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Abstract. Azacrown ethers with phosphonoalkyl- and phosphinoylalkyl side chains of two to five
carbon atoms (2–4, 7 and 5–6, 8, respectively) were synthesized in acceptable yields. The cation
binding ability of the new lariat ethers was evaluated by the picrate extraction method. Introduction
of the P-functionalised N-substituent resulted in a decrease in the cation extraction ability in most
cases, but the discrimination between the cations examined was, in some instances, significantly
increased.
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1. Introduction

In the past few years a great number of azacrown macrocycles bearing function-
alised pendant arms have been synthesized. These type of compounds, named
lariat ethers [1], are known to be effective host molecules for alkali metal and
alkaline earth metal cations due to the cooperative coordination function of the
crown ring and the electron-donating side arm [1, 2]. The selectivity for the dif-
ferent cations may be affected by the heteroatom(s) in the side chain and by the
number of methylene units connecting the functional group with the hetero atom
to the azacrown ring [3]. The complex forming ability of the macrocycles hav-
ing P-functionalized pendant arms is relatively less studied. Some monoaza- and
diazacrown ethers with phosphonomethyl side arms have been described [4–6].
These lariat ethers were mainly phosphonic acid derivatives [4, 6], a few examples
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of mono- and diazacrowns incorporating longer side arm(s) with the phosphine
function are also known [7].

Recently we have reported the synthesis and cation extracting ability of
monoaza-15-crown-5 ether having a phosphonate, phosphine oxide or phosphine
function in the side chain [8, 9]. In the light of our favourable experiences with the
above lariat ethers, it seemed to be promising to attach P-functionalised side arms
to azacrown ethers of larger ring size. In this paper, we report the synthesis and
cation binding ability of new lariat ethers with the phosphonic ester or phosphine
oxide function based on the monoaza-18-crown-6 hetero ring. We wished to study
the effect of the P-function and that of the length of the pendant arm on the cation
binding ability of the parent macrocycle.

2. Experimental

The 31P, 13C and 1H NMR spectra were recorded on a Bruker DRX-500 spec-
trometer operating at 202.4, 125.7 and 500 MHz, respectively. Chemical shifts
are downfield relative to 85% H3PO4 or TMS. Mass spectra were obtained on an
MS-RFA instrument or on a ZAB-2SEQ spectrometer at 70 eV.

2.1. GENERAL PROCEDURE FOR THE PREPARATION OF LARIAT ETHERS(2–6)

A mixture of 1.0 g (3.80 mmol) of monoaza-18-crown-6 (1) [10], 5.70 mmol of the
corresponding bromoalkylphosphonate [8] (or bromoalkylphosphine oxide [9]),
and 0.79 g (5.70 mmol) of dry potassium carbonate in 30 mL of dry acetonitrile
was stirred at 82◦C for 8 h. Solid components were removed by filtration and
the filtrate concentratedin vacuo.The residue was purified by repeated column
chromatography (3% methanol in chloroform, silica gel). The following products
were thus synthesized.

2.2. DIETHYL (1,4,7,10,13-PENTAOXA-16-AZACYCLOOCTADEC-13-
YLPROPYL)PHOSPHONATE(2)

Yield: 58%;31P NMR (CDCl3) δ 32.4;13C NMR, Table I;1H NMR (CDCl3) δ 1.32
(t, J = 7.0, 6H, C(3′)H3), 1.65–1.81(m, 4H, C(α)H2, C(β)H2), 2.66–2.84 (m, 6H,
C(2)H2, C(γ )H2), 3.52–3.75 (m, 20H, C(2)H2, C(3)H2, C(5)H2, C(6)H2, C(8)H2,
C(9)H2), 4.10 (q,J = 6.94, 4H, C(2′)H2); MS, m/z442 (M+H, 5), 396 (M–EtO, 7),
380 (M–EtO–O, 9), 336 (M–2EtO–O+H, 13), 276 (crown–CH2, 100), 246 (30),
208 (38); (M+H)+found = 442.2562, C19H41NO8P requires 442.2570.
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Table I. 13C NMR data for lariat ethers2–8 in CDCl3 solutions

