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The title complexes have been synthesized by the reaction of
RhCl CO , ;or RhClI COD , COD=1 5-cyclooctadiene
with the organic ligand 2 4-dioxo-3-pentyl 4-decyloxy cinnamate
2. The complex 3 based on dicarbonylrhodium I shows nemat-
ic phase while the complex 4 containing rhodium I bound to
a COD ligand is a nonmesogen. The relationship between
molecular structures and liquid crystal behavior has also been

discussed by means of computer-aided molecular modeling .

Keywords liquid crystal S-diketonate rhodium I complex
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Introduction

The synthesis and investigation of the physical proper-
ties of the new organometallic liquid crystals based on the
B-diketonate are important for researching the relationship
between molecular structures and mesophases. So far the
metal atom of mesogenic [-diketonate complexes is most
situated at the center of the molecules ! such molecules
have always central symmetry which will be disadvanta-
geous to further enhancement of electro-optic response.
Only a few of metallomesogens with terminal metal atom
have been reported to date. Our results® and the reports by
Esteruelos et al.® show that this kind of organometallic
complexes have great dipole moments which are benefi-
cial to the formation of the mesomorphism. In order to ex-
plore the effect of the terminal group on the liquid crystal
behavior the new y-substituted 3-diketonate 2 4-dioxo-
3-pentyl 4-decyloxy cinnamate and its rhodium I com-
plexes have been synthesized in this paper among which
the rod-like type organometallic complexes containing the
terminal rhodium I bound to a COD ligand have never
been reported previously. The synthetic route of the title

complexes is shown in Scheme 1.
Results and discussion

Synthesis and characterization

The ligand 2 has been prepared by reaction of 4-
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(i) KOH, DMF, 60 °C, 3-chloro-2,4-pentanedione;
(ii) acetone, [RhCI(CO),],, r.t.;
(iii) acetone, [RhC{COD)]», r.t.

alkoxycinnamic acid 1 with 3-chloro-2 4-pentanedione in
dry DMF as shown in Scheme 1. The complexes 3 and 4
have been obtained in good yield from the reaction of the

ligand 2 with  RhCl CO , ; or RhCl COD

excess of barium carbonate in acetone.

» under the

The structures of the compounds 2 3 and 4 have
been confirmed by IR "H NMR MS and elemental analy-
sis data.

The infrared spectrum of the ligand 2 shows a strong
absorption peak at ca. 1710 em~! which is assigned to
the ve_o and vgop. In contrast the absorption peak at
ca. 1716 ecm ™! in the infrared spectra of the complexes
becomes weaker than that of the free ligand which implies
that the two carbonyl groups have chelated with the metal
ion. The infrared spectrum of the complex 3 shows absorp-

tion at ca . 2081 and 2009 cm ™!

which are the character-
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istic of the carbon monoxide stretching region.* The ab-
sorption band at ca. 1580 cm ™! in the infrared spectra of
the complexes 3 and 4 accounts for the formation of the
six-membered metal chelate ring.’

From the "H NMR data of the ligand 2 it is found
that the ligand 2 exists in both of the ketone form and the
enol form Scheme 2 . The '"H NMR spectrum for 2 shows
a signal at 0 14.54 due to the enolic proton a signal at §
2.36 for the CHj; protons in the enol form and the signals
at 6 5.76 and 6 2.41 are assigned to the CH and CHj;
protons in the keto form respectively. As to the complex-
es 3 and 4 the corresponding CHj protons show only a sig-
nal at ca. 0 2.14 which also accounts for the formation
of the metalloheterocyclic complexes.
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Mesogenic behavior

The phase transition and enthalpy of the ligand 2 and
complexes 3 and 4 are summarized in Table 1.

Table 1 Phase transition and transition enthalpies kJ mol ! of
compounds 2 3 and 4

Compound  Transition®  Temperature C ~ AH kJ mol ™!
2 C—I1 34 18.33
3 C—N 94 13.19
N—I 102 2.70
4 C—I1 78 20.38

“C crystals N nematic phase 1 isotropic liquid.

