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Bis(salicylaldiminate) copper (II) and palladium (II) complexes:

towards columnar mesophases
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Quimica Organica, Facultad de Ciencias-Instituto de Ciencia de Materiales de Aragon,
Universidad de Zaragoza-CSIC, 50009 Zaragoza, Spain
tInstituto de Materiales y Reactivos. Universidad de La Habana. Zapata y G,
Vedado. 10400 La Habana, Cuba

(Received 30 September 2002; in final form 20 January 2003; accepted 21 January 2003)

Copper and palladium complexes of new salicylaldimines derived from 3.,4,5-tridecyloxyaniline,
2,3,4-tridecyloxyaniline and 4-decyloxyaniline have been synthesized and characterized. All
the ligands bear four or more aliphatic chains with the aim of inducing columnar mesophases
at low temperatures. In particular, metal complexes derived from 4-(3,4,5-tridecyloxybenzoyloxy)-
salicyliden-3,4,5-tridecyloxyaninile display rectangular columnar mesophases at (or near) room
temperature. These mesophase assignments have been confirmed by X-ray diffraction. A significant
decrease of the melting points of the compounds is observed in the tridecyloxyaniline derivatives

compared with those of similar complexes derived from mono- or di-decyloxyaniline.

1. Introduction

The incorporation of transition metals into liquid
crystals has led to the study of interesting magnetic, elec-
tronic and optical properties in mesomorphic materials
[1]. Moreover, this areca of research has led to the
discovery of new molecular structures capable of pro-
ducing both known and new mesomorphic phases, and
now the study of structure—property relationships is a
major concern [2-57.

Salicylaldimines have been employed in the synthesis
of metallomesogens due to their synthetic versatility and
ability to coordinate metals [ 6]. In the literature many
salicylaldiminate metal complexes are reported to exhibit
lamellar or nematic phases. In particular, complexes of
N-(4’-alkoxyphenyl)-4-alkoxysalicylaldimines (two-ring
ligand systems with two flexible chains) have an overall
brick-like shape leading to the formation of smectic phases
[77. Other complexes derived from N-(4'-alkoxyphenyl)-
4-alkoxybenzoyloxysalicylaldimines (three-ring ligand
systems with two flexible chains) have a higher length-
to-breadth ratio and display nematic and/or smectic C
phases depending on the length of the aliphatic chains
[8]. Similar compounds with an additional alkoxy chain
at the 2- or 3-position of the benzoyloxy moiety exhibit
lower transition temperatures and display nematic and
smectic phases, respectively [97].

* Author for correspondence; e-mail: joseluis@posta.unizar.es

On the other hand, only a few salicylaldiminate com-
plexes display columnar phases [ 10]. Among these studies
Lai et al. recently reported that an appropriate adjust-
ment of the aspect ratio in the two-ring ligand system
by introducing two alkoxy chains in the aniline leads to
copper complexes with columnar mesophases [ 10 ¢].

Following our work describing molecular structure
and mesogenic properties using salicylaldimines, we are
particularly interested in obtaining columnar phases with
copper complexes for which paramagnetic properties are
expected [ 117]. The design of ligands with four or more
aliphatic chains should lead to complexes with columnar
behaviour at low temperatures. Moreover, by modifying the
shape of the ligand, their complexes may sit at the inter-
face between uniaxial and biaxial behaviour. In the present
paper we report the synthesis and characterization of new
salicylaldimine ligands derived from 3,4,5-tri-decyloxy-
aniline (series a and c), 2,3,4-tridecyloxyaniline (series b
and d) or 4-decyloxyaniline (series e) together with their
copper and palladium complexes (figure 1); the study
of their thermal properties will shed light on the limits of
the mesomorphism of these systems when changing the
position of the substituents.

2. Experimental
2.1. Characterization
Elemental analysis were performed using a Perkin-Elmer
240B microanalyser. Infrared spectra were obtained with
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Series a: R{= R, =R3=0CyoH21, R4 =H, X =0CoHz4
Series b: Ry =R3 =R =0CoHz1, Ry = H, X =0CqpHy4
Series ¢: R1=R; =R3=0CoH1, R4=H OC0Ha4
Series d: R, =R3=R4=0CgH,1, Ry =H X= 00C OCyqHa4
Series e: Ry =0CqoHz¢, Ri=R3=R4=H OC1gHas

Figure 1. Structure of the metal complexes examined in this
study.

a Mattson Genesis (FTIR) spectrophotometer in the range
v=400-4000cm!; 'TH NMR and *C NMR spectra
were recorded on a Varian Unity 300 MHz spectrometer
in CDClIj solutions. The optical textures of the mesophases
were studied with an Olympus polarizing microscope
equipped with a Linkam THMS600 hot stage and a
CS196 cooling system. The transition temperatures and
enthalpies were measured by differential scanning calori-
metry with a Perkin-Elmer DSC-7 or TA Instruments

calorimeter operated at a scanning rate of 10°C min *

on heating. The apparatus were calibrated with indium
(156.6°C; 28.4 J g~ 1) as standard. X-ray diffraction (XRD)
measurements were performed with a Pinhole camera
(Anton-Paar) operating with a point-focused Ni-filtered
Cu-K, beam. The sample was held in Lindemann glass
capillaries (1 mm diameter) and heated, when necessary,
with a variable temperature attachment. The patterns
were collected on flat photographic film. The capillary
axis and the film were perpendicular to the X-ray beam.
Spacings were obtained via Bragg’s law.

