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A B S T R A C T
In this study, a novel (E, E)-dioxime containing a diazatetrathiadioxa macrobicyclic moieties (19E, 20E)-6,7,14,15,18,21,24,25-
oktahydro-13,26-(ethanothioethano-thioethano)dibenzo[14,15:8,9]-[1,4,10,13,7,16]dioxadithiadiazacyclooctadecino[2,3-g] 
quinoxaline-19,20,27,34-tetrone 19,20-dioxime (H2L) has been obtained from the reaction of cyanogen-di-N-oxide 
with 2,3-diamino-6,7,14,15,22,23-hexahydro-8,21-(ethanothioethanothioethano)tribenzo [b,h,n] [1,4,10,13,7,16]  
dioxadithiadiazacyclooctadecine-25,32-dione (8), which was prepared by the reduction of 2,3-dinitro-6,7,14,15,22,23-
hexahydro-8,21-(ethanothioethanothioethano)-tribenzo [b,h,n] [1,4,10,13,7,16] dioxodithiadiazacyclooctadecine-25,32-dione 
(7). The macrobicyclic (7) was synthesized by the condensation reaction of compound (5) with compound (6) in the presence 
of the Na2CO3 under an argon atmosphere in the refluxing acetonitrile. Mononuclear complex (11) was synthesized with 
metal:ligand ratio 1:2 of this compound as a result of interaction of the vic-dioxime (H2L) with NiCl2.6H2O. The structures of 
the new compounds were elucidated by the interpretation of MS spectral data elemental analysis, 1H- and 13C-NMR, IR and MS 
spectral data. 

TR

Anahtar Kelimeler: 
vic-Dioksim,
geçiş metali,
makrobisiklik bileşik
mononükleer kompleks 
siyanojen-di-N-oksit

Diazatetratiyadioksa makrobisiklik grup içeren yeni (E, E) -dioksim 
ve mono nükleer nikel (II) kompleksi

Ö Z E T
2,3-dini t ro-6,7 ,14,15,22,23-hegzahidro-8,21-(etanot iyoetanot iyoetano)- t r ibenzo[b,h ,n][1,4 ,10,13,7,16]
dioksoditiyadiazasiklooktadesin-25,32-dion (7) bileşiğinin indirgenmesi  ile elde edilen 2,3-diamino-6,7,14,15,22,23-
hegzahidro-8,21-(ethanotiyoethanotiyoethano)tribenzo[b,h,n][1,4,10,13,7,16]dioksaditiyadiazasiklooktadesin-25,32-dion 
(8) bileşiği ve siyanojen-di-N-oksit’in reaksiyonundan,  diazatetratiyadioksa makrobisiklik grup içeren yeni bir (E,E)-
dioksim (19E, 20E)-6,7,14,15,18,21,24,25-oktahidro-13,26-(etanotiyoetanotiyoetano)dibenzo[14,15:8,9][1,4,10,13,7,16] 
dioksaditiyadiazasiklooktade-sino[2,3-g]kinoksalin- 19,20,27,34-tetron 19,20-dioksim (H2L) sentezlendi. Makrobisiklik 
(7) bileşiği, Na2CO3 varlığında, argon atmosferinde riflaks olan asetonitril içerisinde (5) ve (6) bileşiklerinin kondenzasyonu 
sonucu sentezlendi. vic-Dioksim (H2L) ve NiCl2.6H2O reaksiyonundan, metal:ligand oranı 1:2 olan mononuclear kompleks (11) 
sentezlendi. Yeni bileşiklerin yapısı elementel analiz, 1H- and 13C-NMR, IR and MS spektral sonuçlar ile aydınlatıldı.

1. Introduction
Coordination compounds, which include vic-dioxime compounds, 
have been studied since the last century. The complexes of transition 
metals and oxime ligands have been discussed in detail in many 
reviews [1-6]. Oxime ligands are amphoteric because they have an 
acidic hydroxyl group and slightly basic nitrogen atoms [7]. It is 
known that dioxime ligands binding metal ions as neutral dioximes 
[8, 9]. vic-Dioximes have the field of use in various technology areas, 
such as medicine [10-12], catalysis [13,14], electro optical sensors 
[15], quid crystals [16], and trace metal analysis [17]. Some oximes 
are used in technology for different intentions in organic, inorganic, 
bioinorganic pigment, analytical, dyes and medical chemistry [18, 
19]. Because of their numerous advantages, vic-dioxime complexes 

of transition metals have attracted much interest [20]. 
         The extraordinary stability and matchless electronic features 
of these complexes can be ascribed to their planar form, which is 
strengthened by hydrogen bonding [21]. 

vic-Dioximes bearing macrobicyclic groups and their alkaline 
earth metal and transition metal compound have been lately prepared 
[22]. They have the ability to bind transition metal or alkaline earth 
metal properties, which is an amazing manner of these complexes 
[23]. Furthermore, metal complexes of dioxime compounds bearing 
a great number of macrocycle groups of different size with nitrogen, 
sulfur and oxygen as donor atom, have been comprehensively 
researched [24, 25]. 

