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Disk-like complexes, bis[1,2-di(3’,4’-di-n-alkoxyphenyl)ethane-1,2-dioximato]nickel(II) (abbreviated as
[(C,O0).DPG],Ni, n = 4, 8, 12) have been synthesized and characterized. The [(C,0),DPG],Ni (n =
4, 8, 12) complexes exhibit discotic hexagonal disordered columnar (D) mesophases. Interestingly; it
was found that the [(C;0),DPG],Ni complex has two kinds of D, mesophases. These complexes are
the first discotic columnar liquid crystals in the bis(glyoximato)metal(IT) system.

1. INTRODUCTION

A square planar d® complex bis[diphenylglyoximato]nickel(II) complex (abbrevi-
ated as [DPGJ],Ni) is stacked face to face forming a column perpendicular to the
molecular plane.*3 Many studies of a one-dimensional conductor composed of the
column of [DPG],Ni as a donor and halogen as an acceptor have been reported.®-
7 Marks et al. reported that Iodination brings about an increase in conductivity of
>10% along the column at room temperature. The effects of lodination on such a
drastic increase of conductivity are summarized as two points’: (1) partial oxidation
(2) a decrease of the stacking distance within the column (ca. 0.275). On the other
hand, since planar molecules pile up to form one-dimensional systems in discotic
columnar mesophases, the following effects are expected: (i) alkyl chains of dis-
cogen create an apolar medium which allows the introduction of various organic
dopants without perturbing the conducting chains,® (ii) a decrease of the stacking
distance is caused by the introduction of the alkyl chains.®!° The first effect (i)
allows to the use of various acceptor dopants besides halogen. The second effect
(ii) causes the condition to obtain high conductivity. So, we intend to synthesize
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FIGURE 1 Schematic representation of the one-dimensional conductor composed of a Ni-Ni linear
chain and four (SN),-like chains suggested by M. M.-Bélombé.!!

a discotic columnar liquid crystal in the [DPG],Ni system. If the discogen using
the core of the [DPG],Ni complex is synthesized, a new type of one-dimensional
conductor suggested by Bélombé would be obtained.!' The one-dimensional con-
ductor consists of a linear chain with the central Ni atom surrounded by four parallel
pseudo (SN), chains (Figure 1).

HO OH RO, OR

HO OH _RBr___ RO oRr DNH0H/KOH
|§ \’ KoC03 QO 2NiCly6H,0,/AcOH
Y
0 0 0 ©
! 2

RO 4 o™ 4 OR
QLA AL
N7
D45 B
OR *; OR

R=CHyn(N=4,8.12)

SCHEME I Synthetic route of the octa-alkoxy-substituted bis(diphenylglyoximato)nickel(II) com-
olexes (3).
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From this point of view, the octa-alkoxy chain-substituted [DPG],Ni complex,
bis[1,2-di(3’,4’-di-n-alkoxyphenyl)ethane-1,2-dioximato]nickel(II) (abbreviated as
[(C,O0),DPG],Ni, n = 4, 8, 12), has been synthesized by a new method developed
by us in this work. As a result, it was found that the [(C,0),DPG],Ni (n = 4, 8,
12) complexes exhibit discotic hexagonal disordered columnar (D,,) mesophases.
The [(C,0),DPG],Ni complexes (n = 4, 8, 12) are the first discotic columnar liquid
crystals in the bis(glyoximato)metal(IT)complex system. In this report, we describe
the synthesis and the mesomorphic properties of the [(C,0),DPG]Ni (n = 4, 8,
12} complexes.

2. EXPERIMENTAL

2.1 Synthesis

The synthetic route of the [(C,0),DPG],Ni (n = 4, 8, 12) complexes (3) is shown
in Scheme I. The precursors (1) and (2) were prepared by the method of Wenz.**
The detailed procedures of the preparation of these precursors (1) and (2) were
described in a previous paper.'3

The [(C,0),DPGLNi (n = 4, 8, 12) complexes (3) were prepared by the reaction
of the a-diketone derivative (2) and hydroxylamine hydrochloride in ethanol,**
following the addition of an ethanol solution of nickel salt, and by neutralization.
The detailed procedures are represented only for the [(C,,0),DPG],Ni complex
as follows, because the other complexes, [(C,0),DPG],Ni (n = 4, 8), could be
synthesized in the same manner. In Table I are summarized the elemental analysis
data, yields, reprecipitation (recrystallization) solvents, and colors of the
[(C,0)sDPG],Ni complexes (3).