2.2 Synthesis
p-Decyloxyaniline (3e) was prepared as previously
described [12]. The new compounds were obtained
following the synthetic pathways shown in the scheme.

2.2.1. 1,2,3-Tridecyloxybenzene (1)

To a stirred solution of 5.00g (0.04 mol) of 1,2,3-tri-
hydroxybenzene, 24.84g (0.18 mol) of K,CO; and
0.008 mol of KI in 300ml of dry acetone, was added
dropwise 28.28 g (0.128 mol) of bromodecane; the mixture
was heated at reflux and stirred for 48 h under an argon
atmosphere. The precipitate was filtered off and the solvent
removed from the filtrate under vacuum. The product
was purified by flash chromatography using 1/1 hexane/
dichloromethane as eluent. A white solid was obtained;
yield 70%. IR (Nujol, cm~1) v 1595 (C-C,,), 1252 (C-0).

DCC, DMAP, CH,Cl,

4Es

Scheme.

CqoH21Br HNO3, HpSO4 Pd(OH),/C
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HO@ = CioH210 —>»  CqoH210 NO, —_— CyoH210 NH,
HO C10H210 C1oH210 C1oH210
1 2a 3a
H C1oH21Br Pd(OH),/C
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'H NMR (300 MHz, CDCly) § 0.86 (t, J = 6.0 Hz, 9H),
1.23-1.54 (m, 42H), 1.72-1.79 (m, 6H), 3.93-4.01 (m, 6H),
6.5 (d, J =84 Hz, 2H), 6.8 (t, J = 8.4 Hz, 1H).

2.2.2. 1,2,3-Tridecyloxy-5-nitrobenzene (2a)

To a mixture of 0.1 g of urea, 2 ml of acetic acid, 0.3 ml
of nitric acid and 0.4 ml of sulphuric acid at 0°C was added
a solution of 1.00 g (1.83 mmol) of 3,4,5-tridecyloxybenzene
in 5ml of 1,4-dioxane to give a dark red solution. The mix-
ture was stirred at room temperature for 4 h. The reaction
mixture was added to distilled water (50 ml) and extracted
into diethyl ether; this extract was washed with saturated
NaHCO;, dried over MgSO, and evaporated under
vacuum. The product was recrystallized from ethanol;
yield 45%, m.p. 42°C. IR (Nujol, cm 1) v 1510 (NO,),
1344 (NO,), 1321 (NO,), 1236 (C-0O). 'H NMR
(300 MHz, CDCl;) 6 0.86 (t, J =6.4Hz, 9H), 1.23-1.52
(m, 42H), 1.7 (m, 6H), 4.03 (m, 6H), 7.4 (s, 2H).

2.2.3. 1,2,3-Tridecyloxy-4-nitrobenzene (2b)

To a mixture of 1g (5.55mmol) of 1,2,3-trihydroxy-
4-nitrobenzene and 8 g (57.97 mmol) of K,CO; in 20 ml
of N,N-dimethylformamide (DMF) were added, first 3.69 g
(16.65mmol) of bromodecane dropwise and then 0.1g
of tetrabutylammonium bromide (TBAB). The mixture
was stirred at 60°C for 4 h under an argon atmosphere.
The reaction mixture was added carefully to 50ml of
distilled water. After acidifying with with dilute hydro-
chloric acid, the product was extracted into diethyl ether.
The crude product was purified by flash chromatography
using 100/3 hexane/ethyl acetate as eluent; yield 66%.
IR (Nujol, cm™1) v 1521 (NO,), 1348 (NO,), 1290 (C-0).
'H NMR (300 MHz, CDCl;) 6 0.86 (t, J = 6.8 Hz, 9H),
1.25-1.53 (m, 42H), 1.69-1.85 (m, 6H), 3.93 (t, J=6.4 Hz,
2H), 4.01 (t, J=6.4Hz, 2H), 4.11 (t, J=6.4 Hz, 2H), 6.62
(d, J=8.8Hz 1H), 7.63 (d, J =8.8 Hz, 1H).

2.2.4. Synthesis of the anilines (3a, b)

To a solution of 620mg (1.04 mmol) of the nitro
derivative 2a or 2b in absolute ethanol (20 ml) and cyclo-
hexene (10ml) was added, 93.2mg of 20% palladium
hydroxide on carbon (15% w/w catalyst/substrate), and
the mixture was heated under reflux for 18 h. The catalyst
was removed by filtration through celite and the solvent was
then removed using a rotary evaporator. The crude product
was recrystallized from ethanol to obtain the compounds
as white solids.

3a: IR (Nujol, cm ') v 3300 (N-H), 1211 (C-0).
'H NMR (300 MHz, CDCl;) 6 0.86 (t, J =6 Hz, 9H),
1.24-1.58 (m, 42H), 1.7 (m, 6H), 3.5 (br s, 2H), 3.9 (m, 6H),
5.9 (s, 2H).

3b: IR (Nujol, cm~1!) v 3300 (N-H), 1266 (C-0O).
'H NMR (300 MHz, CDCl;) § 0.86 (t, J = 6.4 Hz, 9H),
1.25-1.53 (m, 42H), 1.69-1.85 (m, 6H), 3.12 (br s,

2H) 3.85 (t, J =6.4Hz 2H), 3.96 (t, J = 6.4 Hz, 2H),
401 (t, J=6.4Hz 2H), 6.35 (d, J=82Hz, 1H), 646
(d, J =8.2Hz, 1H).

