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Abstract: Syntheses of 16-membered macrocycle 17, 24- 
membered macrocycles 2, 19, and 30-membered macrocycles 
20,119 2, 3, 25, were achieved by using diglycolic 
acid and amino adds as constituents. Selective 
transport of amino ester salts through an organic 
liquid membrane was mediated by their macrocycles and 
intermediate compounds. The transfer abilities of 
these carriers containing amino acid moieties were 
different from that of l&crown-b. 

Transp0i.i pher,o.llc;la ih=ough organic membranes have been eitens;v;ly 

developed in recent years. Many synthetic carriers for metal ions, such as 

cyclic polyethers, cryptates, cyclic polyamines and other macrocycles, have been 

studied. Amino acid derivatives have been effectively transported as 

ammonium cations by using a variety of crowns l-5 and other types of carriers. 6 

The transport of acylamino acids by macrocyclic polyamine-transition metal 

complexes has recently been reported. 
7 

Macrocycles which contain L-amino 

acids with modifiable functionalities in the side chain should be able to serve 

as hosts in host-guest complexation. We have been interested in the 

selective transport of amino ester salts by interaction between a substituent in 

the side chain of amino esters and one in that of macrocycles. Recently, we 

reported syntheses of macrocycles containing the L-amino acid moiety. 899 At 

the same time, reports appeared on syntheses of diacids constituted of L- 

phenylalanine with oligoetyleneoxide and thelr complexation with metal 

cations.l'*ll In the present paper, we report on some of our work concerning 

the syntheses of macrocycles, one of which contains L-phenylalanine moieties and 

the others L-leucine moieties, and the ability of these synthetic macrocycles to 

transport L-amino ester salts through a chloroform membrane separating two 

aqueous phases. 

The macrocycles were synthesized as shown in Chart 1 and Scheme 1. 

Some of the diesters containing two amino acid moieties (2, P-C02Bz110; 

co2$0; 
2, P- 

4, L-C02Et). which were obtained by condensation of diglycolic acid 

(1) with the corresponding L-amino esters by use of N, N'-tionyldiimidazole 

(TDI),~~~'~ were hydrolyzed to a diacid (8, P-C02H1'; 2, L-C02H) and/or reduced 

to a dial (13, P-CH20H; 14, L-CH20H) employing LIA1H4 (Table 1). An attempt 

to treat diol 13 with ethylene dibromlde in the presence of NaH gave net the - 
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expected cyclic compound, but the dlol E (P(O)-CH20H). On the other hand, 

when diol 13 was reacted with diethyleneglycol ditosylate 
15 

in the presence of - 
sodium methylsulfinylmethide, 16'17 an 18-membered cyclic compound 17 (P-18) - 

resulted. The 24-membered cyclic compounds lS'(PP-24) and 19 (LL-24) were - - 

prepared by condensation between the corresponding diacid (8 or 2) and diol (13 

or 14) by using N, N'-carbonyldiimidazole (CDI). Diesters containing four - 
amino acid moieties (5, PP-C02Et; 6, LL-C02Et), which were prepared from a 

diacid (g or 2) and the corresponding amino esters using CDI, were hydrolyzed to 

a diacid (10, PP-C02H; 2, LL-C02H) (Table 1). But the diester containing 

four serine moieties 2 (SS-CO,Et) was obtained by condensation of I with H- 

(Ser(Bzl))2-OEt, which was followed by hydrolysis to a diacid 12 (SS-CO,H) or by 

reduction to a dlol 15 (SS-CH20H). - 

Table 2. Template effect of some alkaline metals In 
the preparation of PPL-30. 

Alkaline Yield 

metal (%) 

none 1.7 

LiCl 3.1 

NaCl 9.8 

KC1 

*:::a, 

CsCl 11.4 

17.4a) 
a) During the reaction, an additional condensation 
reagent XX added to the mixture. 