We have previously achieved including a dioxadithiadiaza 
macrobicyclic moiety (H2L) [26]. In studying, we have worked up a 
new macrobicyclic vic-dioxime which contains dioxatetrathiadiaza 
macrobicyclic moiety (10).*Corresponding author: gdilber@ktu.edu.tr 
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2. Experimental
2.1. General 
The IR spectral data were obtained on a Perkin Elmer 1600 FT-IR 
Spectrophotometer, using KBr pellets. 1H and 13C-NMR spectral data 
were obtained on a Varian Mercury 200 MHz spectrometer in CDCl3, 
DMSO, and chemical shifts were measured (δ) relative to Me4Si 
as internal standard. Mass spectra were recorded on a Micromass 
Quatro LC/ULTIMA LC-MS/MS spectrometer. Elemental analyses 
were determined by a LECO Elemental Analyser (CHNS O932) and 
Unicam 929 AA spectrophotometer, respectively. Melting points 
were measured on an electrothermal apparatus and are uncorrected.

2.2. Materials and methods 
1,2-Di (o-aminophenoxy) ethanedithiol (1) [27] and 1,2-dinitro-4,5-
bis(2-iodoethoxy)benzene (6)  [28] was obtained according to given 
literature. All solvents were dried and purified by traditional methods 
[29]. 

2.2.1 Synthesis of compound N,N’-[ethane-1,2-diylbis(thio-
2,1-phenylene)]bis(2-cloroacetamide) (3)
1,2-Di (o-aminophenoxy) ethanedithiol (1) (3g, 10.86mmol) was 
dissolved in 51 mL of dichloromethane. A solution of acethychloride 
(2) (2.21 mL, 27.17mmol) in 10 mL of dichloromethane was dropped 
on the prepared solution for 1 h at -5 ºC under Ar atmosphere. The 
color that was rose pink reddish before dropping was obtained purple. 
The reaction content was maintained at room temperature for one day. 
After then rude product filtered and purple precipitate was achieved, 
washed with water, ethanol, and diethyl ether and crystallized from 
ethanol, dried under vacuo. Yield: 2,53g (55 %) mp:170 -171 ºC. 
(Found: C, 50.51; H, 4.34; N, 6.58; S, 14.77; C18H18N2O2S2Cl2 calcd.: 
C, 50.35; H, 4.23; N, 6.52; S, 14.93 %). MS (EI) (m/z): 429.18 [M]+. 
IR (KBr pellet),(cm-1): 3309 (N-H), 3065 (Ar-H), 2957 (Alif.C-H), 
1678 (C=O), 1584,1538 (C=C), 1438, 1404, 1308, 1262,  763, 730,  
1H-NMR (DMSO-d6), (δ: ppm): 9.64 (s, 2H, NH), 8.42 (d, 2H, Ar-H), 
7.47 (d, 2H, Ar-H),  7.34(t, 2H, Ar-H), 7.12(t, 2H, Ar-H), 4.20 (s, 
4H, 0=CCH2), 2.92 (s, 4H, CH2-S). 13C-NMR (DMSO-d6), (δ: ppm): 
163.15, 140.34, 130.69, 130.40, 125.04, 120.04, 77.68, 43.41, 34.99.

2.2.2. Synthesis of compound 
9,10,20,21-tetrahydro-5H,12H-dibento[e,q]
[1,4,10,13,7,16]-tetrathiadiazacyclooctodecine-
6,13(7H,14H)-dione (5)  
N , N ’ - [ e t h a n e - 1 , 2 - d i y l b i s ( t h i o - 2 , 1 - p h e n y l e n e ) ] b i s ( 2 -
chloroacetamide) (3) (2g, 4.66mmol) was dissolved in 70 mL 
of dry acetonitrile and 20 mL of dry DMF. Anhydrous Na2CO3 
(2.4g, 18.4 mmol) was added to a stirring mixture under nitrogen 
atmosphere. After a while, etan-1,2-dithiol (2) (0.4g, 4.6mmol) in 
10 mL of dry CH3CN was dropped on the prepared solution for 1h 
at room conditions. The reaction was continued for 72 h. The white 
precipitate was filtered. Then it was washed with water ethanol then 
diethyl ether. It was dried under vacuo. Yield: 1.3g (65%) mp: 284-
286 ºC. (Found: C, 53.33; H, 4.86; N, 6.35; S, 28.57; C20H22N2O2S4 
calcd.:C, 53.31; H, 4.92; N, 6.22; S, 28.46 %). MS (EI) (m/z): 473 
[M+Na]+. IR (KBr pellet), (cm-1): 3263 (N-H), 3030 (Ar-H), 2924 
(Alif.C-H), 1681 (C=O), 1577, 1515 (C=C), 1433, 1296, 1162, 760, 
596. ,  1H-NMR (DMSO-d6), (δ: ppm): 9.68 (s, 2H, NH), 7.60 (d, 2H, 
Ar-H), 7.53(d, 2H, Ar-H), 7.32(t, 2H, Ar-H ), 7.19(t, 2H, Ar-H ), 3.68 
(s, 4H, O=CCH2), 2.98 (s, 4H, CH2-S), 2.42 (t, 4H, CH2-S), …. (t, 
4H, CH2-S). 13C-NMR (DMSO-d6), (δ: ppm):161.12, 138.30, 134.69, 
130.20, 124.04, 119.10, 78.50, 41.44, 32.92, 20.70. 

