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The synthesis of founew enantiopure crown ethers containing a diardphmic acid un
has been carried out. As a continuation of our wrtkis field, the endioselective transpc
ability of these ligands for chiral amines has rbestudied in an aqueous sot
phase/lipophilic organic bulk liquid membrane/aquececeiving phase system controllec
the pH of the media. By altering the structures tbé carriers we improvedhe
enantioselectivity of the transport.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The enantiomers of various primary amines haveeufit
biological activities, thus their enantiorecognitis of great
significancé. Primary amines are formed during the
degradation of amino acids or serve as neurotratesgii
Primary amines are also very important buildingchko of
biologically active moleculé$. To be able to understand
better the transport process of primary aminesutinothe
cell membrane, studying their transport throughuitig
membrane systems would be helpful. For a long time i
transport of biological active compounds (e.g ddagjvery,
amino acid purification etc.) supramolecular systenave
been sucesfully us&d Optically active crown ethers as
carrier molecules have been studied in the enasiéosve
transport of chiral amin&s”.

Among carrier molecules, ionophores operating by a
“switching mechanism’ form a very important grdtip
These ionophores may have a high ion-binding gtalitthe
source phase/lipophilic membrane interface andva itm
binding ability at the lipophilic membrane/receigiphase
interface  in an aqueous source phase/lipophilic
membrane/aqueous receiving phase bulk liquid memebra
system. The ion-binding ability of the carriers can

be reversible changed by light redox potentiaf,
temperaturé, or pH gradiert. If these factors are set
properly in the membrane system the ionophores can
perform active transport of iotfs

In the case of proton-ionizable crown ether caryidre pH
of the media and theKy value of the corresponding acid
determine the driving force of the transport. Thesewn
ethers are mostly ionized at higher pHs than th€inalues,
which phenomenon increases the stability of theonati
ionophore compleX™*:. Considering the active transport of
amines in the above mentioned membrane systenpkhe
value of the conjugated acid of the counter aniérthe
protonated amine should be higher than that otctréer at
the source phase/membrane interface, and the mgeiv
phase should be an aqueous solution of a stromigtttean
the proton-ionizable ionophore. In this case, thenglex
formation of the protonated amine with the anionttoé
carrier is favourable at the source phase/memtiraedace,
and at the membrane/receiving phase interface the
dissociation of the complex is favouréd®

For the successful operation of the transport, dbilic
carrier should be lipophilic enough to stay in tip®philic

1



membrane in both complexed and uncomplexed forms.

Keeping these requirements in mind, we insertedagively
acidic diarylphosphinic acid ufiftand two long alkyl chains
into the macroring of the crown etfiet’

Earlier we synthesized lipophilic crown ether§g-1,
(RR)-1, (S9-2 and RR)-2 (see Figure 1), and studied the
transport of metal ions and protonated chiral amioiethese
ligands. We also investigated the effect of thestitution of
the aromatic ring on the enantioselective transaloittty***

These enantio-pure macrocycles showed weak enantio-

selectivity for the examined amines.

It was found earlier that the position of the allgybups at
the chiral centers in the crown ethers can effea th
enantiomeric recognitiéh

L : oL J
CyoHay (6] 0" CyoHy, (6] O
0 K/O\)
(5,8)-1: R=H (S8.,5)-3: R=H
(R.R)-1: R=H (R,R)-3: R=H
(S.5)-2: R=rBu (S,5)-4: R=rBu
(R,R)-2: R=tBu (R,R)-4: R=1Bu

Figure 1. Reported and newly synthesized enantiopure
lipophilic proton-ionizable crown ethers.

Herein, we report the synthesis of new macrocycles twhic
contain the lipophilic alkyl chains closer to théargl-
phosphinic acid unit§9)-3, (RR)-3, (S9-4 and RR)-4 (see
Fig. 1). These macrocycles were utilized as camelecules

in the active enantioselective transport of proteda
phenylethylamine, phenylglycinol, phenylalaninol,nda
ephedrine controlled by the pH of the media.