Comp. Y n δC (JPC in Hz)

Cα Cβ Cγ Cδ Cε C2 C3 C5 C6 C8 C9 C1′ C2′ C3′ C4′

7 EtO 2 23.0 48.3 – – – 53.2 69.4a 70.1a 70.4a 70.4a 70.6a – 61.2 16.2 –

(136.6) (6.4) (6.0)

2 EtO 3 22.6 16.9 51.0 – – 53.5 69.4b 69.5b 69.5b 69.5b 69.6b – 61.4 16.1 –

(141.2) (3.8) (15.4) (6.1) (5.9)

3 EtO 4 24.5 19.9 24.3 50.4 – 53.6 69.3c 69.4c 69.5c 69.6c 69.7c – 61.2 16.1 –

(140.1) (4.7) (14.3) (6.1) (5.9)

4 EtO 5 25.3 22.2 28.2 23.9 51.5 54.0 69.9d 69.9d 69.9d 70.0d 70.1d – 61.4 16.4 –

(140.0) (3.8) (16.4) (6.5) (5.9)

8 Ph 2 26.9 47.6 – – – 53.4 69.2e 70.0e 70.3e 70.4e 70.5e 132.7 130.5f 128.5f 131.5

(69.3) (99.0) (9.2) (11.3) ()

5 Ph 3 26.6 16.8 51.8 – – 53.8 69.4g 69.5g 69.7g 70.1g 70.2g 132.3 130.4h 128.5h 131.5

(71.9) (98.7) (9.2) (11.6) (1.5)

6 Ph 4 28.7 19.3 25.5 50.9 – 53.8 69.5i 69.8i 69.9i 70.1i 70.2i 132.8 130.5j 128.4j 131.4

(71.6) (3.4) (12.1) (16.0) (97.8) (9.5) (11.7) (1.7)

a−j Tentative assignments.
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2.3. DIETHYL (1,4,7,10,13-PENTAOXA-16-AZACYCLOOCTADEC-13-
YLBUTYL )PHOSPHONATE(3)

Yield: 45%;31P NMR (CDCl3) δ 32.4;13C NMR, Table I;1H NMR (CDCl3) δ 1.31
(t, J = 7.0, 6H, C(3′)H3), 1.52–1.66 (m, 4H, C(β)H2, C(γ )H2), 1.72–1.85 (m, 2H,
C(α)H2), 2.55–2.94 (m, 6H, C(2)H2, C(δ)H2), 3.48–3.80 (m, 20H, C(2)H2, C(3)H2,
C(5)H2, C(6)H2, C(8)H2, C(9)H2), 4.08 (q,J = 7.0, 4H, C(2′)H2); MS FAB, m/z
456 (M+H, 5), 410 (M–EtO, 20), 394 (M–EtO–O, 25), 350 (M–2EtO–O+H, 50),
276 (crown–CH2, 100), 246 (93), 208 (63); (M+H)+found = 456.2712, C20H43NO8P
requires 456.2726.

2.4. DIETHYL (1,4,7,10,13-PENTAOXA-16-AZACYCLOOCTADEC-13-
YLPENTYL)PHOSPHONATE(4)

Yield: 48%;31P NMR (CDCl3) δ 32.7;13C NMR, Table I;1H NMR (CDCl3) δ 1.32
(t, J = 7.0, 6H, C(3′)H3), 1.33–2.15 (m, 10H, C(α)H2, C(β)H2, C(γ )H2, C(δ)H2,
C(ε)H2), 2.52–2.78 (m, 4H, C(2)H2), 3.43–3.76 (m, 20H, C(2)H2, C(3)H2, C(5)H2,
C(6)H2, C(8)H2, C(9)H2), 4.07 (q,J = 7.1, 4H, C(2′)H2); MS, m/z468 (M+H, 5),
424 (M–EtO, 5), 408 (M–EtO–O, 4), 364 (M–2EtO–O+H, 5), 276 (crown–CH2,
100), 246 (36), 236 (36); (M–H)+found = 468.2726, C21H43NO8P requires 468.2707.

