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Summary

The synthesis and thermotropic behavior are reported for a series of polylestes,its

model compounds?, which bear a N-arylazomethine pendant group patfa-substituents

in order to evaluate electronic and steric effects on mesophase stability of segmented LCP
with Y-shaped mesogens. Substituent effects on these polymer series and model compound
series are dominated by steric effects. The results suggest that due to the conformational
flexibility of the azomethine group this type of macromolecules cannot be strictly considered
as Y-shaped segmented liquid crystal polymers. It was also concluded that when steric
effects are predominant the mesomorphic behavior of model compounds can be used to
estimate polymer nematic mesomorphic properties.

Introduction

Most of liquid crystalline compounds, both low-molecular-weight and polymeric, have the
conventional rod-like structure [1]. However, mesomorphic behavior it is not restricted to
calamitic mesogens [2]. Thus, symmetric molecular broadening eventually leads to discotic
and X-shaped mesogens while asymmetric broadening of mesogens produces T- or Y-shaped
mesogens. Incorporation of these two-dimensional mesogenic units in a polyester main chain
produces LCP materials with unusual architecture [3-5]. The rheology and properties of
these polymers should be much different than those of conventional main chain liquid crystal
polymers. Moreover, the poor lateral strength of liquid crystal polymer fibers may be
improved using these unconventional structures [6].

However, the bulky side groups will diminish interchain interactions by virtue of its
bulkiness though their polarity may also enhance electronic interchain interactions. Since the
thermotropic behavior of segmented LCPs with Y-shaped mesogens is not well established,
we synthesized a series of polyestérand their model compoundd bearing an N-
arylazomethine pendant group witlpara-substituent in order to evaluate the electronic and
steric effects on mesophase stability (Scheme 1). In addition, their thermotropic behavior
was compared with literature data that describes the mesomorphic properties of segmented
liquid crystal polyester3 [7,8,9,10] and series[11] and the model compound seltd4.2].
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Experimental

All melting points are uncorrected. Elemental analysis were made in the University of
Massachusetts Microanalytical Laboratdly.NMR and“C NMR spectra were recorded on

a Varian XL200 spectrometer. Tipara-substituted anilines, 2,5-dihydroxyhybenzaldehyde
and para-n-hexyloxybenzoyl chloride were obtained commercially (Aldrich). 1,10-Bis(4'-
chloroformylphenoxy)decan®, was prepared according to a method previously described
[13].

General procedure for the synthesis of N-(2,5-dihydroxybenzylidene)-para-substituted-
anilines,7a-g given for7a [X = H]. A mixture of 2,5-dihydroxyhybenzaldehyde (2.5 g, 18.1
mmoles) was dissolved in dry methanol (5ml) under argon and then a solution of the p-
substituted aniline (18.1 mmoles) in dry methanol (10 ml) was added at room temperature.
After one hour the temperature was increased to 60 °C for half an hour. A dark red
precipitate was isolated by filtration after the reaction mixture was cooled to 10 °C. The solid
was recrystallized from a mixture of benzene:tetrachloroethane (5:2) and washed with
pentane. Yield: 65 %; m.p.: 142-144 °6.NMR (Acetone-g): 12.46 (s, 1H, OH), 8.79 (s,

1H, HC=N), 7.97 (s, 1H, OH), 7.5-7.3 (m, 5H, aromatic H), 7.05 (d, J = 2.5 Hz, 1H, aromatic
H), 6.96 (dd, J = 8.8 Hz and J = 2.5 Hz, 1H, aromatic H), 6.83 (d, J = 8.8 Hz, 1H, aromatic
H). “C NMR (Acetone-g: 164.6, 155.6, 150.7, 149.8, 130.4, 127.8, 122.3, 122.2, 120.3,
118.6, 118.4. Anal. calcd. for, €, ,NO,: C 73.23, H 5.20, N 6.57. Found: C 73.56, H 5.30,

N 6.55.

7b [X = CI]. N-(2,5-dihydroxybenzylideng)-chloroaniline. An orange solid was isolated
from the reaction mixture by filtration, washed with pentane and recrystallized twice from
absolute ethanol in an ice-water bath. Yield: 82 %; m.p.: 164HGIMR (Acetone-g):

12.25 (s, 1H, OH), 8.79 (s, 1H, HC=N), 8.00 (s, 1H, OH), 7.45 (m, 4H, aromatic H), 7.04 (d, J
= 2.9 Hz, 1H, aromatic H), 6.98 (dd, J = 8.7 Hz and J = 2.9 Hz, 1H, aromatic H), 6.82 (d, J =
8.7 Hz, 1H, aromatic HY’C NMR (Acetone-g): 165.3, 155.8, 150.9, 148.8, 133.0, 130.6,
124.2, 122.7, 120.3, 118.9, 118.7. Anal. calcd. fgd CINO,: C 63.04, H 4.07, Cl 14.31,

N 5.67. Found C 63.10, H 4.13, Cl 14.28, N 5.58.