2. Results and discussion
2.1. Synthesis

In order to obtain the new optically active crownesff; first
the chiral key intermediate ditosylatd®,R-11 and(S,3-11
were prepared. The racemic 1,2-epoxydodecand raas
opened enantioselectivelyoy a Jacobsen’s Hydrolytic
Kinetic Resolution proceduf®’ (see Sheme 1) to give
enantiopure epoxides. In the case of epoxie7(catalyst
(R,R-8 was used, as we reported eaffier

=N N=
of
‘Bu O 0 ‘Bu
Bu ‘Bu -
(R.R)-8 10H21
* *
(,)>"’“C|0H2| (558 (,)>_C|0H2| + HO/ <OH
rac-7 H,0, iPrOH (R-T 47% ($)-9
AcOH (S)-7  46% (R)-9

Scheme 1. Preparation of enantiopure epoxides

Analogously, the antipode of the cataly8t§-8 was used to
obtain epoxide §-7°. Epoxide R)-7 or (9-7 was reacted
with the sodium salt of diethylene glycol to get the
corresponding tetraethylene glycol derivativie,R-10 or
(S,9-10"°° which was tosylated to obtairR{R-11 or
(S,9-11 (see Sheme 2).

®R-7 N H21C12 CIOHZI
S)-7 e
( ethylene HO
lycol
gyco (RR)-10 56%
(5,9)-10  52%
HyCyo CioHa
TsCl * <
pyridine TsG / \ / \

RR-11  82%
(S.5-11  85%

Scheme 2. Preparation of enantiopure key intermediates

Macrocyclization was carried out by the reaction toé
reported ethyl phosphinate?® or 13" and ditosylates
(R,R-11 or (S,9-11 at 50°C in DMF using KCGO; as a base
(see Sheme 3). Applying these conditions the Wikiam
type ether formation takes place with total invemsiof
configuration. MacrocyclesS(S -14, (RR)-14, (S9-15, and
(RR)-15 were hydrolyzed by the reported metfipdising a
mixture of dioxane and aqueous HCI solution (seerehé).

T

C,OH21 % OEt O_s cmH21
(RR-11 KyCO;
(S.9)-11 Y
OH OFt OH K/O\)
12: R=H S.SF14:R=H  27%
13: R=Bu (RR)-14:R=H 28%

(S,5)-15: R=Bu  15%
(R,R»-15: R=rBu 19%

Scheme 3. Macrocyclization reaction

ot

|0H2| x. 0O OH O C|0H21
(S.5)-14: R=H dioxane
(RR)-14:R=H  _aqueous HCl _ o o
(8,8)-15: R=Bu 80°C

l_o S
(5.9)-3:R=H  52%
(RR)-3:R=H  58%
(8.5)-4: R=Bu  60%
(R.R)-4: R=Bu 54%

(R,R)-15: R=/Bu

Scheme 4. Hydrolysis of crown ethers containing an ethyl
diarylphosphinate unit.

2.2. Transport studies

Transport studies were carried out in a bulk ligueimbrane
cell reported earliéf (see Figure 2). The errors for the
transported amounts of amines were smaller than &%,
the errors for the ee values were smaller than Eeated
from three independent measurements). The souraseph
was 2mL of a 1 M aqueous solution of acetate sathef
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racemic mixture of the protonated amine. The memibra
was 12 mL of a 1 mM solution of ligan&$)-3 or (§9-4 in
CH,ClI,. The receiving phase was 6 mL of a 2% aqueous HCI
solution, unless otherwise indicated.

Ty
O o
H;N-R AcO
Source phase — | C\ r Source Phase
| Crown-P(0)OH || -AcOH Membrane
Receiving phase .
(’m\\n—[’l();()@ H;N-R
Membrane Membrane, HCI r -Crown-P(O)OH
Receiving Phase
@ ©
H;N-R Cf

Magnetic stirrer @

Figure 2. Bulk liquid membrane cell

The effect of the factors on the enantioselectimedport of
phenylethylamine and phenylglycinol was thoroughly
investigated earliéf, thus now these optimal conditions
were used. The transports were carried out at 18?Ghd
case of phenylethylamine the time of the transpas 4 h.

In other cases this value was 24 h, because thgpes of
those amines were much slower. The results of #mesprorts

of chiral amines are shown in Table 1. For comparisbe
previous results using macrocycleS,§-1 and §,3-2 are
indicated in parenthesés

The transport of phenylethylamine was much faster by
macrocycle §,3-2 than §,3-1, but the enantioselectivity
was lower in the former case. Compared to this, cretlars
(S,9-3 and §,3-4 transported phenylethylamine as fast as
(S,9-1, but with no enantioselectivity. The highest
enantioselectivity was obtained for the transport of
phenylglycinol.  Marcocycle §,3-3 showed bigger
enantiomeric discrimination thar§,§-1, but crown ethers
(S,9-4 and 6,9-2 had almost the same enantioselectivity
values. The enantioselectivities for the transports of
phenylalaninol and ephedrine b,8§-3 and 6,3-4 are
fairly low.

