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Abstract

The synthesis of the (R,R) and (S,5) enantiomers of a new enantiopure monophospha-18-crown-6 ether (1), which contains an
anthracene fluorophore unit and methyl groups at its stereogenic centers, was accomplished. The structure of one enantiomer
((5,5)-1) was studied using one-dimensional ("H, "*C{'"H}, and *'"P{'H}) and two-dimensional NMR spectra. Because (R,R)-1 and (S,5)-1
can act as new fluorescent chemosensors, we examined their enantiomeric differentiation abilities toward the enantiomers of

protonated chiral primary amines and amino acid esters (PEA, 1-NEA, PGME, PAME) using UV-Vis and fluorescence spectroscopies.

These monophospha-crown ethers showed moderate enantiomeric discrimination abilities.

Keywords

crown ethers, fluorescence spectroscopy, sensor molecules, enantiomeric recognition

1 Introduction

Molecular recognition is a general phenomenon in
Nature. There are many examples of its action, such as
the enzyme-substrate interaction or the immunological
response. These interactions are governed by non-covalent
intermolecular forces between the host and the guest mol-
ecules [1-4]. Enantiomeric recognition is a special case of
molecular recognition. Examples of its action include the
metabolism of amino acids and sugars in biosynthetic path-
ways. The determination of enantiomeric compositions of
biologically active chiral compounds has great importance,
because the enantiomers may have very different physio-
logical properties. Thus, chiral ‘hosts’ that can differenti-
ate between enantiomeric guest molecules via some form
of molecular recognition are always sought for, since they
play an essential role in the analytical methods developed
for the identification of enantiomers and the determination
of enantiomeric ratios in non-racemic compositions. In
particular, fluorescent chemosensors that contain a chiral

unit and can selectively recognize enantiomers are highly
useful in that regard, because they allow for the applica-
tion of fluorescence spectroscopy, which is an excellent
tool owing to its sensitivity, selectivity, versatility and rela-
tively simple handing [5]. Because of this, the development
of chiral fluorescent sensor molecules has gained much
research interest. Among others, optically active crown
ethers containing various fluorophore units were synthe-
sized and their enantiomeric recognition abilities toward
different chiral organic ammonium salts were examined
[6]. Earlier we reported the preparation and evaluation of
enantiopure crown ethers containing a pyridine or an acri-
dine moiety or BODIPY linked azacrown ethers [7-12].
We and also other research groups prepared enantio-
pure crown ethers containing a P atom, but, to our best
knowledge, there is none reported in which a fluores-
cent unit is attached directly to the phosphorus [13]. We
wanted to observe how the phosphorus atom influence the
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photophysical properties and the enantiomeric recognition
of this kind of sensor molecule.

In this paper we report the preparation of the (R,R) and
(S,S) enantiomers of a new monophospha-18-crown-6
ether (1) containing an anthracene fluorophore unit, and
having methyl groups at its stereogenic centers. [ Note that
the (R,S) and (S,R) forms involve diastereomeric as well
as homomeric relationships if one considers the config-
uration of the P atom]. Also, we discuss our study into
the complexation ability of (R,R)-1 and (S,5)-1 toward the
hydrogen perchlorate salts of the enantiomers of 1-pheny-
lethylamine (PEA), 1-(1-naphthyl)-ethylamine (I-NEA),
phenylglycine methyl ester (PGME) and phenylalanine
methyl ester (PAME) (Fig. 1) by UV/Vis and fluorescence
spectroscopies. Our aim was to observe how this new
structure of these host molecules influences the enantio-
meric recognition toward the selected guest molecules.

