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Abstract New benzo-15-crown-5 derivatives containing

nitro, amine and imine groups were prepared. Nitro com-

pound (1) was prepared after the reaction 40,50-bis(brom-

ethyl)benzo-15-crown-5 and o-nitrophenol in the presence

of NaOH. After reduction process by using hydrazine

hydrate and Pd/C amine compound (2) was formed. New

crown ether imine compounds (3–5) were synthesized by

the condensation of corresponding crown ether diamine (2)

with salicylaldehyde derivatives. Sodium complexes of the

crown compounds (1a–5a) form crystalline 1:1 (Na?:

ligand) complexes with sodium perchlorate. Nickel(II)

complexes (3b–5b) with 1:1 (Ni2?:ligand) stoichiometries

were also been synthesized from the Schiff bases (3–5).

The results indicated that the Schiff base ligands coordi-

nated through the azomethine nitrogen and phenolic oxy-

gen. The extraction ability of compounds (1, 3, 4 and 5)

were also evaluated in chloroform by using several alkali

and transition metal picrates such as Li?, Na?, K?, Cr3?,

Mn2?, Ni2?, Cu2?, Zn2? and Pb2?.

Keywords Crown ethers � Solvent extraction � Imine

compounds � Nickel(II) complexes � NMR spectroscopy �
Sodium complexes

Introduction

Since the pioneering publication of Pedersen in 1967

extensive research has been devoted to the preparation and

study of the properties of macrocyclic polyethers [1–4].

This enormous growth has been due to the synthesis of a

great number and variety of synthetic macrocyclies that

have behave as coordinating agents for alkali and alkaline

earth metal ions. Crown ethers have attracted great interest

in the last three decades, not only from the synthetic and

selectivity alkaline and alkaline earth metal cation com-

plexation properties point of view, but also with respect to

their unusual structural characteristics [5]. Crown and

benzo-crown compounds with additional donor atom(s) or

functional group(s) have been synthesized in order to alter

the cation binding ability and selectivity of the parent

crown ethers through further fixing of the side arm donor to

a cation benefited in the crown ether cavity.

Benzo condensed crown compounds having reactive

nitro or amine substituent at the aromatic ring are con-

sidered as an interesting starting materials for the synthesis

of new molecules [3, 4]. Crown ether Schiff base ligands

are important molecules extensively studied with respect

to their high affinity to interact with alkali and transition

metal ions [6–9]. In general, oxygen crown ether rings are

effective for the complexes of alkali and alkaline earth

metal cations but not transition metal cations. Conversely,

their Schiff base structure with salicylidene modify ben-

zocrown ethers are effective for transition metal ions but

not alkali metal cations [10]. So, salicylidene crown ether

containing Schiff bases are known to bind cations in the

crown ether cavity in addition to the coordination of

a transition metal center through the N2O2 donor atoms

[11].

The aim of this study is to developing a series of new

crown ether compounds (1–5), alkali (1a–5a) and transition

metal complexes (3b–5b). The way of the synthesis of

crown ether nitro (1), amine compound (2), Schiff base

ligands (3–5) and their sodium (1a–5a) and nickel(II) (3b–

5b) complexes are shown in Schemes 1, 2, and 3. Solid
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sodium (1a–5a) and nickel(II) (3b–5b) complexes were

obtained by direct reaction between ligands (1–5) and

NaClO4 and Ni(OAc)2�4H2O, respectively. All solid crown

ether ligands and complexes were described and their IR,

1H-, 13C-NMR, mass and UV–Vis spectral data were

reported. The complexation ability of these crown ethers

toward Li?, Na?, K?, Cr3?, Mn2?, Ni2?, Cu2?, Zn2? and

Pb2?, were measured by the solvent extraction method.
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Experimental

Reagents and techniques

Tetraethylene glycol dichloride [12], benzo-15-crown-5

[1] and 40,50-bis(bromethyl)benzo-15-crown-5 [13] were

prepared according to the literature. Salicylaldehyde,

2-hydroxy-3-methoxybenzaldehyde (o-vanillin) and 2-hydroxy-

4-methoxybenzaldehyde were purchased from Aldrich and

used without further purification. CH3CN, THF, DMF and

EtOH were dried by standard methods prior to use. Melting

points were measured on a Thomas-Hoover apparatus

using a capillary tube. 1H- and 13C-NMR spectra were

obtained on a Bruker DPX FT-NMR (400 MHz) spec-

trometer (SiMe4, as an internal standard). Chemical shifts

for proton and carbon resonances were reported in ppm

(d). IR spectra were obtained from a PEL-DATA spec-

trum 100 series spectrometer. UV–Vis spectra were

recorded using a Unicam UV2-100 series spectrometer.

