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Abstract A new (E,E)-dioxime, S,S0-bis(2-acetophe-

none)dithioglyoxime, has been synthesized by the reaction

of dichloroglyoxime with 2-thioacetophenone. Only mono-

nuclear Ni (II) complex with a metal:ligand ratio (1:2) was

prepared and then Ni(II) complex bridged BF2
? was

obtained with hydrogen-bridged Ni(II) complex and boron

trifluoride etherate. The reaction of BF2
?-capped Ni(II)

complex with 40,50-diaminobenzo [15-crown-5] gave a

twofold complex. The structure of ligand and Ni(II) com-

plexes are proposed according to elemental analyses, 1H, 13C

NMR, IR and mass spectral data and semi-empirical quan-

tum chemical calculations.

Keywords vic-Dioxime � BF2
?-capped complex � Diloop

macrocycle � Twofold compound � Macrocyclization �
Nickel(II) complexes

Introduction

The coordination chemistry of vic-dioximes has been

widely investigated as analytical reagents, as models for

biological systems such as B12 vitamin, as compounds

having columnar stacking thought to be reason for their

semiconducting properties [1–3]. Such compounds have

been used as chelating agent in coordination chemistry

very often since the begining of the last century [4, 5].

Since that time, several quasi-macrocycyclic and BF2
?-

capped oximes have been synthesized [6, 7]. Schrauzer has

synthesized a group of macrocyclic dioxime complexes of

cobalt(III) in which the bridging protons of the bis(diox-

ime) ligand are replaced by BF2
? groups, an alteration

which firms the macrocyclic structure while removing

acidic protons from the vicinity of the O2-binding site

[8, 9]. Due to the presence of mildly acidic hydroxy groups

and slightly basic azomethine groups, vic-dioximes are

amphoteric chelates that form corrin-type square-planar,

square-pyramidal and octahedral complexes with various

transition metal ions [10, 11]. The exceptional stability and

unique electronic properties of these complexes can be

attributed to their structure which is stabilized by intra-

molecular hydrogen bonding [12, 13]. There are three

geometrical isomers, such as anti-(E,E), amphi-(E,Z) and

syn-(Z,Z), of the vic-dioxime according to the hydroxyi-

mino groups that have to be considered for coordination

[14–17].

The very active current research in polymacrocylic

chemistry has led to the development of numerous syn-

thetic routes for affecting macropolycyclization, thus giv-

ing access to a great number of novel macropolycyclic

molecules [18–21]. Polymacrocyclic ligand system and

their polynuclear complexes of transition metals are

actively being investigated as models of metalloproteins,

metalloenzymes and some biological systems as biomi-

metics, catalysts and important materials for molecular

electronics as molecular magnets [22–25]. Many of mac-

rocyclic ligands involve four nitrogen atoms as donors. In

contrast to the enormous amount of information on these

systems, less study has been performed on complexes with

other combinations of donor atoms such as sulfur [26–28].

We report here the synthesis and characterization of

novel (E, E)-dioxime and its Ni (II) complex as well as the
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synthesis and structural properties of the BF2
?-capped

complex (Scheme 1). Then the nickel (II) complex con-

taining compartmental and twofold macrocyclic moieties

has been prepared by the macrocyclization reaction of

40,50-diaminobenzo[15-crown-5] with the BF2 bridged

nickel(II) complex (Scheme 2).

Experimental

Reagents

2-Mercapto acetophenone [29], 40,50-diaminobenzo[15-

crown-5] [30], dichloroglyoxime [31] and cyanogendi-N-

oxide [12] were prepared according to the described

procedure. Analytical grade chemicals were purchased

from Aldrich and Alfa Aesar and were used without furter

purifications. Some synthetic manipulations were per-

formed under argon atmosphere. Some solvents were

purified before use by standard procedures [32].

Equipments

Elemental analyses were determined with a CHNS-932

LECO instrument. The metal content of the complexes was

determined with a Unicam 929 AA spectrometer. FT-IR

spectra were recorded on a Perkin-Elmer SpectrumOne

FTIR spectrometer as KBr pellets. 1H and 13C NMR
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spectra were recorded in dimethyl sulfoxide-d6 (DMSO-d6)

solutions on a Varian Mercury 200 MHz spectrometer

using TMS as an internal reference. The mass spectra were

recorded on a MicrOTOF equipment with an electrospray

source and on a Micromass Quatro LC/ULTIMA LC–MS/

MS spectrometer. Melting points were determined with an

electrothermal apparatus and are uncorrected. All the

quantum chemical calculations were carried out using

HYPERCHEM 7.0 software.

