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1161, 1136, 1030, 833, 590 cm"1; HMRS precise mass calcd for C8H8Cl2 
174.0003, found 173.9999. 

Reaction of 4,5-Diethynyloct-4-ene (3) in Cyclohexadiene-</0 and -d4. 
Compound 3 was isolated >99% pure by preparative VPC and promptly 
dissolved in chlorobenzene to give a solution 0.01 M in 3. Undecane was 
added as an internal standard, and the initial concentration of 3 was 
determined by comparison of the integrated analytical VPC peak areas. 
Cyclohexadiene-do and -d4 were added to the chlorobenzene solution of 
3 in a pyrolysis tube which was promptly sealed. After reaction for 15 
min at 195 0C, the solutions were very light yellow. The reacted solutions 
were analyzed by analytical VPC (initial temperature 150 0C for 15 min; 
increase at 5 °C/min; hold at 220 0C for 20 min) and the product yields 
determined by reference to the internal standard. The relative yields of 
HW0, -</,, and -d2 were determined by VPC-MS analysis (WCOT ca
pillary column; initial temperature 110 0C; increase at 4 °C/min; hold 
at 220 0C). The ratio of cyclohexadiene-rf0 and -^4 used was 1:4. With 

Introduction 
There have been found in nature a variety of macrocyclic 

antibiotics which show a high degree of cation selectivity and act 
as ionophores to permeate specific ions through biological mem
branes.1 Such elaborate functions displayed 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 ethers by Pedersen,2 numerous multidentate macrocyclic 
ligands aiming at specific ion and substrate selectivities have been 
designed and their characteristic binding behaviors have been 
quantitatively investigated.3 Some of these synthetic macrocyclic 
ligands have been studied as model carriers for transport of cations 
across cell membranes by naturally occurring ionophores.4 

Recently, the authors succeeded in the highly selective synthesis 
of 10-, 20-, and 25-membered macrocyclic oligoesters (macrodilide 
2, macrotetrolide 4, macropentalide 5, respectively) by cationic 
ring-opening polymerization of (±)-6,8-dioxabicyclo[3.2.1]oc-
tan-7-one (1) at -40 0C.5"7 In addition, optically active ma
crotetrolide (4R) and macropentalide (5R) were prepared in a 
similar manner from (+)-(lJ?,5/?)-6,8-dioxabicyclo[3.2.1]octan-
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this ratio, 10-d0 and -d2 were formed in nearly equal yield (kH/kD is 4). 
The ratio of C/E was determined as follows: cage escape (E) is the only 
source of 10-rf,; escape gives HW0, -du and -d2 in the ratio 1:2:1. 
Therefore, the escape component of HW0 and -d2 is half the yield of 
HW1. The remainder of HW0 and -d2 was formed by cage reactions (C) 
and was added to the yield of the high molecular weight combination 
products to give the yield of cage products. 
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7-one (IR).8"10 These macrolides are composed of alternating 
tetrahydropyran ring and ester moieties, and they bear structural 
resemblance to nonactin which is a 32-membered naturally oc
curring macrotetrolide. Nonactin has been shown to be influential 
in the regulation of metabolic behavior and is thought to act by 
selectively enhancing the transport of potassium ion through cell 

(8) Okada, M.; Sumitomo, H.; Tajima, I. J. Am. Chem. Soc. 1979, 101, 
4013-4014. 

(9) Tajima, L; Okada, M.; Sumitomo, H. Makromol. Chem., Rapid 
Commun. 1980, /, 197-200. 