Carbon, nitrogen and hydrogen analyses were performed

on a LECO CHNS-932 elemental analyzer. Mass spec-

trometric analyses were performed on the AGILEND

1100 MSD spectrometer. Magnetic susceptibilities were

determined on a Sherwood Scientific Magnetic Suscep-

tibility Balance (Model MKI) at room temperature

(25 �C).

Extraction studies

Alkali metal picrates were prepared according to the lit-

erature method [14]. Transition metal picrates were pre-

pared by stepwise addition of a 1 9 10-2 M transition

metal nitrate solution to a 1.17 9 10-4 M aqueous picric

acid solution. The mixture was vigorously shaken at room

temperature for 2 h. Equal volumes (10 mL) of a CHCl3
solution of a crown ether (1 9 10-3 M) and of an aquous

alkali or transition metal picrate (1.17 9 10-4 M) were

introduced into an erlenmeyer, which was then stoppered

and vigorously shaken for 12 h at 25 �C with mechanical

stirring. Measurements were taken after 2 h of shaking

and subsequent 2 h of standing. After complete phase

separation, the concentration of picrate ion in the aqueous

phase was determined spectrophotometrically (kmax =

356 nm). For each metal:crown ether system the absor-

bance measurements were repeated three times. Blank

experiments showed that no picrate extraction occurred

in the absence of the crown ether. The percentage of

the extraction (E%) was determined based on the

absorbance of picrate ion in the aqueous solutions. The

extractibility of alkali and transition metal picrates into

the organic layer (CHCl3) was calculated by the

expression [15–19];

E% ¼ 100 A0 � Að Þ=A0

where A0 is the absorbance in the absence of crown ether

and A denotes the absorbance in the aqueous phase after

extraction.

Syntheses

15,16-bis[(2-nitrophenoxy)methyl]-2,3,5,6,8,9,11,12-

octahydro-1,4,7,10,13-benzopentaoxacyclopentadecine (1)

The o-nitrophenol (0.15 g, 1.10 mmol) was dissolved in

DMF (15 mL). NaOH (0.55 g, 1.36 mmol) was added in

small amounts, and the resulting reaction mixture was

refluxed for 1 h. Subsequently, 40,50-bis(bromethyl)benzo-

15-crown-5 (0.25 g, 0.55 mmol) in DMF (15 mL) was

added dropwise to the reaction mixture. The resulting

solution was refluxed for 30 h, then the complete con-

sumption of the starting material was observed by TLC

(silica, eluent; THF). Then, water was added until the

solution turned cloudy. The yellow precipitate formed was

isolated and recrystallized from ethanol.

[2-({16-[(2-aminophenoxy)methyl]-2,3,5,6,8,9,11,12-

octahydro-1,4,7,10,13-benzopentaoxacyclopentadecin-15-

yl}methoxy)phenyl]amineo-amin benzo-15-crown-5 (2)

The compound (1) (1.0 g, 1.70 mmol) was dissolved in

EtOH (50 mL) by heating at 70 �C. The palladium/acti-

vated carbon (10%) (0.10 g) was added to the reaction flask

at the same temperature and allowed to stand at 70 �C and

then 12 mL hydrazine monohydrate (75%) was added

dropwise within 1 h to the reaction mixture. The reaction

mixture was refluxed and stirred for 4 h and then the

mixture was filtered to remove charcoal. The white product

was recrystallized from ethanol.

General methods for preparing Schiff bases (3–5)

The corresponding aldehydes (salicylaldehyde or 2-hyd-

roxy-3-methoxybenzaldehyde or 2-hydroxy-4-methoxyb-

enzaldehyde) (2.0 mmol) were dissolved in EtOH (20 mL).

