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Novel nickel complexes with dithiocarbamate ligands having eo-hydroxyl groups, [Ni(S2NRR')2, where (R, 

R') =(Me, CH2CH20H)(4), (CH2CH20H, CH2CH20H)(5) and (C5H90H)(6)] were synthesized and their 

complex assembly was investigated. X-Ray crystal analyses showed that 4 and 5 with acyclic and primary 

alcoholic moieties are monomeric in the crystals, but that they form characteristic self-assembly to give 

microchannel structure by hydrogen bonding networks. The sizes of their microchannels were estimated as 

0.8x0.8 nm and 0.8x0.3 nm, respectively. Cyclic and secondary alcohol6, in contrast, forms no complex 

assembly. 
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1. INTRODUCTION 

Recently micropore chemistry of transition metal 

complexes has been much interested. Combination of 

rigid and multidentate ligands with bridging by metal 

ions can afford a polymeric complex assembly with 

nano-sized micropore or nano-spaces 1>·4>. Bipyridine 

ligands are generally employed to these purposes but they 

are so rigid as to fix the microstructure of the complex 

assembly. Consequently we attempted to develop a 

novel complex assembly by the use of more flexible 

ligands. 

Dithiocarbamate moiety is one of the most popular 

ligands but only N, N-dialkyl-type of dithiocarbamates is 

generally studied. Previously we found that 

dithiocarbamate complexes having m-hydroxyl group can 

form intermolecular hydrogen bonding which can lead to 

a self -assembly to some microchannel skeltons5>· 6>. In this 

paper, preparation of novel nickel dithiocarbamates 

having hydroxyl group at the end of the ligand and the 

investigation on their complex assembly will be 

described. 

2. EXPERIMENTAL 

2.1 Characterization 

IR and 1H- and 13C-NMR spectra were recorded with a 
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Shimadzu FT-IR D R8500 spectrophotometer and a Yarian 

Unity 300 spectrometer, respectively. X-Ray single

crystal structure analyses were done with a Rigaku 

AFC7R four-axis X-ray diffractometer. The structure 

analysis of crystals at 298 K is done over the reflection 

region of 4.0 ° < 2 e < 120.2 ° by the m-2 e scanning 

using Cu Ka line (A.=l.54178 A). 

2.2 Synthesis of nickel (II) dithiocarbamate complexes 

General preparation procedure is as following6>; nickel 

oxide (10 mmol) was suspended in methanol (30 mL) 

under N2 • Methylethanolamine (20 mmol) was added 

drop-by-drop to the suspension and the mixture was 

stirred for 2 h at room temperature. Then carbon 

disulfide (20 mmol) was added dropwise to the ice-cooled 

suspension. The mixture was stirred for 24 h at room 

temperature and additionally for 8 h at 80 °C. During 

the stirring, complex 4 was precipitated and filtered off. 

Fine single crystals of 4 could be obtained after 

recrystallization from acetonitrile. Similarly complexes 

1, 2, 3, 5 and 6 were prepared and their properties and 

selected spectral data are summarized in Table 1 and 

Table 2, respectively. 
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Table 1 Preparation of Ni(S2CNRR') complexes 

complexes color %-yields mp/'C 

Ni(S,CNEt,), deep green 78.2 242.0-242.5 

Ni(S2CNC,H8) 2 2 brown 60.0 153.0-154.0 

Ni(S,CNC,H10), 3 brown 67.2 140.0-143.5 

Ni(S,CNMeC,H,OH), 4 deep green 40.0 185.0-186.0 

Ni[S,CN(C,H,OH)2) 2 5 green 45.3 218.0-218.5 

Ni(S2CNC,H,OH)2 6 green 57.2 250.0-250.5 

Table 2 Selected spectral data of complexes 1-6 
complexes IR V/cm·' 13CNMR 

V(CN) V(CS2) V(OH) O(N13CS2) 

1 1529.1 993.5 203.0 

2 1542.1 997.1 207.9 

3 1542.6 999.1 211.8 

4 1514.4 975.9 3230.5 205.1 

5 1514.1 975.9 3334.7 204.3 

3330.2 

6 1491.5 983.6 3379.5 203.2 
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Figure 1 Ortep drawings of a) complex 4, b) complex 

5 and c) complex 6. 

3. RESULTS AND DISCUSSION 

Most of the nickel complexes have planner four 

coordinated structure. The central nickel and four 

coordination sites coexist on a same plain. Additionally 

dithiocarbamate ligands offer 1t-conjugated planner 

chelating site; S2CN (dithiocarbamoyl fragment)7
)-

9
). 

Dialkyl type nickel (11) dithiocarbamate, such as 

Ni(S 2CNEt2)z, 1, has typical planner structure and is 

monomeric even in the solid state and whole S2CN 

moieties and the central Ni atom placed on a plain to 

form a rigid sheet. 

Table 3 Crystal data and structure refinements of 
complexes 4, 5 and 6. 