2.2 Bis[1,2-di(3',4'-di-n-dodecyioxyphenyl)ethane-1,2-dioximato]nickel(ll) Complex
(3), [(C,,0).DPG],Ni

To 150 ml of ethanol, hydroxylamine hydrochloride (6.00 g, 86.3 mmol) and 85%
potassium hydroxide (6.00 g, 90.9 mmol) were added. The mixture was vigorously
stirred for 15 min. and filtered to remove the precipitate. To the filtrate, 3,3',4,4'-
tetradodecyloxybenzil (2) (1.40 g, 1.48 mmol) was added. Under a nitrogen at-
mosphere, the mixture was refluxed with stirring for 12 h. To the hot reaction

TABLE I

Elemental analysis data, yields, reprecipitation (recrystallization) solvents, and colors of the
[(C,0),DPGLNi (n = 4, 8, 12) complexes

Elemental analysis (%) vield Reprecipitation Color
Found(Calcd.) {recrystallization)

n C H N (%3 solvent

4 65.17164.69) 7.79(7.78) 5.12(5.43) 15 THF/Acetone red

8 70.84(70.70) 9.96(8.67) 3,67(3.59) 15 THF/Acetone red

2 73.82(74.03) 10.93010.72) 2.89(2.79 13 THF/Acetone deep-red
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mixture was added nickel(II) dichloride hexahydrate (0.15 g, 0.63 mmol) in 10 mt
of ethanol. Then, reflux was continued for 30 min. more. The color of the reaction
mixture turned to orange. The reaction mixture was cooled down to room tem-
perature. It was basic at this stage. It was neutralized by glacial acetic acid. Red
precipitate appeared with dropping glacial acetic acid. Neutralization was confirmed
by pH test paper. The reaction mixture, including the red precipitate, was refluxed
again for 2 h under the nitrogen atmosphere. It was cooled down to room tem-
perature, 100 ml of water was added, and the whole mixture was filtered. The
target compound was the red precipitate on the filter paper. The red precipitate
was dissolved in chloroform and washed with water. The solvent was evaporated
to give deep-red liquid crystals. The purification was carried out by column chro-
matography (silica gel, chloroform, Rf = 0.94) and reprecipitation (recyrstallization

TABLE I

Phase transition temperatures (T,) and enthalpy changes (AH,) of the complexes (3)

Ty ("C)[{AH: (kcal/mol)]

n Phase —> Phagses®
249[5.81] 273(5.84]
4 K = 2> D. = > I.L
-~ ~
(Dno)
211[(0.30] 232(6.40)
8 | I em—— i VI~ > 7.L.
211({8.81]
12 th;;—__—n—_—_%>[-L.
+ Phagse nomenclature: K=crystal, D. =discotic mesophase which
can be identified only by a polarizing microscope.
.. =hexagonal disordered columnar mesophase, and

I.L.=isotropic liguid.

“Gradual decomposition for heating-cooling cycles.
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(a) atr.t.

(b) at 208°C

(c) at 207°C

FIGURE 2 Photomicrographs of the [(C,,0).DPG],Ni complex at various temperatures. See Color
Plate 1V.
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for n = 4) by adding acetone into a hot solution of the product in tetrahydrofuran
to give 0.19 mg of deep-red liquid crystals.

Yield 13%. '"H-NMR (CDCl;, TMS) 8(ppm), 0.60 ~ 0.65 (m, 184H), 3.65 (t,J =
6Hz, 8H), 3.93(t, J = 6Hz, 8H), 6.63 ~ 6.90 (m, 12H) IR (neat, cm™'), 2940,
2860, 1600, 1260.

2.3 Measurements

The synthesized products were identified by elemental analysis using a Perkin Elmer
Elemental Analyzer 240B. The phase transition behaviors of these compounds
were observed by a polarizing microscope equipped with a heating plate controlled
by a thermoregulator, Mettler FP80 and FP82, and measured with a differential
scanning calorimeter, Rigaku Thermoflex TG-DSC. The X-ray diffraction meas-
urements of the mesophases were performed using a Rigaku Geigerflex with Cu-
Ka radiation equipped with a heating plate controlled by a thermoregulator.'

3. RESULTS AND DISCUSSION

It was found that the [(C,0),DPG],Ni (n = 4, 8, 12) complexes exhibit discotic
mesophases. The phase transition temperatures and enthalpy changes measured
by the DSC and the polarizing microscope are summarized in Table II. The
[(C,0),DPGLNi (n = 8, 12) complexes have a columnar mesophase between room
temperature and over 200°C. Only the [(C,0),DPG],Ni complex has a crystalline
phase at room temperature.
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FIGURE 3 X-ray diffraction powder pattern of the [(C,,0).DPG],Ni complex at r.t.
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3.1 Mesomorphic Properties of [(C,,0),DPG].Ni

This complex has a D,y mesophase between room temperature and 211°C. The
complex showed high viscosity with birefringence, and exhibited a deep-red color
at room temperature (Figure 2(a)). When the complex was heated up from room
temperature at a heating rate of 10°C/min., a spine texture appeared at ca. 200°C
(Figure 2-b; at 208°C). On further heating, it cleared into an isotropic liquid at
211°C. When the isotropic liquid was cooled down at a cooling rate of —10°C/
min., a fan-shaped texture appeared at 207°C (Figure 2-c). Generally, this texture
is often observed in D,, mesophases.!® This texture remained until room temper-
ature.