2.2.3. Synthesis of compound 2,3-dinitro-
6,7,14,15,22,23-hexahydro-8,21-(ethanothio-
ethanothioethano)tribenzo[b,h,n][1,4,10,13,7,16]
dioxodithiadiazacyclooctadecine-25,32dione (7)
9,10,20,21-tetrahydro-5H,12H-dibento[e,q][1,4,10,13,7,16]
tetrathiadiazacyclooctodecine-6,13(7H,14H)-dione (5) (1g, 2.21 

mmol) was dissolved in dry acetonitrile (100 mL) and dry DMF 
(60 mL) containing anhydrous Na2CO3 (0.24 g, 2.26 mmol) under 
N2 atmosphere. After stirring for 30 min, 1, 2-dinitro-4,5-bis(2-
iodoethoxy)benzene (6) (1.12 g, 2.21 mmol) in dry acetonitrile (30 
mL) was added to the reaction medium. This solution was continued 
with stirring at 60 ºC for 168 h. Then, the mixture was filtered and 
washed with acetonitrile, and reaction solvent was diluted to dryness 
under reduced pressure. The obtained product was crystallized from 
EtOH to yield yellow crystals. Yield: 0.9g. (60 %) mp: 295-297 ºC. 
(Found: C, 51.43; H, 4.50; N, 8.07; S, 18.24; C30H30N4O8S4 calcd.: 
C, 51.27; H, 4.30; N, 7.97 ; S, 18.25  %). MS (EI), (m/z): 704.83 
[M+2]+. IR (KBr pellet),(cm-1): 3075 (Ar-H), 2994-2917 (C-H), 1670 
(C=O), 1519-1320 (Asm. N-O), 1270-1204 (Ar-O-CH2), 968 (N-O). 
1H-NMR  (DMSO-d6), (δ: ppm): 7.52 (s, 2H, Ar-H), 7.20 (t, 2H, Ar-
H), 7.01 (t, 2H, Ar-H),  6.90 (d, 2H, Ar-H), 6.85 (d, 2H, Ar-H),3.98 
(t, 4H, CH2-N), 3.60 (t, 4H, CH2-O), 3.25 (s, 4H, CH2-S), 3.10 (t, 
4H, CH2-S), 2.69 (S, 4H, CH2-S). 13C-NMR (DMSO-d6), (δ: ppm): 
161.27, 147.86, 142.86, 130.43, 129.25, 126.07, 125.42, 122.72, 
115.42, 106.72, 72.42, 51.72, 46.92, 38.08, 34.96.

2.2.4 Synthesis of compound 2,3-diamino-
6,7,14,15,22,23-hexahydro-8,21-(ethanothio-
ethanothioethano)tribenzo[b,h,n][1,4,10,13,7,16]
dioxadithiadiozacyclooctadecine-25,32-dione (8)
2 , 3 - d i n i t r o - 6 , 7 , 1 4 , 1 5 , 2 2 , 2 3 - h e x a h y d r o - 8 , 2 1 -
(ethanothioethanothioethano)tribenzo[b,h,n][1,4,10,13,7,16]
dioxodithiadiazacyclooctadecine-25,32dione (7) (0.8 g, 1.24 mmol)  
was dissolved in dioxane (100 mL) by heating under a nitrogen 
atmosphere at the reflux temperature. Then the solution was cooled to 
30 ºC. The (10 %) palladium activated charcoal (0,16 g) was added 
to solution at this at this temperature. Then 0,8 mL of hydrazine 
hydrate (%100) dropped in one hour. The reaction was continued 
with stirring at the reflux temperature for 12 h and then filtered from 
Celite  and washed with dioxane. The solvent was removed under 
reduced pressure. The unprocessed result was crystallized from 
ethanol. Light yellow yield was obtained after crystallization. Yield 
0.5g (70%) mp: 230-232 ºC. (Found: C, 56.25; H, 5.57; N, 8.91; S, 
20.11; C30H34N4O4S4 calcd.: C, 56.05; H, 5.33; N, 8.72 ; S, 19.95  
%). MS (EI), (m/z): 665.86 [M+Na]+. IR (KBr pellet), (cm-1): 3298 
(NH2), 3092 (Ar-H), 2924-2840 (C-H), 1648 (C=O), 1599, 1512, 
1455 (C=C), 1269-1170 (Ar-O-CH2), 1070. 1H-NMR (DMSO-d6), 
(δ: ppm): 7.35 (s, 2H, Ar-H), 7.16 (t, 2H, Ar-H), 7.06 (t, 2H, Ar-H), 
6.90(d, 2H, Ar-H), 6.87 (d, 2H, Ar-H), 5.20 (br, 4H, NH2), 3.98 (t, 
4H, CH2-O), 3.50 (t, 4H, CH2-N), 3.25 (s, 4H, CH2-S), 3.12 (t, 4H, 
CH2-S), 2.69(s, 4H, CH2-S). 13C-NMR (DMSO-d6), (δ: ppm): 161.40, 
147.86, 142.86, 130.43, 129.25, 126.07, 125.42, 122.72, 115.42, 
106.72, 72.42, 51.72, 46.92, 38.08, 34.96. 

