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Two new disc-like complexes, bis[1,2-di(p-nonyloxyphenyi)ethane-1,2-dithi-
olene]nickel (6a) and bis{1,2-di-(p-undecyloxyphenyl)ethane-1,2-dithiolene]nickel (6b),
have been synthesized by a new method. It was found that the complexes exhibit
discotic mesomorphism. The half-wave potentials for the reduction of the nickel com-
plexes (62, b) determined by cyclic voltammetry, are —0.06V (6a) and —0.07V for
(6b) vs. SCE in CH,Cl,. The nickel complexes (6a,b) are only a few examples of =-
acceptor discotic liquid crystals.

Keywords: discotic liquid crystal, transition metal complex,
bis(dithiolene)nickel, m-acceptor, one-dimensional organic conductor

INTRODUCTION

Discotic liquid crystals? have potential as one-dimensional organic
conductors, because they readily construct a columnar structure es-
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sential to organic conductors.®> Most of the molecules exhibiting dis-
cotic mesophases consist of a flat core in the center with several long
alkyl chains in the surroundings.* Introduction of the long alkyl chains
to the flat molecule generates two interesting properties: (1) the
distance of the parallel stacking of these molecules decrease in the
columnar structure, and (2) the molten alkyl chains surrounding the
columns create an apolar medium that permits the dissolution of
various organic dopants without disrupting the conducting chains.?
These properties have a good effect on obtaining one-dimensional
organic conductors. There have been reports of charge transfer com-
plexes formed between w-donor discotic liquid crystals and tetra-
cyanoquinodimethane etc.>® However, only one “disc-like mw-accep-
tor” which exhibits mesomorphism has been synthesized.” In focusing
our interest on the preparation of a novel m-acceptor exhibiting dis-
cotic mesomorphism, two new disc-like complexes, bis{1,2-di(p-n-
nonyloxyphenyl)ethane-1,2-dithione]nickel (6a) and bis[1,2-di(p-n-
undecyloxyphenyl)ethane-1,2-dithione]nickel (6b), have been syn-
thesized by a new method. It was found that the complexes exhibit
discotic mesomorphism. These are only a few examples of w-acceptor
discotic liquid crystals. So, we wish to report here the synthesis and
properties of the complexes (6a,b).

RESULTS AND DISCUSSION

Synthesis

Synthesis of the present nickel complexes were carried out using the
method illustrated in Scheme 1. The unsubstituted complex, bis(1,2-
diphenylethane-1,2-dithione)nickel, has been prepared from benzoin
in 35% yield, by the method reported by Schrauzer et al.® We found
that the substituted benzoin (7a,b) cannot be synthesized from p-n-
alkoxybenzaldehyde by benzoin condensation, but that the substi-
tuted benzils (5a,b) can be transformed into the desired target com-
plexes (6a,b) in 57% (6a) and 59% yield (6b), respectively. The
substituted benzils (5a,b) were synthesized from the substituted stil-
benes (4a,b) in 33% (5a) and 28% yield (5b) respectively, by a mod-
ification of Sonoda’s method. Unsubstituted benzil was obtained from
stilbene in 86% yield, although Sonoda et al. reported that benzil can
be selectively synthesized from diphenylacetylene in 84% yield.® The
substituted stilbenes (4a,b) could be easily prepared from the cor-
responding p-n-alkoxybromobenzenes (2a,b) in relatively good yield;
49% for cis- and trans-isomers of (4a) and 61% for cis- and trans-
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Scheme 1 Synthetic scheme for the long chains substituted bis(dithiolene)nickel com-
plexes (6a,b).

isomers of (4b), using the method reported by Tamao er al.® Al-
though the Wittig reaction is conventionally used for the preparation
of stilbenes,'?:12 this method was very tedious and the yield of the
substituted stilbenes was low (24%," 27%"?).