2.2.5. 4-Decyloxy-2-hydroxybenzaldehyde (4)

To a solution of 10.00 g (0.072 mol) of 2,4-dihydroxy-
benzaldehyde and 7.24g (0.072 mol) of KHCOj; in
400 ml of dry acetone, was added 15.91 g (0.072 mol) of
bromodecane, dropwise, and the mixture was heated under
reflux for 24 h. The precipitate was filtered off and the
solvent was removed from the filtrate under vacuum.
The crude product was purified by flash chromatography
using first 3/1 and then 1/1 hexane/toluene as eluent;
yield 52%, m.p. 32°C. IR (Nujol, cm ™) v 1644 (C=0),
1220 (C-0O). 'H NMR (300 MHz, CDCl;) 6 0.84 (t, J =
6.5Hz, 3H), 1.26-1.81 (m, 16H), 4.01 (t, J = 6.5Hz, 2H),
640 (d, J=2Hz, 1H), 6.52 (dd, J =2 Hz, J =88 Hz, 1H),
7.41 (d, J=8.8Hz, 1H), 10.31 (s, 1H), 11.30 (s, 1H).

2.2.6. 4-(3,4',5"-Tridecyloxybenzoyloxy)-
2-hydroxybenzaldehyde (4Es)

A solution was prepared containing 540 mg (0.913 mmol)
of 3,4,5-tridecyloxybenzoic acid, 126 mg (0.913 mmol) of
2,4-dihydroxybenzaldehyde and 188 mg (0.913 mmol)
of N,N’-dicyclohexylcarbodiimide in 20 ml of dry dichloro-
methane. Then 11 mg (0.0913 mmol) of 4-dimethylamino-
pyridine were added and the mixture was stirred at
room temperature for 3h under an argon atmosphere.
The mixture was filtered and the solvent removed from the
filtrate under vacuum. The crude product was purified
by flash chromatography using 10/1 hexane/ethyl
acetate as eluent; yield 82% m.p. 46°C. IR (Nujol, cm 1)
v 1726 (C=0), 1660 (C=0), 1192 (C-0). 'H NMR
(300 MHz, CDCl;) 6 0.86 (t, J =6.4Hz, 9H), 1.25-1.85
(m, 48H), 4.02 (t, J = 6.4 Hz, 6H), 6.84 (d, J = 2.2 Hz, 1H),
6.88 (dd, J=22Hz, J=84Hz 1H), 7.35 (s, 2H),
7.61 (d, J=84Hz, 1H), 9.87 (s, 1H), 11.24 (s, 1H).

2.2.7. General procedure for the synthesis of the Schiff
bases (5a—e)

To a solution of 0.98 mmol of the aniline 3a, 3b or 3e
in 45 ml absolute ethanol was added one equivalent of the
aldehyde 4 or 4Es plus a drop of acetic acid. The mixture
was heated at reflux for 24 h. The solvent was removed
on a rotary evaporator and the residue dissolved in
hexane and washed with water. After removing the solvent,
products were obtained as yellow oils. Purification and
characterization data for each imine are given below;
yields 75-82%.

5a was purified by flash chromatography using neutral
alumina (previously washed with methanol and dried
under vacuum) and 7/3 hexane/ethyl acetate as eluent.
IR (Nujol, cm 1) v 1617 (C=N), 1229 (C-0). Anal: calcd
for Cs3HgNOs C 77.41, H 11.15, N 1.70; found C 77.38,
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H 11.10, N 1.71%. '"H NMR (300 MHz, CDCl;) § 0.86
(t, J=064Hz 12H), 1.25-1.84 (m, 64H), 3.98 (m, 8H),
6.40 (m, 4H), 7.21 (d, J=8.4Hz, 1H), 8.44 (s, 1H),
13.8 (s, 1H).

5b was purified by flash chromatography using neutral
alumina (previously washed with methanol and dried
under vacuum) and 7/3 hexane/ethyl acetate as eluent.
IR (Nujol, cm~1!) v 1616 (C=N), 1228 (C—0O). Anal: calcd
for Cs3HgyNOs C 77.41, H 11.15, N 1.70; found C 77.43,
H 11.13, N 1.70%. '"H NMR (300 MHz, CDCl;) § 0.86
(t, J=64Hz 12H), 1.25-1.84 (m, 64H), 3.98 (m, 8H),
6.39 (d, J =3Hz, 1H), 6.43 (dd, J =3 Hz, J =9 Hz, 1H),
6.63 (d, J=9Hz, 1H), 6.86 (d, J=9Hz, 1H), 7.17
(d, J=9Hz, 1H), 8.51 (s, 1H), 14.22 (s, 1H).

5c¢ was purified using flash chromatography on neutral
alumina with 1/1 hexane/ethyl acetate as eluent. IR
(Nujol, ecm~1) v 1736 (C=0), 1619 (C=N), 1191 (C-O).
Anal: caled for Cg;H,;3,NO, C 76.67, H 10.88, N 1.10;
found C 76.70, H 10.85, N 1.11%. "H NMR (300 MHz,
CDCl;) 0 0.86 (t, J =6.4Hz, 18H), 1.25-1.84 (m, 96H),
3.89-4.04 (m, 12H), 6.49 (s, 2H), 6.77 (d, J=7.5Hz, 1H),
6.85 (s, 1H), 7.32 (s, 2H), 7.38 (d, J = 7.5Hz, 1H), 8.57
(s, 1H), 13.4 (br s, 1H).