7c [X = CHJ. N-(2,5-dihydroxybenzylideng)-methylaniline. The solvent was evaporated
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with a nitrogen stream in a warm bath and the semisolid mixture was recrystallized twice
from a mixture of benzene:cyclohexane (1:3). Yield: 81%; m.p.: 165°8MR (Acetone-

d): 12.54 (s, 1H, OH), 8.76 (s, 1H, HC=N), 7.93 (s,1H, OH), 7.27 (m, 4H, aromatic H), 7.02
(d, J = 2.8 Hz, 1H, aromatic H), 6.93 (dd, J = 8.8 Hz and J = 2.8 Hz, 1H, aromatic H), 6.80
(d, J = 8.8 Hz, 1H, aromatic H), 2.35 (s, 3H, CHC NMR (Acetone-g: 163.7, 155.7
150.9, 147.4 137.9, 131.2, 122.3, 122.1, 120.6, 118.7, 118.6, 21.4. Anal. calcd. for
C,H.NO,: C 73.99,H5.77, N 6.16. Found: C 73.80, H 5.80, N 5.95.

7d [X = CN]. N-(2,5-dihydroxybenzylideng)-cyanoaniline. A yellow precipitate was
isolated by filtration from the reaction mixture, recrystallized in a mixture of
benzene:acetonitrile:tetrachloroethane (1:2:2) and washed with pentane. Yield: 81 %; m.p.:
235 °C."H NMR (Acetone-g: 11.98 (s, 1H, OH), 8.82 (s, 1H, HC=N), 8.03 (s, 1H, OH),
7.84 (d, J= 8.3 Hz, 2H, aromatic H), 7.54 (d, J = 8.3 Hz, 2H, aromatic H), 7.06 (d, J = 2.8 Hz,
1H, aromatic H), 7.00 (dd, J = 8.8 Hz and J = 2.8 Hz, 1H, aromatic H), 6.83 (d, J = 8.8 Hz,
1H, aromatic H).”"C NMR (DMSO-q): 164.9, 153.2, 153.0, 149.8, 133.6, 122.5, 122.1,
119.4, 118.9, 117.4, 116.5, 108.6. Anal. calcd. fgH M,0,; C 70.58, H 4.23, N 11.76.
Found: C 70.35, H 4.48, N 11.72.

7e [X = NOJ. N-(2,5-dihydroxybenzylideng)-nitroaniline. A light brown solid was
isolated from the reaction mixture by filtration and recrystallized from a mixture of
benzene:acetonitrile:ethanol (1:5:1). Yield: 56 %; m.p.: 227HQIMR (Aceton-g): 11.95

(s, 1H, OH), 8.85 (s, 1H, HC=N), 8.34 (d, J = 9.0 Hz, 2H, aromatic H), 8.08 (s, 1H, OH), 7.62
(d, J = 9.0 Hz, 2H, aromatic H), 7.10 (d, J = 2.9 Hz, 1H, aromatic H), 7.03 (dd, J = 8.8 Hz
and J = 2.9 Hz, 1H, aromatic H), 6.86 (d, J = 8.8 Hz, 1H, aromatiddHNMR (DMSO-

d): 165.0, 155.0, 153.2, 149.8, 145.3, 125.0, 122.4, 119.5, 117.5, 116.3. Anal. calcd. for
CH,N,O,: C60.47, H3.90, N 10.85. Found: C 60.33, H 4.14, N 10.79.

7f [X = OEt]. N-(2,5-dihydroxybenzylideng)-ethoxyaniline. Yield: 65 %; m.p.: 140 °C

(Lit. [5], m.p.: 142 °C).”C NMR (Acetone-g: 162.0, 159.5, 155.4, 150.8, 142.4, 123.4,
121.6,120.5, 118.4, 118.3, 116.2, 64.5, 15.3.