(10) All the macrolides used in this work are sufficiently pure; elemental 
analysis (C6H8O,), (n = 2, 4, and 5), C, H; no impurity was detected by GPC, 
IR, or 1H and "C NMR techniques. Their structures were established by 
X-ray analysis. Previously, it was reported erroneously that a 30-membered 
cyclic hexamer was produced from both racemic and optically active 6,8-di-
oxabicyclo[3.2.1 loctan-7-one, on the basis of the molecular weight determi
nation by vapor pressure osmometry. Recent X-ray analysis has disclosed that 
it is actually a 25-membered cyclic pentamer. The error was due to the 
formation of a molecular complex of the cyclic pentamer with chloroform, 
whose molecular weight was close to that of the cyclic hexamer. 
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Abstract: Ion binding and transport abilities of 10-, 20-, and 25-membered macrolides (2, 4, and 5, respectively) consisting 
of alternating tetrahydropyran and ester moieties were evaluated mainly by extraction equilibrium and transport experiments 
of various metal picrates. The macrodilide 2 was totally ineffective in ion binding and transport. The ion extraction constants 
of the macrotetrolide 4 and the macropentalide 5 were found to be in the order of ~ 10-102, and their ion selectivity sequences 
were Cs+ > Rb+ > K+ > Na+ > Li+ and Ba2+ > Ca2+. The transport rate of metal picrates mediated by 4 and 5 through 
organic liquid membranes decreased in the order, Cs+ > Rb+ > K+ > Ba2+ > Ca2+ at Na+ > Li+, the selectivity of K+ over 
Na+ being ~2-3 . Separated measurements of ion uptake and ion release, along with the selectivity sequences above, suggested 
that the ion uptake step was rate determining in the transport of metal picrates by 4 and 5. These ion binding properties and 
transport behaviors are discussed in comparison with those of some natural and synthetic ionophores. 
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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 5R 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-7-one (1). An 

aqueous solution (122 mL) of racemic sodium 3,4-dihydro-2//-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 0C (4 mm) (lit.12 bp 
62-64 0 C (3 mm)). It was purified by drying over calcium hydride and 
repeated fractional distillation before use. 

Polymerization. Freshly distilled monomer and solvent were charged 
into a glass ampule, and an initiator solution was added to the monomer 
solution at -78 0C. 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 Measurement. The ion extraction efficiencies of the cyclic 
oligomers were evaluated from distribution equilibria of the respective 
metal picrate complexes between an aqueous phase and an immiscible 
organic phase (methylene chloride). A Tris buffer solution (tris(hy-
droxymethyl)aminomethane, pH 8.3, 5 mL) containing 1 X 10"4 mol/L 
of metal picrate and I X l O " 1 mol/L of metal chloride was vigorously 
shaken in a small flask with an equal volume of a methylene chloride 
solution containing IXlO"2 mol/L of cyclic oligomer. 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 
UV spectroscopy (X013, 357 nm, e 1.45 X 104). By assuming a 1:1 stoi-
chiometry for the complexation between metal picrate and cyclic oli
gomer, the ion extraction constants of cyclic oligomers were evaluated 
from the eq 1 for alkali metal picrates and from the eq 2 for alkaline 
earth metal picrates.13 

' [M+]aq[Pr]aq[L]org 

[LM2+(Pi-)2]org 

£ = r (2) 
" [M2+]aq[Pi12

aq[L]org 

L = oligomer; M+ and M2+ = metal cations; Pi" = picrate anion. Initial 
concentrations: [oligomer] = 1 X 10"2 mol/L, [metal chloride] = 1 X 
10_1 mol/L, and [metal picrate] = 1 X 10"4 mol/L. 

Cation Transport through Liquid Membranes. Cation transport ex
periments were conducted using a double cylindrical glass cell (diameter, 
inner cylinder 22 mm, outer cylinder 35 mm) in which the inner cylinder 
had small channels connecting inner and outer areas at its bottom. A 
methylene chloride solution (7 mL) containing 1 X 10"2 mol/L of cyclic 
oligoester was placed at the bottom. Atop the methylene chloride solution 
inside the inner cylinder was carefully placed a Tris buffer solution (7 
mL) containing 1X10"* mol/L of metal picrate and 0.1 mol/L of metal 
chloride (aqueous phase I, surface area 380 mm2). Simultaneously, atop 
the outer ring of the methylene chloride solution was placed a Tris buffer 