5d was recrystallized from an ethanol/dichloromethane
mixture. IR (Nujol, cm™1!) v 1726 (C=0), 1617 (C=N),
1201 (C-0O). Anal: caled for Cg;H,3,NO, C 76.67, H 10.88,
N 1.10; found C 76.64, H 10.90, N 1.09%. '"H NMR
(300 MHz, CDCl;) 6 0.86 (t, J = 6.4 Hz, 18H), 1.25-1.86
(m, 96H), 3.95-4.06 (m, 12H), 6.65 (d, J =9 Hz, 1H),
6.75 (dd, J=9Hz, J =3Hz, 1H), 6.83 (d, J =3 Hz, 1H),
691 (d, J=9HzlH), 736 (d, J=9Hz, 1H), 7.38
(s, 2H), 8.66 (s, 1H), 14.11 (s, 1H).

Se was recrystallized from an ethanol/dichloromethane
mixture. IR (Nujol, cm™') v 1732 (C=0), 1620 (C=N),
1251 (C—0). Anal: caled for C4HosNO, C 76.47, H 10.16,
N 1.49; found C 7644, H 10.18, N 1.48%. '"H NMR
(300 MHz, CDCl;) ¢ 0.86 (m, 12H), 1.20-1.49 (m, 56H),
1.70-1.90 (m, 8H), 3.92-4.07 (m, 8H), 6.77 (dd,
J=87Hz, J=23Hz, 1H), 683 (d, J=2.3Hz,
1H), 6.92 (d, J=8.7Hz, 2H), 691 (d, J=9Hz, 1H);
7.25 (d, J =8.7Hz, 2H), 7.38-7.40 (s, 3H), 8.60 (s, 1H),
13.82 (s, 1H).

2.2.8. General procedure for the synthesis of the copper
complexes (6a—e)

To a solution 0.12 mmol of the imine in distilled tetra-
hydrofurane, was added 0.06 mmol of copper(II) acetate
monohydrate in hot absolute ethanol, and the mixture
was heated under reflux for 2 h. The solvent was removed
and the crude product dissolved in dichloromethane and
filtered through celite. The solvent was removed under
vacuum to yield brown solids or oils; yield 82—-87%.

6a: IR (Nujol, cm ') v 1609 (C=N), 1216 (C-0),
1117 (C-0). Anal: caled for C;psH 5,N,0;,Cu C 74.62,

H 10.63, N 1.64; found C 74.55, H 10.66, N 1.64%. MS,
FAB*: 1705 [M +1]".

6b: IR (Nujol) v (cm™'): 1607 (C=N), 1214 (C-0),
1121 (C-0). Anal: calcd for C;ygH;50N,0;,Cu C 74.62,
H 10.63, N 1.64; found C 74.58, H 10.67, N 1.63%. MS,
FAB™: 1705 [M +1]".

6¢: IR (Nujol, cm 1) v 1726 (C=0), 1609 (C=N), 1228
(C-0), 1114 (C-0). Anal: calcd for C,50H,65N,0,5Cu
C 74.73, H 10.51, N 1.09; found C 74.69, H 10.59,
N 1.10%. MS, FAB*: 1255 [5¢ +2]".

6d: IR (Nujol, cm 1) v 1735 (C=0), 1611 (C=N), 1192
(C-0), 1117 (C-0). Anal: calcd for C,50H,65N,0;4Cu
C 74.73, H 10.51, N 1.09; found C 74.57, H 10.48,
N 1.12%. MS, FAB*: 1255 [5d + 2] .

6e: IR (Nujol, cm 1) v 1739 (C=0), 1615 (C=N). Anal:
caled for C,,0H 5sN,O,Cu C 74.05, H 9.74, N 1.44;
found C 74.10, H 9.80, N 1.41%. MS, FAB™*: molecular
peak not detected.

2.2.9. General procedure for the synthesis of the
palladium complexes (7a—e)

A solution of 0.15mmol of the requisite imine Sa—e
was dissolved in 10 ml of distilled THF and deoxygenated
several times. Afterwards, 0.075 mmol of palladium acetate
was added and the mixture was stirred at room temper-
ature for 24 h. The solution was filtered through a pad
of celite and the solvent evaporated under vacuum. An
orange oil was obtained in all cases; yield 84-88%.

7a: IR (Nujol, cm 1) v 1600 (C=N), 1216 (C-0),
1117 (C-0). Anal: calcd for C,,H;50N,O;,Pd C 72.79,
H 10.37, N 1.60; found C 72.71, H 10.03, N 1.70%. MS,
FAB": 1749 [M*]. 'H NMR (300 MHz, CDCl;)
0 0.84-0.86 (m, 24H), 1.24-1.75 (m, 128H), 3.74
(t, J=64Hz, 4H), 394 (t, J=64Hz 12H), 5.65
(d, J=2.1Hz,2H), 6.12 (dd, J = 2.1 Hz, J = 8.8 Hz, 2H),
6.50 (s, 4H), 7.02 (d, J = 8.8 Hz, 2H), 7.56 (s, 2H).