Discotic mesomorphism

It was found that the complexes, (6a) and (6b), exhibit discotic mes-
omorphism. The phase transitions for the complexes are summarized
in Table I. The K, crystals of (6a) could be obtained as black needle-
like crystals only by recrystallization from ethyl acetate. The K, crystal
could not be obtained by any thermal treatment. When the isotropic
liquid of (6a), which has a clearing point 189°C, was cooled down to
room temperature, it turned into another crystalline phase K, (plate-
like) via the D phase. The same behavior was observed for (6b).
However, recrystallization of (6b) from ethyl acetate always gave a
mixture of K, (needle-like) crystals and K, (plate-like) crystals (small
amount). So, we were unable to determine the enthalpy change (AH,)
of the phase transition at 118°C.

The phase between 109 and 189°C of (6a) and the phase between
88 and 177°C of (6b) were established as discotic mesophases by
miscibility tests using a differential scanning calorimeter and by ob-
servation of the phases using a polarizing microscope. Through con-
structing the binary phase diagram between (6a) and (6b) (Figure 1)
by the miscibility test, it was found that the D phase of (6a) is totally
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TABLE I
Transition temperatures (7,) and enthalpy changes (AH,) of the nickel complexes,
6a and 6b
TL°C)
Phase® ——————— Phase
Compound AH (kcal/mol)
130
K,
6a 8.1
109 189
K, D IL
6.2 15.3
118
6b K,
88 | 177
K, D I.L.
7.6 14.5

* Phase nomenclatures: K =crystal, D = discotic liquid crystal, I.L. = isotropic liquid.

miscible in the D phase of (6b), and that a eutectic point exists at 52
wt% of (6a) at 40°C. If the D phases of (6a) and (6b) were not discotic
mesophases but crystals, such a eutectic point could not be observed.
Both of the D phases gave a plane texture surrounded by a lustrous
ring (Figure 2) which resembled well the texture of the discotic me-
sophase D, in Cg-Cu(II) reported previously.?? For the reasons men-
tioned above, therefore, it was concluded that the D phases of (6a)
and (6b) are both discotic mesophases. These are only a few examples
of the nickel complexes exhibiting discotic mesomorphism in tran-
sition metal complexes.”*

Electrochemistry

The half-wave potentials for the reduction, E,,, of the series
(NiS,C,H,, NiS,C (n-CgH,,),4, NiS,C,Ph,, NiS,C,(p-n-C;H,,0-Ph),,
NiS,Cy(p-n-C;;H,;0-Ph),) are given in Table II. It is obvious from
this table that the complex substituted by phenyl groups, NiS,C,Ph,,
becomes a much better acceptor than the complex substituted by
octyl groups, NiS,C,(n-CgH,,),. The complex does not have a discotic
mesophase but exhibits a single melting into isotropic liquid at 49°C,
although the NiS,C,(n-CgH;,), complex has the long alkyl chains. On
the other hand, the complexes substituted by long alkoxyphenyl groups,
NiS,C,(p-n-CyH,4,0-Ph), (6a) and NiS,C,(p-n-C,;H,,0-Ph), (6b), ex-
hibit discotic mesomorphism as mentioned above. The half-wave po-
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FIGURE 1| Miscibility diagram for the complexes (6a) and (6b).

tentials for reduction of these complexes are —0.06V for (6a) and
—0.07V for (6b). The potentials are somewhat less positive than those
of the corresponding core complex NiS,C,Ph, (+0.03V). The com-
plexes (6a,b) are, however, thought to be fairly good m-acceptors,
comparable to haloanils (chloranil, bromanil, and fluoranil).!> They
have a possibility to be applied to one-dimensional organic conduc-
tors.

EXPERIMENTAL SECTION

The phase transformation behavior of these complexes was observed
with a polarizing microscope equipped with a heating plate controlled
by a thermoregulator, Mettler FP80 and 82, and measured with dif-
ferential scanning calorimeters, Rigakku Denki Thermoflex TG-DSC
and Rigaku Denki Thermoflex DSC-10A. Using these differential
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FIGURE 2 Photomicrographs of the mesomorphic state at 172°C and the K, crys-
talline state at 30°C for the complex (6b).

scanning calorimeters, miscibility tests were carried out between the
complexes (6a) and (6b). Since these mesophases are very viscous
fluids, the mixing of them was made when both were in the states of
isotropic liquid of the two complexes; the samples measured here
were prepared by heating at 195°C for 2 hours followed by siow
cooling to room temperature because each of the complexes (6a,b)
does not decompose at the temperature lower than 210°C.