The procedure used to prepare 24-membered cyclic compounds easily gave 20 - 
(LLL-30), but 21 (LLP-30) was obtained in lower yield with the linear type - 
product 25 (LLP-BOL). Cyclic compound 22 (PPL-30) was obtained in lowest - - 
yield. When the template effect of some alkaline metal Ions was examined, 

Cs+ gave the best result as shown in Table 2, and addition of CD1 during the 

reaction increased the yield of 22. - Condensation of diacid 12, which 

contains four 0-Bzl-serine components, and dial 13 by use of CD1 was not - 
successful in the presence of CsCl, but gave cyclic compound 23 (SSP-30) In low - 
yield when a mixture of l-ethyl-3-(3-dimethylamlnopropyl)-carbodilmide (EDCI) 

and dimethylaminopyridine (DMAP)18 was used instead of CDI. Synthesis of a 

cyclic compound 25 (LSS-30) was achieved by the same procedure with a large - 
amount of linear product 26 (LSS-30L). - 

When preparing cyclic compounds by condensation of diacids with dlols, the 

larger the group in the dlacid side chain, the lower was the yield of the cyclic 

compounds, and the larger that of the dlol, with increased yield of linear-type 

compounds. 

Association constants were determined as described in the references, 19,20 

but they could be calculated by considering the partition coefficient because 

the binding ability of the synthetic macrocycles are smaller than that of crown 

ethers. The salts of hydrophobic amino esters RCH(C02Me)NH3.PF6 were 

distributed between chloroform and water in the absence of host, while less than 

0.15% of the hosts used was detected in the aqueous phase, except when 18- 

crown-6 was used. The amount of the amino ester salts in the aqueous phase 

was determined by gas chromatography. Association constants determined for 
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Table 3. Association constants (Ka) and part.&flon coefficients (P) 
of synthetic macrocycles in chloroform at 25'C. 

Ka(M-1) Pb) Recovery 

Host Phe-OMe Leu-OMe Val-OMe (%I 

PPL-30 3050 450 170 1430 99 

LLL-30 1730 1980 240 1380 99 

PP-24 250 50 40 1650 99 

LL-24 300 60 30 670 101 

ba) 
) Each value is the average of two or more independent determinations. 
P =[Host) erg / bostlaq. 

Table 4. Rate of fy ansport 
liquid membrane(mM). 

of amino acid methyl ester through a 

Carrier Phe-OMe Leu-OMe Val-OMe Tyr-OMe Gly-OMe Ser-OMe 

PPL-30 

LLP-30 

LLL-30 

LSS-30 

SSP-30 

LLPBOL 

LL-24 

PP-24 

LL-C02Et 

PP-C02Et 

SS-Co2Et 

P-C02Et 

P-C02Bzl 

L-C02Et 

P(O)-CH20H 

P-CH20H 

L-CH20H 

LL-CO Hb) 

SS-C02Hb) 

PP-C02Hb) 

P-CO Eb) 

L-CO;Hb) 

57.4 29.5 

46.6 

43.3 48.2 

25.1 

24.2 

23.9 

21.9 5.9 

17.9 4.9 

23.6 50.4 

18.0 10.8 

8.7 3.4 

3.5 1.9 

3.1 1.0 

0.3 0.7 

29.5 7.0 

17.3 10.9 

10.6 12.1 

3.2 5.9 

2.6 0.4 

0 0.2 

0.8 0.7 

0.6 0.1 

14.8 2.6 

17.1 2.5 

2.1 

2.5 

4.5 

1.2 

0.8 

0.3 

0.1 

0 

1.6 

1.8 

2.1 

0.3 

0.2 

0 

0.2 

0.1 

0.1 

2.5 

0.3 

0.2 

0.5 

0.1 

0 

0.1 

0 

0 

0.3 

0.3 

0.2 

0.1 

0 

0.1 

0 

0 

0.2 0 

0.2 0 

0 0 

0 0 

0.2 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0.1 

0 0.1 

0 0.1 

0 0 

0 0 

0 0 

0 0 

0 0 

18-crown-6 11.2. 13.7 14.5 45.0 46.5 55.2 

aJ Transport condition: Aq. source phase: 0.2 M amino acid methyl 
ester hydrochloride and 0.4 M LIPF 

zff'"'br 
5 mM) in 20 ml of CHC13; 

in 5 ml of 0.08M HCl; membrane: 
aq. receiving phase: 5 ml of 0.1 M 

Concentration of this carrier was one-tenth (0.5 mM) of the 
other carriers. 
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Phe Leu Vat Tyr Qly Ser 

Figure 1. Graphical representation of transport of 
various amino acid methyl eater through a liquid 
membrane(mM). @ = PPL-30, 0 = 
A = LL-24, 4 a 18-crown-6. 