7b: IR (Nujol, cm™*) v 1605 (C=N), 1212 (C-0),
1093 (C-0). Anal: caled for C,osH;50N,O;,Pd C 72.79,
H 10.37, N 1.60; found C 72.79, H 10.37, N 1.57%.
MS, FAB*: molecular peak not detected. 'H NMR
(300 MHz, CDCl;) ¢ 0.81-0.86 (m, 24H), 1.06-2.07
(m, 128H), 3.71 (t, J = 6.6 Hz, 4H), 3.94-4.09 (m, 12H),
5.50(d, J=2.2Hz,2H), 6.04 (dd, J=2.2Hz, J=8.7Hz, 2H),
6.61 (d, J=9Hz, 2H), 693 (d, J=9Hz, 2H), 6.96
(d, J =8.7Hz, 2H), 7.45 (s, 2H).

7¢: IR (Nujol, ecm 1) v 1725 (C=0), 1608 (C=N),
1226 (C-0), 1114 (C-0). Anal: calcd for C,4H,45N,0,Pd
C 73.51, H 10.33, N 1.07; found C 73.62, H 10.29, N 1.08%.
MS, FAB*: 2614 [M*]. 'H NMR (300 MHz, CDCl;)
0 0.71-0.86 (m, 36H), 1.25-1.83 (m, 192H), 3.89-4.03
(m, 24H), 6.06 (s, 4H), 6.36 (d, J = 8.2 Hz, 2H), 6.49 (s, 2H),
7.31 (s, 4H), 7.44 (d, J =8.2Hz, 2H), 7.70 (s, 2H).

7d: IR (Nujol, cm 1) v 1734 (C=0), 1610 (C=N),
1192 (C-0). Anal: calcd for C,,H,csN,OgPd C 73.51,
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H 10.33, N 1.07; found C 73.26, H 10,20, N 1.11%.
MS, FAB*: molecular peak not detected. '"H NMR
(300 MHz, CDCl;) ¢ 0.84-0.88 (m, 36H), 1.14-2.10
(m, 194H), 3.92-4.11 (m, 24H), 593 (d, J =3 Hz, 2H),
6.29 (dd, J=3Hz, J=9Hz 2H), 6.64 (d, J=9Hz,
2H), 6.95 (d, 2H, J =9Hz, 2H), 7.13 (d, J =9 Hz, 2H),
7.33 (s, 4H), 7.60 (s, 2H).

7e: IR (Nujol, cm ™) v 1732 (C=0), 1605 (C=N), 1232,
1192 (C-0). Anal: caled for C,,,H;sN,O,,Pd C 72.46,
H 9.53, N 1.41; found C 72.41, H 9.56, N 1.39%. MS,
FAB*: 1987 [M*]. 'H NMR (300 MHz, CDCl;) 6 0.86
(m, 24H), 1.20-1.90 (m, 128H), 3.93-4.07 (m, 16H), 6.05
(d, J=24Hz, 2H), 6.35 (dd, J =8.8 Hz, J = 2.4 Hz, 2H),
6.89 (d, J=8.8Hz, 4H), 7.16 (d, J=8.8Hz 2H),
7.20 (d, J =8.8 Hz, 4H), 7.34 (s, 4H), 7.67 (s, 2H).

3. Results and discussion
3.1. Synthesis and characterization

Known synthetic procedures were adapted for the
preparation of the compounds (see the scheme). In par-
ticular, the synthesis of 1,2,3-tridecyloxy-5-nitrobenzene
was successfully accomplished by the nitration of 1,2,3-tri-
decyloxybenzene. Steric hindrance avoids nitration in
the more electronically favoured 4-position [13]. The
isomer 1,2,3-tridecyloxy-4-nitrobenzene was obtained by
alkylation of 4-nitropyrogallol. The anilines were prepared
in a straightforward manner from the nitro compounds
by reduction with palladium hydroxide on carbon and
cyclohexene.

The Schiff’s bases were prepared by condensation of the
aldehyde with the corresponding aniline in ethanol with
acid catalysis. The compounds derived from tridecyloxy-
aniline (5a—d) have low melting points and were obtained
from the reaction mixture as oils, which prevented their
purification by recrystallization. Thus, these imines had
to be purified by column chromatography using neutral
alumina. The chromatographic technique proved to be
a reproducible procedure if the alumina was washed with
methanol and dried in an oven prior use.

Copper complexes were obtained by mixing a solution
of the corresponding imine with a solution of copper(1I)
acetate. An immediate change of colour indicated com-
plex formation; however the mixture was heated at reflux
for 2h to ensure completion of the reaction. Palladium
complexes were prepared at room temperature to prevent
decomposition of the palladium(II) acetate.

Attempts to obtain nickel and oxovanadium complexes
with Schiff’s bases 5a—d proved unsuccessful. This may
be due to the steric effects of the three long chains in
the aniline fragment.

Complex formation was confirmed by IR spectroscopy;
specifically, the C=N stretching vibration in the ligands
is located in the 1616-1619cm ™! region and shifts to
lower wavenumbers (16111607 cm ™! in the copper com-

plexes and 1608—1600 cm ~ ! in the palladium complexes),
indicating that the azomethine N atom is involved in a
metal-nitrogen bond. In addition, for the palladium
complexes, the 'H NMR spectrum shows a substantial
shift for the aromatic protons to higher field with respect
to the ligand. Figure 2 displays the assignment of the
protons in the aromatic region for compounds 5d and 7d.