4 5 6 

Crysatal system tetragonal monoclinic monoclinic 

Space group P42/n (#&6) P2,/C(#l4) P21/C (#14) 

a/ A 16.351(2) 6.375(1) 6.1717(8) 

b/ A 11.826(1) 17.7769(7) 

cl A 6.274(2) 11.463(1) 15.7086(4) 

f31' 93.66(1) 94.27(9) 

V I A' 1677.6(5) 862.5(2) 1718.6(2) 

z 4 4 4 

Dcalc I g cm·' 1.422 1.614 1.589 

Crystal size I mm 0.20x0.20x0.50 0.10x0.10x0.20 0.10x0.10x0.20 

Diffractometer Rigaku AFC 7R 

Radiation graphite 

monochrometer Cu K<X (f.. = 1.54178 AJ 

F(000) 744.00 436.00 856.00 

Data collection range 20 I ' 4.00" 120.2 

Total reflections 1488 1493 2935 

Independent reflections 1381 1360 2660 

Rint 0.018 0.053 0.026 

Temperature I 'C 25 

R 0.079 0.055 0.083 

Rw 0.146 0.065 0.068 

Formula and formula weight of complexes 4, 5 and 6 are as following; 4 

C,H16N,NiO,S, 359, 5 C 10H20N2NiO,S, 419 and 6 C 12H20N2Ni02S, 411. 
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Figure 2 Molecular packing diagrams of the 

complexes 4, 5 and 6. 

Introducing OH groups on such a rigid sheet perhaps 

triggers to afford polymeric hydrogen bonding network 

leading to the complex assembly. Consequently we 

synthesize novel three nickel dithiocarabamate complexes 

having ro-hydroxyl groups 4-6 with the different distances 

and directions from the Ni center. 

Although slight lower wavenumber shifts could be 

detected for the absorption bands of v(CN) and V(CS:J of 

4-6 as shown in Table 2, these values of absorption 

maxima indicated that complexes 4-6 essentially 

possessed general planner four coordination geometry like 

1 as reported by Van Gaal et al9l. Further, the presence 

of some molecular association with hydrogen bonding was 

expected by their low wavenumbers of absorption bands 

v(OH). It can be said that the introduction of ro-hydroxyl 

groups did not affect the geometry around the central 

nickel atoms. 

X-Ray crystal structure analyses of the dithiocarbamate 

complexes having (I)-hydroxyl groups such as 4, 5 and 6 

were successfully done and their Ortep drawings are 

represented in Figure 1. Further their crystal data and 

structure refinements are summarized in Table 3. It can 

be seen from Figure 1 that these three complexes 

synthesized in this study have similar molecular 

structures to 1. Especially the geometries around the 

central Ni atoms are same-manner as that of 1 supporting 

the above discussion based on IR spectra. 

Molecular packing diagrams of the complexes 4, 5 and 

6 are also illustrated in Figure 2. Packing of complex 

6 is similar to that of 1 and we cannot detect the 

presence of any intra- and intermolecular hydrogen 

bonding nor complex assembly. Higher steric hindrance 

around the OH groups in 6 should prevent the formation 

of an intermolecular association through hydrogen 

bonding. 

The packing mode of 4 and 5 was quite different 

from 6. We can observe the presence of complex 

hydrogen bonding networks for 4 and 5. Molecules of 4 

basically form helical polymers through intermolecular 

hydrogen bonding with a microchannel of 0.8 nm in 

diameter One micropore should consist of four 

molecules in the unit cell. Complex 5 also forms helical 

polymers and microchannel structure and its pore size is 

0.8 x 0.3 nm. 

Meanwhile, NMR studies of the complexes 4-6 showed 

that they did not form any intermolecular association in 
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solution. It is known that the chemical shifts of the 

center carbon within dithiocarbamoyl (S2CN) are good 

indexes of the total 7t-character of S2CN fraqgment9
). 

Slight lower field shifts of 5 (S2CN) were observed for 

4-5. Such lower field shifts could be explained by an 

increase of 7t-bond order in the whole S2CN fragment10
). 

Namely, an interaction between ro-hydroxyl group and 

nitrogen in the dithiocarbamoyl fragment promoted the 

delocalization of the 7t-electrons in the CS2Ni center as 

shown in Figure 3. 
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Figure 3 Intramolecular hydrogen bonding of ro

hydroxyl aubstituted nickel dithiocarbamate complexes 

and the delocalization of 7t-electrons. 

4. CONCLUSION 

New type complex assembly was introduced by using 

flexible ligands such as ro-hydroxyalkyl dithiocarbamate. 

Consequently, Ni(S 2CN(CH3)CH2CH20H)z 4 and 

Ni[S2CN(CH2CH20H)z]z 5 form polymeric complex 

assemblies through hydrogen bonding in solid state 

developing microchannel skeletons (0.8 x 0.8 nm and 0.8 

x 0.3 nm, respectively). 
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