LLL-30, A= PP-24, 

60- 

Figure 2. Relationship 
concentration of carrier 
and transport efficiency 
guest (Phe-OMe) 

between the 
(PP-co Et) 
of tr&sferred 



4526 H. KATAOKA and T. KATAGI 

hosts PPL-30, LLL-30, W-24, and LL-24 at 25'C are reported in Table 3. 

Ka = 
@=wlexJ erg 

[HI org blorg 

= R(Hi) erg (l+’ Vorg’V,q)-PIG~ aq 

p (IGil aq-R WI erg VorglVaq) WI erg [l-R( l+P Vorg/Vaq)] +pw aq 

In equation, R is the molar ratio of guest to host in the chloroform phase, 

P is partition coefficient (P =[Gjorg /[G) .,I, [Hi3 or is the Initial 

concentration of the host in the chloroform phase, (G5 aq Is the Initial 

concentration of the amino ester salts in the aqueous phase, and V 
org 

and V 
aq 

are the volumes of the two phases. 

Transport The transport of L-amino ester hydrochlorides through a liquid 

membrane was examined using these macrocyclic compounds and their synthetic 

intermediates (dials, diesters and diacids) as carriers in the apparatus 

described by Kobuke et a1.21 The source phase contained a mixture of an 

amino ester hydrochoride and LiPF6 in 0.08 M HCl aqueous solution. This 

amino ester cation was transferred into chloroform by complexation with a 

synthetic macrocycle and was released into the receiving phase containing 

0.1 M HCl. The concentration of the amino ester in the receiving phase was 

determined by the absorbance at 570 nm by means of the reaction with 

ninhydrin. 
22,23 The transfer ability of these carriers was compared with 

that of 18-crown-6 (Table 4). The net value of the transport by each carrier 

shown In Table 4 was the average of differences of apparent values from blank 

test values in several runs. The transfer abilities of 30- and 24-membered- 

cycles and of 18-crown-6 are compared in Table 4 and Figure 1. Cycles 

containing amino acid moieties showed different tendencies from that of 18- 

crown-6. The crown was not very efficient for transporting Phe-OMe and Leu- 

OMe, but was for Tyr-OMe, Ser-OMe and Gly-OMe. On the other hand, synthetic 

macrocycles could transfer amino esters containing the lipophilic side chain and 

distributing to the chloroform phase (Phe-OMe*HCl; P = l.l~lO-~, Leu-OMesHCl; P 

= 1.0x10 
-2 , and Val-OMemHCl; P = 4.2~10~~). However, they were not very 

useful for the guests, leading to little distribution to the chloroform phase 

(Gly-OMe*HCl; P = 9.Ox1O-4). 

Among the synthetic macrocycles, 30-membered cycles were more efficient 

carriers than 24-membered cycles. It was presumed that the hole size of the 

30-membered ring was suitable for binding the ammonium group in the guest 

molecule. Also, as affinity between analogous substituents in hosts and 

guests promotes transport, PPL-30 was the most efficient carrier for the 

transport of Phe-OMe and LLL-30 gave the best results for Leu-OMe. As for 

the 24-membered rings, it was assumed that their hole size was not be able to 

accommodate the guest molecule, thus weakening the binding and the affinity of 

the substituents. The same affinity effects were observed with linear 

diesters and diols. In the transport experiments using diacids as carriers 

(Table 4). the concentration of diacid, which is slightly soluble in chloroform, 

was one-tenth (0.5 mM) that of the other carriers. As the relationship 

between the concentration of the carrier (PP-C02Et) and the transferred guest 

(Phe-OMe) was almost linear (Figure 2). LL-C02H was almost as efficient a 
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carrier as LL-C02Et. 

