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Abstract3Condensation of (4S,5S)-4,5-dihydroxymethyl-2-substituted dioxolanes with polyethylene glycols
ditosylates yielded new chiral crownethers. Bypotentiometry the enantioselectivity of complexing between
the compounds obtained and L- and D-valine methylester hydrochlorides was evaluated.

The supramolecular chemistry involves as a part
the synthesis of chiral receptors and investigation of
their properties [1]. Theircapability to enantio-
selective recognition of chiral[guests] provides new
ways for creating catalysts of asymmetricreactions,
enantioselective sensors, [switches], and other
molecular gadgets, and also for simulation offunda-
mental biological processes based on noncovalent
interactions [134]. Among the synthetic chiral
receptors the most common are crown ethers that are
able toform complexes enantioselectively with chiral
amines and derivatives of amino acids [4, 5]. One of
the most accessible and convenientprecursor of chiral
crown ethers and podandes is the natural L-tartaric
acid. Its derivatives wereused in the synthesis of
quite a number of various crownethers. However in
most cases the syntheses are multistage and afford the
target products in low yield [6313].

We formerly prepared certain chiral crown ethers
and demonstrated that they were capable of enantio-
selective binding of amino acids esters[14, 15]. In
extension of these studies wereport here on the
synthesis of new chiral crown ethers on the basis of
L-tartaric acid derivatives and on evaluation of

enantioselectivity of their complexing with L-and
D-valine methyl ester hydrochlorides chosen as model
compounds.

Diethyl L-tartrate (I ) served as initial synthon in
preparation of chiral crown ethers and podandes.
By reaction with pinacolone or benzaldehyde com-
pound I was transformed into corresponding di-
oxolanesII and III . The choice of pinacolidene and
benzylidene protection of the hydroxy groups in ether
(I ) was due to their high stability and to facility of
isolation of intermediate and finalproducts.Reduc-
tion of dioxolane II, III with lithium aluminum
hydride resulted in diolsIV and V.

The condensation of diolsIV, V with polyethylene
glycols ditosilates in the presence of sodium hydride
furnished previously unknown crown ethersVI 3XVII
that were products of common reaction of ditosylates
with glycols along [1+ 1] and [2+ 2] scheme.

The isolation and purification of compoundsVI 3
XVII was carried out by column chromatography on
neutral alumina. All compounds were colorless oily
substances. Their composition and structure were

IV, VI 3VIII, XII 3XIV , R1 = Me, R2 = t-Bu; V, IX 3XI, XV 3XVII , R1 = H, R2 = Ph; VI, IX, XII, XV , n = 2;
VII, X, XIII, XVI, n = 3; VIII, XI, XIV, XVII, n = 4.
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Table 1. Yields, specific rotation, 1H NMR spectra, and elemental analyses of compoundsII 3XVII
ÄÄÄÄÄÄÂÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄ

Compd.
³

Yield
³ [a]D

20, deg,³ 1H NMR spectrum (CDCl3), d, ppm
³ Found, %³

Formula
³Calculated, %

³ ³ ³ ÃÄÄÄÄÂÄÄÄÄ´ ÃÄÄÄÄÂÄÄÄÄÄÄ
no.

³
%

³CHCl3 (c, %)³ ³ C ³ H ³ ³ C ³ H
ÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄ

II ³ 90 ³338.0 (5.0)³0.98 s (9H,t-Bu), 1.2531.36 m (9H, CH3), ³58.29³8.34 ³C14H24O6 ³58.32³8.39
³ ³ ³4.1734.27 m (4H, OCH2), 4.46 q, (2H,OCH)³ ³ ³ ³ ³

III ³ 87 ³349.2 (5.0)³1.2831.39 m (6H, CH3), 4.1934.31 m (4H,³61.28³6.10 ³C15H18O6 ³61.22³6.16
³ ³ ³OCH2), 4.80 q, (2H, OCH), 6.05 s (1H), 7.343³ ³ ³ ³ ³
³ ³ ³7.56 (5H, Ph) ³ ³ ³ ³ ³