In the cases of macrocycles with &S-configuration were
used as a carrierRf-phenylglycinol and R)-phenylalaninol
were enriched in the receiving phase. As it can Ipeeted,
the © enantiomers of the amines were in excess in the
receiving phase when crown ethers with an
(R,R)-configuration were used. This means a preference f
heterochiral complex formation, contrary to theecas$ the
earlier synthesized crown ethe&$-1 and 6,3-2*.

Table 1. Transports of different chiral amines for 4h oh24

In the case of macrocycl&§)-3 (1S2R)-(+)-ephedrine was
enriched in the receiving phase and f§/S(-4 we did not
experienced any enantioselectivity. Considering s¢he
results, we can conclude, that the outcome of thesport
depends very much on the structure of the ligandl the
transported amine as well.

Time dependence of the transports for phenylglycard
phenyalaninol has also been examined usB§)-3 as a
carrier (see Table 2, Diagram 1, Table 3). Kinet€she
transports confirm that these transport processesk w
against concentration gradient with decreasing parts
speed, the same behavior, which we reported eanli¢he
case of phenyletylamine usingS$-1 as a carriér.
Unexpectedly, increasing the time of the transpedttb an
increase in the enantiomeric excess until 50 hrarisport
time. Somewhere between 120 h and 172 h transpagstim
the enantiomeric excess started to decrease. Tidydhis
unexpected result we ran an experiment with racemic
protonated phenylglycinol acetate in the sourcesehand
without carrier §9-3 in the membrane phase, otherwise in
same circumstances. We observed that some racemic
protonated phenylglycinol appeared in the receiyhgse,
but this leakage was slowlier than the transport e t
preferred enantiomer by the carrier. Because thkalge of
the racemic mixture and later on the mixture emitin the
less preferred enantiomer of the protonated ph&myiwl
acetate, and the enantioselective transport byahneer are
counterproductive processes, we assume that theseacise
this unexpected result.

Table 2. Transport of phenylglycinol usingS§)-3 as a
carrier.

Time (h) Amount (%) ee (%)

4 5 15

16 15 18
24 21 20
50 32 25
74 40 26
120 56 25
172 68 19
232 72 10

Amine Ligand Amount ee
(*AcOH) (%) (%)
Phenylethyl- (S9-3[(S9-1] 13[14] 0[13]
amine (4 h) (59-4[(59-2] 15[31]  0[4]
Phenylglycinol (S9-3[(S9-1] 22[24]  20[12]
(24 h) (S9-4[(59-2]  19[24] 18[17]
Phenylalaninol (S,9-3 21 8

(24 h) (S9-4 22 4
Ephedrine (89-3 29 2

(24 h) (S9-4 38 0

Diagram 1. Time dependence diagram for transport of
phenylglycinol using$9-3 as a carrier.

80
— @ — Transported _ -®
70 amount _ -
60 . . -~
Enantiomeric _ @
. 50 excess _ <
S 40 4
30 L
20 | o8
»
10
¢
0
0 50 100 150 200
Time (hour)

In the case of phenylalaninol the enantiomeric sxosas
8% and did not change during the time of the expeni.
Changing the membrane (1,2-dichlorobenzene), tesiyrer
(14°C), and source phase concentration (0.5 M) ruid
increase the enantiomeric excess.



Table 3. Transport of phenylalaninol using59-3 as a
carrier.

Time (h) Amount (%)
4 9
16 16
24 22
50 34
74 42

3. Conclusion

In conclusion, new enantiopure lipophilic protoniiable
crown ethers $9-3, (RR)-3, (§9-4, and (RR)-4 were
synthesized. These molecules are suitable carf@rshe
active transport of protonated phenylethylaminegrpit
glycinol, phenylalaninol, and ephedrine controlldthe pH
of the media. According to our results, chiral esiform
heterochiral complexes more favourable than hommathi
ones. We should emphasize that in the case of these
carriers the degree of enantioselectivity was modast
depends very much on the structure of the ligandl the
transported amine as well. In the transport of plgysinol
we could enhance the enantiomeric discriminatiortheke
type of crown ethers by modification of the struetufhus
we hope that in the future by further modification the
structure of the carriers the enantioselectivity cantinue to
improve.

