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Metallomesogens with a Manganese
Core

JOAQUIN BARBERA, ESTHER CASTEL, RAQUEL GIMENEZ,
MERCEDES MARCOS and JOSE LUIS SERRANO’

Departamento de Quimica Orgédnica, Facultad de Ciencias-Instituto de Ciencia de
Materiales de Aragon, Universidad de Zaragoza-CSIC, 50009-Zaragoza (Spain)

A series of compounds of the formula [MnCiL,);] (L= N-alkyl[4-(4-decyloxybenzoyloxy)]salicyla-
Idiminato) have been synthesized and their mesomorphic properties studied. These Mn(III) com-
plexes display monotropic nematic phases when the number of carbon atoms of the N-alkyl moiety
has from 3 to 9 carbon atoms. Compounds ranging from 5 to 9 carbon atoms also display monotropic
smectic C phases. When the N-alkyl part is longer (10 to 16 carbon atoms) only enantiotropic smectic
C phases appear. Two complexes were studied by X-ray diffraction showing diffraction patterns that
account for the peculiar molecular shape of these molecules.

Keywords: Metallomesogens; manganese; nematic phase; smectic phase; X-ray

INTRODUCTION

The goal of combining liquid crystalline properties and magnetic properties in a
material(l) has lead researchers to prepare new metal-containing liquid crystals
or metallomesogens.(z) Most of the studies in this field have been focused on par-
amagnetic nematic liquid crystals, whose director can be oriented parallel or per-
pendicular to a magnetic field depending on the electronic features of the
complex.(3)

We have previously reported that bis{N-alkyl[4-(4-decyloxybenzoyloxy)]sali-
cylaldiminato }copper(1I), nickel(II)“‘a) or oxovanadium(IV)(“b), and chloro
bis{N-4'-alkoxyphenyl{4-(4-decyloxybenzoyloxy)]salicylaldiminato }iron
(1)) are new materials which display wide paramagnetic nematic phase
ranges. As a continuation of our studies we now report that complexes of the
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SCHEME 1

formula [MnCI(L,),] (L= N-alkyl[4-(4-decyloxybenzoyloxy)]salicylaldiminato),
with the manganese atom in the core, exhibit liquid crystalline properties form-
ing a nematic mesophase and, in some cases, a smectic phase as well.
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Only two examples in the literature describe liquid crystalline properties in
MndII) complexes.(5‘6) To our knowledge, these aldimine complexes of manga-
nese(IlI) are the first mesogenic Mn(Ill) {N,O,] complexes prepared described
to date.

We also tried to prepare the N-aryl analogues by several reaction conditions,
but we failed, recovering the starting imine in all cases. Perhaps there is steric
hindrance around the manganese center. On the other hand, it has been reported
for other metals that N-alkyl ligands have more tendency to give nematic phases
over a wider range of chain length, and also complexes with these ligands have
lower transition temperatures than N-aryl analogues.(4a'b' 7-9)

RESULTS AND DISCUSSIONS

The synthesis of the ligands and the complexes is shown in scheme 1. The Schiff
bases were synthesized in two steps following standard procedures. Firstly by
reacting 4-decyloxybenzoic acid with 2,4-dihydroxybenzaldehyde using DCC
and 4-DMAP in dichloromethane, and secondly by condensation of 4-(4-decy-
loxybenzoyloxy)-2-hydroxybenzaldehyde with the appropriate alkylamine. The
manganese complexes were obtained by heating an ethanolic solution of the
imine [HLn] with Mn(OAc),.H,0 in the presence of LiCl using a method
described in the literature!!?), Both complexes and ligands were satisfactorily
characterized by C, H, N microanalysis, mass spectrometry (FAB*, 3-NBA
matrix) and IR spectroscopy (Table I). There is no NMR data for the Mn(III)
complexes due to their paramagnetic nature.