Syntheses

Preparation of S,S0-bis(2-acetophenone)dithioglyoxime

H2L

A solution of cyanogendi-N-oxide in dichloromethane

(25 mL), which was prepared from dichloroglyoxime

(DCG) (0.785 g, 5 mmol) and an aqueous solution of

Na2CO3 (0.5 M, 25 mL), was added with stirring to a

solution of 2-mercapto acetophenone (1.52 g, 10 mmol) in

dichloromethane (200 mL) at -15 �C. The reaction was

contunied for 12 h at the above temperature and the pale

yellow crystallized product was separated from the solvent

by filtration and washed with 10 mL of cold dichloro-

methane and 15 mL of diethyl ether, respectively, then

dried in vacuo. Yield: 1.19 g (61.3%) as a pale yellow

crystal. Mp. 203 �C (dec.). Elemental analysis calc. For

C18H16N2O4S2: C, 55.67; H, 4.12; N,7.21. Found: C, 55.83;

H, 3.90; N, 7.47. 1H NMR (200 MHz, DMSO-d6) d: ppm

12.44 (s, 2H, N–OH), 7.91 (d, 2H, Ar–H), 7.35 (m, 4H, Ar–

H), 7.03 (d, 2H, Ar–H), 2.55 (s, 6H, CH3). 13C NMR

(50 MHz, DMSO-d6) d: ppm 201.29, 146.04, 137.97,

132.62, 132.33, 132.11, 131.65, 127.79, 28.74. IR (m/cm-1,

KBr pellets): 3228, 3051, 2990, 1669 (C=O), 1651 (C=N),

1585, 1559, 1465, 1420, 1360, 1301, 1281, 1248, 1048,

1051, 966, 855, 756. Mass spectrum (ESI): m/z = 389.06

[M ? 1]?.

Preparation of [Ni(HL)2] 3

A solution of NiCl2.6H2O (0.24 g, 1 mmol) in ethanol

(15 mL) was added to a solution of 2 mmol ligand

[H2L (0.776 g)] in hot ethanol (100 mL) at 70 �C. A dis-

tinct change in color and a decrease in the pH value

(pH = 1.26) of the solution were observed. While heating

and stirring at the same temperature, an equivalent of

ethanolic triethylamine (0.1 M) solution was then added to

adjust the pH to about 4.5, when orange precipitation of the

complex started. The mixture was heated and stirred on a

water-bath for another 3 h, until the precipitate was

formed. The resulting reaction mixture was filtered off, the

precipitate was washed with 25 mL of water, 15 mL of

ethanol and 15 mL of diethyl ether, respectively, then dried

in vacuo. Yield: 0.76 g (92%) as a dark orange powder.

Mp. 257 �C (dec). Elemental analysis calc. for C36H30

N4O8S4Ni: C, 51.87; H, 3.60; N, 6.72; Ni,7.05. Found: C,

51.99; H, 3.85; N, 6.43; Ni, 7.37. 1H NMR (200 MHz,

DMSO-d6) d: 16.91 (s, 2H, O–H O), 7.98 (d, 4H Ar–H),

7.33 (m, 8H, Ar–H), 7.14 (d, 4H, Ar–H), 2.49 (s, 12H,

CH3). 13C NMR (50 MHz, DMSO-d6) d: 199.28, 146.76,

138.17, 133.08, 132.87, 132.39, 132.01, 127.66, 28.99. IR

(m/cm-1, KBr pellets): 3061, 2994, 1711 (O–H���O), 1673

(C=O), 1641 (C=N), 1560, 1460, 1434, 1359, 1297, 1273,

1256, 1046, 964, 883, 754. Mass spectrum (ESI): m/

z = 833.04 [M ? 1]?, 855.02 [M ? Na]?.