4. Experimental Section
4.1. General

All starting materials were purchased from Sigma—Atari
Corporation unless otherwise noted. Compoung-7(
(9-7, 12 and 13 were prepared as reporfe?“®°t All
reactions were monitored by TLC and visualized by UV
lamp (254 nm). Silica gel 60.4& (Merck) plates were used
for TLC. Silica gel 60 (70-230 mesh, Merck) was ufad
column chromatography. Ratios of solvents for theemts
are given in volumes (mL/mL). Solvents were dried an
purified according to well established methBds
Evaporations were carried out under reduced pressure
Melting points were taken on a Boetius micro-meltpaint
apparatus and are uncorrected. Optical rotations teden

on a Perkin—Elmer 241 polarimeter that was calilordig
measuring the optical rotations of both enantiomefs
menthol. Infrared spectra were recorded on a Bridkeha-

T FT-IR spectrometer'H (500 MHz) and*C (125 MHz)
NMR spectra were obtained on a Bruker DRX-500 Avance
spectrometer’H (300 MHz) and**C (75.5 MHz) NMR
spectra were taken on a Bruker 300 Avance spectrouete

it is indicated in each individual cas&P (121.5 MHz,
reference: KBPO;) NMR spectra were recorded on a Brucker
300 Avance spectrometer. Mass spectra were recorded o
Agilent 1200 Series coupled Agilent 6130 Series Quamleu
LC-MS instrument in electrospray ionization (ESlpae.
HRMS analyses were performed on a Thermo Velos Pro
Orbitrap Elite (Thermo Fisher Scientific, Bremen, @any)
system. The ionization method was ESI| and operated i
positive ion mode. The protonated molecular ionkpasere
fragmented by CID at a normalized collision ener§@s%.
The samples were solved in methanol. Data acquisitich
analysis were accomplished with Xcalibur software wersi

2.2 (Thermo Fisher Scientific). Enantiomeric exess®f
phenylethylamine and phenylglycinol were determioedan
Agilent 1100 liquid chromatography system equippetth ai
vacuum degasser, a quaternary pump, a thermostated
autosampler, a column temperature controller arglode
array detector, (Agilent Technologies, Palo Alto, @fSA).
ChemStation B.04.03 was used for data acquisitiod an
analysis. Chiral chromatographic analysis of phenyl
ethylamine and phenylglycinol was performed on a
CROWNPAK CR(-) column (150 x 4.0 mm, 5 um) (Daicel
Corp, France). Isocratic elution was applied. In ¢thse of
phenylethylamine, measurements were carried oub &C2
with a mobile phase flow rate of 0.9 mL/min, usingiegus
perchloric acid (pH=1.5) as eluent. Retention tim#3:3
minutes for R)-enantiomer and 17.2 minutes for
(9-enantiomer. In the case of phenylglycinol the
measurements were carried out at 20 °C, with a mpb#ese
flow rate of 0.6 mL/min, using aqueous perchloriddac
(pH=2.0) as eluent. Retention times: 7.9 minutes for
(R)-enantiomer and 9.3 minutes fd®+{enantiomer. Chiral
separation of the ephedrine and phenylalaninol t@raers
were carried out on a PerkinElmer Series 200 liquid
chromatography system equipped with a vacuum degasse
binary pump, an autosampler, a column temperature
controller and a UV/VIS detector, (PerkinElmer, Inc,
Shelton, CT, USA). TotalChrom Workstation v. 6.3.1 was
used for data acquisition and analysis. Chromafgca
analysis was performed on a Lux® Amylose-2 column
(250 x 4.6 mm, pm) (Phenomenex Inc., USA). Isocratic
elution was applied. In case of ephedrine, measur=me
were carried out at 20 °C, with a mobile phase flote &t

0.8 mL/min, using a 90:10 mixture of hexane andeth as
eluent. Retention times: 7.4 minutes fdR,§-enantiomer
and 8.6 minutes for §R-enantiomer. In case of
phenylalaninol, measurements were carried out afQ@0
with a mobile phase flow rate of 0.8 mL/min, usin§s15
mixture of hexane and ethanol as eluent. Retetitioes: 8.7
minutes for §-enantiomer and 10.1 minutes foR){
enantiomer.

4.2, Synthesis

4.2.1. (1S,115)-1,11-Didecyl-3,6,9-trioxaundecane-1,11-
dial (S,9)-10

(9-Epoxydodecane §-7) was prepared from racemic 1,2-
epoxydodecane by the procedure of JacamfisBiethylene
glycol (2.19 g, 207 mmol) was placed in a three rddiask
fitted with a stirrer, dropping funnel, and a dryetome
condenser. After a catalytic amount of sodium (7Q mas
added and dissolved, the stirred mixture was heated
100 °C. §-Epoxydodecane §-7) (8.00g, 43,4 mol) was
added in half an hour. The reaction mixture wagestirat
100 °C for one day, then it was allowed to cool doan t
room temperature, and saturated aqueous sodiumbbicate
solution (20 mL) was added. Diethyl ether (50 mL) was
added to the cooled mixture, and the solution wakesn
with 75 mL of brine. The brine layer was extractedhwit
100 ml of ether two times. The combined organic phaas
dried over anhydrous magnesium sulfate, filteredd a
evaporated to obtain a yellow oil. This crude pridwas
purified by chromatography on silica gel using aoet
hexane mixtures (polarity raised from 1:10 to Jad)eluents
to obtain the product as a colorless oil. It wasstaljised
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from hexane, to obtainS©)-10 (5.36g, 52%) as a white
powder. R (acetone-hexane 1:4) 0.2%]4*°=-11.5 ¢ 1.05,
CH,Cl,); mp. 55-57 °Cyvnax (Neat) 3424, 2955, 2922, 2850,
1465, 1378, 1345, 1311, 1162, 1149, 1125, 10903,106
1049, 998, 982, 958, 908, 885, 842, 728, 720, 622,cm™;