3.2. Mesomorphic properties
All the salicylaldimine ligands and their metal complexes
have been studied by polarizing optical microscopy (POM)
and DSC. The data are gathered in tables 1 and 2.

3.2.1. The Schiff’s bases

The Schiff’s bases were obtained in pure form as
yellow oils which crystallize over time. All of them melt
directly to the isotropic liquid in the first heating cycle
with a high associated enthalpy change. Successive thermal
cycles are in some cases more complex and deserve
comment. For imine 5a, crystallization occurs at —26°C
and the compound solidifies into a different crystalline
form, as observed in the second heating cycle in which
the compound shows double melting behaviour. On
cooling compound 5b, two peaks can be seen: the first
at —18°C corresponds to the appearance of a mesophase
(figure 3) with a texture characteristic of a columnar
hexagonal phase; a second peak at —29°C corresponds
to crystallization. The second heating cycle shows a
recrystallization process and double melting behaviour
like 5a.

Table 1. Temperatures (°C) and enthalpies (kJ mol™!, in
brackets) for the phase transitions of the Schiff’s bases.

Compound Tonser (AH)

5a Ist heating  Cr; 39.3 (639) 1
Ist cooling 1 —26.2 (—20.2) Cr,
2nd heating Cr, —13.8 (26.1) I Cr, 374

(63.8) 1
5b Ist heating  Cry 29.5(43.9) 1
Ist cooling I —18.4(—04) Col,, —28.7
(—17.4) Cr,
2nd heating Cr, 15.2 (14.3) I Cr; 28.5 (35.5) 1
5¢ Ist heating ~ Cr 33.1 (85.6) I

1st cooling 150 (—42)d
2nd heating ® 8.9 (8.4)1

5d Ist heating  Cr 37.0 (414) 1
Ist cooling  14.0(—21.5) Cr
2nd heating Cr 34.4 (51.0) I

Se Ist heating  Cry 33.3 (2.0) Cr, 53.0 Cr;3 55.5
(514)1
Ist cooling I 28.1 (52.5) Cr,
2nd heating Cr, 50.5 Cr; 55.3 (55.1) 1




17:15 25 January 2011

Downl oaded At:

656

J. Barbera et al.

§  OC1oH21

c d Q

CioH210,  OCqgH24 OC1qH21
C1oH210 N o OC1oH21
a b |’-1|O
f+c
b €da
| I ! | ! [ ! ] T I l | ! ]
9.0 8.5 8.0 7.8 7.0 6.5 6.0 5.5

¢ OC1oH21

c d 0

C10H210,  OCqqH21 OC1oHa1

79 0

C10H210 N o OC1qH21
a b —Pd\—O
f
g
c b a d e
[ I ' I ! | T I ! I ! [ ' ]
9.0 8.5 8.0 7.5 7.0 6.5 6.0 ]

Figure 2. Aromatic region of the '"H NMR spectra for compounds 5d and 7d.
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Table 2. Temperatures (°C) and enthalpies (kJmol !, in
brackets) for the phase transitions of the metal complexes.

Compound Tonset (AH)
6a 1st heating —
Ist cooling g —69.51
6b 1st heating  Cr 46.3 (14.8) I
Ist cooling —
6¢ Ist heating  Cr 1.8 (21.1) Col, 55.1 (6.4) 1

Ist cooling I 54.6 (—9.7) Col,
2nd heating Cr 0.7 (20.5) Col, 56.7 (7.8) 1

6d 1st heating  Cr 331
Ist cooling —
6e Ist heating  Cry 68.1 (76.5) 1

Ist cooling 1402 ¢g
2nd heating Cr, 38.0 (4.1) I

7a 1st heating ~ Cr 33.5(24.7) I
Ist cooling I —279 ¢
7b Ist heating  Cr; 66.0 (14.8) I Cr, 81.0 (38.8) I

Ist cooling 13.6 Cry; —3.5(—16.5) Cr,
2nd heating Cry 65.2 (20.4) I Cr, 79.0 (37.9) I

Tc Ist heating  Cry 45.9 (30.5) Col, 65.3 (3.3) I
Ist cooling I 59.3 (—4.8) Col,
2nd heating Col, 65.3 (4.6) I

7d Ist heating  Cr 33.9 (774) 1
1st cooling  128.2 (—2.3) Col
2nd heating Cr+ Col 37.9 (4.6) 1

Te Ist heating  Cry 81.5(82.6) 1
Ist cooling 1284 ¢
2nd heating Cr, 56.1 (4.8) 1

K/ | 1
| | T heating

. 1¢ cooling
T,
Bt
—_— e — 2™ heating
Exo
e W e 2rd cooling
K Cal |
| | | | | | | | | |
40 20 g 20 a0 T(C)

Figure 3. DSC thermogram and mesophase texture of
compound Sh.

Compounds 5a and 5b both have two aromatic rings
and differ only in the position of one alkoxy chain. It is
interesting to note the lower melting point and induction
of a mesophase when the alkoxy chain is in the 2-position of
the aniline ring (5b); that is, when there is the possibility
of distribution of the aliphatic chains around one half of
the molecule (figure 4).