2.2.5. Synthesis of compound (19E,20E)-
6,7,14,15,18,21,24,25-oktahydro-13,26-(ethano-
thioethanothioethano)dibenzo [14,15:8,9] [1,4,10,13,7,16]
dioxa-dithiadiazacycloocta-decino[2,3-g]quinoxaline-
19,20,27,34-tetrone 19,20-dioxime (H2L), (10)
A solution of cyanogen-di-N-oxide in dichloromethane (25 
mL) prepared (E, E)-dichloroglyoxime (0.14 g, 0.62 mmol) in 
dichloromethane (25 mL) with an aqueous solution of Na2CO3 0.5 
M, 25 mL in dichloromethane (25mL), in refigated bath at -10 ºC, 
was added the solution of (8) (0.42 g, 0.62 mmol) in dichloromethane 
(25 mL) at the same temperature. The reaction was stirred for 12 h 
at -10 ºC and the reaction content was left to warm into the room 
temperature, then the reaction solvent was diluted to 25 mL under 
reduced pressure. It was cooled down to 15 ºC in the fridge for one 
day. Pale brown solid yield was filtered off and washed with cold 
EtOH. The resulting product was crystallized from EtOH. Yield 
0.30 g (65%) mp > 300 ºC. (Found: C, 52.59; H, 4.65; N, 11.82; S, 
17.73; C32H34N6O6S4 calcd.: C, 52.88; H, 4.71; N, 11.56 ; S, 17.64  
%). MS (EI), (m/z): 727.14 [M+1]+.  IR (KBr pellet), (cm-1): 3368 
(O-H), 3276 (N-H), 3087(Ar-H), 2924- 2868 (C-H), 1681 (C=O), 
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1625 (C=N), 1610 (N-H), 1516, 1456 (C=C), 1228 (Ar-O-CH2), 
941 (N-O). 1H-NMR (DMSO-d6), (δ: ppm): 9.88 (s, 2H, OH), 8.65 
(s, 2H, NH), 7.75 (s, 2H, Ar-H), 7.30 (t, 2H, Ar-H), 7.23 (t, 2H, Ar-
H),  6.93 (d, 2H, Ar-H), 6.87 (d, 2H, Ar-H),3.95 (t, 4H, CH2-O), 3.54 
(t, 4H, CH2-N),  3.26 (s, 4H, CH2-S), 2.77 (t, 4H, CH2-S), 2.66(S, 
4H, CH2-S). 13C-NMR (DMSO-d6), (δ: ppm): 161.77, 153.86, 147.6, 
135.47, 129.35, 128.37, 124.32, 123.22, 118.49, 107.02, 75.42, 55.42, 
46.90, 37.58, 34.46, 32.68.

2.2.6. Synthesis of compound [Ni(HL)2] (11)
A solution of NiCl2.6H2O (0.032 g, 0.13 mmol) in EtOH (10 mL) was 
added to a solution of (10) (0.2 g, 0.27 mmol) in EtOH (20 mL) with 
stirring at 60 ºC.  The color of the solution turn into reddish brown 
and a decline in pH was monitored. Therefore, the pH of mixture was 
adjusted about 4.50 by addition of triethylamine (0.1 M) in ethanol. 
The reaction was resumed with stirring at 60 ºC for 2 h. After the 
reaction mixture was left to warm into the room temperature, the 
mixture was filtered and the crude product was washed with EtOH 
and then crystallized from ethanol, dried in vacuo. Yield 0.12g 
(60%) mp >300 ºC. (Found: C, 50.82; H, 4.26; N, 11.40; S, 16.78; 
C64H66N12O12S8 calcd.: C, 50.94; H, 4.40; N, 11.13 ; S, 17.00 %). 
MS (EI), (m/z):1508.87 [M]+.  IR (KBr pellet),(cm-1): 3338 (N-H), 
3082 (Ar-H), 2924-2853 (C-H), 1737 (O-H×××O), 1648 (C=O), 
1614 (C=N), 1264 (Ar-O-CH2), 950 (N-O). 1H-NMR (DMSO-d6), 
(δ: ppm):17.29 (s, 2H, O-H×××O), 8.35 (s, 4H, NH), 7.60 (s, 4H, 
Ar-H), 7.33 (t, 4H, Ar-H), 7.21 (t, 4H, Ar-H),  6.95 (d, 4H, Ar-H), 
6.86 (d, 4H, Ar-H), 3.93 (m, 8H, CH2-O), 3.51 (t, 8H, CH2-N), 3.24 
(s, 8H, CH2-S), 2.72 (t, 8H, CH2-S), 2.60(s, 8H, CH2-S). 13C-NMR 
(DMSO-d6), (δ: ppm): 168.22, 150.86, 145.86, 134.47, 129.13, 
128.07, 124.32, 123.72, 117.42, 103.36, 74.32, 59.22, 42.92, 36.28, 
34.21, 32.68. 

