the carbonyl absorption in IR spectra to
a lower wavenumber and increased the intensity of the (C-0-C)
band at 1200 cm™ (A3 = -20 em™ at [NaSCN]/[macropentalide]
= 10). These spectroscopical data are compatible with the direct
participation of the carbonyl oxygens of the macrolides in the

(17) Elsenman, G, Biqphys J. 1962, 2, 259-323.

(18) Haynes, D. H.; Pressman, B. C. J. Membr. Biol. 1974, 18, 1-21.

(l9]iAlImger N. LQCPEI’TS, No. 318; Adp. Phys. Org. Chem. 1976,
i3, 1-8
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Figure L. Transport of alkali metal plmm by macrotetrolide 4 and
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Figure 3. Transport of alkali and alkaline earth metal picrates by ma-
crotetrolide 4 and talide 5: O, 4; O, 5. [macrolide] g0y, =

X 107 mol/L; [metal picrate]., = 1 X 1074 mol/L; [metal chlunde]_
=1 % 107" mol/L.

complexation with alkali and alkaline earth metal cations. The
somewhat stronger ion extraction ability of 5 in comparison with
that of 4 (Table 1) is presumably due to the increased number
of available binding sites in the former, This effect, however, is
partially compensated by the increased cavity size of 5. Its size
is too large to fit any metal ions examined, but still the molecule
is not sufficiently flexible, so that it is incapable of folding into
a three-dimensional spherical cage about cations, as in a nonac-
tin—potassium ion complex,

Cation Transport through Organic Liquid Mensbranes. Cation
transport mediated by the synthetic macrolides through organic
liquid membranes was investigated by using a double cylindrical
glass cell in which inner and outer aqueous phases were bridged
by a methylene chloride solution containing macrolides. Practically
no ion transport occurred in the absence of macrolides or in the
presence of 2,

Figure 2 represents the transport curves of alkali metal picrates
by 4 (left halfy and 5§ (right haif). In both series, the transport
rate decreased in the order, Cs* > Rb* > K* > Na* > Li*, and
the preference of K* over Na* in the transport was in the range
from 2 to 3. The ion selectivity sequence is in agreement with
the decreasing order of the K, values given in Table I. The
difference in the transport rate between 4 and 5 seems to be
insignificant. Furthermore, it was confirmed that no detectable
amount of chloride ion was transported through liquid membrancs,
irrespective of the presence of a 10” times larger amount of chloride
ion than that of picrate ion in the aqueous phase 1. This is
understandable in view of the reported data that the rate of
potassivm ion transport with chloride counteranion was approx-
imately seven orders of magnitude lower than that with picrate
anion.?®

Figure 3 presents the comparison of the transport of alkali and
alkaline earth metal picrates by 4 (left half) and 5 (right half).
Also in these cases, both macrocyclic llgands showed a similar
trend. These ion carriers transported Ba?* faster than Ca®, but
their rates were appreciably lower than the rates for monovalent

(20) Lamb, J. D.; Christensen, J. 1.; Izatt, S. R.; Bedko, K.; Astin, M. S.;
Izatt, R. M. J. Am. Chem. Soc. 1980, 102, 3399-3403.
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Figure 4. Uptake and release of cesium picrate by macropentalide 5.
Uptake: AQ I (Tris buffer, 10 mL), [CsCl] = | X 107 mol/L, [CsPi]
= 1.1 X 107* mol/L; ORG (CH,Cl,, 7 mL), (5] = { X 1072 mol/L.
Release: ORG (CH;Cly, 7 mL), [CsPi] = 7.1 X 10 mol/L, [§] = 1
x 1072 mol/L; AQ II (Tris buffer, 10 mL). [Pi),, = [metal pic-
ratc]m.

cations Cs* and K* in the corresponding periods. Furthermore,
the rate for Ba®* is smaller than that for K* of a similar ion size.
Therefore, the lower transPort rates for Ba?* and Ca¥* compared
with those for Cs* and K¥ are primarily ascribable to the much
higher dehydration energies required for the uptake of the former
ions into an organic phase. It is noticeable that the transport rate
for Ca®* by 4 is smaller than that by 5, thus resulting in a distinct
difference in the transport rate between Ba?* and Ca?* by the
former carrier. Presumably, the less flexible structure of 4 com-
pared with that of § is responsible for the enhanced discriminating
ability toward metal ions, This is also obscrved, although not so
markedly, in the transport of Na* and Li* (Figure 2).

