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Abstract 
Three new optically active bis-pyridino-18-crown-6 type ligands containing four lipophilic 
chains at the chiral centers [(S,S,S,S)-10, (R,R,R,R)-11 and (S,S,S,S)-12] were prepared by 
sodium ion template effect assisted “two-to-two” type macrocyclizations. The benzyloxy-
substituted (R,R,R,R)-11 and (S,S,S,S)-12 were transformed to the new pyridone analogues 
(R,R,R,R)-13 and (S,S,S,S)-14 by catalytic hydrogenation. 
 
Keywords: Chiral bis-pyridino- and bis-pyridono-18-crown-6 ligands, “two-to-two” type 
macrocyclization, template effect, lipophilic crown ethers 

 
 
 
Introduction 
 
To our knowledge only a few optically active bis-pyridino-18-crown-6 type ligands, such as 
(R,R,R,R)-1, 2 (R,R,R,R,R,R,R,R)-2,3 (R,R,R,R)-3,4,5 and (R,R,R,R)-4 to (R,R,R,R)-8,5 have been 
prepared (see Figure 1). Among these, the tetramethyl-substituted ligand (R,R,R,R)-3 has been 
studied most. Although it failed to show appreciable enantiomeric selectivity in complexing 
chiral primary organic ammonium salts,4,6,7ligand (R,R,R,R)-3 turned out to be very effective 
in inducing high enantio- and diastereoselectivity in rare earth metal mediated asymmetric 
aldol reactions in aqueous media.5,8,9,10 
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(R,R,R,R)-1: R = CONH2,  X = H

(R,R,R,R,R,R,R,R)-2: R =              , X = H

(R,R,R,R)-3: R = Me, X = H
(R,R,R,R)-4: R = Et, X = H
(R,R,R,R)-5: R = Ph, X = H
(R,R,R,R)-6: R = Me, X = OMe
(R,R,R,R)-7: R = Me, X = Br
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Figure 1. Reported optically active bis-pyridino- and bis-p-substituted pyridino-18-crown 
type ligands and also the reported mixture of racemic- and meso-bis-pyridono-dicyclohexo-
18-crown-6 macrocycles. 
 

Two procedures for the preparation of (S,S,S,S)-3 have been reported. Bradshaw and 
coworkers prepared it4 in one step from (2R,3R)-butane-2,3-diol and 2,6-
bis(tosyloxymethyl)pyridine by a so called “two-to-two” type sodium ion template assisted 
cyclization11 in 15% yield. Kobayashi and coworkers5 in turn used the same starting materials, 
but to avoid the low yield of the above method, applied a five-step procedure resulting in an 
only slightly better overall yield (18%). The latter authors extended their procedure to the 
preparation of the analogues (R,R,R,R)-4 to (R,R,R,R)-8 (see Figure 1) which they obtained in 
overall yields of 6, 1, 20, 19 and 9%, respectively.5 

Our longstanding endeavor has been to prepare optically active lipophilic bis-pyridino- 
and bis-pyridono-18-crown-6 type macrocycles that would enable the study of the selective 
transport of metal ions in an aqueous source phase/organic membrane /aqueous receiving 
phase system12 or potentiometric sensing when incorporated into an electrode membrane. 13 It 
is known that natural ionophores, such as valinomycin, lasalocid, monensin, etc. also contain 
several chiral centers and their chirality contributes to the selectivity in complexation and 
transport of metal ions through biological membranes.14,15 Several studies have shown that the 
stereostructure of chiral synthetic ligands has also a great influence on binding, solvent 
extraction, and transport of metal ions.15,16,17,18 
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Concerning bis-pyridono-18-crown-6 type macrocycles, to our best knowledge only a 
mixture of racemic- and meso-bis-pyridono-bis-cyclohexano-18-crown-6 ligands 9 (see 
Figure 1) has been reported.19 It was prepared by sodium ion template assisted “two-to-two“ 
type cyclization from racemic trans-cyclohexane-1,2-diol and 4-(tetrahydro-2-pyranyloxy)-
2,6-bis(tosyloxymethyl)pyridine using sodium hydride in tetrahydrofuran, followed by 
removal of the protecting group by acid. The overall yield was 8%. 

In our search for optically pure chiral macrocycles with enhanced selectivity for metal 
ions in complexation, solvent extraction, membrane transport and potentiometric studies we 
prepared a series of new highly lipophilic bis-pyridino ligands, namely (S,S,S,S)-10, the bis-
p-benzyloxy-substituted crown ethers (R,R,R,R)-11 and (S,S,S,S)-12 by the “two-to-two” type 
cyclization method. Removal of the benzyl groups from (R,R,R,R)-11 or (S,S,S,S)-12 gave bis-
pyridono ligands (R,R,R,R)-13 and (S,S,S,S)-14 (see. Figure 2). 
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Figure 2. New optically active bis-pyridino- bis-p-benzyloxy-substituted-pyridino- and bis-
pyridono-18-crown-6 type ligands and the new tetrabutoxymehtyl-substituted-18-crown-6 ether. 
 