3. Result and discussion
The synthesis of (E,E)-dioxime (H2L) with its mononuclear complex 
were designed and synthesized as depicted in Scheme 1 and Fig.1.

Compound (3) was obtained by the reaction of (1) with (2) under 
a nitrogen atmosphere at -5 ℃ in a yield (55%). The chemical shift 
because of NH protons was monitored at δ = 9.64 in the 1H-NMR 
spectrum of (3). The deuterium exchange characteristics of NH 
protons also emerged during the formation of the designed complex. 
13C-NMR spectral data were confirmed the proposed structures of the 
compounds (3). The chemical shift for C=O were watched at 163.15 
ppm. In the FT-IR spectra of (3), the characteristic signal associated 
with to NH and C=O groups, were appeared at 3309 and 1672 cm-

1, respectively. The mass spectral data of (3) showed a molecular 
ion peak (EI) at m/z = 429.18 [M]+, which confirmed the proposed 
structure.

Compound (5) was obtained by the reaction of (3) with (4) under 
N2 atmosphere in yield 65%. 1H-NMR spectrum of (5) gave the 
signal because of NH, CH2CH2-S protons at δ = 9.68 and 2.98 ppm, 
respectively. Also, NH proton signals disappeared after interaction 
with D2O. The proton-decoupled 13C-NMR displayed compatible 
spectral data for the structure of the compound (5). The chemical 
shifts for CH2CH2-S and C=O were monitored at δ= 32.92  and 161.15 
ppm respectively. In the IR spectrum of (5), the typical stretching 
vibrations, relating to NH and C=O groups, were watched at 3263 and 
1681 cm-1, respectively. The mass spectral data of (5) demonstrated 
a molecular ion peak (EI) at m/z = 473 [M+Na]+, which verified the 
proposed structure.

The macrobicyclic compound (7) was achieved in acetonitrile 
by the reaction of (5) with (6) in the presence of Na2CO3 in a N2 
atmosphere at the reflux temperature. Macrobicyclization gave the 
macrobicyclic compound (7) in moderate yield 60%. In the 1H-NMR 
spectrum of (7), the signals of Ar-H and CH2CH2-S protons were 
emerged at δ=7.52, 7.20, 7.01 and 3.25 ppm, respectively. 13C-NMR 
spectral data of (7) exhibits signals for CH2CH2-S and C=O at δ = 
34.96 and 167.86 and ppm respectively. The data obtained from 
the 1H-NMR and 13C-NMR spectra of the novel compounds were 

provided the characteristic chemical shifts for compounds. In the IR 
spectrum of compound (7), the typical signal belonging to C=O and 
NO2 groups, were watched at 1670 and 1519-1320 cm-1, respectively. 
The mass spectrum (EI) of (7) exhibits a molecular ion peak (EI) at 
m/z = 704.83 [M+Na]+, which confirmed the proposed structure.

Reduction of the dinitro-substitued macrobicyclic (7) using 10% 
palladium-activated charcoal and hydrazine hydrate (100%) in hot 
dioxane [30] worked out the macrobicyclic compound (8) in yield 70 
%. In the 1H-NMR spectrum of (8), the signal due to Ar-H, NH2 and 
CH2CH2-S protons were obtained at δ = 7.16, 6.90, 76.87, 5.20 and 
3.25 ppm, respectively. 13C-NMR spectral data of 8 were supported 
the typical chemical shifts for this compound. The signal belonging 
C=O, O-CH2 and CH2CH2-S were emerged at δ = 161.40, 38.08 and 
34.96 ppm respectively. In the FT-IR spectrum of compound (8), the 
typical signals due to NH2 and C=O groups were monitored at 3298 
and 1648 cm-1, respectively. The mass spectrum (EI) of (8) exhibits a 
molecular ion peak (EI) at m/z = 665.86 [M+Na]+, which confirmed 
structure of the intended compound.

