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Synthesis and liquid-crystalline properties of substituted
B-aminovinyl ketones and their complexes with copper(ir)
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Mesogenic complexes were synthesized by the reaction of B-aminovinyl ketones with
copper(11) acetate. On going from the ligands to complexes, the temperature of phase
transitions increases and the nematic phase disappears. The initial members of the homologi-
cal 1-(4-nonyloxyphenyl)-3-(4-methoxyphenylamino)-1-propen-1-one series demonstrate the
alternation of clearing temperatures, which is absent for the corresponding copper(ir) com-
plexes.
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Chemistry of metallomesogens is being intensely
studied for recent 20 years.! The synthesis of liquid-
crystalline complexes was described, where diketones,?
Schiff’s bases,3 and aminovinyl ketones? were used as
ligands. Application of the latters as ligands is of interest
because a considerable delocalization of a m-electron
pair of the N atom along the five-membered chains of
atoms enables tautomeric transformations and the ap-
pearance of some physicochemical peculiarities of these
compounds. It is also known3-% that the variation of
metal atoms in a complex or substituents in ligands can
substantially change their mesogenic properties and
physical parameters. For example, complexes with
lanthanides possess high values of magnetic sus-
ceptibility anisotropy and magnetic double refrin-
gence (Cotton—Muthon effect).” Some complexes of
B-aminovinyl ketones with copper(i1) have a cubic
mesophase, whose structure and properties are pres-
ently under intense study.8 Preparation of metallo-
mesogens with specific properties requires data on a
relation of their structure to the liquid-crystalline prop-
erties.

The purpose of this work is the synthesis of com-
plexes of B-aminovinyl ketones with Cu!l and study of
their liquid-crystalline properties.

Results and Discussion

We synthesized several B-aminovinyl ketones with
various alkoxyphenyl and alkyl terminal substituents,

which are ligands in the complexes under study, with
the general formula

CH=CH

RO—<: :>—c N—R’
A\ /
0---H

1a—p, 2a—e

R= CnH2n+1; R = PhOCnH2n+1 (1), CnH2n+1 (2)

and the corresponding complexes with Cull
O-Cu-O0

3a—p, 4a—e

R= CnH2n+1; R = F"hoan2n+1 (3), CnH2n+1 (4)

Ligands 1 and 2 were synthesized by refluxing in
EtOH of hydrochloride of the corresponding substituted
aniline (or amine) with the Na salt of B-hydroxy-
methylene-4-alkoxyacetophenone. The precipitate that
formed on cooling of the reaction mixture was recrystal-
lized from ethanol similarly to a previously described
procedure.® The products are soluble in CHCIl; and
benzene. Solubility of the substances in EtOH decreases
with an increase in the chain of the carbon radical R".
The B-aminovinyl ketones prepared are stable in air and
on heating.
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The 'H NMR and IR spectral parameters of B-amino-
vinyl ketones are close to those described previously?-10
and correspond to their enaminoketone form. The IR
spectrum of ligands 1 and 2 exhibits the shift of fre-
quencies of stretching vibrations of the N—H (3310 and
3435 cm™!), C—O and C—C (1640 and 1605 cm™!,
respectively) bonds. It is due, most likely, to the strong
intramolecular bonding appeared upon the formation of
a stable pseudo-aromatic cycle. The chemical shift
of the signal from the proton of the NH group
(~12.00 ppm) and splitting of the signal on the proton
of the vinyl fragment (~12 Hz) also confirm this as-
sumption.

The temperatures of phase transitions and types of
mesophases of several compounds were studied by dif-
ferential scanning calorimetry (DSC) and polythermal
polarization microscopy (Tables 1 and 2). Due to the
predomination of the steric effect, ligands 1 with short
hydrocarbon groups (see Table 1, compounds 1a—e) are
characterized by a weak intermolecular interaction fa-
voring the formation of both smectic (S) and nematic
(N) phases. An increase in the length of the hydrocar-
bon group enhances the lateral interaction of alkyl
substituents, disappearance of the less ordered nematic
phase, and appearance of smectic (S4) mesomorphism11;
for compounds 2d,e, this results in the absence of the
mesophase. It is of interest that compounds 2a—e
have the smectic phase (see Table 1), although re-