IV ³ 79 ³6.8a (5.0) ³0.98 s (9H, t-Bu), 1.30 s (3H, CH3), 2.16 ³58.86³9.91 ³C10H20O4 ³58.80³9.87
³ ³ ³br.s. (2H, OH), 3.8233.94 m (4H, OCH2), ³ ³ ³ ³ ³
³ ³ ³4.0234.16 m (2H, OCH) ³ ³ ³ ³ ³

V ³ 72 ³310.0a (2.0) ³2.10 br.s. (2H, OH), 3.7233.92 m (4H, ³62.79³6.67 ³C11H14O4 ³62.85³6.71
³ ³ ³CH2OÄ H), 4.1034.22 m, (2H, OCH), 5.98 s³ ³ ³ ³ ³
³ ³ ³(1H), 7.3837.52 m (5H, Ph) ³ ³ ³ ³ ³

VI ³ 32 ³6.4 (1.0) ³0.98 s (9H,t-Bu), 1.30 s (3H, CH3), 3.503 ³60.40³9.47 ³C16H30O6 ³60.36³9.50
³ ³ ³3.62 m (16H, OCH2), 3.9334.14 m (2H, ³ ³ ³ ³ ³
³ ³ ³OCH) ³ ³ ³ ³ ³

VII ³ 67 ³12.8 (5.0) ³0.98 s (9H,t-Bu), 1.30 s (3H, CH3), 3.503 ³59.60³9.42 ³C18H34O7 ³59.65³9.45
³ ³ ³3.62 m (20H, OCH2), 3.8833.96 m ³ ³ ³ ³ ³
³ ³ ³(2H, OCH) ³ ³ ³ ³ ³

VIII ³ 75 ³7.1 (1.0) ³0.98 s (9H,t-Bu), 1.30 s (3H, CH3), 3.503 ³59.14³9.37 ³C20H38O8 ³59.09³9.42
³ ³ ³3.62 m (24H, OCH2), 3.8133.90 m, (2H, ³ ³ ³ ³ ³
³ ³ ³OCH) ³ ³ ³ ³ ³

IX ³ 28 ³312.5 (1.0)³3.5433.64 m (16H, OCH2), 3.9834.05 m ³62.98³7.49 ³C17H24O6 ³62.95³7.46
³ ³ ³(2H, OCH), 5.98 s (1H), 7.3837.52 m ³ ³ ³ ³ ³
³ ³ ³(5H, Ph) ³ ³ ³ ³ ³

X ³ 70 ³313.8 (1.0)³3.5433.64 m (20H, OCH2), 3.9133.99 m ³61.87³7.70 ³C19H28O7 ³61.91³7.66
³ ³ ³(2H, OCH), 5.98 s (1H), 7.3837.52 m ³ ³ ³ ³ ³
³ ³ ³(5H, Ph) ³ ³ ³ ³ ³

XI ³ 72 ³312.9 (1.0)³3.5433.64 m (24H, OCH2), 3.8733.96 m, ³61.20³7.86 ³C21H32O8 ³61.15³7.82
³ ³ ³(2H, OCH), 5.98 s (1H), 7.3837.52 m ³ ³ ³ ³ ³
³ ³ ³(5H, Ph) ³ ³ ³ ³ ³

XII ³ 60 ³38.2 (1.0) ³0.98 s (18H,t-Bu), 1.30 s (6H, CH3), 3.523 ³60.41³9.47 ³C32H60O12³60.36³9.50
³ ³ ³3.62 m (32H, OCH2), 3.9034.02 m (4H, ³ ³ ³ ³ ³
³ ³ ³OCH) ³ ³ ³ ³ ³