Preparation of [Ni(LBF2)2] 4

A suspension of hydrogen bridged nickel(II) complex

[Ni(HL)2] 3 (0.624 g, 0.75 m mol) in 100 mL of freshly

distilled acetonitrile was brought to reflux temperature

under argon atmosphere. The equivalent amount of boron

trifluoride ethyl ether complex (0.4 mL, 1.5 mmol) was

added to the above suspension and the reaction mixture

became red immediately. The solution was boiled under

reflux with stirring for 2 h and monitored by TLC using

BAW [(n-butanol:acetic acid:water)(4:1:5] then allowed to

cool room temperature. The solution was concentrated to

10 mL under reduced pressure and then allowed to stand at

-18 �C overnight, whereupon the desired product precip-

itated. The red solid precipitate was collected by filtration,

washed with 10 mL of cold acetonitrile and 15 mL of

diethy ether, respectively, then dried in vacuo. Yield:

0.39 g (62.5%) as a red powder. Mp. 178 �C (dec.). Ele-

mental analysis calc. for: C36H28N4O8S4B2F4Ni: C, 46.55;

H, 3.01; N, 6.03; Ni, 6.32. Found: C, 46.66; H, 2.86; N,

5.79; Ni, 6.61. 1H NMR (200 MHz, DMSO-d6) d: 7.89 (m,

4H, Ar–H), 7.33 (m, 8H, Ar–H),7, 28 (m, 4H, Ar–H), 2.47

(s,12H, CH3). 13C NMR (DMSO-d6) d: 199.12, 145.40,

140.66, 135.67, 134.55, 133.82, 132.98, 128.01, 28.20. IR

(m/cm-1, KBr pellets): 3058, 2994, 1689 (C=O), 1655

(C=N), 1584, 1467, 1432, 1360, 1307, 1274, 1246, 1120,

1083, 960, 910, 819, 795, 767. Mass spectrum (ESI): m/

z = 928 [M]?.

Preparation of [Ni(LBF2)2L02] 6

A solution of 40,50-diaminobenzo[15-crown-5] (5) (0.15 g,

0.5 mmol) and Ni(II) complex (4) (0.232 g, 0.25 mmol) in

dry ethanol (30 mL) was added with stirring over 8 h to a

few drops of formic acid in dry ethanol (750 mL) under

argon atmosphere at reflux conditions. The reaction mix-

ture was refluxed with stirring for 48 h and checked

by TLC[silica gel (chloroform:methanol)(99:1)], which

showed the consumption of stopper. After cooling, ethanol

was removed in vacuo and the reaction mixture was

J Incl Phenom Macrocycl Chem (2012) 74:285–291 287

123



directly purified over silica gel chromatogtaphy eluted with

an eluent [(chloroform:methanol) (99:1)]. The target

compound was obtained as red-brown solid. Yield: 0.215 g

(59.3%) as a red-brown powder. Mp [ 300 �C (dec.).

Elemental anlysis calc. for: C64H64N8O14 S4B2F4Ni: C,

52.88; H, 4.40; N, 7.71; Ni, 4.04. Found: C, 52.61; H, 4.69;

N,7.41; Ni, 4.38. 1H NMR (200 MHz, DMSO-d6) d: ppm

7.93 (m, 4H, Ar–H), 7.41 (m, 8H, Ar–H), 7.31 (m, 4H, Ar–

H), 6. 58 (s, 2H, Ar–H), 4.15–3.42 (m, 32H, -CH2),

2.58 (s, 12H, CH3).IR (m/cm-1, KBr pellets): 3067,

3055, 2924–2874, 1652 (C=N), 1637 (C=N), 1595, 1591,

1489, 1457, 1363,1346, 1303, 1294, 1280, 1257, 1186,

1125–1063, 942, 853, 762, 7.55. Mass spectrum (ESI): m/

z = 1475 [M ? Na]?.