(11) Haynes, D. H.; 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, S.; King, T. K.; Steinrauf, L. K. Biochem. 
Biophys. Res. Commun. 1974, 57, 554-561. 
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Table I. Ion Extraction Constants of Synthetic Macrolides" 

ion 

Li* 
Na* 
K* 
Rb* 
Cs* 

Ca2* 
Ba2* 

diam
eter, A 

1.20 
1.90 
2.66 
2.96 
3.38 

1.98 
2.70 

-AH,b 

kJ/mol 

559 
444 
360 
339 
315 

1669 
1379 

dilide 

0 
0 
0 
0 
0 

0 
0 

Ke,
c (L/mol)2 

tetrolide 

15 + 5 
15 ±5 
45 ±5 
65 ± 15 

110 + 30 

30 ± 10d 

50 ± 10d 

pentalide 

20 ± 10 
20 ± 10 
75 ±5 

110 t 10 
155 ±35 

45 ± 15d 

60 ± 20d 

0 Aqueous phase: [metal picrate] = 1 X 10 * mol/L, [metal 
chloride] = 1 X 10"' mol/L; methylene chloride phase; 
[macrolide] = 1 X 10"2 mol/L. b Heat of hydration.14 c Ke val
ues are given by an average value of three measurements. d Ke X 
10"4 (L/mol)3. 

solution (10 mL, aqueous phase II, surface area 470 mm2). These three 
phases were gently stirred at ca. 200 rpm without mixing at 25 ± 1 0 C 
using 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 
5% potassium chromate as indicator that no chloride ion was transported 
from aqueous phase I to aqueous phase II. 

Separated Measurements of Ion Uptake and Ion Release. A methylene 
chloride solution (7 mL) containing 5 (1 X 10~2 mol/L) was placed at 
the bottom of a glass cell (35 mm i.d.) and a Tris buffer solution (10 mL) 
of cesium chloride (1 X 10"1 mol/L) and cesium picrate (1 X W* mol/L) 
was placed on the organic phase. The two phases were slowly agitated 
without mixing at 25 ± 1 0C. 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 10"5 mol/L) and 5 (1 X 10-2 mol/L) into a Tris buffer solution 
was examined in a similar manner. 

Results and Discussion 
Ion Extraction. The ion extraction properties of the novel 

synthetic macrolides (2, 4, and 5) were examined by the extraction 
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 A '̂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.14 The K1. values are 
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 macrodilide 2 did not extract alkali and 
alkaline earth metal picrates above a detectable limit. This is 
understandable in view of its structure determined by X-ray 
analysis.15 2 is composed of a pair of different enantiomeric units 
and all the substituents attached to the two tetrahydropyran 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 impossible because of its extremely rigid 
structure. On the other hand, the 20-membered macrotetrolide 
4 and the 25-membered macropentalide 5 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 extent into a methylene chloride phase. The ion 
extraction strength of 4 and 5 as evaluated from the K1 values 
is much weaker than that of structurally related nonactin.16 

Rather, it is comparable to that of beauvericin,13 an 18-membered 
depsipeptide belonging to enniatins. The ion selectivity sequences 
for both 4 and 5, although not remarkable, are Cs+ > Rb+ > K+ 

> Na+ > Li+, and Ba2+ > Ca2+. Namely, an ion having a larger 
diameter and smaller heat of hydration in the alkali and alkaline 
earth metal series is apt to be extracted 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, I.; Tajima, I.; Hayakawa, Y.; Okada, M.; Bitoh, M.; Ashida, 
T.; Sumitomo, H. J. Am. Chem. Soc. 1980, 102, 7873-7876. 

(16) Eisenman, G.; Ciani, S.; Szabo, G. J. Membr. Biol. 1969, /, 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 I which was classified on the basis of theoretical elec
tromechanical analysis.17 The ion selectivity sequence of nonactin 
determined by a similar extraction equilibrium method is re
portedly K+ m Rb+ > Cs+ > Na+,18 and also in this respect, 4 
and 5 differ from nonactin. 