XIII ³ 19 ³310.2 (1.0)³0.98 s (18H,t-Bu), 1.30 s (6H, CH3), 3.523 ³59.70³9.41 ³C36H68O14³59.65³9.45
³ ³ ³3.62 m (40H, OCH2), 3.8433.96 m, (4H, ³ ³ ³ ³ ³
³ ³ ³OCH) ³ ³ ³ ³ ³

XIV ³ 12 ³39.3 (1.0) ³0.98 s (18H,t-Bu), 1.30 s (6H, CH3), 3.523 ³59.14³9.39 ³C40H76O16³59.09³9.42
³ ³ ³3.62 m (48H, OCH2), 3.7933.90 m, (4H, ³ ³ ³ ³ ³
³ ³ ³OCH) ³ ³ ³ ³ ³

XV ³ 55 ³18.4 (1.0) ³3.5433.64 m (32H, OCH2), 3.9434.00 m ³63.00³7.51 ³C34H48O12³62.95³7.46
³ ³ ³(4H, OCH), 5.98 s (2H), 7.3837.52 m (10H,³ ³ ³ ³ ³
³ ³ ³Ph) ³ ³ ³ ³ ³

XVI ³ 16 ³21.2 (1.0) ³3.5433.64 m (40H, OCH2), 3.8733.94 m ³61.99³7.71 ³C38H56O14³61.94³7.66
³ ³ ³(4H, OCH), 5.98 s (2H), 7.3837.52 m (10H,³ ³ ³ ³ ³
³ ³ ³Ph) ³ ³ ³ ³ ³

XVII ³ 10 ³19.3 (1.0) ³3.5433.64 m (48H, OCH2), 3.8233.89 m ³61.22³7.78 ³C42H64O16³61.15³7.82
³ ³ ³(4H, OCH), 5.98 s (2H), 7.3837.52 m (10H,³ ³ ³ ³ ³
³ ³ ³Ph) ³ ³ ³ ³ ³

ÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄ
a Recorded in CH3OH.
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confirmed by elemental analyses,1H NMR and mass
spectroscopy.

The characteristic feature of1H NMR spectra of
crown ethersVI 3XVII is the presence of multiplets
from protons of polyether OCH2 groups and of OCH
protons at asymmetric centers. Also all the signals of
the proton groups in keeping with the assumed struc-
ture are observed (Table 1). In the mass spectra of all
compounds studied appear the peaks of the respective
molecular ions.

The enantioselectivity in the complexing of crown
ethers VI 3XVII with L-and D-valine methyl ester
hydrochlorides was evaluated by potentiometric
enantioselectivity factors 1KLD [16, 17].

In Table 2 are listed the values ofKLD averaged
over 537 measurements characterizing the preferable
complexing of crown ethers with one of the substrate
enantiomers. At KLD = 1 enantioselectivity of
complexing is lacking; the values ofKLD
more or less than 1 indicate the preference for L- or
D-isomer of valine methyl ester respectively.

The highest selectivity in the series of crown ethers
under study was exhibited by compoundsVIII, XI ,
and XV . A characteristic feature of this series
consists in inversion of enantioselectivity among the
similar crown ethersVI 3VIII, IX 3XI, XII 3XIV , and
XV3XVII with growing size of thering. This fact is
presumably due to the difference in the structure and
stoichiometry of the arising complexes. The results
obtained show that the search for highly enantio-
selective crown ethers among compounds containing
fragments of L-tartaric acid derivatives is a promising
task.

EXPERIMENTAL

1H NMR spectra were registered on spectrometer
Bruker AM-250 (250 MHz) inCDCl3, internal refer-
ence HMDS. Molecular weights were measured on
mass spectrometers Varian MAT-112 and MKh 1321
with direct injection of sample into the ionsource,
ionizing electrons energy 70 eV. The values [a]D

20

were measured on polarimeter Perkin-Elmer 241 MC
from solutions in chloroform.