2 Results and discussion

2.1 Synthesis

In order to obtain the (R,R) and (S,S) enantiomers of the
new monophospha-18-crown-6 ether 1, first the key inter-
mediate ditosylates (R,R)-2 and (S,S)-2 (Scheme 1) were
synthesized. The reported ditosylate (S,S)-2 [14] was pre-
pared from ethyl (S)-lactate in a five-step synthesis [15, 16].
Its unreported enantiomer (R,R)-2 was synthesized from
racemic propylene oxide, which was first hydrolyzed
enantioselectively by Jacobsen’s hydrolytic kinetic reso-
lution procedure [17, 18] to give, besides the appropriate
glycol, enantiopure (R)-propylene-oxide (R)-3. Epoxide
(R)-3 was then allowed to react with the sodium salt of
diethylene glycol to produce the corresponding tetracth-
ylene glycol derivative (R,R)-4 [15], which was tosylated
to obtain (R,R)-2 [16]. Using pyridine as a base and solvent
in the tosylation reaction, a higher yield was achieved than
that reported for its enantiomer earlier applying KOH as a
base [14] (Scheme 1).

Macrocyclization was carried out as described in the
literature for similar compounds [16] by the reaction of
the reported ethyl phosphinate 5 [19] and the ditosylates
(R,R)-2 and (S,5)-2 at 50 °C in DMF using K,CO, as a
base to obtain (S,5)-6 and (R,R)-6 (Scheme 2). By apply-
ing these conditions the Williamson type ether formation
takes place with total inversion of configuration.

Several procedures were tested in order to obtain the
macrocycles containing an anthracene fluorophore unit
((R,R)-1 and (S,5)-1). Using phosphinic acid chloride
(S,5)-7, the coupling was unsuccessful with Grignard

« NH;'ClO, « NH;"ClO,

MeOOC_; NH;'ClO,  MeOOC. x NH;"ClO;

PGME T\© PAME

Fig. 1 Schematics of the enantiomers of monophospha-18-crown-6 ethers
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reaction (A) (Scheme 3). The desired product did not form
although phenylmagnesium bromide was successfully
coupled with acid chloride (R,R)-7 by this method [20].
Neither was the expected product obtained by the reaction
with the lithium derivative of anthracene (B).

The preparation of the sensor molecules (R,R)-1 and
(S,9)-1 was successful from phosphine oxides (R,R)-8
and (S,5)-8 (Scheme 4). First, ethyl phosphinate (S,5)-6
was reduced to phosphine oxide (S,S)-8 using sodium
bis(2-methoxyethoxy)aluminum hydride (Red-Al®) in tol-
uene (C) (Scheme 4) [21-23]. A higher yield was achieved
for this transformation by using lithium aluminum hydride
in diethyl ether (D) [24], and because of this the reduction
was also carried out by starting from (R,R)-6 (Scheme 4).
Using lithium aluminum hydride as a reducing agent the
appropriate phosphine derivatives were obtained in the
reactions directly (*'P-NMR: -73.97 ppm), which were
oxidized by the air quantitatively to the phosphine oxides
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Scheme 4 Reduction of macrocycles containing an ethyl phosphinate unit

(R,R)-8 or (S,S)-8 ('P-NMR: 9.12 ppm) during the work
up and purification.

Phosphine oxide derivatives (R,R)-8 and (S,5)-8 were
converted to macrocycles (R,R)-1 and (S,S)-1 containing
an anthracene fluorophore unit using anthracene boronic
acid (E) or by the Hirao reaction (F). Different reaction
conditions were tested in both reactions, in Scheme 5 the
optimized conditions are shown. The yields were fairly
low in the coupling reactions, which may be due to the
steric hindrance.

2.2 Structure elucidation and characterization of
(5,5)-1 by NMR spectroscopy
Because of the complexity of the end product, and because
our aim was to achieve full confidence in its structure,
the constitution of (S,5)-1 was confirmed using one-di-
mensional (‘H, BC{'H}, and *P{'H}) and a number of
two-dimensional NMR spectra. The latter consisted of
homonuclear (‘H-'H) correlation spectroscopy (COSY;
proton-proton scalar coupling through chemical bonds)
and nuclear Overhauser effect spectroscopy (NOESY;
proton-proton proximities in space), and heteronuclear
(*H-C) single quantum coherence (HSQC; one-bond pro-
ton-carbon correlations) and multiple bond connectivity
(HMBC; two or three-bond, occasionally four-bond pro-
ton-carbon correlations) measurements.