The X-ray powder diffraction pattern at room temperature is given in Figure 3.
The pattern shows four narrow reflections, which are assigned to (100), (110),
(200), and (210) in a two-dimensional hexagonal lattice. The lattice constant is
34.4A. The pattern also gives a diffuse band at 26 = 20° (d = 4.4A) which cor-
responds to the melt of the alkyl chains (Table III). Therefore, it could be deduced
from these results that the phase is a discotic hexagonal disordered columnar (D, )
mesophase. This assignment is consistent with the observation of the fan-shaped
texture.

3.2 Mesomorphic Properties of [(C,0),DPG].Ni

The [(C30),DPG],Ni complex exhibits the same properties of mesomorphism, high
viscosity with birefringence, and color as the [(C;,0),DPG],Ni complex (Figure 4-
a). When the complex was heated up from room temperature at a heating rate of
10°C/min., a spine texture appeared (Figure 4-b). On further heating, the texture
became striated and another mesophase appeared at 211°C (Figure 4-c; at, 218°C).
A small endothermic peak at 211°C in the DSC thermogram was also observed.
The mesophase cleared into an isotropic liquid at 232°C. When the isotropic liquid
was cooled down at a cooling rate of —10°C/min., a fan-shaped texture appeared
at 226°C (Figure 4-d). On further cooling, the texture remained even at room
temperature without distinctive change. However, the DSC thermogram of this
non-virgin sample gave a small endothermic peak at 211°C again on the second
heating run. It was reproducible in the DSC thermograms. Therefore, the
[(C50),.DPG],Ni complex has two kinds of mesophases.

TABLE III
X-ray diffraction data of the [(C;,0),DPG],Ni complex at r.t.

Peak Spacing(A) Miller Lattice

No. observed calculated indices constant
1 29.8 29.8 (100)

2 17.1 17.2 (110) a=34.,4A
3 14.9 14.9 (200)

4 11.3 11,3 {210)

5 ~4 4 - *

¥ The melt of alkyl chains
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The X-ray powder analysis at room temperature and 215°C were performed to
characterize these two mesophases. The pattern at room temperature gave seven
narrow reflections (Figure 5). The pattern at 215°C gave nine narrow reflections
(Figure 6). Both of the patterns also gave a diffuse band at d = 4.4A (20 = 20°,
Peak No. 8 in Figure 5, Peak No. 10 in Figure 6). The narrow reflections observed
in both of the patterns could be assigned to two-dimensional hexagonal lattices.
Hence, both of these two mesophases could be assigned to D, 4. We defined here
the lower temperature mesophase and the higher temperature mesophase as Dy,
and Dy4,, respectively. The lattice constant values of D, 4, an Dy, are exactly the
same (a = 29.6A, Table IV). The X-ray measurements are not able to distinguish
the difference between the mesophases Dy, and Dyy,. This may be related to the
small difference of the structures between them, which is compatible with the small
enthalpy change at the transition Dy 4,~Dy4, (0.30 kcal/mol).

The difference between D,y and D, 4, might be attributable to the difference
between the degrees of the order in the column, because these phases give the
same values for their lattice constants. Further studies are required, because it is
the first discotic compound which exhibits two different hexagonal disordered co-
lumnar (D,,) mesophases.

(c) at 218°C (d) at 226°C

FIGURE 4 Photomicrographs of the [(C,0),DPG],Ni complex at various temperatures. See Color
Plate V.
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FIGURE 5 X-ray diffraction powder pattern of the [(Cg0),DPG],Ni complex at r.t.
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FIGURE 6 X-ray diffraction powder pattern of the [(C:0),DPG]Ni complex at 215°C.

3.3 Mesomorphic Properties of [(C,0),DPG],Ni

The complex has needle-like crystals at room temperature (Figure 7-a). The natural
texture obtained by cooling the sample from the isotropic liquid is a fan-shaped
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(a) atr.t.