GLC was carried out on chromatograph Chrom-5
equipped with flame-ionizationdetector, glass column
120003 mm, stationary phase 5% SE-30 on Inerton
AW-DMCS (0.10030.125 mm). TLC wasperformed
on glass plates with a fixed layer of neutral alumina
(L 5/40), eluent chloroform3benzene3methanol32-
propanol, 8 : 3 : 0.3 :0.3, development in iodinevapor.

Table 2. Enantioselectivity factors of crown ethers
VI 3XVII
ÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄ

Compd. no. ³ KLD ³ Compd. no. ³ KLD

ÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄ
VI ³0.84 ³ XII ³0.77
VII ³1.22 ³ XIII ³0.92
VIII ³1.38 ³ XIV ³1.22
IX ³0.79 ³ XV ³0.68
X ³1.25 ³ XVI ³1.12
XI ³1.45 ³ XVII ³1.28

ÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄ

The preparative liquid chromatography was carried
out using glass columns packed with neutral alumina
(L 40/250), eluent chloroform3benzene3methanol32-
propanol, 8 : 3 : 0.3 :0.3.

(4R, 5R)-2-tert-Butyl-4, 5-diethoxycarbonyl-
2-methyldioxolane (II) and (4R,5R)-4,5-diethoxy-
carbonyl-2-phenyldioxolane (III). A solution of
diethyl L-tartrate (200 g,0.97 mol), freshly distilled
pinacolone (150 g, 1.5 mol) or benzaldehyde (159 g,
1.5 mol) andp-toluenesulfonic acid(2.6 g, 0.015mol)
in benzene (600 ml) was boiled in a flask equipped
with a Dean3Stark trap till the end of water liberation.
The reaction mixture was washed with water (20
200 ml), with saturated water solution of sodium
carbonate (20200 ml), and again with water (20
200 ml). After drying with Na2SO4 benzene and
pinacolone excess were distilled off on arotary
evaporator, and the residue was distilled in a vacuum.
CompoundII , bp 1303131oC (2 mm Hg);compound
III , bp 1623163 oC (2 mm Hg), colorless crystals,
mp 43344oC (from ethanol).