Table 1. Temperatures of phase transitions (7) in ligands 1 and 2

Com-  n* R’ 7/°C AT/°C
pound Cr—S Cr($)—N S(N)—I

1a 9 PhOMe — 124 185 61
1b 9 PhOEt 130 169 201 71
1c 9  PhOC;H, 128 176 192 64
1d 9 PhOC4Hy 129 186 195 66
le 9  PhOCsH,, 132 188 191 59
1f 9  PhOC4H; 99 193 194 95
1g 9  PhOC;H;; 98 - 189 91
1h 9  PhOCgH,; 104 - 190 86
1i 9 PhOCyH,y 106 — 188 82
1j 9 PhOC;gHy, 118 — 189 71
1k 9 PhOC; Hy; 86 - 184 98
1 9 PhOC;,H)s 108 — 181 73
Im 9 PhMe 130 — 169 39
In 9 PhEt 128 — 162 34
1o 9 PhC4H, 12 — 167 55
1p 9  PhC;H;5 122 — 173 5l
2a 7 C12H25 46 — 55 9
2b 12 CyHy, 45 - 527
2c 12 C12H25 59 — 64 5
2d 12 CieHss - - 74—
2e 12 C18H37 — — 76 —

Note. Cr is crystalline, S is smectic, N is nematic, and I is
isotropic phases.

* n is the number of carbon atoms in the alkyl chain of the R
substituent.

Table 2. Temperature of phase transitions (7) in Cull com-
plexes 3 and 4

Com- n* R’ 7/°C AT/°C
pound Cr—S$ (Cr)S—I

3a 9  PhOMe 141 (S)); 144 (Sy) 190 49
3b 9  PhOEt 163 (S); 176 (Sy) 192 29
3¢ 9  PhOC;H, 167 (S); 187 (S;) 196 29
3d** 9  PhOC4Hy 173 210 37
3e** 9  PhOCsH, 164 209 45
3f 9 PhOCgH,; 142 204 62
3g** 9  PhOC;H,s 139 197 58
3h 9 PhOCgH,; 155 198 43
3i 9  PhOCg¢Hg 156 190 34
3 9 PhOC H,, 150 192 42
3k** 9 PhOC, Hy; 151 195 44
3l 9 PhOC;,Hos 140 195 55
3m 9  PhCH; 110 167 57
3n 9 PhC,H; 112 167 55
30 9  PhC4Hyq 121 179 58
3p** 9 PhC;Hs 151 182 31
4a 7 C12H25 — 83 —
b 12 CyHy - 77 —
4c 12 C12H25 — 79 —
4d 12 CyHy — 94 —
de 12 C18H37 — 130 —

Note. Cr is crystalline, S is smectic, and I is isotropic phases.
* n is the number of carbon atoms in the alkyl chain of the R
substituent.

** Melting with decomposition.

lated complexes do not manifest liquid-crystalline prop-
erties.

The study of the influence of the number of atoms n
in the R’ substituent on the phase transition temperature
in ligands 1 showed (Fig. 1) that an increase in n results
in the alternation of clearing temperatures, which is
known for many classes of liquid-crystalline compounds,12
narrowing of the temperature interval of nematic phase
existence (it is absent from compounds with » > 7), and
extension of the temperature interval of smectic phase

7/°C
1
180
N Sa
140
Cr

100 |

1 1 1

2 4 6 n

Fig. 1. Plots of the phase transition temperatures of ligands
1 vs. number of carbon atoms (n) in the alkyl chain of
the R’ substituent (Cr is the crystalline phase, S, is the
smectic A phase, N is the nematic phase, and I is the isotropic
phase).



Complexes of B-aminovinyl ketones with Cull

existence compared to the first three members of the
homologic series of the ketones synthesized.

Complexes 3 and 4 were prepared by heating of the
ligand in ethanol or dioxane with Cull acetate as de-
scribed in Ref. 10. The products were colored in various
shades of brown and green, soluble in CHCl;, moder-
ately soluble in benzene and EtOH, and insoluble in
water. Unlike the ligands, not all complexes are stable
on heating. Analysis of the IR spectra of the compounds
synthesized showed that for complex formation the
frequencies of stretching vibrations of C=0 (1655 cm™!)
and C=C (1602 cm™!) of the vinyl fragment are shifted
by 30—40 cm™! toward the long-wave region. The ESR
spectra of the complexes (triplet: g; = 2.165, g, = 2.094,
g3 = 2.041) are identical to the spectral3 of similar
compounds.