79 [X = CF]. N-(2,5-dihydroxybenzylideng)-trifluoromethylaniline. The solvent was
evaporated with a nitrogen stream in a warm bath and the semisolid mixture was
recrystallized twice from a mixture of benzene:cyclohexane (1:6) to afford orange flakes.
Yield: 85 %; m.p.128 °C'H NMR (Acetone-g: 12.10 (s, 1H, OH), 8.85 (s, 1H, HC=N),
8.05 (s,1H, OH), 7.80 (d, J= 8.5 Hz, 2H, aromatic H), 7.58 (d, J = 8.5 Hz, 2H, aromatic H),
7.08 (d, J = 2.9 Hz, 1H, aromatic H), 7.01 (dd, J = 8.7 Hz and J = 2.9 Hz, 1H, aromatic H),
6.85 (d, J = 8.7 Hz, 1H, aromatic HC NMR (DMSO-q): 165.1, 153.4, 152.7, 150.0,
127.3, 127.2, 126.8, 126.7, 122.3, 122.1, 119.6, 117.6, 116.9. Anal. calcgHig¥, 0O,

C 59.79, H 3.58, N 4.98. Found: C 59.50, H 3.77, N 4.85.

Model compound synthesiShe model compound&a-g were prepared by reaction of the
hydroquinoneg’a-g (2.08 mmol) with para-n-hexyloxybenzoyl chloride (1.0 g, 4.15 mmol)

in CLCH, (50 ml) in the presence of Bt (1,2 ml) at room temperature and purified by
several recrystallizations from ethanol. Yields of purified model compounds = 402&0%.
Anal. calcd. for GH,NO,: C, 75.33; H, 6.97; N, 2.25. Found: C, 75.02; H, 7.02; N, 2.11.
2b. Anal. calcd. for GH,,CINO,: C, 71.38; H, 6.45; N, 2.14; Cl, 5.40. Found: C, 71.43; H,
6.54; N, 2.02; Cl, 5.3%2c. Anal. calcd. for ¢GH,NO,: C, 75.56; H, 7.08; N, 2.20. Found:

C, 75.43; H, 7.27; N, 2.28d. Anal. calcd. for ¢GH, N,O,: C, 74.28; H, 6.55; N, 4.33.

420 72
Found: C, 74.34; H, 6.71; N, 4.43e Anal. calcd. for CH,N,O,: C, 70.25; H, 6.35; N,
4.20. Found: C, 70.18; H, 6.46; N, 4.@%. Anal. calcd. for GH,NO,: C, 73.96; H, 7.12;
N, 2.10. Found: C, 74.19; H, 7.23; N,2.28 Anal. calcd. for ¢GH,,F.NO,: C, 69.65; H,
6.14; N, 2.03; F, 8.26. Found: C, 69.78; H, 6.30; N, 2.00; F, 8.43.

Polymer synthesis and characterizatidme polymersla-g were prepared by reaction 6f
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with 7a-g in CHCI, solution in the presence of Htas previously described [8]. The
reaction was carried out at room temperature for 24 h, under reflux for additional 24 h and
then cooled and poured into a five-fold excess of ethanol. The precipitated polymer was
redissolved in methylene chloride and reprecipitated in ethanol. Then it was filtered, washed
by a Sohxlet extraction with methanol and dried at 50 °C under vacuum. Yield: 92-95%.
Since the GPC analysis indicated that variable amount of oligomers were present in the
polymer samples, the higher molecular weight fraction of the polymers was isolated by
fractional precipitation from THF-MeOH mixturesa, anal. calcd. for (H.NO,: C, 75.10;

H, 6.30; N, 2.37. Found: C, 75.19; H, 6.55; N, 2.1, anal. calcd. for (H.CINO,: C,

70.97; H, 5.80; N, 2.24; Cl, 5.66. Found: C, 70.31; H, 6.20; N, 2.05; Cl, 5¢/@nal.

calcd. for GH,NO,: C, 75.35; H, 6.49; N, 2.31. Found: C, 75.52; H, 6.65; N, 2.4I9.

anal. calcd. for CH . N.,O,: C, 74.01; H, 5.88; N, 4.54. Found: C, 74.11; H, 5.95; N, 4.35.
1e anal. calcd. for (H.N,O,: C, 69.80; H, 5.70; N, 4.40. Found: C, 69.99; H, 5.91; N,
4.28.1f, anal. calcd. for (H,NO,: C, 73.68; H, 6.50; N, 2.20. Found: C, 73.14; H, 6.81;
N,2.09.1g, anal. calcd. for (H..F.NO,: C, 69.18; H, 5.50; N, 2.12. Found: C, 69.27; H,
5.61; N, 2.07.