The 'H and C NMR spectra of (S,5)-1 exhibited crowded
domains of resonances, making the structure elucidation
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Scheme 5 Phosphorus-carbon coupling with boronic acid reagent or by
the Hirao reaction

and spectral assignment a non-trivial process. Note in that
regard that due to the phosphorus atom being a prochiral
center, there is a diastereotopic relationship between the
two “halves” [the corresponding groups are numbered as
(al—a6, bl-b5) and (a7-al2, b6-bl0)] of the crown ether,
as a result of which every atom has a different chemical
shift. However the 'H and "*C signals of all OCH and OCH,
groups were found in a relatively narrow range of chemi-
cal shifts (8 peaks between 69 and 74 ppm in the *C NMR
spectrum). Because the hindered rotation of the anthracene
moiety is slow on the chemical shift timescale under the
current experimental conditions, the signals of all aromatic
proton and carbon atoms in the two benzene rings al4—al9
and a21-26 had different chemical shifts. As a result, 20
carbon resonances were found between 123 and 137 ppm,
the majority of them being a doublet due to spin-spin cou-
pling to the P atom. In addition, quaternary aromatic car-
bon atoms adjacent to the phosphorus atom gave broad and
barely detectable signals in the 3C NMR spectrum; their
presence was confirmed by '"H-3C HMBC correlations.

To be able to give a full 'TH and “C NMR character-
ization (and subsequently, to verify the constitution of
(S,9)-1), we acquired the HSQC and the HMBC spectra
with such a high resolution in the '*C dimension which is
uncommon in routine NMR applications. For the HSQC
spectrum, 4096 increments were recorded, resulting in a
0.08 ppm/row ("*C) resolution. For the HMBC spectrum,
2048 increments were used (0.17 ppm/row).

Section 2.3 describes the most important (Fig. 2) cor-
relations used during the structure elucidation of (S,S5)-1,
which were supplemented by numerous other correlations
found in the 2D NMR spectra.

Skeletal carbon-carbon connectivities between the pro-
ton-bearing carbons (al-a2-a3-a4, a9-al0-all-al2, al5-
al6-al7-al8, a22-a23-a24-a25, b2-bl-b3, b4-b5, b6-b7,
and b8-b9-b10) were established from COSY cross peaks
(a9-al0-all-al2, al5-al6, a23-a24, and b6-b7), or when the
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Fig. 2 Graphical representation of 2D NMR correlations validating the
structure of crown ether (S,5)-1; COSY: curves, HSQC-COSY: double
curves, NOESY: ,,S”-shaped curves, HMBC: dashed arrows

positions of the cross peaks were ambiguous, from HSQC-
COSY artifacts (°J,,,, + 'J,,,) in the HSQC spectrum (al-
a2, al6-al7-al8, a22-a23), and were further supplemented
by HMBC (al—a3, a2—a4, a23—a25, and b4—b5) and
NOESY (b2—bl, b2—b3, bl0—b8, and bl0—b9) correla-
tions (Fig. 2). The position of the isolated =CH- group
(a20) was evident from the NOESY spectrum (al8—a20).

Connections through oxygen atoms in the crown ether
part of the molecule were confirmed by C-O-C-H three-bond
HMBCs (a5—bl, b3—b4, b5—b6, b7—b8, and b9—agl).

The resonances due to the quaternary carbon atoms in
the aromatic rings were assigned using the following *J_,
HMBC correlations: (a5—al), (a6—a2 and a4), (a7—a9
and all), (a8—al0), (al3—al5), (al4—al6, al8 and a20),
(al9—al5), (a21—a23), and (a26—a20) supported by other
*J,,, and *J_,, HMBC correlations.

Finally, the three aromatic rings were connected to the
phosphorus atom through the carbon atoms for which we
found a =100 Hz one-bond phosphorus-carbon spin-spin
coupling constant. The full NMR assignment of (S,5)-1 is
given in Table 1.