On going from the ligands to complexes (see Table 2),
the following is observed. The nematic phase was absent
from the synthesized complexes, their temperatures of
phase transitions were higher, and the interval of Sy
mesophase existence was more narrow than that for the
ligands. When the complex is formed, the volume of the
molecule increases considerably and its length remains
unchanged. This results in a decrease in the geometric
anisotropy (the ratio of the "length" of the molecule to
its "width") of the complex molecules compared to the
ligands and leads to additional dispersion interactions
between the complex molecules. Thus, this creates
conditions for the predominant formation of the
smectic phase. The above said explains the ab-
sence of the nematic phase from complexes 3 and
the complete absence of mesomorphism from com-
pounds 4.

Resemblance of the structures of Schiff’s bases and
B-aminovinyl ketones suggests that the physical and
chemical properties of related complexes are close. For
example, the character of changing the phase transition
temperatures of ligands 1 and complexes 3 corresponds
to the general regularities described previously for Schiff’s
bases.3 At the same time, a distinction in the structure
of the coordination unit of the ligand can result in the
appearance of new interesting properties. For example,
in the complexes with B-aminovinyl ketones. the type of
mesophase changes toward high ordering. The phase
transition temperatures of the copper(i1) complexes with
B-aminovinyl ketones exceed, as a whole, by 20—30 °C
the corresponding temperatures for Schiff’s bases. This
phenomenon can be explained, most likely, by the
difference in anisometry of the molecules of B-aminovinyl
ketones (3.5) and N-arylsalicylaldimines (3). Com-
pounds 3, unlike similar complexes with Schiff’s
bases,3 have no alternation effect of clearing tem-
peratures.

When the length of the alkyl group increases to the
third homolog, the temperature interval of smectic phase
existence is narrowed. Beginning from n = 4, the region
of S, mesophase existence extends and reachs a maxi-
mum for the complexes with n = 6, 7. With the further
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Fig. 2. Plots of the phase transition temperatures of com-
plexes 3 vs. number of carbon atoms (#n) in the alkyl chain of
the R’ substituent (Cr is the crystalline phase, S, is the
smectic A phase, N is the nematic phase, and I is the isotropic
phase).

elongation of the alkyl group, the changes in the inter-
val of mesophase existence become wave-like.

Thus, in the study of B-aminovinyl ketones and their
complexes with copper(i1), we found that an increase in
the number of atoms in the N-alkyl chain and
alkoxyphenyl substituent results in a loss of the liquid-
crystalline properties. The complexes studied have no
alternation of clearing temperatures observed for ke-
tones. Higher phase transition temperatures and the
disappearance of the nematic phase were established for
the complexes with copper (11) compared to B-aminovinyl
ketones.

Experimental

Textures and phase transition temperatures were deter-
mined on an Boetius polarization microscope supplied with a
computer-controlled temperature block. The error of tempera-
ture measurement was 0.1 °C. IR spectra were recorded on a
Specord IR-75 spectrometer in Nujol. 1H NMR spectra were
recorded on a Varian Unity-300 spectrometer in CDCl5. Ligands
1, 2 and complexes 3 were synthesized according to previously
described procedures.3:? Complexes 4 were prepared by the
general procedure presented below.

Bis[1-(4-dodecyloxyphenyl)-3-octadecylamino-1-propen-1-
olate]copper (general procedure). A mixture of ligand 2 (0.17 g,
0.3 mmol) and copper(i1) acetate (0.029 g, 0.15 mmol) was
refluxed for 3 min in EtOH. The green precipitate that formed
was filtered off, washed with EtOH, and dried in vacuo. The
yield was 0.32 g (89%). Found (%): C, 76.18; H, 11.15;
N, 2.19; Cu, 5.18. C;4H;3cCuN,04. Calculated (%): C, 76.22;
H, 11.07; N, 2.28; Cu, 5.21.
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