In this paper we also describe the synthesis of the new tetrabutoxymethyl-substituted-18-
crown-6 ether (S,S,S,S)-15 which was performed by the usual “one-to-one” method. We 
intend to compare the properties of the latter ligand to those containing pyridine, p-
benzyloxypyridine and pyridone subcyclic units. 

The above mentioned studies of the new ligands and also their applicability in 
stereoselective reactions will be published in the future, here we present only the synthetic 
work. 
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Results and Discussion 
 
The “two-to-two” type cyclization to (S,S,S,S)-10, (R,R,R,R)-11, and (S,S,S,S)-12 was carried 
out by forming the disodium salts of the diols (S,S)-1620 and (R,R)-17,21 respectively with 
sodium hydride in THF followed by the addition of the ditosylates 18 or 19. The template 
effect of the sodium ion11 allowed access to the macrocyclic compounds in yields of 19, 22, 
and 18% for (S,S,S,S)-10, (R,R,R,R)-11 and (S,S,S,S)-12, respectively. These yields can be 
considered as satisfactory for template assisted “two-to-two” type cyclizations.2,3,4,19 

Preparation of the optically active diols (S,S)-1620 and (R,R)-17,21 and of the di-p-tosylates 
18,22 and 1922 was performed as reported. 

Catalytic hydrogenation of (R,R,R,R)-11 and (S,S,S,S)-12 gave the bis-pyridono-18-crown-
6 type macrocycles (R,R,R,R)-13 and (S,S,S,S)-14, respectively. 

Macrocycle (S,S,S,S)-15 was obtained by the usual “one-to-one” cyclization from the 
chiral tetrabutoxymethyl-substituted tetraethylene glycol (S,S,S,S)-2023 and bis(2-
tosyloxyethyl)ether (21) using NaH as a base in THF (Scheme 1). 
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Scheme 1. Preparation of the new optically active macrocycles. 



Issue in Honor of Prof. Sándor Antus ARKIVOC 2004 (vii) 7-14 

ISSN 1424-6376 Page 11 ©ARKAT USA, Inc 

Experimental Section 
 
General Procedures. Infrared spectra were recorded on a Zeiss Specord IR 75 spectrometer. 
Optical rotations were taken on a Perkin-Elmer 241 polarimeter that was calibrated by 
measuring the optical rotations of both enantiomers of menthol. 1H (500 MHz) and 13C (125 
MHz) NMR spectra were taken on a Bruker DRX-500 Avance spectrometer. Elemental 
analyses were performed in the Microanalytical Laboratory of the Department of Organic 
Chemistry, L. Eötvös University, Budapest, Hungary. Molecular weights were determined by 
a VG-ZAB-2 SEQ reverse geometry mass spectrometer. Melting points were taken on a 
Boetius micro melting point apparatus and were uncorrected. Starting materials were 
purchased from Aldrich Chemical Company unless otherwise noted. Silica gel 60 F254 
(Merck) and aluminum oxide 60 F254 neutral type E (Merck) plates were used for TLC. 
Aluminum oxide (neutral, activated, Brockman I) and silica gel 60 (70-230 mesh, Merck) 
were used for column chromatography. Romil Ltd. (Cambridge UK) Super Purity Solvent 
grade THF stored under argon was used in all reactions. Solvents were dried and purified 
according to the well established methods. Evaporations were carried out under reduced 
pressure. 
 
(4S,5S,15S,16S)-4,5,15,16-Tetrabutoxymethyl-3,6,14,17-tetraoxa-23,24-diazatricyclo-
[17.3.1.18,12]tetracosa-1(23),8,10,12(24),19,21-hexaene [(S,S,S,S)-10]. A solution of (S,S)-
1,4-O,O′-dibutylthreitol (S,S)-1620 (1.50 g, 6.4 mmol) in THF (15 mL) was added under argon 
to a suspension of NaH (60% in mineral oil, 0.72 g, 18 mmol) in THF (5 mL). After stirring 
the reaction mixture under argon for 1 h, 2,6-bis(tosyloxymethyl)pyridine (18)22 (2.86 g, 6.4 
mmol) dissolved in THF (15 mL) was added in one portion at 0 oC. Stirring was continued at 
r.t. for 16 h, followed by heating under reflux for 24 h. After passing the mixture through a 
column of Al2O3 the solution was evaporated and the product purified by chromatography on 
SiO2 (C6H6–EtOH, 20:1) to give (S,S,S,S)-10, 413 mg (18%) as an amorphous solid. [α] 23