Results and discussion

The substituted dithioglyoxime (H2L) was synthesized in

a good yield according to the previously reported proce-

dure [33] involving the reaction of 2 equivalent of 1 with

1 equivalent of cyanogendi-N-oxide [12] in dichloro-

methane at -15 �C under argon atmosphere. A simple

scheme showing synthesis of the ligand H2L is depicted

in Scheme 1. Vicinal dioxime is air-stable, non-hygro-

scopic crystalline solid soluble in some organic solvents

such as ethanol, dichloromethane, N,N-dimethylformam-

ide. Characterization of this compound was achieved by

standard spectroscopic techniques as well as elemental

analysis. Complexation of the vic-dioxime with Ni(II) was

carried out by the addition of a solution NiCl2�6H2O, an

equivalent amount of triethylamine in ethanol and hot

solution of H2L in ethanol to afford the 1:2 (metal:ligand)

complex 3 in 92% yield. The template synthesis of 4 was

performed in 62.5% yield by adding borontrifluoride ethyl

ether complex to a refluxing dry acetonitrile suspension

containing the precursor nickel (II) complex (3). The

hydrogen bridge protons were replaced by BF2 units and

with the exception of this, all characteristics were retained

according to spectroscopic data. Nickel(II) complex con-

taining compartmental and twofold macrocyclic moieties

was prepared by high-dilution techniques in ethanol

(Scheme 1). For this purpose, 40,50-diaminobenzo(15-

crown-5) (5) was reacted with BF2
?-capped nickel(II)

complex (4) and the syntyhesis of nickel(II) complex

containing compartmental and twofold macrocyclic moi-

eties (Scheme 2.) has been achieved in considerable yield

59.3%.

The novel (E,E)-dioxime and its nickel(II) complexes

are characterized by a combination of elemental analysis

and spectroscopic data involving 1H NMR, 13C NMR, FT-

IR and MS spectra. The compounds gave satisfactory ele-

mental analyses and spectral data corresponded to

mononuclear complexes in which ligand is bonded to metal

centre N,N0-donor sites.

In the 1H NMR spectrum of H2L, the deuterium

exchangeable protons of –OH groups appeared a signal at

d = 12.44 ppm as a singlet. This result indicates that the

structure of 3 has the S-trans form [13, 26, 34, 35].

A significant feature of 1H NMR spectrum of 3 is absence

of resonances associated with S–H protons (d = 4.45 ppm)

in the precursor compound (1). In the proton decoupled 13C

NMR spectrum of H2L, the carbon resonance of the azo-

methine group was found at d = 146.04 ppm and this

unique signal for the C=N groups also confirmed the (E,E)-

form of the vic-dioxime [36, 37]. The 1H NMR spectrum of

H2L in dimethyl sulfoxide-d6 (DMSO-d6) indicates a

deuteriumoxide (D2O) exchangeable O–H���O protons

appeared at d = 16.91 ppm with 2H integrated values. In

the 1H and 13C NMR spectra, only slight differences

between those H2L and 3 were observed after complexa-

tion. In the 1H NMR spectrum of BF2
?–capped nickel(II)

complex (4), the deuterium-exchangeable bridging protons

of precursor nickel(II) complex (3) disappeared after the

formation of BF2-bridging macrocyclic compound. Bridg-

ing boron groups caused the resonances of 4 to shift down

field relative to those of hydrogen bridged nickel(II)

complex. Similar trends were observed in the 13C NMR

spectrum as observed in the 1H NMR spectrum of 4.

The resonance of azomethine carbon observed at d =

146.89 ppm shifted downfield as much as ppm on going

from compound with hydrogen bridge to boron-group

bridge [38, 39]. In the 1H NMR spectrum of 6, the absence

of amine functional groups and the presence of new

aromatic and cyclic ether group at d = 6.75 and

4.15–3.42 ppm indicate the formation of new compound

which contains diloop and compartmental macrocyclic

moiety.

Comparison of the IR spectral data clearly indicates the

formation of H2L with the appearance of stretching

vibrations at 3228, 1669, 1651 and 966 cm-1 are assigned

to the oxime OH, C=O, C=N and NO groups, respectively.