This study showed that the affinity between the analogous substituents In 

host and guest affects the selective transport of a particular amino acid by a 

carrier-the carrier displays affinity for the amino acid having analogous 

substituents. 

EXPERIMENTAL 
All melting points were measured with a Yanaco MP-S3 apparatus and are 

uncorrected. Mass spectra were taken with a Hitachi RMU-6MC spectrometer 
i;;ij and a JEOL mass spectrometer Model JMS DX-303, computer system JMS DA-5000 

. Fast atom bombardment mass spectra were recorded on a JEOL mass 
spectrometer Model LMS DX-303. JMS FAB-09, computer system JMS DA-5000 (FAB-MS). 
Samples were dissolved in a matrix of glycerol. The solution was bombarded 
with a beam of neutral Xe atoms at an energy of 3 KeV. 

Preparation of diesters (2, 3 and 4) 
An anhvdrous tetrahv&o&ran TTHF) solution of the TDI (2.5 ea.) was 

prepared in"the usual wa;.Ij'14 .To the solution was added‘1 (1 e'q;), with 
stirring for 30 min. at room temperature. Next, the corresp;nding amino acid 
ester hydrochloride (2 eq.) and triethylamine (Et3N) (2 eq.) were added to this 
solution. The reaction mixture was stirred for 20 h at room temperature. 
The solvent was evaporated in vacua, and ethyl acetate (AcOEt) was added to the 
residue. This solution was washed with 10% HCl, 10% NaHCO and brine, then 
dried over anhydrous MgSO and evaporated in vacua. The r sultant product was 2 
purified by recrystalliz.a$ion or column chromatography on silica gel (Table 1). 
Preparation of 3 by dicyclohexylcarbodiimide (DCC) gave poor yields (13%). 
Preparation of &esters (5 and 6) 

Using the above procedure, -dlacids (10 or 11) were reacted with the 
corresponding amino acid ethyl ester usinrCD1 z a condensing agent instead of 
TDI. The resultant product 2 was purified by recrystallization (Table 1). 
A portion of 2 was purified by column chromatography on silica gel; elution with 
AcOEt afforded the pure product. Usually the crude product of 6 was used for 
the next step without further purification. 
Preparation of dicarboxyllc acids (2, 2, 10 and 11) 

To the solution of diester (1 eq) inmethanx (MeOH), 1 N NaOH solution (3 
eq) was added, and the mixture was stirred for 6 h at 4O'C. The solution was 
diluted with 30 ml of water, and the MeOH was evaporated in vccuo. The 
remaining aqueous solution was washed with AcOEt, and the aqueous layer was 
acidified with 10% HCl and extracted with AcOEt. The organic layer was washed 
with brine, dried over anhydrous MgSO and evaporated in vacua. 
resultant product was purified by rec$;stallization (Table 1). 

The 
The 8 and 10 

were found to be sufficiently pure and were used for the next reaction withour 
recrystallization. 
Preparation of dials (13 and 14) 

To a solution of ZesterTn anhydrous THF was added excess LiAlH at -5O'C. 
The reaction mixture was stirred at -3O'C until it showed one spot an $ the 
absence of any starting material by t.1.c. (silica gel, MeOH:AcOEt:acetic acid = 
1:9:0.1). The reaction mixture was made acidic with 10% HCl and NaCl was 
added. The THF layer was separated, and then the organic layer was extracted 
with AcOEt. 
brine, 

The organic extract was washed with 10% NaHC03 solution and 
dried over anhydrous MgSO and evaporated in vacua. The resultant 

product 13 was purified by retry 9 tallization. A portion of 14 was acetylated 
and recrystallized for preparation of analytical sample (Table n. Usually 
the crude product of 14 was used for the next steo without ourification. 
Boc-(Ser(Bk1)) -0Et - 

Boc-Ser(BgI)-OH (4.55 g) was dissolved in anhydrous THF (50 ml) and CD1 
(2.50 g) was added to this solution under Ice-cooling. After the 
effervescence ha 94ceased. the solution was stirred for 1 h and then the 
Ser(Bzl)-OEt*HCl (3.99 g) was added, followed by Et N (2.2 ml) in anhydrous 
THF (10 ml) solution at O'C. The reaction mixture3was stirred for 20 h at 
room temperature. The solvent was evaporated in vacua and then AcOEt was 
added to the residue. This solution was washed with 10% citric acid 
solution, 
evaporated 