Double arm crown amine (1.0 mmol) was dissolved in

EtOH and added dropwise. The resulting solution was

stirred under reflux for 6 h and the reaction mixture was

allowed to stand 2 h at room temperature. Yellow crystals

formed and these were recrystallized from EtOH. Specific

details for each compound are given in Table 1.

General methods for preparing sodium complexes (1a–5a)

The respective crown ether (1–5) (1.44 mmol) and NaClO4

(0.17 g, 1.44 mmol) were dissolved in dry EtOH (10 mL)
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and heated to reflux for 2 h. The precipitated complex was

filtered and washed with diethyl ether. Specific details for

each sodium complex are given in Table 1.

General methods for preparing nickel(II) complexes

(3b–5b)

To a solution of respective crown ether (3–5) (1.16 mmol) in

dry acetonitrile (50 mL) at room temperature was added a

solution of Ni(OAc)2.4H2O (0.14 g, 1.17 mmol) in metha-

nol (10 mL) with stirring. The mixture was refluxed for 4 h

and the mixture was allowed to cool to room temperature.

Then the mixture was filtered and dried in vacuum. Specific

details for each nickel(II) complex are given in Table 1.

Results and discussion

Syntheses

The synthetic procedure for the preparation of the crown

ether amine compound (2) consists of two steps. Firstly,

o-nitrophenol was reacted with NaOH in DMF to give the

corresponding sodium alkoxide and this sodium salt was

converted to the corresponding new crown ether nitro

compound (1) by reacting with 40,50-bis(bromethyl)benzo-

15-crown-5. The compound (1) successfully synthesized

with yield in the range of (38.62)%. Secondly, the aromatic

primary amine (2) was prepared from compound (1) in

EtOH using 10% palladium/activated charcoal and hydra-

zine monohydrate (75%) at 70 �C.

Direct reaction of one equivalent (2) with one equivalent

appropriate aldehyde in ethanol gives the corresponding

crown ether Schiff bases (3–5). The sodium and nickel(II)

complexes were prepared by treating a solution of the

ligand in EtOH with NaClO4 and Ni(OAc)2�4H2O,

respectively. All the compounds are stable in solution. The

structures of the ligands, alkali and transition metal com-

plexes have verified by elemental analysis, FT-IR, 1H-,
13C-NMR and mass spectra. Various attempts to obtain

single crystals of the ligands and complexes have so far

been unsuccessful.

Mass spectra and magnetic properties

The APCI and API-ES mass spectra of compounds were

recorded. Compounds examined provided nice quality mass

spectra and the molecular weight of the ligands and com-

plexes have been confirmed. The mass spectrum of com-

pound (1) which was obtained by the APCI technique shows

an intensive signal at m/z 588.2 (100%). This signal assigned

to [M ? H2O]?. The important fragments for compound (1)

were detected at m/z 1158.3 (7.0%), 432.1 (42.3%), 325.1

(83.2%), 295.1 (18.4%) and 163.1 (14.8%) corresponding to

the [2M ? H2O]?, [C22H26NO8], [C18H18NO5 - 3H],

[C16H22NO5 ? H] and [C7H14O4 ? H] groups, respec-

tively. API-ES mass spectrum and elemental analysis also

confirm the formation of compound (2) at m/z 509.6 (100%)

[M]? and 1021.8 (28.2%) [2M ? H]. The major fragments

at m/z 400.2 (28.7%), 253.6 (7.8%) and 107.1 (10.3%) cor-

responding to the [C22H28NO6 - 2H], [C15H14NO3 - 3H]

and [C6H6NO - H] groups, respectively. In the APCI mass

spectra of Schiff bases (3 and 5) the respective molecular ion

peaks [M ? H] were detected at m/z 719.2 (6.8%) and 779.2

(51.2%). The major fragments of compound (3) were found

at m/z 615.2 (71.9%), 402.2 (100%) and 214 (3.3%)

Table 1 Analytical and experimental details

Comp. Formula Color Yield (%) m.p. (8C) Elemental analyses (%) found (calc)