There arc three kinetic processes of importance: uptake, release,
and diffusion in ion transport from an aqueous phase to another
aqueous phase through an intervening organic liquid membrane.
The last process may well be rate determining for liquid mem-
branes which have unstirred Nernst layers. In the present
transport system, however, the organic layer was stirred at about
200 rpm vsing 2 magnetic stirrer, and hence the diffusion process
can safcly be regarded as a non-ratc-determining step. The
foregoing observation that the sequence of transport rate is in
paralkl with the sequence of ion extraction ability strongly suggests
that the uptake process is rate determining in the present transport
system. In order to confirm this, the uptake of cesium picrate
from an aqueous phase to a methylene chloride phase containing
5 (AQ I — ORG) and its rclease from an organic phase to an
aqueous phase (ORG — AQ II) were separately examined. The
time—concentration profiles ave shown in Figure 4.  Although
the time needed for the attainment of equilibrium between the
aqueous and organic phascs is nearly the same in both uptake and
release processes, the initial slope of the release curve is larger
than the uptake curve, indicating that the uptake of cesium picrate
is the rate-determining step. A similar, but more remarkable,
phenomencn was reported for the uptake and release of sodium
piu;ral.zt'i by a macrocyclic polyether containing teirabydrofuran
rings.

Among a variety of synthetic macrocycles, 18-crown-6 is one
of the most familiar macrocyclic polycthers having a specifically
strong affinity toward & potassium ion. Table IT presents the
comparison of the extraction of potassium picrate between 18-
crown-6 and 5 under identical conditions. The organic phase
containing 18-crown-6 extracted potassium picrate from the
aqueous phase quantitatively, while the organic phase containing
% extracted only 7% of the salt. However, the much weaker ion
extraction strength of the latter ligand does not necessarily mean
that it is also less effective in ion transport.

The transport behaviors of potassiom picrate by 18-crown-6
and 5 are compared in Figure 5. The uptake of potassium picrate
from the source phase (AQ I) into the organic phase (ORG) by
18-crown-6 was, as expected, overwhelmingly rapid compared with
that by 5. On the other hand, the increase in the concentration
of potassium picrate in the receiving phase (AQ II) was slightly
slower for 18-crown-6 than that for § in the initial stage, although
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Table II. Extraction of Potassium Picrate from Aqueous Phase to
Organic Phase by 18-Crown-6 and Macropentalide 5*

potassium picrate, %

ligand AQ ORG
18-C6 0 100
5 93 7

@ AQ: Tris buffer solution, [KCH = 1 X 107 mol/L, [potassium
picrate] = 1 X 10™* mol/L, ORG: methylene chloride, [ligand] =
1% 1072 molfL; time, 1 day; a single measurement.
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Figwre 5. Comparison of potassium picrate transport between 18-crown-6
and macropentalide 5: @, 18-crown-6; ©, 5. AQ I: Tris buffer, [KCI]
=1 X 107! mol/L; [KPi] = 1 x 10~ mol/L, ORG: CH,Cl,, [ligand]
= 1 X 1072 mol/L, AQ IT: Tris buffer.

the concentration of potassium picrate in the organic phase was
much higher in the former system. Furthermore, in the 18-crown-6
system, the concentration of potassium picrate in the receiving
phase leveled off after about 35% of the picrate initially contained
in the source phase had been transported to the receiving phase,
while in the macrolide system, it steadily increased with time. Such
a distinct difference in the transport behavior between 18-crown-6
and 5 can be interpreted as follows. In the transport of potassium
picrate by 18-crown-6, the ion release is undoubtedly rate de-
termining, and the specifically high binding strength for potassium
ion prevents the transport of potassium picrate through its organic
liquid membrane. On the contrary, the uptake of potassium
picrate in the macrolide system is much slower because of its much
lower extraction ability for potassium ion than that of 18-crown-6,
but for this reason, potassium picrate once extracted into the
organic phase is readily released to the recciving phase, thus
making its concentration in the organic phase very low throughout
transport. This i3 another way of saying that 5 acts as a more
efficient ion carrier than 18-crown-6 at least in the present
transport system, although the ion extraction strength of the former
is much weaker than that of the latter.

