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A new vic-dioxime, [N,N’-Bis(3’,4’-didodecyloxyphenyl)diaminoglyoxime](H~L) has been prepared 
from 3.4-didodecyloxyaniline and (E,E)-dichloroglyoxime. The (E,E)- and (E,Z)-forms of Ni(I1) 
complex have been isolated. but palladium complex could be isolated only as (E,E)-isomer. The mes- 
omorphic properties of these complexes were investigated by polarizing microscopy, differential 
scanning calorimetry (DSC) and X-ray diffraction analysis. These complexes form columnar hexa o 

and 13C NMR, IR, MS and UVNis  data are presented. 
nal disordered (Colhd)  mesophases. All complexes are very soluble in common organic solvents. ? -  H 

Keywords: Oximes; transition metal complexes; liquid crystal; columnar mesophases 

1. INTRODUCTION 

Due to the formation of interesting and coloured complexes with transition metal 
ions as metalomesogens, the oximes have gained importance in recent 

The reaction of amines or thiols with (E,E)-dichloroglyoxime or cyanogen 
di-N-oxide yielded various symmetrically substituted diaminoglyoxime or dithi- 
oglyoxime derivatives3. The (E,E)-and (E,Z)-  stereoisomers of vicinal dioximes 
are capable of coordinating through N,N or N,O sites of the oxime groups, 
though transition metal complexes of these vicinal dioximes are essentially N,N- 
coordinated square-planar structures. 

* Correspondence Author. 
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I68 G. GUMUS and V. AHSEN 

SCHEME 1 Synthesis of the H2L (6) 

The low solubility of the vic-dioximes complexes has hindered the study of 
their structures and their reactions. In order to increase their solubility and also 
promote them to gain liquid crystalline properties, additional groups need to be 
added to the rigid core composed of MN4 group. These can be polarity enhanc- 
ing groups such as ester, oxyether, nitrile and long alkyl chains. The solubility of 
vic-dioximes can be increased by adding long alkyl chains into the molecule4. 

Recently, Ohta and co-workers described the synthesis and mesomorphism of 
benzil-derived discotic columnar dioximato metal complexes, which constitute 
the first examples of liquid crystals in the bis(dionedioximato) metal (11) 
system . 

In the second study, Wegner and co-workers2 synthesized 2,3,6,7-tetra-n-alkyl- 
substituted phenanthrene-9,lO-dionedioximes (with alkyl=hexyl and decyl) and 

1 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

49
 1

6 
A

ug
us

t 2
01

2 



MESOMORPHIC COMPLEXES OF Ni AND Pd 169 

(7) M=Ni 
(8) M=Pd 

R= C12H25 

FIGURE I Structure of the (E,E)-Ni(Il) (7) and (E,E)-Pd(1I) (8) 

R= C12H25 

FIGURE 2 Structure of the (E,Z)-Ni(II) (9) 

their complexes with the metals such as nickel, palladium and platinum to form 
the corresponding complexes as (E,E)-and (E,Z)- isomers which were identified 
as columnar mesophases. These properties were apparently caused by the intro- 
duction of alkoxy chains. On the other hand, it is well known that the mesomor- 
phic properties and structures of transition metal complexes are also extremely 
influenced by the central metal ion. 
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170 G .  GUMUS and V. AHSEN 

In this paper, we describe the synthesis of the ligand (6) and the mesomorphic 
properties of its complexes with (E,E)-Ni(II), (E,E)-Pd(I1) (Fig 1) and 
(E,Z)-Ni(II) (Fig 2). 

2. RESULTS AND DISCUSSION 

2.1 .Synthesis 

[N,N'-Bis(3',4'-didodecyloxyphenyl)diaminoglyoxime] (H2L) was prepared by 
the reaction of 3P-didodecyloxyaniline with (E,  E)- dichloroglyoxime in ethanol 
with excess of NaHCO, as a buffer to neutralize HCI formed during the reaction 
(Scheme 1). 