C H N

(1) C28H30N2O11�H2O Yellow 38.62 156–160 57.32 (57.14) 5.24 (5.48) 4.93 (4.76)

(2) C28H34N2O7 White 75.83 140–144 65.72 (65.87) 6.68 (6.71) 5.52 (5.49)

(3) C42H42N2O9 Yellow 63.17 131–137 70.22 (70.18) 5.91 (5.89) 3.88 (3.90)

(4) C44H46N2O11 Orange 74.64 74–76 67.93 (67.85) 5.95 (5.95) 3.55 (3.60)

(5) C44H46N2O11 Yellow 72.92 143–149 67.85 (67.85) 5.89 (5.95) 3.61 (3.60)

(1a) C28H30N2O11NaClO4 White 56.21 252–254 48.55 (48.53) 4.37 (4.36) 4.01 (4.04)

(2a) C28H34N2O7NaClO4 Brown 93.54 213–215 53.26 (53.13) 5.29 (5.41) 4.55 (4.43)

(3a) C42H42N2O9NaClO4 Brown 55.19 –a 60.32 (59.97) 5.21 (5.03) 3.12 (3.33)

(4a) C44H46N2O11NaClO4 Orange 48.75 130–136 59.01 (58.64) 5.22 (5.14) 3.35 (3.11)

(5a) C44H46N2O11NaClO4 Yellow 57.66 181–182 58.24 (58.64) 5.02 (5.14) 3.42 (3.11)

(3b) NiC42H40N2O9�1/2H2O Brown 47.97 95–100 64.16 (64.31) 5.23 (5.23) 3.49 (3.57)

(4b) NiC44H44N2O11�5H2O Brown 55.68 128–130 57.30 (57.10) 5.26 (5.88) 3.09 (3.03)

(5b) NiC44H44N2O11�1/2H2O Green 27.67 –a 62.66 (62.35) 5.45 (5.31) 3.30 (3.30)

a The complexes are slowly decomposed [200 �C
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corresponding to the [C38H34N2O6 ? H], [C24H20N2O4 ?

2H] and [C13H10NO2 ? 2H] groups, respectively. The

important fragments of compound (5) were detected at 645.2

(100%), 536.2 (60.8%), 402.2 (95.9%) and 244.1 (26.0%)

corresponding to the [C38H34N2O8 - H], [C30H34NO8]

[C24H20N2O4 ? 2H] and [C14H12NO3 ? 2H] groups,

respectively. In the API-ES mass spectrum of compound

(1a) the dominant peak at m/z 591.8 (100%) corresponds to

the ligand plus sodium [M ? Na]?. The important frag-

ments of complex (1a) were observed at m/z 430.3 (37.9%)

and 312.0 (11.8%) corresponding to the [C22H26NO8 - 2H]

and [C17H16NO5 - 2H], respectively. In the API-ES mass

spectra of the Ni(II) complex (3b), the molecular ion peak

[M ? � H2O] was observed at m/z 784.5 (3.7%). The

important fragments were detected at m/z 407.2 (100%),

402.2 (77.8%) and 214.0 (56.9%) corresponding to the

[C25H23NO4 ? 6H], [C25H23NO4 ? H] and [C13H9NO2 ?

3H] groups, respectively. All of the mass spectra show that

this fragmentation pattern proceeding by the loss of etheric

chains is in accordance with literature [20]. The molecular

ion peaks and fragments of the ligands and complexes sup-

port the proposed structures.

Magnetic susceptibility measurements provide sufficient

data to characterize the nickel(II) complexes (3b–5b). The

elemental analysis and the effective magnetic moments

(leff = 3.03, 3.02 and 3.07 BM of the complexes 3b–5b,

respectively) confirm the presence of two unpaired elec-

trons in a tetrahedral environment, in agreement with e4t2
4

configuration.

IR spectra

Selected IR data of the crown ethers alkali and transition

metal complexes are shown in Table 2. In the IR spectra

both the characteristic internal m(NO2) and m(NH2)

absorption bands are observed at 1510, 1343 cm-1 (N–O

stretching) and 3386, 3363 cm-1 (N–H stretching),

respectively. The Schiff bases (3–5) show strong bands at

1614, 1613 and 1612 cm-1 characteristic of the imine

bond, attributable to the azomethine (HC=N) group. This

stretching vibration confirms the presence of imine group

and the absence of aromatic primary amine group of the

starting materials. The spectra of all compounds (1–5) are

dominated by bands between 2972 and 2850 cm-1 due to

m(C–H)aliph. groups.