The phase behavior and transition temperatures of the ligands and the manga-
nese(III) complexes were studied by optical microscopy and by differential scan-
ning calorimetry (DSC). All these data are gathered in Table II. Some of the
ligands have been previously studied in the literature’® 8 however we will
include these data in order to compare with the transition temperatures of the
complexes. All the ligands exhibited liquid crystal properties. Ligands with n=1-
6 show an enantiotropic nematic phase (N). Longer aldimines present, in addi-
tion to the nematic phase, a smectic C phase (SmC) (monotropic for n=7-9 and
enantiotropic for n=10, 12). When n=14, 16 only a smectic C phase appears
(Figure 1). The mesophases were identified by optical mjcroscopy.(l ) A marbled
texture on the heating process and a schlieren texture on cooling allowed us to
identify the nematic phase. The smectic C mesophase exhibited a typical blurred
texture on heating and a schlieren texture on cooling.
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D
'@BLE I Mass spectrometric data, elemental analysis (calculated values in brakets) and IR data for the complexes [MnCn]

>

,,Qcompzem calculated mol. mass FAB* %C %H %N C=Nst (c
4§08MnCl 911.4 875 [M-CI* 66.1 (65.89)  7.2(7.03)  2.99(3.07) 1608
N 0sMnCl 967.5 931 (M-CIJ* 67.4(67.08)  7.5(1.51) 2.8 (2.89) 160
ID0gMnCl 995.6 960 [M-CI]* 67.3 (67.55) 7.7 (7.63) 2.8 (2.81) 161(

OgMnCl 1023.6 988 [M-C1J* 68.1 (68.06)  8.0(7.82) 2.7 (2.14) 160¢
,&osxvma 1051.7 1015 (M-C1J* 68.7(68.54) 8.3 (8.00) 2.7 (2.66) 160¢
;N,0sMnCl 1079.7 1043 (M-CII* 69.1 (68.98) 8.4 (8.16) 2.6 (2.59) 161(
zigo,,MnCI 1107.8 1072 (M-CT}* 69.3(69.38)  8.3(8.37) 24(253) 161¢
t«,%oswma 1135.8 1099 (M-C1T* 69.9 (69.80) 8.5 (8.46) 2.5 (2.46) 1612
.Q‘gzosMna 1163.9 1128 (M-CIT* 70.5 (70.2) 8.6 (8.60) 2.3 (2.40) 1612
,8§;08MnCl 12185 1183 [M-CII* 71.0 (70.9) 8.9 (8.86) 23(23) 161C
;@oama 1276.1 1241 (M-C11* 71.7(71.50) 9.4 (9.10) 2.122) 1614
8,0sMCl 1332.2 1296 [M-CII* 719 (72.1) 9.5(9.31) 2.0 (2.10) 1618
5 .
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TABLE II Optical, thermal and thermodynamic data for the ligands and the complexes

93

n Ligands Complexes
Transition  Temperature °C  AH KJ/mol  Transition  Temperature °C  AH KJ/mol
1 Ci-C, 60.5 2.5 C-1 159.6 53.2
CyN 71.2 319 -SmA? 132.0
N-1 95.8 1.1
3 C-N 68.0 309 C- 136.3 53.0
N-I 81.9 1.0 I-N? 119.8 0.7
4 C-N 61.2 30.3 C-1 135.7 83.6
N-I 70.7 0.7 I-N® 103.6 0.9
5 C-N 68.7 344 C-1 106.4 63.1
N-I 715 1.0 C'-1 122.4 1.8
I-N2 105.6 0.9
N-SmC? 49.0 13
6 C-N 63.0 315 C1 94.9 50.t
N-I 73.5 12 C'-1 113.8 6.3
I-N? 107.2 0.8
N-SmC? 67.3 2.0
SmC-S 62.8
7 C-N 66.7 319 C-1 95.7 45.6
N-I 78.0 1.7 C'-1 113.0 134
N-SmC? 51.2 1.2 I-N? 112.9 1.9
N-SmC® 88.4
8 C-N 65.9 33.6 C-1 100.3 61.2
N-I 710 1.7 C'-1 131.0 9.6
N-SmC? 59.5 1.8 I-N? 129.0 0.1
N-SmC? 117.5 14
SmC-§? 95.0 0.9
9 C-N 69.7 35.0 C-1 108.8 62.6
N-1 79.9 2.1 C'-1 122.6 0.9
N-SmC 66.2% 1.8 I-N? 1219 20
N-SmC?® 112.1
10 C-SmC 64.0 358 C-SmC 101.0 523
SmC-N 714 SmC-1 117.0 1.5
N-I 78.7 2.2¢
12 C-SmC 60.7 343 C-SmC 110.4 38.4
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n Ligands Complexes

Transition  Temperature °C  AH KJ/mol  Transition  Temperature °C  AH KJ/mol

SmC-N 76.3 SmC-I 121.5 1.4
N-I 79.4 8.1°
14 C-SmC 65.6 38.9 C-SmC 118.5 58.7
SmC-1 78.9 9.1 SmC-I 132.1 54
16 C-SmC 66.6 35.0 C-SmC 116.9 67.2
SmC-1 79.0 9.1 SmC-I 135.2 1.5

a. Monotropic transition.
b. Optical data.
c. Data corresponding to the sum of two transitions.