(E, E)-dioxime (10) successfully achieved the reaction of the 
aromatic diamine compound (8) and cyanogen-di-N-oxide (9) in 
dichloromethane and N2 media at –10 ℃ with 65 % yield. In the 
1H-NMR spectrum of this ligand, the chemical shifts due to OH, 
NH and CH2CH2-S protons were observed at δ = 9.88, 8.65 and 2.90 
ppm, respectively. Also, OH and NH proton signals disappeared after 
interaction with D2O.  The chemical shifts due to =N-OH protons 
were maintained in the 1H-NMR spectral data. The equal chemical 
shifts because of hydroxyimino groups verify the (E, E)-form of 
vic-dioxime [31-33]. In the 13C-NMR spectrum, two signal due to 
carbonyl and azomethine groups are showed at δ= 161.77 and 147.86 
ppm, respectively. The signal belonging the azomethine group carbon 
atom at δ= 147.86 is the most prominent feature for oxime ligands 
and support the (E, E)-form of the vic-dioxime [34]. In the FT-IR 
spectra of compound (10), the signal due to OH, NH, C=O and C=N 
groups appeared at 3368, 3276, 1681 and 1625 cm-1, respectively. The 
mass spectrum (EI) of oxime ligand (10) exhibited a molecular ion 
peak at m/z = 727.14 [M+1]+ , which supported the proposed structure.

 vic-Dioxime Ni(II) complex was accomplished in 60 % yield 
by the addition of a solution of Ni (II) salt, triethylamine in ethanol 
and oxime ligand dissolved in hot ethanol. In the 1H-NMR spectrum 
data of (11), the signal due to OH protons belonging H2L ligand 
vanished after the formation of (E, E)-dioxime Ni (II) complex. On 
the other hand, a new signal appeared at δ=17.29 can be ascribed 
to the formation of the hydrogen bridge [35, 36]. The data observed 
from the 13C-NMR spectra of the novel compounds were supported 
the characteristic chemical shifts for compounds (11), as expected. 
The novel signal belonging O-H∙∙∙O groups emerged at 1737 cm-1 in 
the FT-IR spectrum of complex (11) which provides the structure of 
(H2L) Ni (II) complex. The fast atom bombardment mass spectra of 
(11) exhibited a molecular ion peaks at m/z = 1508.87 [M]+, which 
supported the aimed structure.

The obtained elemental analyses data for all compounds were 
supported of the corresponding compound structure.

4. Conclusions
In this work, a new (E, E)-dioxime with mono nuclear nickel (II) 
complex containing diazatetrathidioxa macrobicyclic moieties. The 
structures of all new compounds were clarified by elemental analysis 
and different spectroscopic techniques such as FT-IR, UV-vis, 1H 
NMR, 13C-NMR and MALDI-TOF. Examination of the analysis 
results revealed that the metal ligand ratio was 1: 2. 

Acknowledgements
This study was supported by the Research Fund of Karadeniz 
Technical University, project no: 2006.111.02.1, (Trabzon-Turkey).

        3



G. Dilber et al. /  Karadeniz Chem. Sci. Tech., 2018, 03, XX-XX

(8)

+ CH2Cl2, N2

-10 ºC

dry CH3CN / dry DMF

Na2CO3,

+ HS SH
(4)

S

S

NH2

NH2

(1)

Na2CO3

CH3CN
dry

S NH Cl

S NH Cl

O

O

(3)

+

(2)

Cl Cl

O

S

S

S

S

NH

NH

O

O

(5)

(7)

CH2CI2

anhydous 

SS

OO

NN

SS

NO2NO2

OO

anhydous 

SS

OO

NN

SS

NH2H2N

OO

O2NO2N

OO

II

(6)

C N O
C N O

(9)

N2

N2

 N2

N2

NH2NHOH2
Pd / C, Dioxane

NHHN

NOHHON

SS

OO

NN

SS

OO

(10)

Scheme 1. The synthesis of (E,E)-dioxime (H2L)

 

( 1 1 ) 

N i 
N 

N 

S 

S S 

S 

O 

S 

S O 

O 

N 

N 

S 

S 

N H 

N H 

N 

N 

O 

O 

H 

N H 

N H 

N 

N 

O 

O 
H 

O 

O 

O 

O O 

Fig. 1. The structure of [Ni(HL)2] complex

  4



G. Dilber et al. /  Karadeniz Chem. Sci. Tech., 2018, 03, XX-XX

References
1.	 Kukushkini, V.Y.,  Pombeiro,  A.J.L., Oxime and Oximate Metal 

Complexes: Unconventional Synthesis and Reactivity, Coord. Chem. 
Rev. 1999, 181, 147-175.

2.	 Smith, A.G., Tasker, P.A., White, D.J., The structures of phenolic oximes 
and their complexes, Coord. Chem. Rev. 2003, 241, 61-85.

3.	 Stynes, D.V., Vernik, I.; Zobi, F., Iron complexes of borylated vicinal 
dioxime macrocycles, Coord. Chem. Rev. 2002, 233, 273-287.

4.	 Bilgin. A., Ertem, B., Gök Y, Dilber, G., Kılıçarslan, M., Synthesis and 
characterization of a new (E,E)-dioxime and its mono and polynuclear 
complexes containing a 14-membered dithiadiaza macrocyclic moiety, J. 
Coord. Chem. 2004, 57(10), 883–891.

5.	 Kantekin, H., Dilber, G., Gök, Y., Ocak, Ü., Abbasoğlu, R., 
Synthesis and Characterization of A New (E, E)-Dioxime and Its 
Mono and Heterotrinuclear Complexes Containing 18-Membered 
Dithiatetraazamacrocycle, Trans. Met. Chem. 2003, 28, 51–57.