The spectra of the sodium complexes (1a–5a) are

approximately the same as the Schiff base spectra. All the

perchlorate complexes featured split bands attributable to

the asymmetric, masym(Cl–O), stretching mode at ca.

1050–1092 cm-1 and the asymmetric, masym(O–Cl–O),

bending mode at 620–626 cm-1, as befits an uncoordinated

anion [21].

The IR spectra of the complexes (3b–5b), the shift of

m(C=N) from 1614, 1613 and 1612 cm-1 in the Schiff

bases to very strong absorption bands in the region 1608,

1607 and 1608 cm-1 in the nickel(II) complexes, suggests

the formation of a C=N–M band system. The shift to lower

frequency by about 6 cm-1 in the nickel(II) complexes

indicates the coordination of oxygen to metal ions.

1H- and 13C-NMR spectroscopy

In order to identify structure of the nitro (1) and amine (2)

substituted benzo15-crown-5, Schiff bases (3–5), alkali

metal complexes (1a, 2a and 4a) 1H-NMR spectra were

recorded in CDCl3, acetone and DMSO. The chemical

shifts, expressed in ppm downfield from tetramethylsilane,

are given in Table 3.

Table 2 Selected IR bands

Comp. m(C=C) m(C–H)aliph m(NO2) m(NH2) m(C=N) m(C–O–C)arom m(C–O–C)aliph m(ClO4
-)

1 1581 (m) 2952; 2860 (m) 1510; 1343 (s) – – 1325; 1256 (m) 1136; 1071 (m) –

2 1504; 1456 (m) 2972; 2876 (m) – 3386; 3363 (m) – 1323; 1299 (m) 1117; 1060 (s) –

3 1514; 1451 (w) 2918; 2850 (m) – – 1614 (m) 1342; 1281 (m) 1118; 1084 (s) –

4 1516; 1460 (m) 2929; 2868 (m) – – 1613 (s) 1366; 1276 (s) 1113; 1079 (s) –

5 1513; 1449 (m) 2918; 2850 (m) – – 1612 (s) 1338; 1288 (m) 1135; 1030 (m) –

1a 1583 (m) 2928; 2879 (w) 1516; 1340 (s) – – 1275 (s) 1100; 1081 (s) 1050 (s); 623 (m)

2a 1516; 1454 (m) 2923; 2878 (w) – 3382; 3366 (m) – 1334; 1276 (s) 1115; 1062 (s) 1082 (s); 623 (m)

3a 1512; 1490 (m) 2971; 2902 (m) – – 1615 (m) 1364; 1281 (m) 1100; 1063 (s) 1084 (s); 620 (m)

4a 1515; 1461 (m) 2937; 2879 (w) – – 1614 (m) 1366; 1250 (s) 1113; 1058 (s) 1092 (s); 624 (m)

5a 1513; 1493 (s) 2971; 2901 (m) – – 1615 (s) 1357; 1240 (m) 1106; 1029 (s) 1070 (s); 626 (m)

3b 1519; 1490 (s) 2971; 2901 (m) – – 1608 (s) 1341; 1250 (m) 1107; 1056 (s) –

4b 1517; 1439 (m) 2930; 2867 (w) – – 1611 (m) 1387; 1285 (m) 1117; 1079 (s) –

5b 1514; 1494 (s) 2967; 2878 (w) – – 1608 (s) 1321; 1241(m) 1117; 1050 (s) –

w weak, m medium, s strong
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The dinitro (1) and diamine (2) spectra indicate that the