10% NaHC03 solution end brine, 
in vacua. 

then dried over anhydrous MgS04 and 
Recrystallization of the residue from I-propyl ether 

gave Boc-(Ser(Bzl)j2-OEt (6.48 g, 84.0%), mp 71.0-73.O'C. MS m/z: 500(M 1. 
Anal. Calcd for C27H36N207: C. 64.70; H, 7.25; N, 5.60. Found: C, 64.63: H, 
7.46: N. 5.61. 
H-(Ser(Bzl)) -0EtsHCl 

TO the sot-(Ser(Bz1)) -0Et (2.10 g) was added a solution of saturated dry 
HCl in anhydrous AcOEt (202ml)at O"C, and the mixture was stirred for 2 h at 
room temperature. The solvent was evaporated in vacua. 
of the residue from AcOEt gav$ the 

Recrystallization 

120.0-121.5"C. 
deprotected peptide (1.81 g, 98.8%), 

MS m/z: 400(M -HCl). Anal. 
60.06; H, 6.72; N, 6.37. 

Calcd for C H N 0 C1*1/6 HtE: C, 
Found: C, 60.15; H, 6.87; N, 6?!$3?' 2 5 
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(1) SS-CO$E; 
0.64 g) was dissolved in anhydrous THF (20 ml) and CD1 (1.49 g) was 

added-to this solution under ice-cooling. After the effervescence had 
ceased, the solution was stirred for 1 h and then H-(Ser(Bz1)) -OEt*HCl (4.01 
g) was added, followed by a solution of Et N (1.28 ml) in anhydgous THF at O'C. 
The reaction mixture was stirred for 20 h it room temperature. The solvent 
was evaporated in vacua and then AcOEt was added to the residue. This 
solution was washed with 10% HCl, 
anhydrous MgSO 

10% NaHC03 solution and brine, then dried over 
and evaporated in vacua. 

from ethanol-wAter gave 2 (3.19 g, 77.1%). 
Recrystallization o$ the residuv 

mp 98.0-lOO.O"C. MS m/z: 898(M 1. 
Anal. Calcd for C48H58N4013: C, 64.13; H, 6.50; N, 6.23. Found: C. 63.93; H, 
6.56; N, 6.28. 
SS-CO H (12) -- 

$0 t= solution of 7 (3.05 g) in hot MeOH (70 ml) 1 N NaOH solution (13.4 
ml) was added, and the mTxture was stirred for 1 h at !!I,?. The solution was 
diluted with 70 ml of water, and the MeOH was evaporated in vacua. The 
remaining aqueous solution was washed with AcOEt, and then the aqueous layer was 
slowly added under Ice-cooling to 1 N HCl (40 ml), and extracted with AcOEt. 
The organic layer was washed with brine, dried over anhydrous MgSO and 
evaporated In vacua to dryness, giving a glass-like solid (2.57 g,4i9.9%). 
FAB-MS m/z: 843(MH+). 
SS-CH OH (15) -- 

$0 a solution of 7 (3.01 g) in anhydrous THF (300 ml) was added LiAlH (4.0 
g) at -3O'C. The reaction mixture was stirred at -2O'C until it showed dne 
spot and the absence of any starting material by t.1.c. (silica gel, 
MeOH:AcOEt:acetic acid = 1:g:O.l). The reaction mixture was made acidic with 
10% HCl and NaCl was added. The THF layer was separated, and then the 
organic layer was extracted with AcoEt. The organic extract was washed with 
10% NaHC03 solution and brine, dried over anhydrous MgSO 
vacua. The crude product was purified by column chro 14 

and evaporated in 
atography on silica 

gel. The residue obtained from the fraction eluted with AcOEt was 
recrystallized from AcOEt to give 15 (0.29 g, 10.6%), mp 129.0-131.O'C. FAB-MS 
m/z: 815(MH+). Anal. Calcd for ClH54N4011: C, 64.85; H, 6.68; N. 6.88. 
Found: C. 64.45; H, 6.76; N, 6.77. 
P(O)-CH OH (16) 