8y (125 MHz CDC3) 0.86 (6H, tJ = 7 Hz, CH); 1.23-1.46
(m, 36H, CH); 3.26-3.30 (m, 2H, OC}); 3.50-3.54 (m, 2H,
OCH,); 3.60-3.68 (m, 10H, OCH OH); 3.73-3.78 (2H, br
m, OCH).8¢ (125 MHz, CDCY) 14.11 (CH); 22.68; 25.63;
29.34; 29.59; 29.64; 29.74; 31.92; 32.88 ({;H0.08; 70.35;
70.44; 76.23 (OCH, OCHl HRMS: MH' found 475.43562;
C,gHsOs requires: 475.42842.

4.2.2. (1R,11R)-1,11-Didecyl-3,6,9-trioxaundecane-1,11-

diol (R,R)-10

Diol (RR)-10 was prepared in the same way as described
above for §9)-10 starting from R)-epoxydedodecandr)-7
(11.0 g, 59.72 mmol). Yield: 7.93 g (56 %)]4*°=+12.1 €
1.08, CHCI,). Other physical and spectroscopic data of
(R,R)-10 concurred with those of dio§S)-10.

4.2.3. (1S,115)-1,11-Didecyl-3,6,9-trioxaundecane-1,11-
diyl-bis(4-methylbenzenesulfonate) (S,S)-11

Tosyl chloride (3.41 g, 17.89 mmol) and pyridiné (tl)
was placed under Ar in a three necked flask fittech vait
stirring bar and dropping funnel. The mixture wasled to

0 °C, and §9-10 (2.50 g, 5.27 mmol) dissolved in pyridine
(30mL) was added dropwise. After addition, the mixtwees
allowed to warm up to room temperature. The mixture wa
stirred for two days, and then the pyridine was resdov.0

% Agqueous HCI solution (15 mL) and dichloromethane
(30 mL) were added to the residue. The resultingsgha
were shaken thoroughly, and then they were separaked.
aqueous phase was shaken with 20 mL portions of
dichloromethane three times. The combined orgahizse
was dried over anhydrous Mggdiltered and the solvent
was removed. The crude product was purified by column
chromatography on silica gel using first dichlordhame-
methanol (200:1) and then ethyl acetate-hexane) (8sl
eluents to get§9-11 (3.39 g, 82 %) as a colourless oil. R
(ethyl acetate-hexane 1:4) 0.14p]f*=+5.3 ¢ 1.00,
CH.Cl,); vmax (neat) 2922, 2853, 1598, 1496, 1458, 1401,
1359, 1306, 1291, 1188, 1175, 1119, 1097, 1019, 808,
778, 664, 576, 553, 458 cndy, (125 MHz CDC3) 0.90 (t,
J=7 Hz, 6H, CH); 1.13-1.33 (m, 32H, C}h}; 1.60-1.65 (m,
4H, CH); 2.46 (s, CH); 3.49-3.61 (m, 12H, OCHt
4.60-4.65 (m, 2H, OCH); 7.34 (d,= 8 Hz, 4H, ArH); 7.82
(d,J = 8.4 Hz, 4H, ArH)3¢ (125 MHz, CDC}) 14.16 (CH);
21.66; 22.72; 24.78; 29.28; 29.36; 29.43; 29.53;629
31.47; 31.97 (Ck); 70.47; 70.85; 72.17; 81.99 (OCH,
OCH,); 127.89; 129.63; 134.46; 144.44 (ArC). HRMS: MH
found 783.45407; £H;,0S, requires: 782.44613.

4.24. (1R,11R)-1,11-Didecyl-3,6,9-trioxaundecane-1,11-
diyl-bis(4-methylbenzenesulfonate) (R,R)-11

Ditosylate RR)-11 was prepared in the same way as
described above forS(§)-11 starting from diol l@,R)-lO
(3.20 g, 6.75 mmol). Yield: 7.93 g (85 %u]p>°=-5.6

(c 1.05, CHCI,). Other physical and spectroscopic data of
ditosylate R,R)-11 concurred with those 05()-11.