molecules are symmetric; therefore, five different aromatic

protons (H1–5) were detected at d 7.05–7.86 and

6.41–7.06 ppm, respectively. The peaks of the crown ether

protons (–OCH2–CH2O–) for compounds (1 and 2) were

seen to resonate between at d 3.76–4.25 and 3.55–4.25 ppm,

respectively. The –CH2 protons were observed as a singlet at

5.35 and 5.05 ppm for the compounds (1 and 2). The N–H

band was detected at d 4.28 ppm as a broad singlet. The

Schiff bases (3–5) spectra indicate that the molecules were

symmetric as compound 1 and 2. The absence of primary

aromatic amine groups belonging to compound (2) has also

supported the formation of Schiff bases (3–5). The imine

peaks for compounds (3–5) were observed as singlet at d
8.52, 8.62 and 8.53 ppm, respectively. The observation of

these singlets provides confirmation of Schiff base reaction

between crown ether amine with appropriate aldehyde. The

methoxy (–OCH3) protons were detected for compound (3–

5) as a singlet in crown ether protons region. Although the

structures of the imine compounds (3–5) were symmetric,

however the assignments of the aromatic protons were

highly complicated in the region 6.92–7.47, 6.85–7.40 and

6.45–7.20 ppm, respectively. The chemical shifts have been

determined by comparison with nitro (1) and amine (2)

compounds which have shown protons of the –OCH2–

CH2O– and –CH2 to be located as expected. The 1H-NMR

spectra of the sodium complexes (1a, 2a and 4a) were

approximately the same as in the corresponding ligand

spectra. It is well known [22–24] that the Na? cations, on the

other hand are sufficiently small to fit into the cavities of

benzo-15-crown-5 moieties of the crown ethers (1–5).

According to the literature [22], the complexation of the

ligands (1–5) with Na? cations can be call ‘‘filling com-

plexes’’. In conventional ‘‘filling complexes’’, low chemical

shifts are especially observed for the aromatic and crown

ether protons. The four-coordinate functionalized com-

plexes (3b–5b) were prepared by the condensation of Schiff

bases N2O2 donor atoms. The above mentioned facts

showed that Schiff base ligand (3–5) can coordinate with

nickel(II) ion as in Scheme 3. The nickel(II) complexes

(3b–5b), the nickel(II):ligand mole ratio were found to be

1:1 according to elemental analysis. Since all of the Ni(II)

complexes (3b–5b) are paramagnetic, because of their NMR

spectra could not be detected.

The 13C-NMR spectral data and numbering of the car-

bons for 13C-NMR were given in Table 4. The signals of

the eight crown ether carbons are observed between at

68.59–71.59 ppm. The signals for the –OCH3, –CH2 and

aromatic ring carbons were detected in the corresponding

region.

Extraction studies using UV/Vis spectrophotometer

Extraction is a simple and useful method for evaluating the

complexing ability of crown ethers with alkali and transi-

tion metal cations. The results, expressed as a percentage of

cation extracted (%E), are collected in Table 5 and show

graphically in Fig. 1. The alkali metal cations (Li?, Na?

and K?) and transition metal cations (Cu2?, Ni2?, Zn2?,

Pb2?, Cr3?, Mn2?) complexing abilities of the crown

ethers (1, 3–5) were assessed by solvent extraction of

aqueous alkali and transition metal picrates with chloro-

form solution of the above compounds. The data in Table 5

indicates that compound 1 shows the highest extractability

towards K?, compounds 3 and 4 towards Cr3? and com-

pound 5 towards Cu2? when compared with other cations.

The levels of extraction for Mn2? and Zn2? are low

extractability for all of the compounds (1, 3–5). The

extraction trend observed for Schiff bases (3–5) are nearly

same extraction profile. As can be seen from Table 5,

compound (1) has higher selectivity for K? (49.4%).

Compounds (3–5) are also poor extractant showing for K?

(8.9, 7.6 and 4.8%, respectively) however, some preference

for Cr3?, Cu2? and Pb2? when compared to compound 1.