In the IR spectrum of H2L, the OH, C=N and N-0 streching vibrations are 
observed at 3200, 1620 and 960 cm-', respectively, in agreement with the values 
reported for similar  compound^^'^*^. The 'H NMR spectrum of H2L in DMSO-d, 
exhibits signals for OH (10 ppm) and NH (7.6 ppm). When CDCl, is used as sol- 
vent, the OH signal is not observed due to self-association through H-bridge~'.~. 
The single chemical shift for OH protons indicates that the oxime groups are in 
(SE) structure for H2LIo. The aromatic protons at 6.7-6.2 ppm, aliphatic 
(CH2-0) protons around 3.8-3.6 ppm, aliphatic methylene protons at 1.3 ppm 
and methyl protons at 0.8 ppm as triplet were appeared. More detailed informa- 
tion about the structure of H2L is provided by 13C APT NMR spectroscopy. The 
carbon resonance of the oxime groups is found to be at lower fields (146 ppm) as 
given in the literature''. The mass spectrum of H2L has been obtained by FAB 
technique using a m-nitrobenzylalcohol as matrix and [MI' peak is observed at 
m/z 1007.7. 

To prepare (E,E)-Ni(II), (E,E)-Pd(I1) and (E,Z)-Ni(II) complexes, a solution of 
the ligand and a metal salt in ethanol was heated to 65°C for 15 min. The com- 
plexes of H2L with Ni(I1) was isolated as (E,E)-Ni(I1) or (E,Z)-Ni(II) complexes 
depending on the applied reaction conditions. Complexation at pH=2 yields the 
(E,Z)-isomer, whereas at pH=5 formation of the (E,E)-isomer prevails. However, 
only nickel complexes could be isolated in (E,Z)and (E,E) conformation, while 
the palladium complex was completely isomerized to the (E,E)-isomer during 
complex formation. 

As in the cases of most (E,E)-dioximes, H2L forms complexes with Ni(I1) and 
Pd(I1) with a metal / ligand ratio of 1:2. As expected for d'configuration in 
square planar field, Ni(I1) and Pd(I1) complexes with (E,E)isomer are diamag- 
netic according to the NMR The 'H NMR spectrum in CDC13 
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MESOMORPHIC COMPLEXES OF Ni AND Pd 171 

proved the hydrogen-bridged structure for (E,E)-Ni(II) complex with a deute- 
rium exchangeable chemical shift at 17 ppm6. (E,Z)-Ni(II) complex on the other 
hand, showed a broad resonance at 9.2 ppm for the deuterium exchangable free 
O-H protons. But O-H--0 proton of (E,E)-Pd(I1) complex was not observed. As 
expected, the (E,Z)-Ni(II) complex is tetrahedral and paramagnetic, so its NMR 
signals are 

All complexes have similar IR spectra. But, while C=N streching absorption of 
(E,E)-Ni(II) complex has a single band at 1600 cm-I, (E,Z)-Ni(II) complex has 
two absorptions at 1600 and 1640 cm-' corresponding to the two different coor- 
dination modes of each oxime moiety. The color of (E,E)-Ni(II) complex is yel- 
lowish orange, (E,Z)-Ni(I1) complex is yellowish green due to their structural 
conformation".'*. The I3C NMR spectra of H2L and its complexes agreed with 
the data reported for similary  compound^'^. 

The mass spectra of the both (E,E)-Ni(II), (E,Z)-Ni(II) and (El?)-Pd(I1) com- 
plexes have been obtained by FAB technique using m-nitrobenzylalcohol as 
matrix and [M+l]+ peaks are observed at m/z 2071, 2071 and 21 18.4, respec- 
tively. 

2.2.Mesogenic behaviour of metal complexes 

The phase transformation behaviour of (E,E)-Ni(II) metal complex was studied 
by microscopy and differential scanning calorimetry (DSC). 