D = 
+13.4o (c 0.372, CH2Cl2). δH (CDCl3) = 0.94 (t, J = 7.1 Hz, 12H), 1.33-1.41 (m, 8H), 1.53-
1.60 (m, 8H), 3.4-3.6 (m, 12H), 3.66-3.87 (m, 8H), 4.69 (d, J = 13.2 Hz, 4H), 4.90 (d, J = 13.2 
Hz, 4H), 7.37 (d, J = 8.1 Hz, 4H), 7.66 (t, J = 8.1 Hz, 2H); δC (CDCl3) = 14.1, 19.6, 32.0, 
70.7, 71.5, 73.4, 78.6, 120.6, 137.1, 157.9; IR (film): ν = 3064, 3040, 2928, 2888, 2872, 1592, 
1540, 1460, 1376, 1312, 1264, 1104, 1004, 992, 856, 804, 760 cm-1; MS (FAB): Calcd. for 
C38H63N2O8 675.4584. Found: 675.4567 (M+H). 
(4R,5R,15R,16R)-10,21-Dibenzyloxy-4,5,15,16-tetrabutyl-3,6,14,17-tetraoxa-23,24-
diazatri-cyclo[17.3.1.18,12]tetracosa-1(23),8,10,12(24),19,21-hexaene [(R,R,R,R)-11]. A 
solution of (5R,6R)- decan-5,6-diol [(R,R)-17)]21 (0.86 g, 4.94 mmol) in THF (38 mL) was 
added to a suspension of NaH (60% in mineral oil, 0.60 g, 15 mmol) in THF (12 mL). After 
stirring the reaction mixture under argon for 1 h, 4-benzyloxy-2,6-
bis(tosyloxymethyl)pyridine (19)22 (2.72 g, 4.94 mmol) was added in one portion at 0 oC. 
Stirring was continued at r.t. for 16 h, followed by heating under reflux for 24 h. After 
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evaporation of the solvent and addition of water (20 mL), the mixture was acidified with 
AcOH to pH 6 and extracted with CH2Cl2 (30 mL). Evaporation of the solvent and 
chromatography of the residue on silica gel (hexane-acetone, 4:1) gave (R,R,R,R)-11 (420 mg, 
22%), m.p. 82-83 oC (EtOH). [α] 23

D = +3.8o (c 0.42, CH2Cl2). δH (CDCl3) = 0.88 (t, J = 7.0 Hz, 
12H), 1.26-1.27 (m, 12H), 1.37-1.54 (m, 12H), 3.47-3.49 (m, 4H), 4.58 (d, J = 13.0 Hz, 4H), 
4.66 (d, J = 13.0 Hz, 4H), 5.06 (s, 4H), 6.88, (s, 4H), 7.34-7.36 (m, 10H); δC (CDCl3) = 14.1, 
22.7, 28.3, 29.5, 69.5, 72.7, 79.3, 106.6, 127.2, 127.6, 127.9, 128.3, 159.3; IR (film): ν = 
3080, 3030, 2952, 2872, 1600, 1584, 1576, 1496, 1456, 1360, 1344, 1328, 1156, 1136, 1104, 
1052, 1020 cm-1; Anal. Calcd. for C48H66N2O6 (767.1): C, 75.16; H, 8.67; N, 3.65. Found: C, 
75.23; H, 8.51; N, 3.42. 
(4S,5S,15S,16S)-10,21-Dibenzyloxy-4,5,15,16-tetrabutoxymethyl-3,6,14,17-tetraoxa-
23,24-diazatricyclo[17.3.1.18,12]tetracosa-1(23),8,10,12(24),19,21-hexaene [(S,S,S,S)-12]. 
A solution of diol, (S,S)-1620 (702 mg, 3 mmol) in THF (10 mL) was added under argon to a 
suspension of NaH (60% in mineral oil, 340 mg, 8.5 mmol) in THF (5 mL). After stirring the 
reaction mixture for 1 h and heating under reflux for 1 h, di-p-tosylate (19)22 (1.66 g, 3 mmol) 
was added in one portion at –70 oC. After passing the mixture through a column of Al2O3 the 
solution was evaporated and the product purified by chromatography on SiO2 (C6H6–EtOH, 
20:1) to give (S,S,S,S)-12 (210 mg, 18%) [α] 23