The mesophases displayed by the complexes were also identified as nematic
and smectic by similar textures to those shown by classical rod-like molecules.
The complexes have transition temperatures higher than the ligands (by ca. 40—
60°C) (Figure 1). We observe a destabilization of the nematic phase in relation to
the corresponding ligands. Now, monotropic nematic phases appear for, and
enantiotropic smectic C phases for longer chains n=10-16. Exceptionally, com-
plex with n=1 shows a monotropic smectic A (SmA) identified by its fan-shaped
texture. Double melting behavior was observed on the first heating for com-
plexes with n=5-9. On cooling, the mesophases of the complexes with n=1-8
supercool at room temperature and no crystallization peak was observed on the
cooling cycle at the DSC termogram. For the complexes with n=3, 4, 5, 6, 8 a
cold recrystallization and melting appears in the second heating cycle. This is not
the case for the complexes with n= 1 and 7 for which vitrification takes place.

A comparative study of these manganese(IlI) [MnCI(L,);] compounds and
homologous members of copper(Il) [Cu(Ln)z](‘“‘), nickel(Il) [Ni(Ln)z](4a),
oxovanadium(IV) [VO(L,),] @b) series (Table III) allow us to draw some inter-
esting conclusions. Copper and nickel complexes exhibit larger mesogenic tem-
perature ranges than vanadyl and manganese complexes. In general, the
temperature range of the mesophase decreases in the order Cu > Ni >VO > Mn.
Melting and clearing points are much lower for the manganese complexes com-
pared to nickel and copper ones. An explanation of this phenomenon can be
based on the geometries of the ligands around the metal center that are responsi-
ble of the planarity of the molecule. The Ni(Il) and Cu(Il) complexes have
approximately a square planar geometry. The oxovanadium(IV) complexes have
a square-pyramidal geometry and the manganese core can be described as in the
iron complexes®®® as an intemediate between square-pyramidal (with the chlo-
rine atom in an apical position) and trigonal bipyramidal (with two apical nitro-
gens).
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FIGURE 1

Two manganese complexes [MnCl(Ls),] and [MnCI(Lg),] were studied in
their smectic mesophase by X-ray diffraction. The aim of this study was to con-
firm the type of mesophase, as well as to determine the structural parameters.
The monotropic smectic C mesophase of the compound with n = 5 was obtained
by cooling the isotropic liquid through the nematic mesophase. The supercooled
smectic mesophase was studied at room temperature in a Pinhole X-ray camera
and the diffraction pattern was collected on photographic film. The smectic
nature of the mesophase is put into evidence by the presence at low angles of two
sharp maxima with a reciprocal spacing ratio 1:2. These maxima are characteris-
tic of lamellar phases and they correspond to the first and second order reflection
from the layers. Applying the Bragg’s law to these maxima a layer thickness of
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30.6 A is deduced. At high angles, the presence only of a diffuse halo centered at
about 4.5 A is characteristic of the interferences between the conformation-
ally-disordered aliphatic chains. Besides the above mentioned features, com-
monly found in the diffraction patterns of conventional mesophases, in the X-ray
photograph of the mesophase of this compound a diffuse halo is observed at mid-
dle angles, that corresponds to an approximate distance of 9.2 A. This maximum
is not observed in classical calamitic liquid crystals, and is probably due to the
peculiar geometry of the molecules of this compound. The same phenomenon
has been observed before for the nematic and smectic mesophases of some cop-
per(I1? and palladium(I1)!® complexes, and it has been accounted for by the
existence of short-range side-by-side intermolecular interactions promoted by
the peculiar molecular shape. Thus, the experimentally-measured distance of 9.2
A corresponds roughly to the molecular width. On the other hand, this kind of
side-by-side interaction has not been observed in the nematic mesophase of the
copper(1l), nickel(Il) and vanadyl(IV) derivatives of the same li'gand(14). From
this one it can be deduced that subtle changes in the molecular architecture, in
particular in the coordination geometry of the metal centre, significantly affects
the structure of the resulting mesophase.