The electrochemical properties were determined in methylene chlo-
ride solutions containing 0.1 M tetrabuthylammonium perchlorate as
supporting electrolyte. The solution concentrations of the metal com-
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TABLE II

Cyclic voltammetric data obtained from bis-1,2-dithiolenes

Couple: [ML,]° + e~ =—= [ML,]~! (volts)

M Ligands, L, CH,Cl2 CH,CN®
Ni S.C.H, +0.09
S.Cufn—CeH)yy)s -0.22
S.C.,Ph, +0.03
S,C.(p-n-CsH,,OPh),* -0.06
S.C.(p-n-C,,H,,0OPh),¢ -0.07

® vs. SCE, electrolyte Bu,NCIO,; sweep rates 10 mV/sec; temperature = 25°C.

®J. A. McCleverty, “Progress in Inorganic Chemistry,” S. J. Lippaard, Ed., John
Wiley & Sons Inc., New York, 1968, Vol. 10, p. 86: vs. standard calomel electrode.

¢ The value reported in the above reference is +0.01V.

4 Complex (6a) in this paper.

¢ Complex (6b) in this paper.

plexes were 3.02 x 1073 M for (6a) and 3.08 X 103 M for (6b). Cyclic
voltammograms were obtained with a Yanagimoto Polarographic
Analyzer P-1100 and recorded with a Graftec X-Y recorder WX4422,
The measurements were made at a glassy-carbon working electrode
vs. a saturated calomel electrode (SCE).

Since the complex (6b) was synthesized in the same manner as the
complex (6a), the following detailed procedures are presented only
for the case of (6a).

p-n-Nonyloxybromobenzene (2a)

To a solution of 85% purity of potassium hydroxide (9.2 g, 0.14 mol)
in ethanol (150 ml) was added dropwise p-bromophenol (20.0 g, 0.12
mol) and then a solution of n-nonylbromide (26.6 g, 0.13 mol)-in
ethanol (50 ml). The mixture was refluxed by stirring for 12 hrs. It
was then extracted with ether, and the organic extract was washed
with water and dried over sodium sulfate. After evaporation of the
ether, the residue was distilled under reduced pressure to give 27.9
g of 2a (b.p. =129.0°C at 0.20 mmHg, colorless oil); yield 80.4%.
IR (liquid film) v CH, 2950 and 2850 cm~': 'H-NMR (CDCl;): 8
0.87(t, J=5 Hz, 3H), 1.27(m, 14H), 3.76(t, J=5 Hz, 2H), 6.61(d,
J=9 Hz, 2H), and 7.23(d, ] =9 Hz, 2H).

4.4'-Di(n-nonyloxy)stilbene (4a)

Dry tetrahydrofuran (THF) (20 ml) was poured on magnesium turn-
ing (2.23 g, 92 m atom) in a flask under a nitrogen atmosphere. A
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small portion of mixture of p-n-nonyloxy-bromobenzene (25.0 g, 84
mmol) and 40 ml of THF was run in and the flask refluxed gently
until the reaction started. After the reaction had started, the rest of
the mixture was added dropwise while stirring. When the addition
was complete the refluxing was continued for 12 hrs.