4.2.5. (6S,169)-6,16-didecyl-22-ethoxy-6,7,9,10,12,13,
15,16-octah9/dro-22H-dibenzo[n,q][1,4,7,10,13,16]
pentaoxa-A’-phosphacyclooctadecin-22-one (S,5)-14

Ethyl bis(2-hydroxyphenyl)phosphinate12j® (0.59 g,
2.11 mmol), dodecyl-substituted tetraethylene dlyco
ditosylate RR)-11 (1.50 g, 1.91 mmol) and finely powdered
anhydrous KCO; (5 g, 36 mmol) were mixed with vigorous
stirring in dry DMF (50 mL) under Ar. The temperatwg
the vigorously stirred reaction mixture was raiseb0 °C
and kept at this temperature until TLC analysiswa the
total consumption of the starting materials (15 jayrhe
solvent was removed at 40 °C, then the residue was
dissolved in water (150 mL) and dichloromethane it@9.
The aqueous phase was shaken with 80 mL dichlorometha
three times. The combined organic phase was dnea o
anhydrous MgSQ filtered and the solvent was removed.
The crude product was purified by coulumn cromatplgya
on silica gel using ethyl acetate—hexane mixtupsatity
raised from 1:4 to 1:1) as eluents to gi®5)-14 (0.37 g, 27
%) as a colourless oil; {R(CH,Cl-MeOH 15:1) 0.88;
[0]p??=-39.1 € 0.74, CHCL,); vmax (n€at) 3065, 2922, 2853,
1590, 1577, 1473, 1444, 1367, 1278, 1243, 12202114
1088, 1040, 948, 754, 709, 566, 552, 514 'créy, (125
MHz, CDCkL) 0.80 (t,J=6 Hz, 6H, CH); 1.17-1.29 (m, 35H,
CH, CH,); 1.35-1.42 (m, 4H, Ch; 2.52-2.58 (m, 1H,
OCH,); 2.82-2.99 (m, 5H, OCj}; 3.22-3.25 (m, 6H, OCH,
OCH,); 3.78-4.16 (m, 2H, OC})\; 4.30-4.33 (m, 2H, OC}};
6.84-6.98 (m, 4H, ArH); 7.26-7.37 (m, 2H, ArH); 7.77-8.14
(m, 2H, ArH).5¢ (125 MHz, CDCJ) 14,32 (dJ=1 Hz, CH);
16.50 (d,J=7 Hz, CH); 22.65; 25.15; 25.21; 29.29; 29.31;
29.45; 29.53; 29.58; 29.62; 29.66; 31.87; 31.39032CH);
59.84 (d,J=5 Hz, OCH); 70.77; 70.89; 70.93; 71.34; 72.84;
73.43 (OCH); 75.60; 76.68 (OCH); 111.71 (di=8 Hz,
ArC); 112.29 (d,J=8 Hz, ArC); 119.41 (dJ=4 Hz, ArC);
119.57 (d,J=5 Hz, ArC); 120.58 (dJ=84 Hz, ArC); 122.46
(d, J=99 Hz, ArC); 132.67 (dJ=2 Hz, ArC), 133.15 (dJ=2
Hz, ArC); 133.37 (d,J=4 Hz, ArC); 136.61 (dJ=7 Hz,
ArC), 159.40 (dJ=4 Hz, ArC); 160.39 (dJ=5 Hz, ArC).5p
(121.5 MHz, CDC) 25.46. HRMS: MH 717.48525;
C42HggO;P requires: 717.47809.

4.2.6. (6R,16R)-6,16-didecyl-22-ethoxy-6,7,9,10,12,13,
15,16-octah9/dro-22H-dibenzo[n,q][1,4,7,10,13,16]
pentaoxa-A’-phosphacyclooctadecin-22-one (R,R)-14

Crown ether RR)-14 was prepared in the same way as
described above fo5)-14 starting from ditosylateSS)-11
(1.50 g, 1.91 mmol). Yield: 0.38 g (28 %] *=+38.5

(c 0.77, CHCI,). Other physical and spectroscopic data of
(R,R)-14 concurred with those of crown eth&3)-14.