2.3 Complexation studies

Studies on the enantiomeric differentation abilities of the
new fluorescent chemosensors (R,R)-1 and (S,S)-1 toward
the enantiomers of protonated chiral primary amines and
amino acid esters (PEA, 1-NEA, PGME, PAME) were
performed in acetonitrile using UV-Vis and fluorescence
spectroscopies. The absorption spectra of the macrocy-
cles (R,R)-1 and (S,5)-1 showed slight spectral changes

Table 1 NMR spectroscopic data of (S,5)-1 in tetrachloroethane-d,

Group E;I:(I;\)I;l)\:lnli B%{IH} NMR
multiplicity c (ppm),
al (CH) 791 brdd; °J,, = 13.3 Hz; 13496 d;%/,.= 8.1 Hz
Jyy=12Hz
a2 (CH) 7.02 m 120.17 d;°J,. = 12.1 Hz
a3 (CH) 7.51 m 133.20d; *J,.= 1.8 Hz
a4 (CH) 7.01 m 112.28 d;*J,.= 6.0 Hz
a5 (C) - 158.84 s
a6 (C) - ~123.7 br d;
\J,.~ 105 Hz
a7 (C) - =~124.7 br d;
1.~ 111 Hz
a8 (C) - 160.05 s
a9 (CH) 6.95 dd; 113.08 d;
Jyy=8.1Hz,*J, =54 Hz *Joe = 6.9 Hz
al0 (CH) 7.32m 132.37;%J,.= 1.9 Hz
all (CH) 6.71 m 118.86 d; °J,. = 12.5 Hz
al2 (CH) 7.07 m 13523 d;%J,. =89 Hz
al3 (C) - ~124.2 brd; 'J,.~ 104 Hz
al4 (C) - 136.42d;2%/,. =74 Hz
al5 (CH) 9.71 brd; *J,, = 9.0 Hz ~128.87 brd; *J,.~ 7 Hz
al6 (CH) 7.46 m 12597 s
al7 (CH) 7.51 m 125.10 s
al8 (CH) 8.07brd;*J,, =84Hz 12877 s
al9 (C) - 131.26 d; °J,. = 10.8 Hz
a20 (CH) 8.66 brs 133.13d; *J,. = 3.4 Hz
a2l1(C) - 130.59 d; *J,. = 11.2 Hz
a22 (CH) 7.99 m 128.90's
a23 (CH) 7.34m 12447 s
a24 (CH) 7.06 m 125.26 s
a25 (CH) 7.98 m 126.62 d; *J,. = 7.8 Hz
a26 (C) - 132.80 d
*Joe =93 Hz
bl (CH) 447 m 72.31s
b2 (CH,) 0.60 brd;*/,, ~6Hz 15.58 s
b3 (CH,) 2.90 dd; *J,,,, = 10.5; 74.04 s
Jyy = 6.2Hz;3.05m
b4 (CH,) 3.20 m; 3.30 m 70.56 s
b5 (CH,) 3.39m; 3.44 m 69.78 s
b6 (CH,) 341 m;3.54 m 70.46 s
b7 (CH,) 3.50 m; 3.54 m 70.52's
b8 (CH,) 274 dd; /= 10.3 Hz, 73.26's
3y = 5.1 Hz; 3.12 dd;
*Jyy =103 Hz, 3/, = 6.2 Hz
b9 (CH) 448 m 72.66 s
b10 (CH,) 0.72brd; *J,, = 6 Hz 16.51 s
3Ip 3, =26.4 ppm (br)




upon titration with the enantiomers of the primary ammo-
nium salts (Fig. 3A). However, during the addition of the
guests a significant decrease could be observed in the flu-
orescence emission spectra, which means that the fluores-
cence was quenched in the complexes (Fig. 3B). We con-
structed the Stern-Volmer plots at 438 nm, which showed
a clear downward curvature for each examined amine. A
typical example of this is shown in Fig. 3C for the enan-
tiomers of PGME. In this case, the calculation of the com-
plex stability constants is much more difficult [25]. All the
fluorescence spectral changes were evaluated using global
nonlinear regression analysis, and the stability constants
(Table 2) as well as the degrees of enantiomeric differenti-
ation were calculated.