2.5. (1,4,7,10,13-PENTAOXA-16-AZACYCLOOCTADEC-13-YLPROPYL)-
DIPHENYLPHOSPHINE OXIDE(5)

Yield: 46%; 31P NMR (CDCl3) δ 34.1; 13C NMR, Table I; 1H NMR (CDCl3)
δ 1.59–1.71 (m, 2H, C(β)H2), 2.22–2.30 (m, 2H, C(α)H2), 2.97–3.03 (m, 6H,
C(γ )H2, C(2)H2), 3.35–3.63 (m, 20H, C(3)H2, C(5)H2, C(6)H2, C(8)H2, C(9)H2),
7.21–7.65 (m, 10H, Ar); MS,m/z506 (M+H, 5), 444 (M–2CH2O–H, 5), 400 (9),
311 (96), 276 (crown–CH2, 53), 243 ((CH2)3–P(O)PPh2, 100), 201 (P(O)Ph2, 42);
(M+H)+found = 506.2640, C27H41NO6P requires 506.2672.

2.6. (1,4,7,10,13-PENTAOXA-16-AZACYCLOOCTADEC-13-YLBUTYL )-
DIPHENYLPHOSPHINE OXIDE(6)

Yield: 44%; 31P NMR (CDCl3) δ 33.1; 13C NMR, Table I;1H NMR (CDCl3) δ
1.40–1.51 (m, 4H, C(β)H2, C(γ )H2), 2.20–2.29 (m, 2H, C(α)H2), 2.45–2.54 (m,
2H, C(δ)H2), 2.89–2.99 (m, 4H, C(2)H2), 3.35–3.57 (m, 20H, C(3)H2, C(5)H2,
C(6)H2, C(8)H2, C(9)H2), 7.27–7.67 (m, 10H, Ar); MS,m/z520 (M+H, 4), 458
(M–2CH2O–H, 6), 414 (10), 276 (crown–CH2, 80), 257 ((CH2)4–P(O)PPh2, 100),
201 (P(O)Ph2, 71); (M+H)+found = 520.2830, C28H43NO6P requires 520.2828.
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3. General Procedure for the Preparation of Lariat Ethers (7–8)

A solution of 1.0 g (3.80 mmol) of monoaza-18-crown-6 (1), 3.80 mmol of diphen-
ylvinylphosphine oxide [9] (or diphenylvinylphosphonate [8]) and three drops of
acetic acid in 30 mL of methanol was stirred at the boiling point for 10 days.
Volatile components were removedin vacuo. The residue was purified by repeated
column chromatography (3% methanol in chloroform, silica gel). The following
products were thus synthesized.

3.1. DIETHYL (1,4,7,10,13-PENTAOXA-16-AZACYCLOOCTADEC-13-
YLETHYL )PHOSPHONATE(7)

Yield: 69%;31P NMR (CDCl3) δ 31.4;13C NMR, Table I;1H NMR (CDCl3) δ 1.32
(t, J = 7.0, 6H, C(3′)H3), 1.84–1.90 (m, 2H, C(α)H2), 2.69–2.80 (m, 4H, C(2)H2),
2.82–2.92 (m, 2H, C(β)H2), 3.56–3.70 (m, 20H, C(2)H2, C(3)H2, C(5)H2, C(6)H2,
C(8)H2, C(9)H2), 4.09 (q,J = 7.4, 4H, C(2’)H2); MS, m/z428 (M+H, 33), 382
(M–EtO, (22), 366 (M–EtO–O, 25), 322 (M–2EtO–O+H, 41), 276 (crown–CH2,
100), 220 (95), 208 (95); (M+H)+found = 428.2415, C18H39NO8P requires 428.2413.