When the virgin powder crystals were started heating from room temperature 
with a rate of 3°C /min under the microscope, they were transformed at 77.7"C 
into a viscous liquid with birefringence, a characteristic of liquid crystalline 
phases. On further heating, the sample cleared to form an isotropic liquid at 
117.2"C. When the isotropic liquid was cooled from 120°C at a cooling rate of 
3"C/min, broken spherolithic textures appeared at 115°C (Fig 3). The textures 
are compatible with that of the columnar hexagonal disordered (Colhd) mes- 
ophase reported in the literature'*2. On further cooling, these broken spherolithic 
textures remained even at room temperature. This behaviour was also observed 
by DSC. 

The DSC thermogram of the virgin sample at a first heating rate of 5°C /min 
gave two endothermic peaks at 77.7"C (AH=50.08 J/g) and 117.2"C 
(AH=2.62 J/g). While the melting point of this sample is 77.7"C, the peak at 
117.2"C correspond to the clearing point. 

In the first cooling cycle at 115.2"C, transition from isotropic phase to liquid 
crystalline phase was observed. The sample was cooled to -25"C, but the transi- 
tion from liquid crystalline phases to crystalline phases had not been observed. In 
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I72 G. GUMUS and V. AHSEN 

FIGURE 3 Broken spherolithic texture at 35°C of compound (7) (See Color Plate VI at the back of 
this issue) 

the second heating run (5"C/ min) it gave only one peak (clearing point) at 
117.2"C. 

Although the (E,E)-Ni(II) (Fig 3) and (E,E)-Pd(I1) (Fig 4) complexes exhibit 
the same properties of mesomorphism, for (E,Z)-Ni(I1) complex the clearing 
point could not be observed by DSC, but it was identified by polarizing micro- 
scop with the typical textures (Fig 5) .  The phase transition temperatures and 
enthalpy changes, measured by the DSC and the polarizing microscope are sum- 
marized in Table I. 

TABLE I Phase transition temperatures (T,) and enthalpy changes (AH,) of the complexes 

Compound Phase 

. . ,  . .  
77.7 [50.80] 117.2 [2.62k I,L 

K - COkd- 
115 

(E,Z)-Ni (11) 

(E,E)-Pd (11) 

65 7 [71 35 145 
K 

140 

129.5 

Colhd= Columnar hexagonal disordered mesophase. I.L.= Isotropic liquid. 
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MESOMORPHIC COMPLEXES OF Ni AND Pd I73 

As confirmed by X-ray powder diffraction (E,E)-Ni(II) complex has a colum- 
nar hexagonal disordered (colhd) mesophase. The X-ray results show three nar- 
row reflections, which are assigned to (loo), (110) and (200) in a 
two-dimensional hexagonal lattice. The lattice constant is 38.20 A. The pattern 
also gives a diffuse band at 28 5 20°C (d= 4.44 A) which corresponds to the melt 
of the alkyl chains. While a full spherolitic texture is observed for the palladium 
compound 8 (Fig. 4), pseudo-focal conic or spherolithic textures are obtained for 
nickel complexes 7 and 9 (Fig 3 and 5). In the columnar hexagonal phases, the 
observed and calculated spacing ratios are very close to each other. Here it is not 
the case for compound 7 (dIodd,,o=1.762) and for compound 9 
(dlodd, .708). Consequently, a slightly distorted hexagonal lattice (i.e. a rec- 
tangular one) can be proposed for these systems. 

FIGURE 4 Spherolithic texture at 3 1.5"C of compound (8) (See Color Plate VII at the back of this issue) 

FIGURE 5 Broken spherolithic texture at 33°C of compound (9) (See Color Plate VIII at the back of 
this issue) 
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I74 G. GUMUS and V. AHSEN 

TABLE I1 X-Ray Diffraction Data of the Complexes at Room Temperature 

Spacing (A) 
Compound Miller Indices Lattice constant 

dobsd dcoIcd 

(E,E)-Ni (11) 33.09 33.09 (100) 

18.78 19.10 (110) a=38.20A 

15.69 16.55 (200) 

(E,E)-Pd (11) 

(E,Z)-Ni (11) 

I 2 4.44 - 

32.41 32.41 (100) 

18.82 18.7 1 (110) 

16.32 16.21 (200) 
12.36 12.25 (210) a=37.42A 

10.80 10.80 (300) 

9.35 (220) 

9.08 8.98 (310) 
* P 4.52 - 

31.57 3 1.57 (100) 

18.48 18.23 (110) a=36.46A 

15.30 15.79 (2W 
t 4.44 - * 

*. the melt of alkyl chains. 