NaI?T50rmineral oil dispersion) (0.24 g) was washed with anhydrous 
petroleum ether (P. E.) and THF by swirling, allowing the hydride to settle, and 
decanting the liquid portion in order to remove the mineral 011. To the 
hydride in anhydrous THF was added 13 (1.0 g), with stirr!ng for 2 h at room 
temperature, and then ethylene dlbrzlde (0.47 g) and 18-crown-6 (0.66 g) were 
added. And the reaction mixture was stirred for 1 week at room temperature. 
The reactlon mixture was made acidic with 10% HCl and salting out by adding 
NaCl. The THF layer was separated, and then the organic layer was extracted 
with AcOEt. 
brine, 

The organic extract was washed with 10% NaHC03 solution and 
dried over anhydrous MgSO and evaporated in vacua. Recrystallization 

of thf residue from AcOEt gave 1% (0.47 g, 90.5%), mp 102.0-103.O"C. MS m/z: 
442(M ). Anal. Calcd for C24H30N206: C, 65.14; H, 6.83; N, 6.33. Found: C. 
65.17; H. 7.00; N, 6.56. 
P-18 (17) 

Na (50% mineral oil dispersion) (115.2 mg) was washed with anhydrous 
P. E. by swirling, allowing the hydride to settle, and decanting the liquid 
portion in order to remove the mineral oil. Anhydrous dimethyl sulfoxide 
(DMSO) (2 ml) was added to the hydride with stirring for 1 h at 70-75°C In an 
atmosphere of dry nitrogen. Next, 13 (500 mg) was added to the resulting 
methylsulfinylmethlde solution at room>emperature. 
for 1 h at 45-5O'C. and then diethyleneglycol ditosylate 

!&e mixture was stirred 
(546 mg) was added at 

room temperature. After the reaction mixture had been stirred for 7 h, brine 
was added, and the mixture was extracted with AcOEt. The organic layer was 
washed with brine, dried over anhydrous MgSO 
Recrystallization of the residue from aceton d 

and evaporated in vacua. 
gave 17 (22 mg, 3.74%). mp 

122.0-123.2"C. MS m/z: 470(M+). 
- 

Anal. Calcd for C26H34N206: C, 66.36; H, 
7.28; N, 5.95. Found: C, 66.25; H, 7.44; N, 5.92. 
PP-24 (18) 

8 -2.20 g) was dissolved in anhydrous THF (400 ml) and CD1 (10.22 g) was 
added-to this solution under Ice-cooling. After the effervescence had 
ceased, the solution was stirred for 1 h and then 13 (10.37 g) in anhydrous N, 
N'-dimethylformamide (DMF) (20 ml) and THF (100 mlrsolution was added at room 
temperature. This reaction mixture was stirred for 20 h at room temperature. 
The solvent was evaporated in vacua and then a large amount of AcOEt was added 
to the residue. 
and brine, 

This solution was washed with 10% HCl, 10% NaHC03 solution 
then dried over anhydrous MgSO and evaporated in vacua. The 

crude product was purified by column chro II atography on silica gel. Elution 
with AcOEt afforded the pure material 18. Recrystallization of the residue 
from AcOEt gave 18 (3.74 g, 18.2%), mjj-173.0-174.5°C. US m/z: 792(M+). 
Anal. Calcd forT44H48N4010: C, 66.65: H, 6.10; N. 7.07. Found: C, 66.46; H. 
6.15; N, 6.87. 
LL-24 (19) -- 
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9 (4.90 g) was dissolved in anhydrous THF (150 ml), and CDI (4.85 g) was 
added-to this solution under ice-cooling. After the effervescence had 
ceased, the solution was stirred for 1 h and then 14 (4.13 g) in anhydrous THF 
(50 ml) solution was added at room temperature. This reaction mixture was 
stirred for 20 h at room temperature. The solvent was evaporated in vacua 
and then AcOEt was added to the residue. This solution was washed with 10% 
HCl, 10% NaHCO 
evaporated in a 