After the flask had been cooled by immersion in ice water, a cat-
alytic amount of dichloro[1,2-bis(diphenyl-phosphino)ethane]
nickel(II), [NiCl,(dpe)], (0.14 g, 0.25 mmol) was added and then
trans dichlorethyrene (4.05 g, 42 mmol) was added dropwise. When
the addition was complete the stirring was kept up for 10 min. To
complete the reaction it was refluxed for 20 hrs. The reaction mixture
was then cooled to room temperature and a dilute aqueous solution
of hydrochloric acid was added. The resulting solid was filtered to
give crude cis 4,4'-di(n-nonyloxy)stilbene (4a) (11.8 g). The filtrate
was extracted with ether and dried over sodium sulfate. The solvent
was evaporated to give a crude trans-form of (4a) (0.1 g). The crude
yield was 61% for cis- and trans-isomers of (4a). Recrystallization of
the cis-form from THF gave 10.3 g of white plates in 53% vyield.
Recrystallization of the trans-form from ethyl acetate gave a slightly
yellow powder.
cis (4a); m.p. = 150-151°C; L.R. (KBr) 2925, 2860, 1600, 1500,
1460, 1250, 1170, 1110, 1010, 950, 820 cm~'; 'H-NMR: no solvents
to resolve this compound at room temperature.
trans (4a); this form has a mesomorphic property: 96°C (Crystal —
Smectic phase) and 109°C (Smectic phase — isotropic liquid); I.R.
(KBr) 2920, 2850, 1600, 1495, 1465, 1250, 1170, 1030, 1010, 820, 800

< em” L,

1,2-Di{p-n-nonyloxyphenyl)ethane-1,2-dione(5a)

To a mixture of cis 4,4'-di(n-nonyloxy)stilbene (6.0 g, 13 mmol) and
selenium dioxide (3.2 g, 28 mmol) was added 300 ml of 80% aqueous
acetic acid and 3 ml of conc. sulfuric acid. The mixture was refluxed
by stirring for 17 hrs. The resulting selenium powder was removed
by filtration. The filtrate was extracted by ether and washed with
water until it was neutral, dried over sodium sulfate. Evaporation
gave 6.0 g of crude (5a) (brown solid), which was purified by re-
crystallization from n-hexane to afford 2.1 g (33%) of a grayish green
powder. Anal. Found (Calcd. for C;,H,c0,): C 77.51% (77.69), H
9.30% (9.37). MS(m/e): 494 (M*). I.R. (KBr) 2900, 2850, 1650, 1590,
1470, 1250, 1220, and 1160 cm~!. 'H-NMR (CDCl,): 8 0.87 (t, J=4
Hz, 6H), 1.30 (m, 28H), 3.97 (t, J=6 Hz, 4H), 6.83 (d, J=9 Hz,
4H), and 7.81 (d, J=9 Hz, 4H). This compound exhibits the so-called
“double melting behavior”é: m.p. = 60 and 68°C.
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Bis[1,2-di(p-n-nonyloxyphenyl)ethane-1,2-dithione]nickel(6a)

A mixture of 1,2-di(p-n-nonyloxyphenyl)ethane-1,2-dione (1.8 g, 3.6
mmol), phosphorous pentasulfide (1.2 g, 5.5 mmol), and 30 mi of
dioxane was refluxed for 5 hrs. The hot reaction mixture was filtered
to remove the unreacted phosphorous pentasulfide and washed with
a small portion of hot dioxane several times. To the filtrate was added
nickel(II) dichloride hexahydrate (0.48 g, 2.0 mmol) in 10 ml of water
and the reaction mixture was refluxed for 2 hrs. After the reaction
mixture had been cooled by immersion in ice water, a black powder
was formed and was collected by filtration to give 1.4 g of the crude
complex (6a). Purification was performed by recrystallization from
ethyl acetate to afford 1.1 g of black needle-like crystals, yield 57%.
Anal. Found (Caled. for C4,Hg,0,S,Ni): C 69.37% (69.10), H 8.35%
(8.34). 'H-NMR (CDCl;) 8 (ppm) 0.87 (t, J=4 Hz, 12H), 1.31 (m,
56H), 3.88 (t, J =6 Hz, 8H), 6.56 (d, J=8 Hz, 8H), and 7.19 (d, J=8
Hz, 8H), IR (KBr) 2930, 2860, 1600, 1510, 1470, 1360, 1300, 1250,
1170, 1140, and 880 cm !, Amax (CHCl;) 928 (e 33700), 625 (2480),
468 (shoulder, 4260), 337(sh., 28900), 301(44500), and 285 nm (sh.,
40600).
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