3. EXPERIMENTAL SECTION 

(E,E)-dichloroglyoxime15, dodecyltosylate16 (2), 1,2-didodecyloxybenzene (3) 
and 1,2-didode~yloxy-4-nitrobenzene~~~~~ (4) were synthesized according to a 
described procedures. 'H and 13C NMR spectra were recorded on a Bruker 
200 MHz Spectrometer, Mass spectra were recorded on a VG Zab Spec GC-Ms 
spectrometer with fast atom bombardment (FAB) method (35 KV). MNBA was 
used as the matrix. 

Routine IR spectra were recorded on a Perkin-Elmer 983 Spectrophotometer as 
KBr pellets. Electronic spectra were recorded on a Schimadzu 2001 UV Pc Spec- 
trophotometer. Elemental analyses were obtained using a Car10 Erba 1106 Instru- 
ment. X-ray measurements were carried out by using Rigaku X-Ray 
Diffractometer Sesi Dmax 2200. Differential Scanning Calorimetry (DSC) exper- 
iments have been carried out on a Perkin-Elmer DSC-7 series thermal analysis 
system. 
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MESOMORPHIC COMPLEXES OF Ni AND Pd I75 

3,4-Didodecyloxyaniline (5) 

This compound was prepared by making slight changes on the procedure given 
in the literature [ 181. 

Compound (4) (19 g, 0.04 mol) was dissolved in hot n-butanol (170 ml) and 
palladium-charcoal activated (10 % Pd) (1.9 g) was added under argon. When 
the mixture was refluxing, hydrazinium hydroxide (9.5 ml, 80 %) was added 
dropwise in 1 h. After the reaction mixture had been refluxed for 2h, it was fil- 
tered hot. The product was soluble in chloroform, n-hexane, ethanol, acetone, 
DMF and THE Yield: 16.5 g (% 89); m.p.54"C; Found C, 77.00; H, 11.35; N, 
3.02 %, C30H55N02; requires C, 77.86; H, 11.98; N, 3.03 %; IR (vm&m-'): 
3393 and 3306 (NH), 2920 and 2850 (CH2), 1600,1500,1470,1235 (C-0-CqI), 
1120 and 1071 (C-0-C), 844, 604; MS (EI), m/z (%): 462.5 (94) [M+l]+, 446 

[M-2(C12H25)]+, 109 (23) [M-2(OCI2Hz5)]+; 'H-NMR (CDCl,) 6 ppm: 6.7 (d, 
lH, Ar-H), 6.3 (d, IH, Ar-H), 6.2 (dd, lH, Ar-H), 3.9 (q,4H, CH2-0), 3.4 (s, 2H, 
C-NH,), 1.7 (m, 4H, m2-CH2-O), 1.3 (m, 36H, CH2), 0.8 (t, 6H, CH3); 
I3C-NMR (CDCl3) 6 ppm: 152, 143, 137, 117, 109 and 104 (Ar-C), 71 and 69 
(CH2-0), 33 (CH2-CHz-O), 30,27 and 23 (CH2), 14 (CH3). 

(15) [M-CHJ, 293 (80) [M-C12H25]+, 276 (4) [M-OC12H25]+, 125 (100) 