solution and brine, then dried over anhydrous MgSOq and 
acuo. The crude product was purified by column chromatography 

on silica gel. Elution with diethyl ether (Et 0) afforded the pure material 
2, a glass-like solid (2.13 g, 23.9%). mp 81.0-g3.0°C. MS m/z: 656(M+). 
Anal. Calcd for C32H56N4010: C, 58.52; H, 8.59; N, 8.53. Found: C, 58.45; H, 
8.84; N, 8.58. 
LLL-30 (20) 

To asolution of 11 (5.00 g) in anhydrous THF (85 ml) was added CD1 (2.76 
g) at 0°C. The solzion was left standing for 1 h after the effervescence 
had subsided, and then a solution of 14 (2.83 g) in anhydrous THF (40 ml) was 
added. After stirring for 24 h, t= solvent was evaporated in vacua and the 
residue was taken up in AcOEt. The mixture was washed with 10% HCl, 10% 
NaHCO solution and brine dried over anhydrous MgSO and evaporated in vacua. 
The c&de product was purified by column chromatogr&hy on silica gel using Et20 
as an eluent to afford the pure 30-membered macrocycle 20 (1.65 g. 22.0%). mp 
104.5-106.5"C. MS m/z: 883(M+). Calcd for C ?i- N 0 
59.24; H, 8.93; N, 9.42. Found: C,A??;2; H, 9.23; Nf49?g16 l2 

*l/2 H20: C, 

LLP-30 and LLP-30L (21 and 24) 
To a solution oTl1 (2.00 g) in anhydrous THF (30 ml) was added CD1 (1.10 

n) at O°C. The solzion was left standing for 1 h after the effervescence 
had subsided, and then a solution of 13 (1.36 gf in anhydrous DMF (10 ml) and 
THF (10 ml) was added. After stlrxng for 3 days, 
in vacua and the residue was taken up in-AcOEt. 

the solvent was evaporated 
The mixture was washed with 

10% HCl, 
in vacua. 

10% NaHC03 solution and brine dried over anhydrous MgSO and evaporated 
The crude product was purified by column chromato&aphy on silica 

gel using AcOEt/benzene (5:95) as an eluent to afford the pure 30-mem$ered 
macrocycle 21 (0.22 g, 6.8%). a glass-like solid, FAB-MS m/z: 951fMH ). Anal. 
Calcd for C-H N 0 9112 H 0: 
8.12; N, 8.!?9.74 6 +i;e line&-t 

C, 62.55; H, 7.87; N, 8.75. Found: C, 62.63; H, 
ype compound 24 was isolated from a fraction of 

MeOH/AcOEt (5:95). Recrystallization fromAcOEt gave 24 (0.58 g, 17.6%), mp 
121.0-122.0"c. FAB-MS m/z: 969{MH+). Anal. 
61.96; H, 7.90; N, 8.67. 

Calcd for?50H76N6013: C, 
Found: C, 62.03; H, 7.91; N, 8.46. 

PPL-30 (22) 
To ;irsolutlon of 10 (6.17 g) in anhydrous THF (85 ml) was added CD1 (2.76 

g) at OOC. The solzion was permitted to stand for 1 h after the 
effervescence had subsided, and then CsCl (14.3 g) and a solution of 14 (3.12 g) 
in anhydrous THF (40 ml) were added. The reaction mixture was stirred for 3 
days. Next, CDI (1.38 g) was added, and the mixture was stirred for an 
additional day. The solution was filtered, the filtrate was evaporated in 
vacua, and a large amount of AcOEt was added to the residue. The mixture was 
washed with 10% HCl, 10% NaHC03 solution and brine, then dried over anhydrous 
MgSO and evaporated in vacua. The crude product was purified by column 
chro d atography on silica gel. Elution with AcOEt afforded the pure 30- 
membered macrocycle 22 as a glass-like solid (1.51 g, 17.4%). It 
crystallized from AcOEt when the solution was kept at room temperature over a 
Deriod of three months. 
Calcd for C 

mo 178.0-18O.O'C. FAB-MS m/z: lOlS(MH+). Anal. 
7.08; N, 8~~~H70N6012~1/2 H20: C, 65.42; H, 6.96; N, 8.17. Found;.C, 65.39; H, 