The results in Table 2 show that despite the fact that
macrocycles (R,R)-1 and (S,5)-1 form termodinamically
stable complexes with chiral ammonium cations, the mac-
rocycles revealed moderate enantiomeric differentiation
abilities toward the enantiomers of PEA, 1-NEA, PGME
and PAME. The strongest binding by the macrocycles was
observed in the case of PGME. This observation is simi-
lar to the results of our previous study, in which we exam-
ined the transport abilities of crown ethers containing a
diarylphosphinic acid unit in an aqueous source phase/
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Table 2 Stability constants for complexes (R,R)-1 and (S,S)-1 with the
enantiomers of chiral primary ammonium salts (log K) and the degrees
of enantiomeric recognition (A log K)

(R,R)-1 (S,9)-1
log K (R) logK(S) AlogK logK(R) logK(S) AlogK
PEA 3.97 4.03 —-0.06 4.12 4.01 +0.11
I-NEA 4.29 4.37 —-0.08 4.21 4.14 +0.07
PGME 4.43 4.28 +0.15 4.26 4.36 —-0.10
PAME 3.99 3.82 +0.17 3.99 4.10 —-0.11

lipophilic organic bulk liquid membrane/aqueous receiv-
ing phase system. These macrocycles transported phenyl-
glycinol faster and with a higher enantioselectivity than
phenylethyamine and phenylalaninol [26].

3 Conclusions

The synthesis of the (R,R) and (S,S) enantiomers of a new
fluorescent monophospha-crown ether 1 has been per-
formed. The constitution of (S,5)-1 was confirmed using
one-dimensional (‘H, “C{'H}, and *P{'H}) and two-di-
mensional NMR spectra. The complex formation of the
chiral ligands with the enantiomers of PEA, 1-NEA,
PGME, and PAME was studied by fluorescence spectros-
copy using acetonitrile as a solvent. The newly achieved
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Fig. 3 Series of absorption spectra upon titration of (R,R)-1 with (R)-PGME (A), series of fluorescence spectra upon titration of
(R,R)-1 with (R)-PGME (B), Stern-Volmer plots for quenching of (R,R)-1 by addition of (R)- and (S)-PGME (C)
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macrocycles showed moderate enantiomeric recognition
ability, but this can be improved presumably by modifica-
tions of the structures of the fluorescent ligands.

4 Experimental

4.1 General

All reagents were purchased from Sigma—Aldrich
Corporation unless otherwise noted. Compounds
(S,9)-2 [14], (R,R)-6 [16], 5 [19] were prepared as
reported in the respective literature. The progress
of all reactions was monitored by TLC and visual-
ized by UV lamp (254 nm). Silica gel 60 F254 (Merck)
plates were used for TLC. Silica gel 60 PF254 (Merck)
plates were used for preparative TLC. Silica gel 60
(70-230 mesh, Merck) were used for column chromatogra-
phy. Ratios of solvents for the eluents are given in volumes
(mL/mL). Solvents were dried and purified according to
well established methods [27]. Evaporations were carried
out under reduced pressure. Melting points were taken on
a Boetius micro-melting point apparatus and are uncor-
rected. Optical rotations were taken on a Perkin—Elmer
241 polarimeter that was calibrated by measuring the opti-
cal rotations of both enantiomers of menthol. Infrared
(IR) spectra were recorded on a Bruker Alpha-T FT-IR
spectrometer. In the case of (S,5)-1 one-dimensional 'H
and C NMR spectra, as well as two-dimensional "H-'H
COSY, 'H-'H NOESY, 'H-BC HSQC, and 'H-"C HMBC
spectra were recorded on a Burker Avance III HDX 500
MHz NMR spectrometer equipped with a 'H{"*C/"N}
5 mm TCI CryoProbe ("H: 499.9 MHz, "*C: 125.7 MHz)
(Bruker Corporation, Billerica, MA, USA). 3'P NMR mea-
surements were performed on a Burker Avance 111 HDX
400 MHz NMR spectrometer equipped with a "N-'P{'H}
5 mm CryoProbe Prodigy (*'P: 161.8 MHz). In all other
cases '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 spectrometer. *'P (121.5 MHz, ref-
erence: H,PO,) NMR spectra were recorded on a Brucker
300 Avance spectrometer. Mass spectra (LC-MS) were
recorded on an Agilent 1200 Series coupled Agilent 6130
Series Quadrupole spectrometer system in electrospray
ionization (ESI) mode using water (1 % NH,HCO,) / ace-
tonitrile (8 % water, 1 % NH,HCO,) as an eluent in gradi-
ent elution (5-100 % acetonitrile, 0.6 mL/min, 40°C) on a
Phenomenex Gemini NX-C18 column (3 um, 110 A, 150
x 3.0 mm). HRMS analyses were performed on a Thermo
Velos Pro Orbitrap Elite (Thermo Fisher Scientific,