3.2. (1,4,7,10,13-PENTAOXA-16-AZACYCLOOCTADEC-13-YLETHYL )-
DIPHENYLPHOSPHINE OXIDE(8)

Yield: 58%; 31P NMR (CDCl3) δ 32.2;13C NMR, Table I; 1H NMR (CDCl3) δ
2.47–2.56 (m, 2H, C(α)H2), 2.74 (t, J = 5.5, 4H, C(2)H2), 2.86–2.95 (m, 2H,
C(β)H2), 3.55 (t, J = 5.5, 4H, C(3)H2), 3.57–3.67 (m, 16H, C(5)H2, C(6)H2,
C(8)H2, C(9)H2), 7.45–7.79 (m, 10H, Ar); MS,m/z 492 (M+H, 6), 430 (M–
2CH2O–H, 6), 386 (10), 297 (100), 290 (M–P(O)Ph2, 72), 201 (P(O)Ph2, 74);
(M+H)+found = 492.2511, C26H39NO6P requires 492.2515.

3.3. PROCEDURE FOR THE DETERMINATION OF THE EXTRACTION ABILITY IN

THE PRESENCE OF AZACROWN ETHERS1–8

Equal volumes (5mL) of a dichloromethane solution of the azacrown ether (1–8)
(c = 0.01 mol L−1) and of the aqueous alkali metal picrate (c = 0.005 mol L−1) were
introduced into an Erlenmeyer flask, which was then stoppered and shaken for 40
min at 25◦C. The mixture was then allowed to stand for at least 2 h in order to
complete the phase separation. The phases were separated and the picrate concen-
tration in the aqueous phase determined from its absorption at 354 nm. (ε = 14600
mol−1 cm−1). The extraction ability is given as % of the picrate extracted into the
organic phase. In the control experiments carried out in the absence of azacrown
ethers no detectable amounts of picrates were extracted into the organic phase.
According to our experience, azacrowns2–8could only be detected in negligible
amounts in the aqueous phase.
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4. Results and Discussion

4.1. SYNTHESIS AND SPECTRALCHARACTERIZATION OF

N-PHOSPHONOALKYL- AND

N-PHOSPHINOYLALKYL-MONOAZA-18-CROWN-6 ETHERS

The monoaza-18-crown-6-based lariat ethers with phosphonyl- or phosphinoyl
function were prepared by the N-alkylation of starting material1. The azacrown
(1) was reacted with the bromoalkylphosphonates and bromoalkylphosphine ox-
ides in acetonitrile at 82◦C to give phosphonates2–4 and phosphine oxides5
and6, respectively in 69–44% yield after purification by column chromatography
(Scheme 1). The lariat ethers with an ethylene chain (7 and8) were synthesized
by reacting azacrown1 with diethyl vinylphosphonate and dipenyl-vinylphosphine
oxide, respectively (Scheme 1). The structure of the products (2–8) was charac-
terised by31P, 13C and1H NMR data, as well as MS and HRMS. The13C NMR
spectral parameters listed in Table I, as well as the mass spectroscopic features
were similar to those reported for analogous derivatives [8, 9].