(4S, 5S)-2-tert-Butyl-4,5-dihydroxymethyl-2-
methyldioxolane (IV) and (4S,5S)-4,5-dihydroxy-
methyl-2-phenyldioxolane (V). To a dispersion of
lithium aluminum hydride (13.7 g, 0.36 mol) in
anhydrous THF (300 ml) cooled with ice under argon
atmosphere at vigorous stirring was slowlyadded
dropwise a solution of dioxolaneII (86.4 g, 0.3mol)
or dioxolaneIII (88.2 g, 0.3mol) in anhydrous THF
(130 ml). The mixture was stirred for 8 h andleft
overnight. Then to thecooled by ice reaction mixture
was added atstirring ice water till the end of vigorous
reaction. The precipitate of aluminum hydroxide was
filtered off, washed with THF (30100 ml), the
filtrate was dried on Na2SO4. THF was distilled off
on a rotary evaporator, and diolsIV and V were
distilled in a vacuum. CompoundIV , bp 1423143oC
(2 mm Hg), colorless crystals, mp 83384oC (from
hexane). CompoundV, bp 1683169oC (2 mm Hg),
colorless crystals, mp 71372oC (from hexane).
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(3aS,15aS)-2-(tert-Butyl)-2-methyldecahydro-
[1, 3]dioxolo[4,5-l ][1,4,7,10]tetraoxacyclotetra-
decane (VI), (3aS,18aS)-2-(tert-butyl)-2-methyl-
dodecahydro[1,3]dioxolo[4,5-o][1,4,7,10,13]penta-
oxacycloheptadecane (VII), (3aS,21aS)-2-(tert-
butyl)-2-methyltetradeca-hydro[1,3]dioxolo[4,5-r]-
[1,4,7,10,13,16]hexaoxacycloeicosane (VIII),
(3aS,15aS)-2-phenyldecahydro[1,3]dioxolo[4,5-l]-
[1,4,7,10]tetraoxacyclotetradecane (IX), (3aS,18aS)-
2-phenyldecahydro[1,3]dioxolo[4,5-o][1,4,7,10,13]-
pentaoxacycloheptadecane (X), (3aS,21aS)-2-
phenyldecahydro[1,3]dioxolo[4,5-r][1,4,7,10,13,16]-
hezaoxacycloeicosane(XI), (3aS, 15aS,18aS,30aS)-
2,17-di(tert-butyl)-2,17-dimethyleicosahydrodi[1,3]-
dioxolo-4,5-l: 4,5-z][1,4,7,10,15,18,21,24]octaoxa-
cyclooctacosane(XII), (3aS,18aS,21aS,36aS)-2,20-
di(tert-butyl)-2,20-dimethyltetracosahydrodi[1,3]di-
oxolo[4,5-o:4,5-f`][1,4,7,10,13,18,21,24,27,30]deca-
oxacyclotetratriacontine (XIII), (3a S,21aS,24aS,-
42aS)-2,23-di(tert-butyl)2,23-dimethyloctacosa-
hydrodi[1,3]dioxolo[4,5-r:4,5-l1][1,4,7,10,13,16,21,-
24,27,30,33,36]dodecaozacyclotetracontine (XIV),
(3aS,15aS, 18aS,30aS)-2,17-diphenyleieicosahydro-
di[1,3]dioxolo[4,5-l:4,5-z][1,4,7,10,15,18,21,24]-
octaoxacyclooctacosane(XV), (3aS,18aS,21aS,36aS)-
2,20-diphenyltetracosahydrodi[1,3]dioxolo[4,5-o:
4,5-f `][1,4,7,10,13,18,21,24,27,30]decaoxacyclo-
tetratriacontine (XVI) and (3a S, 21aS,24aS,42aS)-
2,23-diphenylocta©°› ` hydrodi[1,3]dioxolo[4,5-r:
4,5-l `][1,4,7,10,13,16,21,24,27,30,33,36]dodeca-
oxacyclotetracontine (XVII). To a suspension of
sodium hydride(7.2 g, 0.3mmol) in anhydrous di-
oxane (400 ml) atstirring under argon atmosphere
was added dropwise a solution of diolIV (6.12 g,
0.03 mol) or V (6.3 g, 0.03mol) in anhydrous di-
oxane (50ml). The mixture was stirred at 50360oC
for 1 h, and then was added dropwise a solution of
ditosylate of tri-(16,03 g, 0,035 mol),tetra- (17.57 g,
0.035 mol), orpentaethylene glycol [18](19.11 g,
0.035mol) in anhydrous dioxane (500ml). The reac-
tion mixture was stirred for 16 h at 903100oC, cooled,
and poured into ice water (200ml). Reaction products
were extracted into chloroform (50100 ml). The
combined extracts were died on Na2SO4, the solvent
was evaporated on arotary evaporator, the residue
was subjected to column chromatography on neutral
alumina.

Estimation of crown ethersVI 3XVII enantio-
selectivity was performed by measuring the membrane
potential of a cell [Ag, AgCl/internal solution//
membrane//measured solution/Ag, AgCl] by the
method of biionic potentials in0.01 M solutions of

L- and D-valine methyl ester hydrochlorides. The
internal solution consisted of0.01M solution of
L,D-valine methyl ester hydrochloride, the membrane
was 1% solution of the appropriate ligand in chloro-
form. Themembrane was separated from the measured
solution with a cellophane film 20mm thick. EmF was
measured on digital pH-meter Radelkis OP-208/1 at
20+1oC. The slope of the calibration curves for all
compounds studied was 50+9 mV per decade in the
concentration range 103431031 mol l31. The values
KLD were calculated by equation (1)[17].

logKLD = (EL 3 ED)/S = DELD/S, (1)

where EL and ED are electrode potentials at equal
concentrations of L- and D-valine methyl ester hydro-
chlorides,S is the slope of the calibrationcurve.
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