The characteristic ion binding properties of the synthetic ma
crolides described above 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 plane.15 X-ray analysis of the macrotetrolide 
itself has not yet been accomplished, but conformational energy 
calculation by the molecular mechanics I method19 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 oriented considerably outward 
from their positions in the acetonitrile complex (Figure 1). 
Molecular model inspection also suggested that a conformation 
with all the four carbonyl groups directed toward the center of 
the macro-ring would be extremely strained and therefore im
probable. Recent X-ray analysis of a 5-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 1H and 13C NMR spectra, except those of the carbonyl 
carbon and of the methine proton on the carbon adjacent to the 
carbonyl group (e.g., AS(C=O) = 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 y(C-O-C) 
band at 1200 cm"1 (A& = -20 cm-1 at [NaSCN]/[macropentalide] 
= 10). These spectroscopical data are compatible with the direct 
participation of the carbonyl oxygens of the macrolides in the 

(17) Eisenman, G. Biophys. J. 1962, 2, 259-323. 
(18) Haynes, D. H.; Pressman, B. C. J. Membr. Biol. 1974, 18, 1-21. 
(19) Allinger, N. L. QCPE 1975, No. 318; Adv. Phys. Org. Chem. 1976, 

13, 1-82. 
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Figure 2. Transport of alkali metal picrates by macrotetrolide 4 and 
macropentalide 5: D, 4; O, 5. [macrolide]CH2Ci1

 = 1 x 10~2 mol/L; 
[metal picrate]„ = 1 X lfx4 mol/L; [metal chloride],, = 1 X 1(T1 mol/L. 
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Figure 3. Transport of alkali and alkaline earth metal picrates by ma
crotetrolide 4 and macropentalide 5: D, 4; O, 5. [macrolide]CH2Ci2

 = 1 
X 10"2 mol/L; [metal picrate]a, = 1 X lfr* mol/L; [metal chloride],, 
= 1 X irr1 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 I) 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 Membranes. 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 half) and 5 (right half). 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 Ke 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 membranes, 
irrespective of the presence of a 103 times larger amount of chloride 
ion than that of picrate ion in the aqueous phase I. This is 
understandable in view of the reported data that the rate of 
potassium ion transport with chloride counteranion was approx
imately seven orders of magnitude lower than that with picrate 
anion.20 

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 ligands showed a similar 
trend. These ion carriers transported Ba2+ faster than Ca2+, but 
their rates were appreciably lower than the rates for monovalent 

(20) Lamb, J. D.; Christensen, J. J.; 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] = 1 X 10"1 mol/L, [CsPi] 
= 1.1 X 10-4 mol/L; ORG (CH2Cl2, 7 mL), [5] = 1 X 10~2 mol/L. 
Release: ORG (CH2Cl2, 7 mL), [CsPi] = 7.1 X 10"5 mol/L, [5] = 1 
X 10"2 mol/L; AQ II (Tris buffer, 10 mL). [PH0n, = [metal pic
rate] CH2Cl2-

cations Cs+ and K+ in the corresponding periods. Furthermore, 
the rate for Ba2+ is smaller than that for K+ of a similar ion size. 
Therefore, the lower transport rates for Ba2+ and Ca2+ 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 Ca2+ by 4 is smaller than that by 5, thus resulting in a distinct 
difference in the transport rate between Ba2+ and Ca2+ by the 
former carrier. Presumably, the less flexible structure of 4 com
pared with that of 5 is responsible for the enhanced discriminating 
ability toward metal ions. This is also observed, although not so 
markedly, in the transport of Na+ and Li+ (Figure 2). 

There are 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 using a magnetic stirrer, and hence the diffusion process 
can safely be regarded as a non-rate-determining step. The 
foregoing observation that the sequence of transport rate is in 
parallel 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 release from an organic phase to an 
aqueous phase (ORG -* AQ H) were separately examined. The 
time-concentration profiles are shown in Figure 4. Although 
the time needed for the attainment of equilibrium between the 
aqueous and organic phases 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, 
phenomenon was reported for the uptake and release of sodium 
picrate by a macrocyclic polyether containing tetrahydrofuran 
rings.21 

Among a variety of synthetic macrocycles, 18-crown-6 is one 
of the most familiar macrocyclic polyethers having a specifically 
strong affinity toward a potassium ion. Table II 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 
5 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 potassium 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 5 in the initial stage, although 

(21) Kobuke, Y.; Hanji, H.; Horiguchi, K.; Asada, M.; Nakayama, Y.; 
Furukawa, J. /. Am. Chem. Soc. 1976, 98, 7414-7419. 
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Table II. Extraction of Potassium Picrate from Aqueous Phase to 
Organic Phase by 18-Crown-6 and Macropentalide 5a 

potassium picrate, % 

ligand AQ ORG 

18-C-6 0 100 
5 93 7 

a AQ: Tris buffer solution, [KCl] = 1 X 10"' mol/L, [potassium 
picrate] = 1 X 10"4 mol/L, ORG: methylene chloride, [ligand] = 
1 X 10"2 mol/L; time, 1 day;a single measurement. 