6.	 Özer, M., Kandaz, M., Özkaya, A.R., Bulut, M., Güney, O., Fluorescent 
vic dioxime type ligand and its mono and di nuclear complexes the 
preparation spectroscopy and electrochemistry of its various complexes, 
Dyes Pigments, 2008, 76,125-132.

7.	 Kurtoğlu, M., Serin, S., Syntheses and characterization of 4-(11-chloro-
3,6,9-trioxaundecyloxy) phenylamino-glyoxime and its complexes with 
copper(II), nickel(II), and cobalt(II),  Synth. React. Inorg. Met.- Org. 
Chem. 2002, 32 (3), 629-637.

8.	 Burdinskii,D., Birkelbachi,F., Werheymuller,T., Florke, U., Hampt, 
H.J., Lengen, M., Encapsulation by a Chromium(III)-Containing 
Bicyclic Ligand Cage. Synthesis, Structures, and Physical Properties of 
Heterometal Complexes CrIIIMCrIII [M = (H+)2, Li(I), Mg(II), Cu(II), 
Ni(II), Ni(IV), Co(III), Fe(II), Fe(III), Mn(II)], Inorg. Chem. 1998, 37, 
1009-1020.

9.	 Ruiz, R., Julve, M.,  Faus, J., Lioret, F.,  Munoz, M.C., Ournaux, Y., 
Ferromagnetic Coupling between Copper(II) Centers through the 
Diamagnetic Zinc(II) Ion: Crystal Structure and Magnetic Properties of 
[Cu(2)Zn(Hdmg)(2)(dmg)(2)(H(2)O)].-0.5H(2)dmg.H(2)O (H(2)dmg = 
Dimethylglyoxime), Inorg. Chem. 1997, 36, 3434-3439.

10.	 Leonard, J.P., Novotnik, D.P., Neirinck, R.D., Technetium-99m-d, 
1-HM-PAO: a new radiopharmaceutical for imaging regional brain 
perfusion using SPECT--a comparison with iodine-123 HIPDM.,  J. 
Nucl. Med. 1986, 27, 1819-1823.

11.	 Dilworth, J.R., Parrott, S.J., The biomedical chemistry of technetium and 
rhenium, Chem. Soc.Rev. 1998, 27, 43-55.

12.	 Hall, I.H., Bastow, K.F., Warren, A.E., Cytotoxicity of cobalt complexes 
of furan oximes in murine and human tissue‐cultured cell lines, Appl. 
Organomet. Chem. 1999, 13, 819-828.

13.	 Lukevics, E.; Abele, R.; Fleisher, M., Fluoride ion catalyzed silylation 
of ketoximes by hydrosilanes,  J. Mol. Catal. A. Chem. 2003,198, 89-98. 

14.	 Sellmann, D., Utz, J., Heinemann, F.W., Transition-Metal Complexes 
with Sulfur Ligands. 132.(1) Electron-Rich Fe and Ru Complexes with 
[MN(2)S(3)] Cores Containing the New Pentadentate Ligand 'N(2)H(2)
S(3)'(2)(-) (= 2,2'-Bis(2-mercaptophenylamino)diethyl Sulfide(2-)), 
Inorg. Chem. 1999, 38, 459-466. 

15.	 W.D. Cheng, D.S. Wu, J. Shen, S.P. Huang, Z. Xie, H. Zhang, Y.J. Gong, 
From molecule to bulk material: optical properties of hydrogen-bonded 
dimers [C12H12N4O2AgPF6]2 and [C28H28N6O3AgPF6]2 depend 
on the arrangement of the oxime moieties, Chem-Eur J. 2007,13 (18), 
5151-5159.

16.	 Ohta, K., Higashi, R., Kejima, M.I., Yamamoto, I., Kobayashi, N., 
Disk-like liquid crystals of transition metal complexes: Critical 
molecular structure change from columnar to lamellarliquid crystal in 
bis(diphenylglyoximato)-nickel(II)-based complexes,  J. Mater. Chem. 
1998, 8, 1979-1991. 

17.	 S. Kumar, R. Singh, H. Singh, Amide–ether–amine-containing 
macrocycles: synthesis, transport and binding metal cations, J. Chem. 
Soc. Perkin. Trans. 1999, 1, 3049-3054. 

18.	 Finke, R.G., Schiraldi, D.A., Mayer, B.J., Towards the unification of 
coenzyme B12-dependent diol dehydratase stereochemical and model 
studies: The bound radical mechanism, Coord. Chem. Rev. 1984, 54,1-
22. 

19.	 Dilworth, J.R., Parrott, S.J., The biomedical chemistry of technetium and 
rhenium. Chem. Soc. Rev. 1998, 27, 43.

20.	 Chakravorty, A., Structural chemistry of transition metal complexes of 

oximes, Coord. Chem. Rev. 1974, 13, 1-46.
21.	 Brown, B.G., The chemistry of vitamin B12 and related inorganic model 

systems. Prog. Inorg. Chem. 1973, 18, 177-286. 
22.	 Thomas, T.W.; Underhill, A.F., Metal-metal interactions in transition-

metal complexes containing infinite chains of metal atoms, Chem. Soc. 
Rew. 1972, 1, 99-120. 