3,4-Didodecyloxyaniline (5) (12 g, 0.026 mol) was dissolved in absolute ethanol 
(300 ml) under argon at 40°C and sodium hydrogen carbonate (4.32 g, 
0.052 mol) was added in excess. The mixture was stirred for 1 h at room tempera- 
ture. To this mixture, a solution of (E,E)-dichloroglyoxime (2.4 g, 0.015 mol) in 
80 ml of absolute ethanol was added dropwise during 2h and stirred at room tem- 
perature overnight. Water was added dropwise until precipitation occurred. The 
product was filtered off, washed with water and then dried. The ligand was solu- 
ble in n-hexane, dichloromethane and slightly soluble ethanol, DMF and THE 
Yield: 8 g (% 62); m.p. 120-123OC; Found C, 73.00; H, 11.21; N, 5.20 %, 
C62Hll~N406; requires C, 73.91; H, 11.80; N, 5.56 %; IR (vmaX/cm-'): 3395 
(NH), 3200 (OH), 2920 and 2850 (CHz), 1620 (C=N), 1450, 1260, 1240, 1135, 
960 (N-0), 720; MS (FAB), m/z (%): 1007.7 (100) [MI+, 821.5 (13) 
[M-OCl,H251+, 635 (9) [M-2(OC12H25)]+, 472 (43), 304 (23), 261; A,,,,,/nrn 
(CHCl3) 250 and 216 (€/dm3 mol cm-'74000 and 51600); 'H-NMR (DMSO) 6 
ppm: 10.0 (s, 2H, OH), 7.6 (s, 2H, C-NH), 6.7 (d, 2H, Ar-H), 6.3 (d, 2H, Ar-H), 

CHz-CH2-0), 1.3 (m, 72H, CH9, 0.8 (t, 12H, CH,); I3C-NMR (CDCl,) 6 ppm: 
6.2 (dd, 2H, Ar-H), 3.8 (t, 4H, CH2-O), 3.6 (t, 4H, CH2-O), 1.8 (s, 8H, 
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176 G. GUMUS and V. AHSEN 

151 (Ar-C), 150 (C=NOH), 141, 130, 117, 107 and 102 (Ar-C), 72 and 68 
(CH,-O), 32 (M,-CH,-O), 30,25 and 22 (CH2), 12 (CH3). 

N,N-Coordinated Complexes [(E,E)-Ni(HL)2 (7) and (E,E)-Pd(HL)*(8)] 

To the warm ethanol solution (40 ml) of H2L (6) (0.500 g, 5. lo4 mol) was added 
a warm ethanol (60°C) solution (10 ml) of the appropriate metal salt [NiCI,. 
6H20 (0.058 g, 2.5 lo4 mol) or solution of Na2PdCI4 (12 ml) (prepared by stir- 
ring 0.369 g, 2.08.10-3 mol of PdCI, and 0.244 g, 4.17.10-3 mol of NaCl in 
100 ml ethanol)] with stirring at 60°C for 15 min. A distinct change in color and 
a decrease in the pH value of the solution was observed. An equivalent amount 
of KOH (0.1 M in EtOH) was added dropwise to maintain pH value at 5.  The 
complexes were separeted as oily products in ethanol at this temperature (60°C). 
After, the complexes were dissolved in dichloromethane (5  ml) and were precip- 
itated with ethanol (251111). The products were filtered off, washed with water and 
ethanol and then dried. These compounds were soluble in chloroform, ethylace- 
tate, benzene, THF, and CCl,. 

(E, E)-Ni(HL)2 

Yield: 0.250 g (% 49); Found C, 71.32; H, 11.02; N, 4.97 %, C124H218N8012Ni; 
requires C, 71.89; H, 10.60; N, 5.41 %; IR (v,,/cm-') 3400 (NH), 3220 (OH), 
2920 and 2850 (CHz), 1600 (C=N), 1060 (N-0); MS (FAB), m/z (%): 2071 
(100) [M+l]+, 1902 (11) [M-C~~HZ~]' ,  1231 (89) [M-5(C12H25)]+, 1061 (23) 
[M-6(C,2H25)]+. 975 (77) [(M-7(Cl,H25)]+, 806 (14), 634 (12), 472 (52); 
b,/nm (CHC13) 384,255 and 241 (€/dm3 mol cm-' 12870,20480 and 20330); 
'H-NMR (CDCI,) 6 ppm: 17 (s, 2H, O-H--O), 6.8 (s, 4H, NH), 6.6 (d, 4H, 
Ar-H), 6.2 (d, 4H, Ar-H), 6.1 (s, 4H, Ar-H), 3.8 (d, 16H, CH2-0), 1.8 (s, 16H, 
CH2-CH2-O), 1.4 (s, 144H, CH,), 0.8 (s, 24H, CH3); I3C-NMR (CDCI,) 6 ppm: 
148 (Ar-C), 146 (C=N-0), 143, 132, 117, 114 and 108 (Ar-C), 70 and 69 
(CH2-0), 32 (m2-CH2-0), 30,26 and 23 (CH2), 14 (CH3). 