4.2.7. (6S,16S)-2,20-Di-tert-butyl-6,16-didecyl-22-ethoxy-
6,7,9,10,12,13,15,16-octahydr 0-22H-dibenzo
[n,q][1,4,7,10,13,16] pentaoxa-A>-phosphacyclo-octadecin-
22-one (S,9)-15

Crown ether $9-15 was prepared in the same way as
described above foiS[§)-14 starting from ditosylateR)R)-
11 (1.50 g, 1.91 mmol) andethyl bis(5tert-butyl-2-
hydroxyphenyl)-phosphinate13)** (0.83 g, 2.11 mmol).
Yield: 0.24 g (15 %). The product is a colourlesbk By
(CH,Cl,-MeOH 15:1) 0.81; ¢]p**=+22.7 ¢ 1.02, CHCL,);
Vimax (N€at) 2953, 3032, 2922, 2854, 1599, 1487, 148841
1362, 1294, 1264, 1220, 1164, 1126, 1086, 1041, 948,
813, 669, 545, 503 ch &, (125 MHz, CDCJ) 0.86-0.90
(m, 6H, CH); 1.21-1.52 (m, 63H, CHCHj); 2.44-2.49 (m,
1H, OCHy); 2.87-2.88 (m, 2H, OC}} 2.93-2.96 (m, 1H,
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OCH,); 3.00-3.06 (m, 2H, OC}; 3.26-3.52 (m, 6H, OCH,
OCH,); 3.89-3.96 (m, 1H, OC})\; 4.20-4.27 (m, 1H, OC});
4.32-4.38 (m, 2H, OC}); 6.85-6.89 (m, 2H, ArH); 7.36-7.44
(m, 2H, ArH); 7.88-7.92 (m, 1H, ArH); 8.14-8.17 (m, 1H,
ArH). 8¢ (125 MHz, CDCY) 14.11 (d,J=2 Hz, CH); 16.55
(d, J=7 Hz, CH); 22.67; 25.26; 25.37; 29.31; 29.33; 29.49;
29.59; 29.65; 29.70; 31.59; 31.69; 31.89; 32.033BZCH,
CHy); 34.18; 34.29 (C(Ch)s); 59.80 (d,J=5 Hz, OCH);
70.63; 70.76; 70.81; 71.47; 72.52; 73.58 (QLH5.46;
76.68 (OCH); 111.18 (d]=8 Hz, ArC); 111.82 (dJ=9 Hz,
ArC); 120.32 (d,J=119 Hz, ArC); 121.44 (dJ=133 Hz,
ArC); 129.66 (d,J=3 Hz, ArC); 129.71 (dJ=4 Hz, ArC);
130.03 (d,J=1 Hz, ArC); 132.63 (dJ=7 Hz, ArC); 141.78
(d, J=11 Hz, ArC); 142.19 (dJ=12 Hz, ArC), 157.14 (d,
J=4 Hz, ArC); 158.19 (dJ=5 Hz, ArC).3dp (121.5 MHz,
CDCl;) 26.28. HRMS: MH found 829.61015; &GHgO-P
requires: 829.60329.

4.2.8. (6R,16R)-2,20-Di-tert-butyl-6,16-didecyl-22-
ethoxy-6,7,9,10,12,13,15,16-octahydr 0-22H-dibenzo
[n,g][1.4,7,10,13,16] pentaoxa-A°-phosphacyclo-octadecin-
22-one (R,R)-15

Crown ether RR)-15 was prepared in the same way as
described above fo§S)-14 starting from ditosylate§S)-11
(.50 g, 191 mmol) and ethyl bistért-butyl-2-
hydroxyphenyl)-phosphinate13)* (0.83 g, 2.11 mmol).
Yield: 0.30 g (19 %). d]o**=-24.0 € 0.83, CHCI,). Other
physical and spectro-scopic data BfR)-15 concurred with
those of crown ethe5(9)-15.

4.2.9. (6R,16R)-6,16-didecyl-22-hydroxy-6,7,9,10,12,13,
15,16-octahydro-22H-dibenzo[n,q][1,4,7,10,13,16]
pentaoxa-A’-phosphacyclooctadecin-22-one (S,5)-3

To a solution of ethyl phosphinateS®-14) (0.34 g,
0.47 mmol) in dioxane (10 mL) was added 10 % aqueous
HCI solution (10 mL) at room temperature. The terapge

of the vigorously stirred reaction mixture was rdise 80°C

and kept at this temperature until TLC analysiswgb the
total consumption of the starting material (17 dJayghe
solvent was removed at 40 °C. The residue was disgdadiv

a mixture of water (20 mL) and dichloromethane (15).m
The phases were shaken well and separated. The agueou
phase was shaken with dichloromethane (10 mL) twostime
The combined organic phase was dried over anhydrous
MgSQ,, filtered and the solvent was removed. The residue
was purified by PLC using methanol-dichloromethahi2)

as an eluent to giveSQ)-3 (0.17 g, 52%) as a pale brown
oil.; Ry (CH,Cl,-MeOH 15:1) 0.30; {]p*'=-36.4 € 0.74,
MeOH); v (neat) 3064, 2921, 2852, 1664, 1587, 1574,
1469, 1440, 1378, 1269, 1234, 1134, 1095, 1029, 842,
753, 703, 563, 522 cth 5, (125 MHz, CQOD) 0.92 (t,J=6