Compound 5c¢ shows a monotropic mesophase on
cooling; the texture is displayed in figure 5 and it could
be assigned as a phasmidic mesophase on the basis of its
molecular shape [ 10d]. The low temperatures at which
these mesophases occur and their monotropic character
precluded their study by XRD.

For compound 5d there is no evidence of the presence
of a mesophase. 2,3,4-Substitution in the aniline disturbs
the phasmidic shape of the compound with respect to
5c¢ and prevents the appearance of mesomorphism. Imine
Se, with only one decyloxy chain on the aniline fragment,
is not mesomorphic and shows higher melting points
than the other imines of the ester series, S¢ and 5d.

3.2.2. The copper complexes

Complexes 6a and 6b, derived from imines with only
two aromatic rings, are not mesomorphic. 6a was obtained
as a brown isotropic liquid that vitrifies at —69.5°C and
does not crystallize over time. Compound 6b was obtained
as a partially crystalline brown solid that melts directly
to the isotropic liquid. The enthalpy of this transition
does not correspond to the total mass of the sample. Under
the microscope it can be observed that crystallization
occurs slowly at room temperature.

A dramatic lowering of the melting point, produced
by the grafting of three decyloxy chains in the aniline
fragment, can be observed if we compare them with a
similar compound containing only two decyloxy chains
previously reported by Lai et al. [10¢] In the latter case,
the copper complex melts at 166°C to a columnar phase
that persists until 313°C. Thus, the presence of an extra
chain at the 2- or 5-position of the aniline moiety
impedes the packing of the molecules, probably as a
result of a higher twist of this ring with respect to the
mean molecular plane in order to accommodate all
the substituents.

In the ester series (imines with three aromatic rings),
compound 6c¢ displays an enantiotropic mesophase at
room temperature, which has been characterized as a
columnar rectangular phase (vide infra). The texture is
shown in figure 6. On cooling, this mesophase supercools
to under —20°C and crystallizes on the second heating
cycle at —8°C.

However the isomeric compound 6d is not meso-
morphic. It was obtained as an isotropic liquid which
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Figure 4. Comparative structures of the salicylaldimines.

Figure 5. Mesophase texture of compound Sc.

crystallizes over time. Under the optical microscope
these crystals melt at 33°C. On succesive cooling and
heating cycles there are no transitions in the DSC traces.

The presence of the benzoyloxy group in these copper
complexes only induces mesomorphic properties in 6c,
showing the importance of the three lateral alkoxy chains
in the aniline moiety. Again, lateral substitution in these

Figure 6. Mesophase texture of compound 6c¢.

complexes plays an important role, as has already been
reported in calamitic systems where substitution at the
2-position tends to reduce intermolecular interactions
and depress the transition temperatures [9]. Compound
6e, with only one aliphatic chain in the aniline, should
preclude steric hindrance in packing but this is insufficient
to generate columnar phases.
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3.2.3. The palladium complexes

Palladium complexes show, in general higher transition
temperatures than their copper analogues but follow the
same trend in behaviour. Compound 7a melts to an
isotropic liquid, and on cooling vitrifies showing no
mesomorphic behaviour. Compound 7b shows a double
melting behaviour and partial crystallization on cooling
with no liquid crystal properties. As with the copper
complexes, the presence of the alkoxy chain in the ortho
position of the aniline raises the melting point.

The presence of the benzoyloxy moiety induces
mesomorphism in compound 7¢, which displays an enantio-
tropic mesophase characterized as columnar rectangular
by XRD (vide infra). The texture is displayed in figure 7.
This mesophase supercools to below room temperature
(—20°C in the DSC). In the second heating only the
columnar-to-isotropic liquid transition appears.

Compound 7d is an orange solid at room temperature
which melts at a lower temperature than 7¢ and shows
a monotropic columnar mesophase on cooling. Palladium
complex 7e derived from 4-decyloxyaniline has the highest
melting point and is not mesomorphic. On cooling it
vitrifies and on second heating, recrystallizes to a different
crystal phase with a lower melting point than that of
the fresh sample.

3.3. X-ray diffraction studies

The phase behaviour of the three mesomorphic com-
plexes in these series (6¢, 7c and 7d) was investigated by
XRD. Experiments were performed at room temperature,
both on fresh samples and on samples previously heated
to the isotropic phase, as well as at high temperatures.
An X-ray study of the mesomorphic ligands 5b and 5S¢
was not possible, as our apparatus is not equipped with
a low temperature attachment. In fact, the study of 7d
was also very difficult due to the monotropic nature of
its mesophase and its strong tendency to recrystallize
below the temperature of transition from isotropic liquid

Figure 7. Mesophase texture of compound 7c.

to the mesophase. Therefore high quality patterns could
not be obtained and only short exposure time patterns
were obtained which did not allow for an unambiguous
classification of the mesophase type.

On the other hand, the mesophases of 6¢ and 7¢ are
enantiotropic and we were able to characterize their
structures. Both compounds were studied mainly at
room temperature, as under these conditions 6¢ exhibits
a thermodynamically stable mesophase and 7¢ a meta-
stable mesophase that can be kept for long periods of
time after the compound has been heated to the isotropic
liquid and then cooled to room temperature.