E E ) - P d o 2  
Yield: 0.100 g (% 20); Found C, 70.97; H, 11.13; N, 5.22 %, C124H218N8012Pd; 
requires C, 70.27; H, 10.37; N, 5.29 %; IR (v,&m-') 3400 (NH), 3220 (OH), 
2920 and 2850 (CH2), 1600 (C=N), 1060 (N-0); MS (FAB), m/z (7%): 2118.4 

600 (21); &,/nm (CHC13) 366, 241 and 204 ( ~ / d m ~  mol cm-' 10790, 20440 
and 11120); 'H-NMR (CDCl3) 6 ppm: 7.6 (s, 4H, NH), 6.8 (d, 4H, Ar-H), 6.2 (d, 

(20) [M+l]+, 1949 (3, [M-C12H25]+, 1658 (3, 1160 (7), 1007 (loo), 821 (15). 

4H, Ar-H), 5.8 (s, 4H, Ar-H), 3.8 (t, 8H, CH2-O), 3.6 (t, 8H, CH2-O), 1.8 (s, 16H, 
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MESOMORPHIC COMPLEXES OF Ni AND Pd 177 

CH2-CH2-O), 1.4 (s, 144H, CH2), 0.8 (s, 24H, CH,); 13C-NMR (CDCI,) 6 ppm: 
148 (Ar-C), 146 (C=N-0), 143, 131,114 and 108 (Ar-C), 70 and 69 (CH2-0). 32 
(CH2-CH2-O), 30,26 and 23 (CH2), 14 (CH3). 

N,O-Coordinated Ni (11) Complex (9) 

To a solution (0.500 g, 5.104 mol) of H2L (6) in 40 ml of warm ethanol was 
added NiC12.6H20 (0.058 g, 2.5.104 mol) in 10 ml of warm ethanol. The color 
change from yellow to green together and a decrease in the pH value (= 2) of the 
solution was observed. After cooling to deepfreeze, the yellowish-green precipi- 
tate was filtered off, washed with water and dried. The compound (E,Z)-Ni (HL), 
was soluble in chloroform, ethylacetate, benzene, THF and CC14. 

(E,Z)-Ni(HL)* 

requires C, 71.89; H, 10.60; N, 5.41 %; IR (vmax/cm-') 3400 (NH), 3220 (OH), 
2920 and 2840 (CH2), 1640 and 1600 (C=N), 1460, 1260, 1240, 1120, 1060 

Yield: 0.100 g (20 %); Found C, 70.88; H, 10.77; N, 5.02 %, C124H218N8012Ni; 

(N-0), 860, 840, MS (FAB), m/z (%): 2071 (100) [M+l]+, 1903 (9) 
[ M - C I ~ H ~ ~ ] ' ,  1231 (74) [M-5(C12H25)]+, 1061 (14) [M-6(C12H25)]+, 975 (77) 
[ ( M - ~ ( C I ~ H ~ ~ ) I + ,  472.5 (38), 206 (47), k,,,,,/nm (in acidic CHCl,) 242 and 212 
(€/dm3 mol-' cm-l 18400 and 12220); 'H-NMR (CDCl,) 6 ppm: 9.2 (b, 2H, 

CH2-CH2-O), 1.4 (m, 144H, CH2), 0.8 (s, 24H, CH,). 
OH), 6.6-6.2 (b, 12H, Ar-H), 4.4-3.8 (b, 16H, CH2-0). 1.8 (s, 16H, 
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