TABLE 11 Transition temperatures of homologous metal complexes with the same imine ligand

[Cu(Ly),] [Ni(Ly),] [VO(L,),] [MnCI(L,),]

n=1 C-SmC 1739 C-I 241.5 C-1 157.9 C-1 159.6
SmC-N 178.2 I-N 2139 I-SmA 132.0

N-I 2240 N-SmC 206.3
n=5 C-N 104.9 C-N 126.3 C-N 1094 C-1 122.4
N-I 146.9 N-1 171.6 N-1 131.0 I-N 105.6
N-SmC 49.0
n=10 C-N 116.3 C-N 1319 C-SmC 91.7 C-SmC 101.0
N-1 134.0 N-I 154.6 SmC-N 103.1 SmC-I 117.0

N-1 118.4

The X-ray study of the smectic C mesophase of the manganese complex with
n = 10 was performed at 108°C because it recrystallizes easily at room tempera-
ture. Only short-exposure photographs could be taken because the samples grad-
ually decompose in the course of the X-ray experiments at high temperatures.
For this reason, only a single sharp maximum is observed in the low-angle
region, that corresponds to a layer thickness of 35.5 A At high angles, the broad
halo characteristic of the molten chains is centered at about 4.6 A, These features
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are consistent with the smectic C nature of the mesophase. In this pattern, the
above-mentioned middle-angle halo found in the analogous compound with
n =35 is not observed, although this is probably due to the absence of a suffi-
ciently-exposed photograph.

In conclusion, this work shows that smectic liquid crystals stable at relatively
low temperatures can be obtained when N-alkyl-[4-(4-decyloxy)benzoyloxy)sal-
ilcylaldimines are coordinated to manganese(III). These complexes are good sys-
tems on which to carry out physical studies to elucidate their particular
properties.

EXPERIMENTAL SECTION

General Methods

Microanalyses were performed with a Perkin-Elmer 240C microanalyser. IR
spectra were obtained on a Perkin-Elmer 1600 (FTIR series) spectrometer. Mass
spectra were obtained on a VG Autospec EBE (FAB*, 3-NBA matrix). The opti-
cal textures of the mesophases were studied with an Olympus polarizing micro-
scope equipped with a Linkam THMS 600 hot stage, a TMS 91 central processor
and a CS196 cooling stage. The transition temperatures were measured by differ-
ential scanning calorimetry with a Perkin Elmer DSC-7 operated at a scanning
rate of 10°C min" ! on heating. The apparatus was calibrated with indium
(156.6°C, 28.4 ] g'l) and tin (232.1°C, 60.5 J/g) as standards. X-ray diffraction
patterns were obtained using a Pinhole camera (Anton-Paar) operating with a
point-focused Ni-filtered Cu Ko beam.

The sample was held in Lindemann glass capillaries (1 mm diameter) and
heated with a variable-temperature attachment. The diffraction pattern was col-
lected on flat photographic film.

Synthesis of the 4-(4'-decyloxybenzoyloxy)-2-hydroxybenzaldehyde

To a solution of 20 mmol (5.56 g) of 4-decyloxybenzoic acid and 20 mmol (2.76
g) of 2,4-dihydroxybenzaldehyde in 100 mL of dry dichloromethane are added
20 mmol (4.13 g) of dicyclohexylcarbodiimide (DCC) and 2 mmol of
4-N,N-diaminopyridine (DMAP). The mixture is stirred at room temperature for
2 hours. Afterwards, the urea formed is filtered off and the solvent evaporated.
Column chromatography (eluent: hexane/ethyl acetate 98/2) of the residue yields
4 g (50%) of the product in pure form. IR (cm'l): 1734 (COO0), 1653 (CHO),
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1253 (CO). 'H NMR (300 MHz, CDCl3, 0 ppm): 0.84-0.89 (m, 3H), 1.26, 1.81
(m, 16H), 4.03 (t, J= 6.6 Hz, 2H), 6.85 (d, J =2 Hz, 1H), 6.9 (dd, J= 2 Hz,
J=8.5Hz, 1H), 695 (d, J=8.8Hz, 2H), 7.6 (d, ] =8.5Hz, 1H), 8.1 (d, J=
8.8 Hz, 2H), 9.8 (s, 1H), 11.2 (s, 1H).