Bremen, Germany) system. The ionization method was
ESI and was operated in positive ion mode. The proton-
ated molecular ion peaks were fragmented by CID at a
normalized collision energy of 35 %. The samples were
dissolved in methanol. Data acquisition and analysis were
accomplished with Xcalibur software version 2.2 (Thermo
Fisher Scientific). UV—vis spectra were taken on a Unicam
UV4-100 spectrophotometer. Quartz cuvettes with a path
length of 1 cm were used. Fluorescence emission spec-
tra were recorded on a Perkin—Elmer LS 50B luminescent
spectrometer and were corrected by the spectrometer soft-
ware. Quartz cuvettes with path length of 1 cm were used.
The enantiomers of PEA, 1-NEA, PGME, and PAME
were prepared in our laboratory [28]. The concentrations
of sensor molecules were 0.2, 2 or 20 uM during the flu-
orescence titrations. Stability constants of the complexes
were determined by global nonlinear regression analysis
using Origin Pro 8.6 software. The following user defined
fitting function was used:

R (AR ]

a

F=F—(F,—F)-

0 ( 0 (') 2~[H]’
where F'is the measured fluorescence, F the starting flu-
orescence, F. the residual fluorescence of the complex,
K the dissociation constant, [/], the concentration of the

crown ether, [L], the concentration of the added ligand [25].

4.2 (1R, 11R)-3,6,9-Trioxatridecane-1,11-diol [(R,R)-4]
(R)-Propylene oxide ((R)-3) was prepared from race-
mic propylene oxide by the procedure of Jacobsen [18].
The tetraethylene glycol derivative (R,R)-4 was prepared
in the same way as described for its enantiomer (S,S)-4
[15] starting from (R)-propylene oxide ((R)-3) (10.1 mL,
0.144 mol). The crude product was purified by chromatog-
raphy on silica gel using acetone-hexane (1:4) as eluent to
obtain (R,R)-4 as a colorless oil (8.16 g, 51%). [aly =425
(c 0.74 CH,CIL,). The product had the same further phys-
ical properties and spectroscopic data as its enantiomer
(S,S)-4 reported in the literature [15].

4.3 (1R, 11R)-3,6,9-Trioxatridecane-1,11-di-4-
methylbenzene-sulfonate [(R,R)-2]

Tosyl chloride (27.0 g, 0.142 mol) and pyridine (30 mL)
were placed under Ar in a three necked flask fitted with
a stirring bar and dropping funnel. The mixture was
cooled to 0 °C, and (R,R)-4 (7.0 g, 31.5 mmol) dissolved
in pyridine (30 mL) was added dropwise. After addition,



the mixture was allowed to warm up to room temperature.
The mixture was stirred for two days, and then the pyri-
dine was removed. The residue was dissolved in a mixture
of 10 % aqueous HCI solution (50 mL) and dichlorometh-
ane (50 mL). The phases were shaken thoroughly, and then
separated. The aqueous phase was shaken three times with
40 mL portions of dichloromethane. The combined organic
phase was dried over anhydrous MgSO,, filtered and the
solvent was removed. The crude product was purified by
column chromatography on silica gel using ethyl acetate:
hexane (1:2) as eluent to obtain (R,R)-2 (14.05 g, 84 %) as
a pale yellow oil. [a]p =+3.12 (c 1.1 CH,CL,). The product
had the same further physical properties and spectroscopic
data as its enantiomer (S,5)-2 reported in the literature [16].