Molecular weights were determined using a Waters 201 GPC instrument calibrated with
polystyrene standards and a 10 A pore "p-Styragel" column. Thermal analysis was carried
out on a Du Pont 1090 DSC instrument under a nitrogen flow with a heating rate of 20
°C/min with polymer samples of about 10 mg. The peak maxima of the endothermic phase
transitions were recorded from the second heating scan. The melt behavior was observed
with a optical microscope equipped with cross-polarizers and a hot stage. All polymers
showed the expected IR and NMR peaks.

Molecular Modeling Molecular modeling of the compoun@gs-g was carried out at the
semiempirical level using AM1 MO program [14]. Modeling was assumed to be carried out
in the gas phase at 0 °K. The minimization operations were performed using the conjugate
gradient method and halted by setting the gradient option at 0.01 kcal/mol. The lowest
potential energy conformations were found by minimization of the energy function in
conjunction with conformation searches around various bonds.

Results and discussion

All the polymers synthesized were soluble in dichloromethane and the reaction mixtures
remained homogeneous throughout the polymerization. However, high molecular weight
samples (Mw = 9000-14000 Da, Mw/Mn = 1.2-1.4) were obtained only after fractional
reprecipitation. Longer reactions times as well as larger scales and different polymerization
solvents failed to increase the polymer molecular weight. The relatively low molecular
weights of the as-prepared polymers, Mw: 3.800-8.000 Da, may be caused by the low
reactivity of monomers/a-g which is probably due to intramolecular hydrogen bonding
between thertho-hydroxy group and the nitrogen of the azomethine structure [15].

The polarizing optical microscope (POM) observations and DSC measurements of the
polyesters thermal properties are summarized in Table 1. Most of the polymers showed DSC
curves with distinguishable melting and isotropization endothermic transition peaks.
However, the DSC traces of polymés[X = H] and 1d [X = CN] showed only one broad
endothermic peak, although the typical nematic textures are observed both heating and
cooling by polarized optical microscopy. From the optical microscope observations, polymer
la starts to melt at 116 °C, forms a nematic phase with a typical Schlieren texture with
disclinations of both strength |S| = 1 and |S| = 1/2 at 135 °C and shows a maximum in the
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DSC trace at 140 °C. This nematic melt becomes isotropic at 158 °C. Upon cooling, the
isotropic melt forms a nematic state again at 152 °C. Therefore, the temperature range of this
nematic phase in the heating cycle is narrow and the two endothermic melting and
isotropization transitions overlap to give only one broad peak. Similar behavior was observed
for polymer 1d which starts to melt at 105 °C, shows a threaded texture at 115 °C, a
maximum in the DSC trace at 128 °C and became isotropic at 144 °C.

Table 1. Molecular Weight and Thermal Properties of Polymers 1a-g.

[X] GPC® DSC (max.)”/POM? (°C)

M, MM, il T, i
la=H 13.000 1.3 il 9 /158 150
1b=Cl 8.500 1.4 123/123 136/148 141
lc =CH;, 8.500 1.3 105/107 165/140 126
1d =CN 8.800 1.4 /100 M2 120
le =NO, 8.200 1.3 145/140 156/142 122
1f = OEt 10.000 1.4 141/142 152/153 132
1g=CF, 7.400 i 84/84 105/110 100

a) After fractional reprecipitation in THF-MeOH. b) Thermal transition maxima observed in the second
heating cycle. ¢) Thermal transition observed by POM in the second cooling cycle. d) Single very
broad thermal transition.

All the other polymerd were enantiotropic as well and showed between trend T either
Schlieren or threaded textures typical of nematic mesophases. However, in addition to the
common singularities with |S| = 1/2 or 1 that are often observed in polymeric nematic states,
1b [X = CI] showed singularities with 6 or 8 dark brushes corresponding to high strength
disclinations of absolute S values 3/2 and 2. Though unusual, these high strength
disclinations have been occasionally reported for single component nematic materials of both
molecular [16] and macromolecular [17] nature.

The polymerl mesophase ranges shown in Table 1 are rather narrow as could be expected
from the decrease of the axial ratio of the mesogenic group caused by the azomethine group
attachment. Due to the narrowness of the mesophase ranges and the broad signals observed
for the thermal transitions, the optical microscope observations should considered to be more
reliable than the DSC data in assessing the substituent effects on the mesophase
thermodynamic stability.
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Figure 1. a) POM isotropization temperature, Tj, as a function of Vyy, for different substituents, X, on
polymers series 1 (A), 3 (l); X = H, Me, Cl, Br [7], X = OMe, OEt [8], X = Et [9], X =Ph {10] and 4

(A) [11]. b) POM isotropization temperatures as a function of Vy, for different substituents, X, on
model compounds series 2 (A) and 5 (H) [12].