23.	 U. Ocak, Y. Gok, H.B. Senturk, Evaluation of mononuclear Ni(II) 
complex of a tetra-cryptanded vic-dioxime and its model compound 
14-membered N2O2S2 macrobicyclic ligand as Pb 2+, Cd 2+, and Hg 
2+ extractants, Sep. Sci. Technol. 2009, 44 (5),1240-1249. 

24.	 Gök, Y., Kantekin, H., Alp, H., Özdemir, M., Synthesis and 
characterization of the free ligand 5,6:13,14‐dibenzo‐9,10‐benzo(15‐
crown‐5)‐2,3‐bis(hydroxyimino)-7,12‐dioxo

25.	 ‐1,4,8,11‐tetraazacyclotetradecane and its mono and trinuclear 
complexes, Z. Anorg. Allg. Chem. 1995, 621, 1237-1242. 

26.	 Durmuş, M., Ahsen,V., Luneau, D., Pécaut, Synthesis and structures of 
morpholine substituted new vic-dioxime ligand and its Ni(II) complexes, 
J. Inorg. Chem. Acta, 2004, 357, 588-594.

27.	 Biyiklioğlu, Z., Dilber, G.,  Kantekin, H., The synthesis and 
characterization of a new (e,e)-dioxime and its mono and heterotrinuclear 
complexes containing dioxadithiadiazamacrobicyclic moieties, transition 
metal chemistry, Trans. Met. Chem. 2006, 31, 979-985.

28.	 Chandra, S., Kumar, R., Synthesis and spectral studies on mononuclear 
complexes of chromium(III) and manganese(II) with 12-membered 
tetradentate N2O2, N2S2 and N4 donor macrocyclic ligands, Trans. Met. 
Chem. 2004, 29, 269-275.

29.	 Kantekin, H., Ocak, Ü., Gök,Y., Alp, H., Synthesis and characterization 
of new (E,E)-dioxime and its homo and heterotrinuclear complexes 
containing dioxadithiadiazamacrobicycle moiety,  Polyhedron 2002, 21, 
1865-1870.

30.	 Perrin, D.D., Armarego, W.L.F., Perin, D.R. Purification of Laboratory 
Chemicals, 2nd  ed., Pergamon Press, New York, 1985.

31.	 Gök, Y., Kantekin, H., Synthesis and characterization of novel (E,E)-
dioxime and its mono- and heterotrinuclear complexes, Acta Chem. 
Scand. 1997, 51, 664-671.	

32.	 Pedersen, S.B., Larsen, E., Anti-amphi and cis-trans İsomerisms in some 
bis-(dioximato) nickel (II) complexes, Acta Chem. Scand. 1973, 27, 
3291-3301.

33.	 Nakamura, A., Konishi, A., Otsuka, S., Chiral metal complexes. Part 
5. Cobalt (II) and some other transition-metal complexes of chiral vic-
dioximate ligands derived from D-camphor and L-β-pinene,  J. Chem. 
Soc. Dalton Trans. 1979, 488-495.

34.	 Gök, Y.,  Bekaroğlu, Ö., The Synthesis and Complex Formatirn of 
Stererisomers of some new α-Dioximes, Synth. React. Inorg. Met.-Org. 
Chem. 1981, 11, 621-631.

35.	 Gök, Y., Kantekin, H., synthesis and characterization of new (e,e)-
dioximes and their BF2+-capped mononuclear and trinuclear complexes 
with Ni(II), Pd(II) and Co(III), New J. Chem. 1995, 19, 461-467.

36.	 Szczepura, L.F., Muller, J.G., Bessel, C.A., See, R.F., Janik, T.S.,  
Churchill, M.R., Takeuchi, K., Characterization of protonated trans 
bis(dioxime) ruthenium complexes: crystal structures of trans-
Ru(DPGH)2(NO)Cl, trans-[Ru(DMGH)(DMGH2)(NO)Cl]Cl, and 
trans-Ru(DMGH)2(NO)Cl, Inorg. Chem. 1992, 31, 859-869.

37.	 Lance, K.A.; Goldsby, K.A.; Busch, D.H., Effective new cobalt(II) 
dioxygen carriers derived from dimethylglyoxime by the replacement 
of the linking protons with difluoroboron(1+), Inorg. Chem. 1990, 29, 
4537-4544.

 

Note: This is an Open Access article distributed under the terms of the Creative Commons Attribution 
regulations with the licence type “Creative Commons Attribution-NonCommercial-NoDerivs (CC 
BY-NC-ND 4.0)”, which, for non-commercial purposes, lets others distribute and copy the article, and 
include in a collective work (such as an anthology), as long as they credit the author(s) and provided 
they do not alter or modify the article.

         
         5