Nickel(II) complex (3) had an IR spectrum very similar to

that of the vic-dioxime, except for a schift of the O–H

stretching vibrations due to the formation of O–H���O
bonds (1,711 cm-1 bending vibrations). A lowering of the

vibration frequency (relative to vic-dioxime) of about

10 cm-1 for the C=N absorption in the hydrogen bonded

Ni(II) complex indicated coordination through the N-donor

atoms [11, 40]. In contrast to this downward shift, the

BF2
?-capped nickel(II) complex exhibits upward-shift of

about 14 cm-1 due to the strong electron-withdrawing

influence of BF2
? groups incorporated in the macrocycle

[41–43]. The bending vibrations of hydrogen bond disap-

peared upon encapsulation of the H-bonded complex

with appearance of resonances concorning BF2
? group
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contaminant around 1,180–1,055 and 889–854 cm-1 for

the B–O and B–F bonds, respectively [40, 44]. In the IR

spectrum of 6, the stretching vibrations belonging to the

amino-substituted benzo (15-crown-5) moiety disappear

after the macrocyclization reaction and novel resonances,

which belong to the azomethine and crown ether groups,

appear at 1,637 and 1,130–1,060 cm-1, respectively.

Information about composition of the prepared com-

pounds has also been obtained by MS/MS and micrOTOF

spectral studies. Mass spectrum of vicinal dioxime

H2L was examined in detail and the peaks appeared at

m/z = 389.06, 372 and 356 were determined to be

molecular ion peak and derived fragment peaks. Accord-

ingly, in the mass spectrum of 3, the molecular ion peak

emerged at m/z = 833.04 and 855.02 were calculated as

[M ? 1]? and [M ? Na]?, respectively. The ESI mass

spectra of 4 and 6 exhibited the molecular ion peak at

m/z = 928 [M]? and 1453 [M ? 1]?, respectively, which

support the proposed formulation.

The totally optimised geometries of the Ni(II) complex

containing compartmental and two-fold macrocyclic moie-

ties (Figs. 1, 2) were investigated using ZİNDO/1 method

[45] in version 7.0 of HYPERCHEM and their stable

structure was determined. The calculated total energy, heats

of formation and bond lenghts between nickel(II) ion and

ligand heteroatoms (Table 1) show that square-planar con

around the inner Ni(II) ion. The Ni–N distances in the square

planar parts of the complex (6) are in agreement with the

X-ray data for known vic-dioxime nickel(II) complex [46].

Conclusions

We have presented a novel pseudomacrocyclic containing

BF2
?-capped nickel(II) complex as a starting material and

its conversion to compartmental and twofold macrocyclic

moieties. Starting from novel (E,E)-dioxime and NiCl2�
6H2O, the mono-nuclear nickel(II) complex (3) was pre-

pared. Then the template synthesis of the BF2-bridged

complex (4) was performed by the reaction of hydrogen-

bridged nickel(II) complex with boron-trifluoride ethyl

ether complex. The preparation of target nickel (II) com-

plex containing compartmental and twofold macrocyclic

moieties (6) was accomplished by the reaction of BF2
?-

capped nickel(II) complex with 40,50-diaminobenzo[15-

crown-5] (5). The complete optimization of mononuclear

nickel(II) complex containing compartmental and twofold

macrocyclic moieties (6) was examined using ZİNDO/1

method.
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Table 1 The calculated total energy, heat of formation, bond lenght

and bond angels of the nickel(II) complex (6)

Etot

(kJ mol-1)

DHf
o

(kJ mol-1)

Ni–N

(Å)
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(�)

N2–Ni–N3

(�)

-211993.54 -142017.50 1.961 87.110 88.517
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4. Tschugaeff, L.: Über eine neue Synthese der a-Diketone. Chem.

Ber. 40, 186–187 (1907)
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Jeanneau, E., Luneau, D.: New insight in coordination of vic-

dioximes: bis- and tris(E,E-dioximato) Ni (II) complexes. Inorg.

Chim. Acta 361, 2225–2235 (2008)

17. Bilgin, A., Ertem, B., Gök, Y.: Synthesis and characterization of

a novel quinoxaline-substituted vic-dioxime and its complexes

containing bis(12-diazacrown-4) derivatives. Bull. Chem. Soc.

Jap. 80, 1549–1555 (2007)

18. Meade, T.I., Busch, D.H.: Inclusion complexes of molecular

transition metal hosts. Prog. Inorg. Chem. 33, 59–126 (1985)

19. Christensen, J.J., Hill, J.O., Izatt, R.M.: Ion binding by synthetic

macrocyclic compounds. Science. 174, 459–467 (1971)

20. An, H., Bradshaw, J.S., Izatt, R.M.: Macropolycyclic polyethers

(cages) and related compounds. Chem. Rev. 92, 543 (1992)
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