General procedure for the preparation of the imines [HL ]

A solution of 1.25 mmol (0.5 g) of the 4-(4'-decyloxybenzoyloxy)-2-hydroxy-
benzaldehyde and 1.25 mmol of the appropriate alkylamine in absolute ethanol,
and 3 drops of acetic acid are refluxed for 2 hours. After cooling, the precipitate
is filtered and recrystallized in absolute ethanol. Characterization data for
[HL,o): IR (cm™): 1714 (COO), 1626 (CN), 1253 (CO). 'H NMR (300 MHz,
CDCl;, 0 ppm): 0.84-0.88 (m, 6H), 1.2-1.8 (m, 32H), 3.6 (t, J = 6.6 Hz, 2H), 4.0
(t,J= 6.6 Hz, 2H), 6.7 (dd, J= 2.2 Hz, J = 8.3 Hz, 1H), 6.8 (d, J = 2.1 Hz, 1H), 6.9
(d, J=8.8 Hz, 2H), 7.2 (d, ] = 8.4 Hz, 1H), 8.1 (d, J = 8.8 Hz, 2H), 8.3 (s, 1H),
14.1 (s, 1H).

General procedure for the preparation of the Mn(lll) complexes
is as follows

To 1 mmol of the corresponding imine dissolved in 20 ml of absolute ethanol are
added 0.5 mmol of Mn(OAc),.H,0. The mixture is refluxed for 2 hours. Then, 3
mmol of LiC] are added and the mixture refluxed for 1 hour. After cooling at
0°C, the complex precipitates as black brown crystals that are filtered, washed
with water and vacuum dried. Characterization data are shown on Table 1.

Acknowledgements

We thank the Comisién Interministerial de Ciencia y Tecnologia (CICYT) of
Spain, under the projects MAT96-1073-C02-02 and MAT97-0986-C02-01 for
financial support.

References

(1) P. Alonso, Metallomesogens, synthesis, properties and applications, (J. L. Serrano, VCH,
Weinheim, 1996), p385.

(2) J. L. Serrano, Metallomesogens, synthesis, properties and applications, (J.L.. Serrano, VCH,
Weinheim, 1996).

(3) a) M. Marcos, J.L. Serrano, Adv. Mater. 3, 256 (1991) and references therein.
b) B. Borchers, W. Haase, Mol. Cryst. Lig. Cryst. 209, 319 (1991).

(4) a) M. Marcos, P. Romero, J. L. Serrano, J. Chem. Soc., Chem. Comum. 1641 (1989).
b) 1. L. Serrano, P. Romero, M. Marcos, P. J. Alonso, J. Chem. Soc., Chem. Comum. 859
(1990).
¢) M. Marcos, J. L. Serrano, P. J. Alonso, J. I. Martinez, Adv. Mater. 7, 173 (1995).

(5) H.Zheng, T. M. Swager, J. Am. Chem. Soc. 116, 761 (1994).



Downloaded by [University of California, San Diego] at 23:16 15 August 2012

6
M
®
®
(10)
1y
(12
13

14

METALLOMESOGENS WITH A MANGANESE CORE 99

K. Griesar, M. A. Athanassopoulou, E. A. Soto Bustamante, Z. Tomkowicz, A. J. Zaleski, W.
Haase, Adv. Mater. 9, 45 (1997).

a) N. Hoshino, R. Hayakawa, T. Shibuya, Y. Matsunaga, Inorg. Chem. 29, 5129 (1990). b) N.
Hoshino, A. Kodama, T. Shibuya, Y. Matsunaga, S. Miyajima, Inorg. Chem. 30, 3091 (1991).
a) U. Caruso, A. Roviello, A. Sirigu, Lig. Cryst. 7, 421 (1990).

b) U. Caruso, A. Roviello, A. Sirigu, Lig. Cryst. 7, 431 (1990).

Y. G. Galyametdinov, G. Ivanova, K. Griesar, A. Prosvirin, I. V. Ovchinnikov, W. Haase, Adv.
Mater. 4,739 (1992).

W Zhang, E. N. Jacobsen, J. Org. Chem. 56, 2296 (1991).

D. Demus, L. Richter, Textures of Liquid Crystals (Verlag Chemie, Weinheim, 1978).

A.M. Levelut, M. Ghedini, R. Bartolino, F. P. Nicoletta, F. Rustichelli, J. Phys. France 50, 113
(1989).

P. Espinet, J. Pérez, M. Marcos, M. B. Ros, J. L. Serrano, J. Barbers, A. M. Levelut, Organo-
metallics 9, 2028 (1990).

J. Barber4, A. M. Levelut, M. Marcos, P. Romero, J. L. Serrano, Lig. Cryst. 10, 119 (1991).