4.2. EXTRACTION ABILITY OF THE NEW LARIAT ETHERS (2–8)

The complex forming ability of the P-functionalized lariat ethers (2–8) was char-
acterized by the extracting ability (EA) of picrate salts (lithium, sodium, potassium
and ammonium picrate) from water into dichloromethane by the method of Kimura
et al. [11]. The use of the EA values has been widely accepted as the indicator
of the cation binding ability, since Pedersen introduced this approach [12]. Con-
centrations of the picrates in water were determined by UV spectroscopy. The
experimental data are shown in Table II. The unsubstituted azacrown1 used as
reference compound has a rather good extracting ability with all cations, but it is
hardly able to discriminate between them (EA = 86–93%). In the case of the N-
substituted compounds, the EA values are either similar to or lower than the values
obtained using1. Crown ethers3 and6, having four methylene units between the
nitrogen atom and the phosphorus function, as well as compound5 with three
methylene units revealed unchanged EA values (84–97%) within the error limit.
These compounds did not display any selectivity towards the cations examined. In
the case of azacrowns7 and8 with a short connecting chain (n = 2), the presence of
the N-substituents brought about a remarkable decrease in the extracting properties.
At the same time, a significant discrimination could be observed between certain
cations: e.g.7 transports 35% of lithium picrate, while 82% each of potassium
or ammonium picrate;8 extracts 42% of lithium picrate, but 94% of the potassium
salt. Thus, the azacrowns with a shorter side arm discriminated between the cations
to a higher extent than the compounds with longer side arms. Figure 1 revealing
the situation for compounds2–8shows how the lone pair of the P=O function may
assist in binding a metal cation. The complex effect of the N-substituents is presum-
ably due to steric and electronic reasons. The presence of the N-phosphonoalkyl
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Scheme 1.Reagents and conditions: (i) Br(CH2)nP(O)Y2, K2CO3, acetonitrile, 82◦C; (ii)
CH2=CHP(O)Y2, CH3COOH (catalyst), methyl alcohol, 64◦C.

and N-phosphinoylalkyl substituents in the azacrown results in an increase in the
electron density on the nitrogen atom due to the electronreleasing effect of the
substituents under discussion. The phosphorus-containing side arm can influence
the cation binding ability to a greater extent, when it is nearer to the parent crown
ring.

Among the phosphonoalkyl-azacrown ethers (2–4, 7), compound3 with a four
carbon atom connecting chain formed the most stable complexes with all cations
examined (84–94%). The EA values for the alkali cations seem to be larger for the
azacrowns with a phosphine oxide function (5, 6, 8) than for those with the phos-
phinic moiety (2–4, 7). All of the new macrocycles formed the strongest complexes
with K+ and NH+4 cation under our circumstances. The sequence for the cation
binding ability was generally K+ ∼ NH+4 > Na+ > Li+. The trends discussed above
seem to be comparable with those observed by us for the monoaza-15-crown-5 with
similar N-substituents [8,9]. In these cases, the substituents had, however, a more
significant influence on the EA values. This may be due to the better complexing
ability of the azacrown with the 18-membered ring (1), incorporating the cations
under discussion to a higher extent, as compared to that of the monoaza-15-crown-
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Table II. Data for the extraction of alkali metal and
ammonium picrates by crown ethers1–8a

CH2CH2(OCH2CH2)5N–(CH2)n–P(O)Y2
| |

Compound Y n Extractability (%)b

Li+ Na+ K+ NH+4
1 H 86 88 93 93

7 EtO 2 35 66 82 82

2 EtO 3 69 74 89 91

3 EtO 4 84 85 94 94

4 EtO 5 76 78 87 95

8 Ph 2 42 75 94 85

5 Ph 3 88 91 95 90

6 Ph 4 86 89 97 92

a Temperature 25◦C; aqueous phase (5 mL); [picrate] = 5
× 10−3 M; organic phase (CH2Cl2, 5 mL); [crown ether]
= 1× 10−2 M.
b Defined as % picrate extracted into the organic phase.
Determined by UV spectroscopy. Error limit: 5%.

Figure 1. The effect of the P-functionalized side arm on the cation binding ability of the
azacrown ring.

5. (The EA values for the cations examined are 86–93% and 56–67%, respectively.)
Consequently, the introduction of the side arm is less efficient in the case of the
macrocycle with a larger ring size.

In the next part of our work, we shall focus on the synthesis and study of
lariat ethers with other P-functions, such as phosphine, thiophosphine and the
iminophosphine functional groups.
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