(b) at 268°C

FIGURE 7 Photomicrographs of the [(C,0),DPG}],Ni complex at various temperatures. See Color
Plate VL.

texture (Figure 7-b), similar to the [(C,0),DPG],Ni (n = 8, 12) complexes. There-
fore, it is suggested that the mesophase of the [(C,0),DPG],Ni complex is also a
D,qs mesophase. However, the mesophase could not be characterized by X-ray
measurements because of the temperature limit of the hot plate.

Thermochromism of these complexes was observed. The color of these complexes
turns from red at room temperature to yellow at high temperature. This change is
reversible and reproducible. The thermochromism phenomenon will be reported
in a forthcoming paper.
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TABLE IV
X-ray diffraction data of the [(C40),DPG],Ni complex at r.t. and 215°C

Peak Spacing(4) Miller Lattice
Temperature No. observed calculated indices constant

1 25. 25.7 (100)

2 14. 14.8 (110)

3 12.8 12.8 (200)
r.t 4 9.61 9.70 (210) a=29.64

5 7.03 7.12 (310)

6 6.33 6.42 (400)

7 5.84 5.89 (320)

8 ~4,4 - *

1 25.7 25.7 (100)

2 14.8 14.8 (110)

3 12.8 12.8 (200)

. 4 9.65 9.70 (210)
215 C 5 §.52 8.55 (300) a=29.64

6 7.36 7.41 (220)

7 7.06 7.12 (310)

8 6.38 6.42 (400)

9 5.85 5.89 (320)

10 ~4.4 - *

% the melt of alkyl chains.

4.

CONCLUSION

Bis[1,2-di(3',4’-di-n-alkoxyphenyl)ethane-1,2-dioximato]nickel(II) (abbreviated as
[(C,O),DPG],Ni (n = 4, 8, 12)) complexes have been synthesized and character-
ized. The [(C,0),DPG],Ni (n = 4, 8, 12) complexes exhibit D, mesophases.
Interestingly, it was found that the [(C40),DPG],Ni complex has two kinds of D4
mesophase. The [(C,0),DPG],Ni (n = 4, 8, 12) complexes are the first discotic
columnar liquid crystals in the bis(glyoximato)metal(II) system.

References

W N

%N oL

O

11
12

. Part 12: K. Ohta, H. Hasebe, M. Moriya, T. Fujimoto and I. Yamamoto, Mol. Cryst. Liq. Cryst.,
in press.

. L. E. Godyki and R. E. Rundle, Acta Crystallogr, 6, 487 (1953).
. M. Cowie, A. Gleizes, G. W. Grynkewich, D. W. Kalina, M. S. McClure, R. P. Scaringe, R. C.

Teitelbaum, S. L. Ruby, J. A. Ibers, C. R. Kannewurf and T. J. Marks, J. Am. Chem. Soc., 101,

2921 (1979).

A. S. Foust and R. H. Sonderberg, J. Am. Chem. Soc., 89, 5507 (1967).

H. J. Keller and K. Seibold, J. Am. Chem. Soc., 93, 1309 (1971).

. A. Gleizes, T. J. Marks and J. A. Ibers, J. Am. Chem. Soc., 97, 3545 (1975).

. J. S. Miller and C. H. Griffiths, J. Am. Chem. Soc., 99, 749 (1977).

D. W. Kalina, J. W. Lyding, M. T. Ratajack, C. R. Kannewurf and T. J. Marks, J. Am. Chem.

Soc., 102, 7854 (1980).

. C. Piechoki, J. Simon, A. Skoulios, D. Guillon and P. Weber, J. Am. Chem. Soc., 104, 5245
(1982).

. H. Inokuchi, G. Saito, P. Wu, K. Seki, T. B. Tang, T. Mori, K. Imaeda, T. Enoki, Y. Higuchi,
K. Inaka and Y. Yasuoka, Chem. Lett., 1263 (1986).

. M. M. Bélomb¢, J. Phys. (Paris), Collog., 44, C3-717 (1983).

. G. Wentz, Macromol. Chem., Rapid. Commun., 6, 577 (1985).



Downloaded by [Tomsk State University of Control Systems and Radio] at 09:30 19 February 2013

54

13

15
16

K. OHTA et al.

. Part 11: K. Ohta, H. Hasebe, H. Ema, M. Moriya, T. Fujimoto and I. Yamamoto, Mol. Cryst.
Lig. Cryst., in press.

. H. Grossman and J. Mannheim, J. Chem. Soc., 112, ii, 391 (1917).

. H. Ema, Master thesis, Shinshu University, Ueda, chap. 7, 1988.

. C. Destrade, P. Foucher, H. Gasparoux, Nguyen H. T., A. M. Levelut and J. Malthete, Mol.
Cryst. Lig. Cryst., 106, 121 (1984).