Powder patterns as well as oriented patterns were
recorded. The oriented X-ray patterns were obtained
from samples aligned by shearing with a metal or glass
rod on the inner wall of the capillary in which the sample
is held, at a temperature just below the clearing point.
Using this technique, we obtained fibre patterns with
the fibre axis parallel to the shear direction. The patterns
revealed that the columns are oriented parallel to the
capillary axis and hence perpendicular to the X-ray beam.
In the oriented patterns a number of spots are observed
at low angles, the intensity of which is a maximum in
the equator (plane perpendicular to the capillary axis).
These maxima are related to a two-dimensional (2D)
array of columns. This array is better characterized from
the powder patterns, from which more accurate spacings
can be measured, which can be indexed in a 2D rectangular
lattice (h kO spots). A list of the reflections observed,
together with the proposed indices, is given in table 3.
It is interesting to note that most of the spacings are in
a reciprocal ratio typical of a hexagonal symmetry
(ie. 1:4/3:,/4:/7, etc.). However, the presence of the
reflection indexed as (2 1 0) is inconsistent with a two-
dimensional hexagonal lattice and indicates that the
symmetry is in fact rectangular (Col, mesophase). The
lattice constants of this rectangular lattice are a = 57 A,
b=33A for 6¢, and a =54 A, b=31A for 7e.

In the high angle region we find a diffuse ring cor-
responding to a mean distance of 4.4 A, characteristic
of the liquid-like order between the conformationally
disordered aliphatic chains. Moreover, in the case of 6¢
several additional reflections are observed that cannot
be assigned to the two-dimensional array of columns.
Most probably, these reflections are due to some amount
of a coexisting crystalline phase that persists up to the
transition to the isotropic liquid. This indicates a biphasic
region over all the thermal range studied.

From density considerations, it may be deduced that the
2D unit cell contains two columns, located at the centre
and at the corner of the rectangle (figure 8). Although
no reflection corresponding to the stacking distance is
observed, if we assume a reasonable density value of
about 1 gcm™!, it may be shown that the molecules
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Table 3. X-ray results for the Col, mesophase of 6¢ and 7¢ measured at room temperature. The table lists, the compound code,
the proposed indexing, the observed and calculated spacings and the rectangular lattice constants.

Compound hkl dope/A deare/A Lattice constants/A
6¢c 110,200 28.7 28.5 a=57
210 21.5 21.6 b=33
020,310 16.4 16.5
220,400 14.2 143
130,420,510 109 10.8
4.4 (diffuse)
Tc 110,200 27.0 27.0 a=>54
210 20.0 20.4 b=312
020,310 15.6 15.6
220,400 13.4 13.5
500 10.7 10.8
130,420,510 10.0 10.2
330,600 9.2 9.0

4.4 (diffuse)

)
<% >

b

Figure 8. Two-dimensional unit cell of the columnar rectangular
mesophase for compounds 6¢ and 7ec.

must be stacked inside the columns at a mean distance
of about 4.5 A for 6¢ and about 5.1 A for 7c. The greater
stacking distance for 7c¢ can be accounted for by the
larger size of the palladium atom compared with copper
and/or by a higher tilt angle of the molecules with respect
to the columnar axis.

It is interesting to note that the lattice constants a
and b are in the ratio \/3, which is characteristic of
a hexagonal structure. However, and as mentioned
previously, the presence of the reflection indexed as (2 1 0)
is inconsistent with a hexagonal lattice and indicates a
columnar phase with a p,,, rectangular symmetry. The
same kind of pseudohexagonal arrangement has been
found in a number of non-chiral [14] and chiral [15]

columnar mesophases. In a rectangular columnar meso-
phase with p,,, symmetry the molecular cores are not
perpendicular to the column axes and their tilt direction
is different for the two columns of the same unit cell.
This means that the director (axis perpendicular to the
molecular planes) has a fixed direction in each column
and the mutual orientation of the director of neighbouring
columns is defined by the symmetry of the lattice, and
in particular by the two-fold helical axis.

X-ray patterns were also taken at high temperatures.
The structure of the mesophase of the two compounds
at 55°C is the same as that at room temperature, except
for a slight decrease in the lattice parameters of 7c¢
(a=52A, b=30A).

4. Conclusions

Bis(salicylaldiminate) copper and palladium complexes
exhibiting columnar mesophases at low temperatures
can be prepared via a suitable adjustment of the aspect
ratio of the ligands. The number of decyloxy chains in
the aniline moiety plays an important role in inducing
mesomorphism.

For series a and b a significant decrease in the melting
point is observed compared with those of similar com-
pounds bearing only two alkoxy chains in the meta- and
para-positions of the aniline fragment. Indeed, the presence
of an extra chain in the meta- (series a) or ortho- (series b)
positions proved detrimental to columnar packing and
none of the complexes were mesomorphic.

By using salicylaldimines with three aromatic rings and
six decyloxy terminal chains, it is possible to generate
rectangular columnar phases in complexes with a sym-
metric substitution (series ¢) at (or near) room tem-
perature. In these mesophases the molecules are in a
pseudohexagonal arrangement but their cores are not
perpendicular to the column axes.
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A reduction of the number of alkoxy chains in the
aniline fragment from three to one (series e) leads to the dis-
appearance of liquid crystallinity which indicates the
subtle limits of mesomorphism in these polycatenar
salicylaldiminate complexes placed at the interface of
calamitic and columnar mesomorphism.
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