4.4 (6S, 16S5)-22- Ethoxy-6,16-dimethyl-
6,7,9,10,12,13,15,16-octahydro-22H-22)>-dibenzo|n,g]
[1,4,7,10,13,16] pentaoxaphosphacyclooctadecin-22-one
[(S,5)-6]

Macrocycle (S,5)-6 was prepared in the same way as
described for its enantiomer (R,R)-6 [16] starting from dito-
sylate (R,R)-2 (3.0g, 5.65 mmol) and phosphinate 5 (1.63 g,
5.85 mmol). [a]; = +29.4 (c 1.0 CH,CL). The product had
the same further physical properties and spectroscopic data
as its enantiomer (R,R)-6 reported in the literature [16].

4.5 (6R,16R)-6,16-Dimethyl-6,7,9,10,12,13,15,16-
octahydro-22H-22)5-dibenzo[n,q][1,4,7,10,13,16]
pentaoxaphosphacyclooctadecin-22-one [(R,R)-8]
Procedure C

A solution of macrocycle (R,R)-6 (120 mg, 0.26 mmol)
in 5 mL abs. toluene and 5 mL abs. tetrahydrofuran was
placed under Ar in a three-necked flask fitted with a stir-
ring bar and dropping funnel. The solution was cooled to
0 °C, and 70 % solution of bis(2-methoxyethoxy)alumi-
num hydride (200 mg, 0.69 mmol) in toluene with 5 mL
abs. tetrahydrofuran was added to the reaction mixture.
It was stirred for one hour at 0 °C and for three hours at
room temperature, and then 20 % aqueous HCI (1.5 mL)
was added. The reaction mixture was filtered, and the fil-
trate was evaporated. The residue was taken up in water
(30 mL) and dichloromethane (30 mL). The phases were
shaken thoroughly, and then they were separated. The
aqueous phase was shaken three times with 20 mL por-
tions of dichloromethane. The combined organic phase
was dried over anhydrous MgSO , filtered and the solvent
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was removed. The crude product was purified by PLC
on silica gel using dichloromethane: methanol (30:1) as
eluent to get (R,R)-8 (21 mg, 19 %) as a colorless oil.
R =0.36 (silica TLC, 1:20 dichloromethane-methanol); IR
(KBR) v_ = 3381, 2976, 2932, 2905, 2869, 1589, 1577,
1473, 1444, 1378, 1353, 1279, 1243, 1172, 1135, 1111,
1090, 1040, 984, 939, 924, 892, 790, 757, 705, 606, 554,
543,491 em; [aly =177 (c 1.0 CH,CL,); 'H-NMR (500
MHz, CD,CN): 6 0.94 (d, J = 6 Hz, 3H, CH,), 1.28 (d,
J =6 Hz, 3H, CH,), 3.03-3.06 (m, 1H, OCH,), 3.18-3.22
(m, 1H, OCH,), 2.26-2.28 (m, 2H, OCH,), 3.36-3.55 (m,
8H, OCH,), 4.54-4.60 (m, 1H, OCH), 4.70-4.75 (m, 1H,
OCH), 6.99-7.02 (m, 1H, Ar-H), 7.06-7.19 (m, 3H, Ar-H),
7.34-7.38 (m, 1H, Ar-H), 7.50-7.60 (m, 2H, Ar-H), 7.83-7.87
(m, 1H, Ar-H), 8.16 (d, J= 512 Hz, 1H, PH) ppm; *C-NMR
(300 MHz, CD,CN): 8 15.78, 16.19 (CH,), 70.49, 70.52,
70.64, 70.68, 73.06, 73.41, 73.47, 73.92 (OCH, OCH,),
112.65 (d, J = 6 Hz, Ar-H), 112.90 (d, J = 6 Hz, Ar-H),
120.26 (d, J = 12 Hz, ArH), 120.42 (d, J = 105 Hz, Ar-H),
120.54 (d, J = 13 Hz, Ar-H), 121.83 (d, J = 106 Hz, Ar-H),
132.53 (d, J=7Hz, Ar-H), 133.51 (d, /=2 Hz, Ar-H), 133.88
(d,J=2Hz, Ar-H), 133.91 (d, /=7 Hz, Ar-H), 159.25 (d, J =
3 Hz, Ar-H), 159.52 (d, J= 4 Hz, Ar-H); *'P-NMR (CD,CN,
121 MHz): 8 9.12; HRMS m/z = 421.17725 (M+H)" (calcd
for C,,H,,0,P, 421.17745)