D = 6.5o (c 0.34, CH2Cl2). δ H (CDCl3): = 0.89 (t, 
J = 7.2 Hz, 12H), 1.36-1.41 (m, 8H), 1.53-1.61 (m, 8H), 3.42-3.54 (m, 12H), 3.68 (d, J = 10.2 
Hz, 4H), 3.83 (d, J = 6.2 Hz, 4H), 4.63 (s, 8H), 5.08 (s, 4H), 7.00 (s, 4H), 7.30-7.42 (m, 10H); 
δC (CDCl3): = 14.1, 19.6, 32.0, 70.0, 70.7, 71.6, 73.1, 78.5, 107.2, 127.9, 128.5, 128.8, 136.1, 
160.4, 166.4; Anal. Calcd. for C52H74N2O10 (887.1): C, 70.40; H, 8.41; N, 3.16. Found: C, 
70.32; H, 8.48; N, 3.24; IR (film): ν = 3080, 3062, 3030, 2958, 2890, 2872, 1602, 1582, 1573, 
1498, 1458 1364, 1328, 1155, 1136, 1102, 1052, 1020 cm-1. 
(4R,5R,15R,16R)-4,5,15,16-Tetrabutyl-3,6,14,17-tetraoxa-23,24-
diazatricyclo[17.3.1.18,12]-tetracosa1(22),8,11,19-tetraene-10,21(23H,24H)-dione 
[(R,R,R,R)-13]. (R,R,R,R)-11 (160 mg, 0.21 mmol) was hydrogenated in EtOH (10 mL) over 
palladium-on-charcoal catalyst (30 mg). The usual work-up and trituration of the residue with 
hot acetone gave the product (100 mg, 77%), m.p. 241-243 oC. [α] 23

D = –5.7o (c 0.52, CH2Cl2). 
1H NMR (CDCl3+CF3CO2H): δ = 0.86-0.91 (m, 12H), 1.26-1.34 (m, 24H), 3.62 (m, 4H), 4.79 
(d, J = 15.0 Hz, 4H), 4.98 (d, J = 15.0 Hz, 4H), 7.07 (s, 4H), 11.67 (s, 2H), δC

 (CDCl3 + 
CF3CO2H): = 13.7, 22.6, 27.5, 30.5, 67.4, 83.0, 109.9, 152.1, 171.6; MS (FAB): Calcd. for 
C34H55N2O6 587.4060. Found: 587.4062 (M+H); IR (KBr): ν = 3432, 3224, 2950, 2886, 2872, 
1636, 1558, 1524, 1452, 1432, 1408, 1350, 1100, 952, 858 cm-1. 
(4R,5R,15R,16R)-4,5,15,16-Tetrabutoxymethyl-3,6,14,17-tetraoxa-23,24-diazatricyclo-
[17.3.1.18,12]-tetracosa-1(22),8,10,11,18-tetraene-10(23H),21(24H)-dione [(S,S,S,S)-14] 
(S,S,S,S)-12 (93 mg, 0.105 mmol) was hydrogenated in EtOH as described for (R,R,R,R)-13. 
The usual work-up and purification by TLC gave the product (55 mg, 74%) as a waxy solid. 
[α] 23

D = +26.6o (c 1.08, CH2Cl2); δH (CDCl3): = 0.89 (t, J = 7.2 Hz, 12H), 1.30-1.33 (m, 8H), 
1.48-1.54 (m, 8H), 3.36-3.43 (m, 8H), 3.37-3.41 (m, 4H), 3.59-3.61 (m, 4H), 4.59 (d, J = 14.0 
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Hz, 4H), 4.73 (d, J = 14.0 Hz, 4H), 6.32 (s, 4H); δC (CDCl3): =13.8, 19.3, 31.5, 68.5, 69.7, 
71.6, 78.8, 113.6, 147.9, 169.0; MS (FAB): Calcd. for C38H63N2O10 707.4483. Found: 
707.4486 (M+H);. IR (film): ν = 3432, 3128, 2960, 2928, 2870, 1640, 1488, 1424, 1384, 
1204, 1116 cm-1. 
(2S,3S,11S,12S)-2,3,11,12-Tetrabutoxymethyl-18-crown-6 [(S,S,S,S)-15] (7S,8S,16S,17S)-
8,16-bis(butoxymethyl)-5,9,12,15,19-pentaoxatricosane-7-17-diol [(S,S,S,S)-2023] (538 mg, 
1.00 mM) and bis(2-tosyloxyethyl)ether (21) (414 mg, 1.00 mM) was converted to (S,S,S,S)-
15 (318 mg, 52 %) as described above for compound (S,S,S,S)-10. [α] 25

D = + 13.8o (c 0.76, 
CH2Cl2).  1H NMR (CDCl3): δ = 0.91 (t, J = 7.2 Hz, 12H), 1.33-1.40 (m, 8H), 1.52-1.57 (m, 
8H), 3.37-3.46 (m, 12H), 3.57-3.64 (m, 20H), 3.79-3.85 (m, 4H); 13C NMR (CDCl3): δ = 14.4 
19.6, 32.0, 70.9, 71.3, 71.6, 71.7, 80.1; MS (FAB) Calcd. For C32H64O10Na 631.4901. Found 
631.4923 (M+Na). IR (film) νmax = 2928, 2896, 2864, 1464, 1376, 1320, 1296, 1248, 1120, 
844 cm-1. 
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