Table 3 Selected 1H-NMR spectral data

Comp. NH2 OCH2CH2O –OCH3 Ar–H –CH2 N=CH OH

1a – 3.76–4.25 (m, 8H) – 7.05–7.86 (m, 5H) 5.35 (s, 2H) – –

2b 4.28 (s, 2H) 3.55–4.25 (m, 8H) – 6.41–7.06 (m, 5H) 5.05 (s, 2H) – –

3a – 3.79–4.18 (m, 8H) d 6.92–7.47 (m, 9H) 5.20 (s, 2H) 8.52 (s, 1H) 13.80 (s, 1H)

4a 3.77–4.10 (m, 8H) d 6.85–7.40 (m, 8H) 5.23 (s, 2H) 8.62 (s, 1H) 14.30 (s, 1H)

5a – 3.78–4.15 (m, 8H) d 6.45–7.20 (m, 8H) 5.20 (s, 2H) 8.53 (s, 1H) 14.45 (s, 1H)

1aa – 3.38–4.32 (m, 8H) d 7.03–9.00 (m, 5H) 5.30 (s, 2H) – –

2aa 4.29 (s, 2H) 3.72–4.30 (m, 8H) d 7.10–7.88 (m, 5H) 5.35 (s, 2H) – –

3a – 3.73–4.18 (m, 8H) – 6.91–7.35 (m, 9H) 5.14 (s, 2H) 8.68 (s, 1H) 13.88 (s, 1H)

4ac – 3.74–4.30 (m, 8H) d 6.82–7.24 (m, 8H) 5.15 (s, 2H) 8.65 (s, 1H) 14.39 (s, 1H)

Chemical shifts (d), in ppm (s: singlet, m: multiplet)
a CDCl3, b Acetone, c DMSO, d Overlapping with OCH2CH2O peaks
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From the extraction data shown in Table 5, it can be seen

that the ligands (1, 3–5) show moderately affinity for Li?

and Na? ions (%E ranges from 12.1 to 28.0). Na? is

similarly extracted for all compounds (1, 3–5). It is inter-

esting that the percentage of the extraction of K? ion with

compound (1) is higher than that of Li? and Na? ions

extractability. Schiff bases (3–5) exhibits extraction per-

centages higher than for compound 1 for Cr3?, Cu2? and

Pb2? studied. From the results it is apparent that the

compounds (3–5) are poor extractants for the K?, Mn2?,

Ni2? and Zn2?. It is clear that the extractability results of

the ligands are different. Our results suggest that the match

between the alkali and transition metal cation and benzo-

15-crown-5 cavity dimensions is not seem to be an

important factor in cation selectivity. The complexation

ability of the ligand with various alkali and transition metal

Table 4 Selected 13C-NMR spectral data (d, ppm)

Comp. C1–4 C5 C6 C7 C8 C9–14 C1=N C20–70 –OCH3

1a 69.07; 69.76;

70.79; 71.46

149.23 115.40 127.47 69.48 115.90; 121.22; 125.72;

134.88; 140.58; 151.89

– – –

2b 69.21; 69.56;

70.54; 71.13

148.95 112.59 128.54 68.25 115.24; 115.54; 118.39;

121.76; 136.72; 145.30

– – –

3b 69.40; 70.07;

70.99; 71.59

152.55 114.70 128.66 68.72 114.88; 120.49; 122.25;

128.21; 138.63; 149.50

163.43 117.98; 119.53; 120.16;

132.86; 133.77; 162.50

–

4b 68.59; 69.58;

70.59; 71.15

152.55 114.14 128.34 67.92 114.57; 119.27; 121.48;

127.28; 137.34; 148.61

162.49 118.17; 119.27; 119.87;

127.28; 151.51; 152.23

56.07

5b 69.41; 70.10;

70.97; 71.58

152.27 113.94 128.19 68.72 114.72; 115.78; 120.11;

122.25; 138.06; 148.47

166.38 101.82; 107.61, 114.90;

134.18; 161.78; 165.10

55.74

a d6-DMSO ? CDCl3, b CDCl3
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Table 5 Alkali and transition metal picrate extractions for com-

pounds (1, 3–5) into chloroform phase

Metal ion Extractability (%)a

(1) (3) (4) (5)