Hz, 6H, CH); 1.21-1.37 (m, 32H, CHCH.); 1.41-1.53 (m,
4H, CH,); 3.23-3.64 (m, 12H, OCH, OCGH 4.40-4.52 (m,
2H, OCHp); 6.92-7.06 (m, 4H, ArH); 7.35-7.40 (m, 2H,
ArH); 7.80-7.93 (m, 2H, ArH).5c (75.5 MHz, CROD,
318K) 13,05 (CH); 22.31 (CH); 25.03; 29.04; 29.20; 29.34;
31.15; 31.67 (Ch); 70.12; 70.19; 72.26; (OGH 76.29
(OCH); 112.71; 119.70; 131.20; 133.96; 159.14_(Ar&).
(121.5 MHz, CROD) 15.61 (br). HRMS: MH found
689.45385; GyHe:O/P requires: 689.44679.

4.2.10. (6S,165)-6,16-didecyl-22- hydroxy-6,7,9,10,12,
13,15,16-octahydro-22H-dibenzo[n,q][1,4,7,10,13,16]
pentaoxa- A>-phosphacyclooctadecin-22-one (R,R)-3
Proton-ionizable crown etheRR)-3 was prepared in the
same way as described above B6)-3 starting from ethyl
phosphinateR R)-14 (0.22 g, 0.30 mmol). Yield: 0.12 g (28
%). [0]p**=+37.5 € 0.77, MeOH). Other physical and
spectroscopic data oR(R)-3 concurred with those of proton-
ionizable crown ethel§S)-3.

4.2.11. (6R,16R)-2,20-Di-tert-butyl-6,16-didecyl-22-
hydroxy-6,7,9,10,12,13,15,16-octahydr o-22H-dibenzo
[n,g][1.4,7,10,13,16] pentaoxa- A>-phosphacyclo-
octadecin-22-one (S,S)-4

Proton-ionizable crown etheliS§)-4 was prepared in the
same way as described above f86)-3 starting from ethyl
phosphinate 9-15 (0.29 g, 0.35 mmol). Yield: 0.17 g
(60 %). The product is a pale yellow oil; €H,Cl,-MeOH
15:1) 0.36; §]p*=+17.5 € 1.05, CHCL,); vmax (neat) 3030,
2952, 2922, 2853, 1597, 1574, 1484, 1466, 13930,136
1291, 1261, 1241, 1191, 1146, 1124, 1091, 1034, 841,
810, 721, 669, 580, 547, 506 ¢m, (125 MHz, CDC))
0.92 (t,J=7 Hz 6H, CH); 1.22-1.56 (m, 60H, CHCH,);
3.33-3.74 (m, 12H, OCH, OGM 4.45-4.55 (m, 2H, OC}};
6.96-7.03 (m, 2H, ArH); 7.47-7.49 (m, 2H, ArH); 7.85-7.95
(m, 2H, ArH). 3¢ (125 MHz, CROD, 318K) 13.03 (CH);
22.30; 25.13; 29.01; 29.14; 29.31; 29.35; 30.69681CH,
CHjy); 33.75 (C(CH)3); 69.65; 69.88; 72.10; (OGH 76.62
(OCH); 112.56; 128.14; 130.58; 142.57; 157.74 (ArC).
dp (121.5 MHz, CDGCJ) 21.39 (br). HRMS: MH found
801.57904; GgHg;,0,P requires: 801.57199.

4.2.12. (6S,165)-2,20-Di-tert-butyl-6,16-didecyl-22-
hydroxy-6,7,9,10,12,13,15,16-octahydr o-22H-dibenzo
[n,g][1.4,7,10,13,16] pentaoxa-A°-phosphacyclo-octadecin-
22-one (R,R)-4

Proton-ionizable crown etheRR)-4 was prepared in the
same way as described above f86)-3 starting from ethyl
phosphinate R R)-15 (0.24 g, 0.29 mmol). Yield: 0.13 g
(54 %). p]p**=-15.6 € 1.01, CHCIl,). Other physical and
spectroscopic data oR(R)-4 concurred with those of proton-
ionizable crown ethel§S)-4.
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