4hr I 2 3 4hr I 2 3 4hr I 2 3 
TIME, day TIME, day TIME, day 

Figure 5. Comparison of potassium picrate transport between 18-crown-6 
and macropentalide 5: • , 18-crown-6; O, 5. AQ I: Tris buffer, [KCl] 
= 1 X 10"1 mol/L; [KPi] = 1 X 10"4 mol/L, ORG: CH2Cl2, [ligand] 
= 1 X 10"2 mol/L, AQ II: 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 receiving phase, thus 
making its concentration in the organic phase very low throughout 
transport. This is 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 categories, 
namely, neutral ionophores, carboxylic ionophores, and chan
nel-forming ionophores.1 Ion selectivity patterns of these iono
phores have been found in most cases to agree with those predicted 
by Eisenman.17 Figure 6 shows the comparison of ion selectivity 
sequences of some natural ionophores (beauvericin13 and nonac-
tin18) and the synthetic macrolides (4 and 5) which were deter
mined by extraction equilibrium methods. 

An 18-membered cyclic depsipeptide, beauvericin (R = 
-CH2C6H5), having a relatively low complexation ability for alkali 
and alkaline earth metal ions shows a lyotropic sequence,13 Rb+ 

=* Cs+ > K+ » Na+ > Li+, which is very similar to that observed 
for the synthetic macrolides as described before. Recently, 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 nonactin-potassium ion 

(22) Braden, B.; Hamilton, J. A.; Sabesan, M. N.; Steinrauf, L. K. J. Am. 
Chem. Soc. 1980, 102, 2704-2709. 
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Figure 6. Metal ion selectivity sequences of natural antibiotics (beau-
vericin13 and nonactin18) and synthetic macrolides (4 and 5). 

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,23 the complexation of beauvericin is more 
planar, which tends to limit its ion selectivity (K+/Na+ is less than 
10).13 Therefore, as described in the foregoing section, the com
plexation mode of 4 or 5 with a metal ion 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 Nakazald et al.).24 In 4 and 5, 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 C4 symmetry.15 

In summary, the 20-membered macrotetrolide 4 and 25-mem-
bered macropentalide 5 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 neutral 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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Abstract: A series of unsubstituted nitrogen- and oxygen-containing heteroarylmethyl chlorides was reacted with triphenyltin 
hydride at 70 0C in the presence of a radical initiator. The sole reaction observed was chlorine atom abstraction by the intermediate 
tin radical. Relative reactivity trends have been correlated with several types of self-consistent-field molecular-orbital parameters. 
These trends show that this reaction is not only apparently dependent upon the degree of delocalization in the intermediate 
heteroarylmethyl moiety, but also indicate appreciable buildup of negative charge at the exocyclic carbon atom in the transition 
state for chlorine abstraction. 

The role played by charge-separated contributing structures 
to the hybrid describing the transition state for free-radical hy
drogen atom abstractions has been a controversial one. Although 
the concept has long been accpeted, the viewpoint developed by 
Zavitsas and his co-workers that the negative p values hitherto 
observed in the reactions of substituted toluenes were measures 

(1) From the Ph.D thesis of Helene Soppe-Mbang. Initially presented at 
the Joint Northwest/Rocky Mountain Regional Meeting of the American 
Chemical Society, June 14, 1980. Reprints not available. 

solely of ground-state bond dissociation energies2 required a 
reexamination of the field. The initial observation of a positive 
P value in the reaction of ?ert-butyl radical with substituted 
toluenes can be taken in support of charge separation.3 Un
fortunately, the view has been advanced that other (viscosity) 

(2) Zavitsas, A. A.; Pinto, J. A. J. Am. Chem. Soc. 1972, 94, 7390, and 
references cited therein. 

(3) Pryor, W. A.; Davis, W. H.; Stanely, J. P. /. Am. Chem. Soc. 1973, 
95, 4754. 
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