Li? 28.0 ± 0.3 20.4 ± 05 12.1 ± 0.2 21.2 ± 0.1

Na? 16.4 ± 0.2 18.3 ± 0.4 13.2 ± 0.5 14.8 ± 0.2

K? 49.4 ± 0.5 8.9 ± 0.7 7.6 ± 0.3 4.8 ± 0.2

Cr3? 10.0 ± 0.7 34.7 ± 0.4 56.1 ± 0.1 34.6 ± 0.4

Mn2? 6.6 ± 0.4 2.3 ± 0.1 1.6 ± 0.6 4.2 ± 0.6

Ni2? 19.3 ± 0.1 3.8 ± 0.8 7.2 ± 0.1 3.3 ± 0.3

Cu2? 19.3 ± 0.5 32.6 ± 0.5 42.8 ± 0.7 55.7 ± 0.2

Zn2? 5.1 ± 0.7 9.0 ± 0.2 6.1 ± 0.5 12.3 ± 0.7

Pb2? 10.4 ± 0.5 15.1 ± 0.7 20.0 ± 0.2 20.1 ± 0.2

Temperature 25 ± 1 �C; aqueous phase (10 mL); [pic-] = 1.17 9

10-4 M, organic phase (10 mL chloroform); [L] = 1 9 10-3 M.

[M?] picrate; 1.17 9 10-4 M.
a Average for three samples

Fig. 1 Percentages extraction (%E) of different metal picrates [M?]

picrate; 1.17 9 10-4 M into chloroform at 25 ± 1 �C
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ions may depend on flexibility of macrocyclic ring, sub-

stituent which cause changing the conformation and flexi-

bility [25]. On the other hand, the hard and soft acids and

bases principle is seem to be an important factor in selec-

tivity for some compounds [26]. Because, our compounds

(3–5) contain hard oxygen donor atoms, they show pref-

erence for Cr3? (especially compound 4). Consequently, no

simple explanation for the observed extraction selectivity is

apparent from these results, and other factors involving the

hosts and guests must be considered. Different substituent

and side arms of the crown ether rings lead to different

arrangements of the donor atoms in the crown ethers, and

also the metal cation have different geometrical require-

ments and different extraction ranges.

The liquid–liquid extraction processes involving alkali

and transition metal picrates are usually characterized as

equilibria that are described by the following equation:

Mnþ
aq þ n Pic�ð ÞaqþmLorg� M Lð Þm Picð Þn

� �
org

where the subscript (aq) and (org) stand for aqueous and

organic phases (CHCl3), respectively. The overall

extraction equilibrium constant (Kex) can be written as:

Kex ¼
MðLÞmðPicÞn
� �

org

Mnþ½ �aq Pic½ �naq L½ �morg

The resulting calculated for compounds (1, 3–5) extraction

equilibrium constant log(Kex) values are presented in

Table 6. The extraction constants for Cr3? ion are higher

than other metal ions for all compounds (1, 3–5) and the

extraction constants were calculated as 15.91, 16.47, 17.16

and 16.46, respectively. These results show that the hard

metal ion is very effective on extraction efficiency. Con-

sequently, the high extraction constant values may result

from the stability of the mentioned complexes.

The distribution ratios for each cation, D, defined as the

ratio between the extracted amount of alkali and transition

metal picrate (in organic phase) and the remaining metal

picrate in aqueous phase, were computed using the

expression:

D ¼
MðLÞmðPicÞn
� �

org

Mnþ½ �aq

It follows that

D ¼ Kex Pic½ �naq L½ �morg

The distribution ratios determined for each compound (1,

3–5) towards each alkali and transition metal cations are

presented in Table 7.

Conclusion

In summary, we have prepared new crown ether nitro (1),

amine (2) and Schiff base compounds (3–5). Mononuclear

sodium perchlorate (1a–5a) and nickel(II) complexes (3b–

5b) of the new host compounds have been synthesized and

characterized. Magnetic moments and spectroscopic data

show that nickel(II) complexes complete the coordination

number four by tetradentate (N2O2 type) ligand. Conse-

quently, the nickel(II) atoms are coordinated by two phe-

nolic-O atoms and two azomethine-N atoms to form a

tetrahedral geometry. The ligand complexing properties

were studied by solvent extraction of selected alkali and

transition metals (Li?, Na?, K?, Cr3?, Mn2?, Ni2?, Cu2?,

Zn2? and Pb2?). Extraction studies with Cr3? and Cu2?

picrates from aqueous solution into chloroform have shown

that Schiff bases (3–5) are better phase transfer agents and

also more selective than nitro compound (1).
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