Figure 1a presents @lata of polymera together with Tdata taken from previous studies on

two related segmented liquid crystal polymers series sg(ig$,9,10] and serie$ [12]. T,

values were plotted against substituent van der Waals volumesstéad of van der Waals

radii, r, because the former account better for intermolecular distance variations due to
substituent changes which in turn are related to steric, dispersive and polar intermolecular
interactions [18]. Figure 1 a shows that the isotropization temperature of the nematic phases
of polymersl decrease systematically as the size the substituents increase. Besides, it is
possible to estimate the susceptibility of the mesophase stability to substituent steric effects
from the slope of the linear correlations. The mesophase stability of the polymerlseries
(slope, s = -1.07, correlation coefficient, r = -0.826) is less affected by the substituent nature
than those corresponding to polymer sei¢s = -3.23, r = -0.997) and polymer sedds =

-2.83, r =-0.985). Clearly, and despite the different mesogenic core structures of p8lymers
and 4, the full steric effect is operating in these two polymer series since the substituent
groups protrude from the aryl rings out of the polymer main chain. On the contrary, the
conformational flexibility of the pendant azomethine group in polyrhersuld allow thep-

aryl substituents to be partially aligned along the longitudinal axis of the mesogenic unit, thus
diminishing the effects due to the lateral substituent size. As a matter of fact, this explanation
was supported by computer modeling studies done on model comp@uvidsh mimic
polymers 1 repeating units. Thus, after a conformational search at the semiempirical
guantum mechanical level using the AM1 MO program, it was found that the two more stable
conformations are the ones shown in Figure 2a and 2b. Moreover, the calculated heats of
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formation which are shown in Table 2 for both the folded, &hd the extended, H
conformers indicate that the folded conformations are predominant and that their contribution
to the conformational equilibria between folded and extended conformations is significant.

Figure 2. AM1 geometries of the a) extended and b) folded conformations of 2e.

Table 2. Van der Waals volumes of X, Vy,, and calculated heat of formation of the folded, H¢", and the

extended, H¢", conformations of model compounds 2a-g

Model Compound V, (A H; (Kcal/mol)” AH;(Kcal/mol)
Hf HE H/ - HF
2a,X=H 213 -151.9 -150.6 -1.3
2b, X =Cl 12.0 -159.1 -157.8 -1.3
2¢, X =CH; 13.7 -159.5 -158.3 -1.2
2d, X =CN 14.7 -120.9 -119.4 -15
2e, X = NO, 16.8 -149.6 -147.8 -18
2f, X = OEt 2 -195.0 -194.1 -09
2g, X =CF; 42.6 -308.5 -307.1 -14

a) All Vy values were taken or calculated from data of ref. 19 with the exception of Vy, for X = CF;
which was taken from ref. 20.

In addition, the model compoun@s-g were synthesized and their thermal properties were
analyzed by DSC and POM in order to compare their thermotropic properties to those of
polymers1l. Only 2d [X = CN] showed no mesomorphic properties. All others model
compounds?2 are nematic monotropic. Figure 1b presentslafa of model compounds
together with Tdata of the related model compound sesieghich was taken from previous
reports [12]. Both serie® (s = -0.89, r = -0.744) and (s = -3.22, r = -0.981) showed
relationships between mesophase stability apdata similar to that observed for most of
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the nematic low-molecular-weight compounds even though the linear correlati@nisfor

more scattered. The clearing temperatures behavior in nematic compounds depend on steric
and occasionally on dispersive effects, with dipolar effects playing no role the polymer
mesomorphic behavior. As observed before for the polymer series, the mesophase stability of
the model compound serigswith the arylazometine group is less affected by the substituent
nature than those corresponding to sesi@ghere the substituent is directly attached to the
central mesogenic core.

Noteworthy, the segmented polymér and its model compound2 showed similar
susceptibilities of their mesophase thermodynamic stability to steric effects as well as the
segmented polymed and its model compoundsdid. Therefore, it can also be concluded

that the mesomorphic behavior of model compounds can be used to estimate polymer
mesomorphic properties when steric effects are predominant. Besides, this study suggests
that due to the conformational flexibility of the azomethine group this type of polymers
cannot be strictly considered as Y-shaped segmented liquid crystal polymers.
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