SSP-30 (23) 
12 m.53 g), 13 (3.10 g), DMAP (3.76 g), CsCl (12.9 g), and EDCI*HCl (2.95 

a) we= added successively to anhydrous DMF (80 ml). The reaction mixture 
was stirred for 4 days at-room temperature, Next, EDCI*HCl (1.48 g) was 
added, and the mixture was stirred for an additional day. The solvent was 
evaporated in vacua and the residue was taken up in AcOEt. The mixture was 
washed with 10% HCl, 10% NaHCO solution and brine, dried over anhydrous MgS04 
and evaporated in vacua. Tiie crude product was purified bv column 
chromatbgraphy on silica gel using AcOEt as an eluent to afford the pure 30- 
membered macrocycle 23 (0.50 g, 5.3%). mp 112.5-113.5'C. (Recrystallized 
from AcOEt-Et20) Fm-MS m/z: 1207(MH+). Anal. Calcd for C H N 0 l 

(C H ) 0-H 0: C, 64.70; H, 6.67; N, 6.47. 
LS&202ahd2LSS-30L (25 and 26) 

Found: C, 64.53; Hf66?%7f' I!: 6.36. 

9 ( ) 15 m.70 g)- DMAP (0.46 g) 
were ~dd~d3~ngttfii~order to khydrous DMF 

CsCl (1.5 g) and EDCI.HCl (0.36 g) 
(;O ml). The reaction mixture was 

stirred for 4 days at room temperature. Next, EDCI*HCl (0.18 g) was added, 
and the mixture was stirred for an additional day. The solvent was 
evaporated in vacua and the residue was taken up in AcOEt. The mixture was 
washed with 10% HCl, 10% NaHCO 
and evaporated in vacua. 9 

solution and brine, dried over anhydrous MgS04 
he crude product was purified by column 

chromatography on silica gel using AcOEt as an eluent to afford the 30-membered 
macrocycle 3 (0.13 g, 13.2%j, FAB-MS m/z: 1139(MH 1. Anal. Calcd for 
C60H78N6016.1/2 H20: C. 62.76; H, 6.93; N, 7.32. Found: C, 62.73; H, 7.06; N, 
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7.06. MeOH/AcOEt (1:4) as an eluent afforded the linear-type compound 26 
(0.52 g, 47.6%), FAB-MS m/z: 1157(MH+). 

- 

Transport of amino acid methyl ester salt 
A glass tube (1.6 cm 1.d.) was placed In a cylindlcal tube (2.6 cm 1.d.) to 

separate two aqueous phases. The outer source phase contained 0.2 M amino 
acid methyl ester hydrochloride and 0.4 M LiPF in 5 ml of 0.08 M HCl. 
inner receiving phase contained 5 ml of 0.1 M fiC1. 

The 
The organic phase was 

placed at the bottom of the cylindical tube. This contained 5 mM carrier in 
20 ml of CHCl and was stirred at 400 r.p.m. by a magnetic stirrer at 25-26°C. 
After 24 hl a30.1-ml sample of the receiving phase was withdrawn, and the 
concentration of the solution of amino acid methyl ester s3$f2ras determined 
(570 nm) by the procedure of E. W. Yemm, and E. C. Cocking using on a 
Shimazu spectrophotometer UV-100-02. 

The association constants were determined at the same concentration for the 
transport. A O.l-ml sample of the aqueous phase was lyophillzed, and the 
residue was trifluoroacetylated at room temperature. The amount of N- 
trlfluoroacethyl amino esters were determined by gas chromatographic analyses 
using Shimazu GC-7AG with a column of 2% cyclohexanedimethanol succinate on Gas 
Chrom Q. Quantitative analysis was performed by using n-paraffin as an 
internal standard (TFA-Phe-OMe; n-docosane, TFA-Leu-OMe; 
Val-OMe; n-cetane). 
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