Procedure D

A solution of lithium aluminum hydride (134 mg, 3.53 mmol)
in 8 mL abs. diethyl ether was placed under Ar in a three-
necked flask fitted with a stirring bar and dropping funnel.
The solution was cooled to 0 °C, and a solution of (R,R)-6
(400 mg, 0.86 mmol) in 13 mL abs. toluene was added drop-
wise. After addition, the mixture was warmed up to 40 °C
and stirred for 3 hours at this temperature. Thereafter the
bright green reaction mixture was cooled down to 0 °C,
water was added dropwise (25 mL), then diethyl ether
(35 mL). The phases were shaken thoroughly, and then sep-
arated. The separation was facilitated with tetramethyl-am-
monium hydrogen-sulfate. The aqueous phase was shaken
three times with 15 mL portions of diethyl ether. The com-
bined organic phase was dried over anhydrous MgSO,, fil-
tered and the solvent was removed. The crude product was
purified by PLC on silica gel using dichloromethane: metha-
nol (30:1) as eluent to get (R,R)-8 (261 mg, 72 %), which had
the same physical properties and spectroscopic data than the
one described above in procedure C.
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4.6 (65,165)-6,16-Dimethyl-6,7,9,10,12,13,15,16-
octahydro-22H-22)>-dibenzo|n,q][1,4,7,10,13,16]
pentaoxaphosphacyclooctadecin -22-one [(S.,S)-8]
Macrocycle (S,5)-8 was prepared in the same way as
described above for (R,R)-8 (procedure D) starting from
phosphinate (S,5)-6 (400 mg, 0.86 mmol). Yield: 246 mg
68 %). [aly = +18.2 (c 0.74 CH,CL,). Other physical
properties and spectroscopic data of (S,S5)-8 concurred
with those of (R,R)-8.

4.7 (6R,16R)-22-(Anthracen-9-yl)-6,16-dimethyl-
6,7,9,10,12,13,15,16-octahydro-22 H-22)5-dibenzo|[n,q]
[1,4,7,10,13,16] pentaoxaphosphacyclooctadecin-22-one
[(R,R)-1]

Procedure E

Macrocycle (R,R)-8 (200 mg, 0.48 mmol), anthracene
boronic acid (187 mg, 0.84 mmol) and Pd(PPh,), (58 mg,
0.05 mmol) were dissolved in dry dioxane (15 mL) and
placed under Ar in a three necked flask fitted with a stirring
bar. Thereafter finely powdered anhydrous K,CO, (42 mg,
0.30 mmol) was added to the reaction mixture, and it was
heated to 100 °C and stirred at this temperature for two days.
The mixture was allowed to cool down to room temperature,
and CH,Cl, (30 mL) and water (30 mL) were added. The
phases were shaken well and separated. The aqueous phase
was shaken with CH,Cl, (3x20 mL). The combined organic
phase was dried over MgSO,, filtered and the solvent was
removed. The crude product was purified by PLC on silica
gel first using chloroform: methanol (30:1) and then chloro-
form: acetonitrile: ethanol: methanol (10:10:1:1) as eluents to
obtain (R,R)-1 (37 mg, 13 %) as a yellow powder. R =0.27
(silica TLC, 1:20 dichloromethane-methanol); IR (KBR)
v .= 3375, 3063, 2973, 2929, 2869, 1721, 1620, 1587, 1573,
1512, 1472, 1442, 1376, 1351, 1280, 1246, 1171, 1135, 1104,
1079, 1042, 943, 895, 820, 786, 754, 738, 686, 604, 563, 552,
524,500,439 cm-1; [a ]y =—20.2 (¢ 0.5 CH,C); HRMS m/z
=597.23972 (M+H)" (calcd for C, H, OP, 597.24005)
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