From Table 1 it can be seen i The free ligand 2
does not exhibit mesogenic behavior ii In comparison
with the non-mesogenic free ligand 2 the complex 3 is a
enantiotropic mesogen and shows a typical texture of ne-
matic phase Fig. 1 which has been affirmed on the basis
of the optical texture ® while the complex 4 has no meso-
morphism. The results observed may be explained using
geometrical factor of the
molecules. The' rigid core” of the free ligand 2 is clearly
small which can not satisfy the structural demand to form
the liquid crystal state. Two factors may be attributed to

structure and electronic

the appearance of the mesomorphic behavior for the com-
plex 3 i the chelating ring of the 3-diketone complexes
is not only six-membered conjugation structure but also
planar structure because of its aromaticity which may en-
hance the rigidity and extend the conjugated system of the
complexes and ii the terminal carbon monoxides in the
complexes are strong ligands which can be easily coordi-
nated with the metal rhodium T by the d-7 and 77" in-
teraction both interactions tend to reduce the strength of
the C=0 bond and extend the conjugation of the" rigid
core” of the organometallic molecules which can be con-
firmed experimentally by comparing the vibrational spectra
of free and coordinated CO
stretching frequency vco 2143 ¢cm ™! 7 whereas the coordi-

the free molecule has a

nated CO in the complex 3 has stretching frequencies at
2081 and 2009 cm~! which implies that the CO ligand
accepts m-back donation from metal ion and may give rise
to a large anisotropy of polarizability. Both of the factors

i and ii lead the complex 3 to have not only good con-
jugation structure but also great dipole moments and facil-
itate the formation of liquid crystal phases. The reason why
the complex 4 has no mesomorphism may be the volumi-
nous terminal COD ligand which strongly impedes the or-
dered intermolecular arrangement necessary for mesophase
formation .

Fig. 1 Texture of the complex 3 under cross polarizers 65 °C

cooling N x250.

In order to get further insight into the relationship be-
tween the molecular structures and the mesogenic proper-
ties the geometries of the compounds 2 and 3 were fully
optimized by the Gaussian 98 program.® Because the stud-
ied molecules are rather big a small basis set
LanL.2MB ° was used but the optimized configuration with
this basis set are reliable.!” The length and the anisotropy
of polarizability of the compounds were also computed fur-

ther. The results are summarized in Table 2 and Figs. 2
and 3.

Table 2 The length and the anisotropy of polarizability of the com-
pounds 2 and 3

C d Length Length-to- Anisotropy of
empout nm breadth ratio polarizability a.u. ¢
2 2.379 4.60 122.67
3 2.788 4.87 182.06

“1a.u. =2.541765 Debye.
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Fig. 3 Configuration of the complex 3.

From Table 2 it is found that the complex 3 is
longer than the ligand 2. From Table 2 and Figs. 2 3
the length and the
length-to-breadth ratio of the complex 3 are bigger than

the fol-lowing results are found i

those of the ligand 2 which may be explained by the coor-
dination of terminal carbonyl ligands and the formation of
the six membered metalloheterocyclic structure. ii the
anisotropy of polarizability of the complex 3 is much larger
than that of the ligand 2 the large anisotropy of polariz-
ability is beneficial to the intermolecular ordered arrange-
ment and the formation of the mesomorphism  iii the
complex 3 has a symmetrical plane and belongs to point
group C; while the ligand 2 has no symmetry which also
causes that the complex 3 has a larger conjugation to form
the' rigid core” than the ligand 2. In summary the above
results are advantageous to the formation of the liquid crys-
tal state for the complex 3 which are consistent with the
experimental facts.

Experimental

The compounds were characterized by IR "H NMR
MS spectra and elemental analyses. The IR spectra KBr
were performed on a NICOLET FT-MX-IE spectrometer.
The 'H NMR spectra were recorded on a 300 MHz Brucker
AC-P300 spectrometer using CDCl; as solvent and TMS
as internal standard. MS spectra were carried out on a
Finnigan MAT4510 spectrometer. Elemental analyses were
obtained from CARLOERBA-1106 microanalyzer.