Finally, it would be of interest to compare the aforementioned
ion extraction and ion transport behaviors of the synthetic ma-
crolides with those of naturally occurring ionophores. Natural
ionophores are classified by transport modes into three categorics,
namely, ncutral ionophores, carboxylic ionophores, and chan-
nel-forming ionophores.! Ion selectivity patterns of these iono-
phores have been found in most cases to agree with those predicted
by Eisenman."” Figure 6 shows the comparison of ion selectivity
sequences of some natural ionophores (beauvericin' 2nd nonac-
tin'®) and the synthetic macrolides (4 and 5) which were deter-
mined by extraction equilibrium methods.

An 18-membered cyclic depsipeptide, beauvericin (R =
—CHyCdH;), having a relatively low complexation ability for alkali
and alkaline earth metal ions shows a lyotropic sequence,l* Rb*
=« Cg* > K¥ >> Na* > Li*, which is very similar to that observed
for the synthetic macrolides as described before. Receatly, it has
been disclosed crystallographically that in its complex with barium
picrate, beauvericin interacts with a barium ion by its three amide
carbonyl oxygens which are situated outside the ring; in other
words, the barium ion is not located in the cavity of the 18-
membered ring.22  In comparison with a nanactin—potassium ion

(21) Kobuke, Y.; Hanji, H.; Horiguchi, K.; Asada, M_; Nakayama, Y.;
Furukawa, J. 7. Am. Chem. Soc. 1976, 98, 7414-7419,

(22) Braden, B.; Hamilton, J. A.; Sabesan, M. N.; Steinrauf, L. K. 7. Am.
Chem. Soc. 1980, 102, 2704-2709.
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Figwre 6. Metal ion selectivity sequences of natural antibiotics (beau-
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complex in which the liganding oxygens, both the heterocyclic
ether oxygens and the ester carbonyl oxygens, are deployed to form
the apices of a cube,”* the complexation of beauvericin is more
planar, which tends to limit its jon selectivity (K*/Na* is less than
10).1* Therefore, as described in the foregoing section, the com-
plexation mode of 4 or § with a metal jon bears a striking re-

semblance to that of beauvericin. In addition, nonactin is a meso
macrotetrolide in contrast to the synthetic macrolides 4 and 5
which are racemic compounds; in other words, the latter are chiral
but not asymmetric molecules (gyrochiral molecules according
to the definition by Nakazaki et al)®* In 4 and §, all the carbonyl
groups are on the same side of the plane involving the macro-ring,
thus making the molecule as a whole more polar than its meso
counterpart having their carbonyl groups alternatingly oriented
above and below the macro-ring. Therefore, these synthetic
macrolides are expected to interact not only with metal cations
but also with polar neutral molecules. In fact, it has recently been
revealed that 4 readily forms a 1:1 molecular complex with
acetonitrile, in which the acetonitrile molecule is located in the
center of an approximate C, symmetry.'*

In summary, the 20-membered macrotetrolide 4 and 25-mem-
bered macropentalide § consisting of alternating tetrahydropyran
and ester moieties showed relatively low ion extraction abilities
and a lyotropic sequence for alkali metal ion selectivity. They
transported alkali and alkaline earth metal ions efficiently through
their organic liquid membranes. In these respects, these synthetic
macrolides can be regarded as model compounds for naturally
occurring newtral ionophores having relatively low ion binding
strength such as beauvericin. The 10-membered macrodilide 2
was totally ineffective in ion binding and ion transport.
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