The optical textures of the mesophases were observed

under ORTHLUX-IT POLBK Polarizing optical microscope
with a hot stage. The transition temperatures and en-
thalpies were measured with a Perkin-Elmer DSC-7 instru-
ment operated at a scanning rate of 5 °C/min.

Synthests of 2 4-dioxo-3-pentyl 4-decyloxy cinnamate 2

To a suspension of 1'' 3.04 g 10 mmol in dry
DMF 30 mL. was added KOH 62 mg 11 mmol the
mixture was stirred at 60 C for 3 h then 3-chloro-2 4-
pentanedione  1.25 mL 11 mmol was added to the
above mixture and stirred over night at 40—50 “C. After it
was cooled to ambient temperature 100 mL of water was
added to the reaction mixture and the mixture was extract-
ed three times with chloroform. The combined extracts
were washed with water for three times and then dried over
sodium sulfate. The solvent was evaporated under reduced
pressure and the residue was purified by chromatography
on silica gel using ethyl acetate : petroleum ether 60—90
C 1:2 as eluant. The products were recrystallized
from ethanol to give compound 2 2.1 g 69% as white
solid. '"H NMR CDCl; & 14.54 5.76 s 1H 7.90

d J=16Hz 1H C=C—H 7.58 d J=8.8 Hz
2H AxH 6.97 d J=8.8Hz 2H ArH 6.50 d
J=16Hz 1H C=C—H 4.06 t J=6.6Hz 2H
ArOCH, 2.41 2.36 s 6H 2CH; 1.90—1.36

m 16H CH,s 0.93 t J=6.4Hz 3H CH;
IR KBr v 2926 2854 1720 1631 1602 1511
1254 1148 829 em™' MS 70 eV m/z % 402

M* 17 287 100 . Anal. caled for C4H3, 05 C
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71.64 H 8.45 found C 71.58 H 8.57.
Synthesis of complexes 3 and 4

A mixture of acetone solution of 2 40.2 mg 0.1
mmol and RhCI CO , ,'? 19.5 mg 0.05 mmol or
RhCl COD ,"™ 25.0 mg 0.05 mmol with excess of
solid barium carbonate was stirred under argon atmosphere
at room temperature for 2 h. After filtration and distilla-
tion the remainder mixture was purified by silica gel using
chloroform as eluant and recrystallized from ethanol.

3 Yellow solid yield 74% . "H NMR CDCl;3

6 7.96 d J=16Hz 1H C=C—H 7.65 d J=
8.3Hz 2H ArH 6.90 d J=8.3 Hz 2H ArH
650 d J=16Hz 1H C=C—H 4.10 t 2H
J=6.6 Hz ArOCH, 2.14 s 6H 2CH; 1.86—
1.20 m 16H CH, 3 0.92 t J=6.4 Hz 3H
CH; IR KBr v 2923 2852 2081 2009 1723
1631 1601 1580 1509 1473 1253 1139 827

em™'. Anal. caled for CysHs30,Rh C 55.71 H 5.89
found C 55.43 H 6.12.

4 Yellow solid yield 67% . "H NMR CDCl;
0 7.7 d J=16Hz 1H C=C—H 7.50 d J=
8.4Hz 2H ArH 6.70 d J=8.4Hz 2H ArH
6.43 d J=16Hz 1H C=C—H 4.40—3.96 m
6H ArOCH; and cod 2.30 m 8H cod 2.02 s
6H 2CH; 1.90—1.20 m 16H CH, g3 0.94
J=6.4 Hz 3H CH; IR KBr v 2925 2853
1724 1631 1603 1578 1512 1468 1373 1249
1133 829 em~'. Anal. caled for C4Hs;0sRh  C 66.67
H 7.92 found C 66.42 H 8.16.
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