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TRIOXATRUXENES : A NEW FAMILY OF DISC-LIKE MESOGENS
WITH A COMPLEX POLYMORPHISM

CHRISTIAN DESTRADE, NGUYEN HUU TINH
Centre de Recherche Paul Pascal, Domaine Universitaire,
33405 Talence Cédex, FRANCE.

LONKA MAMLOK, JACQUES MALTHETE
Collége de France, 75231 Paris Cédex, FRANCE.

Abstract A homologous series of hexa-n-alkanoyloxy-
trioxatruxenes has been prepared with n=7 to n=15 in
order to check the influence upon the mesomorphic pro-
perties exerted by the substitution of the three me-
thylenes of the truxene core by oxygen atoms. Interpha-
se transitions between solid, mesomorphic and isotropic
phases were studied by hot stage microscopy and DSC.
One of the homologs (R=C|3H27C0~) was previously iden-—
tified by X-Ray investigations and used as the referen-
ce substance to confirm the structure of the various
mesophases by contact method. A new example of the so-
called Znverted sequence (crystal-Np nematic-D colum—
nar-isotropic) and several examples of the new oblique
disordered columnar phase (Dobd) are reported. Trioxa-
truxenes can be quoted as able to exhibit the most com-
plex polymorphism found in disc-like liquid crystals
with the sequence : K = Np - Dghbd = Dyd = Dpgq — I

INTRODUCTION

In the new field of disc-like mesogens!, the hexasubstituted
truxene derivatives 1 had been already indicated worth of in-
terest for their own polymorphism characterZ, The hexa-n-al-
koxytruxenes la present only one mesophase (hexagonal ordered
columar D (Dho) in a fairly large temperature range3), whereas

the hexa-n-alkanoyloxytruxenes lb revealed the existence of

139
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la R=C_H

-2 aloper (HETX)

1b R=-C0-C H, . (HATX)

lc R=—CO~O)-0C H, .. (HBTX)

the so-called Znverted sequencez (erystal ~ Ny nematic - D

columnar - isotreopic). For example with 1b, n=9, the follo-
wing sequence was observed :

K 68 ND 85 ‘ Drd(Pz Ja) 138 Dho 280 I
5.1 .24 1 v decomposition

_ . _ . . 1,4,
( K= crystal; ND— lenticular nematic phase H Drd(PZI/a)=

rectangular disordered columnar phase with the P21/a plane
space group symmetryl’s; enthalpy values are given in ita-
lics (Kcal.mol—l). Furthermore, it was found within this
series that longer homologs provide a first example of a

6

reentrant hexagonal disordered columnar phase (D . For

hd)
example, 1lb, n=13
61° 842 112° 241°
K ND" Drd(PZ /a) —— D .—= 1
/§5° 1 hd

D
hd
Finally some hexa-n-alkoxybenzoyloxytruxenes (lc) displayied
the reentrant Np nematic sequence. In the case of lc, n=11

it has been reported the following thermal profile?,8 :

x =903 » 137° 171° 274°  297°
—n —— —— P ——
> Prd(c2/m) == N == Drd(le/a)_ Ny I

Up to now, contrary to rod-like systems for which theo-

. . . . . 9
retical investigations have been extensively developped”, no
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molecular or theoretical interpretation of these inverted or
reentrant phenomena have been proposed for disc-like mesogens.
In order to obtain some more information about the
intermolecular interactions between the various chemical
parts of the truxene core and substituents, we have prepared
an homologous series of hexa-n-alkanoyloxytrioxatruxenes 5c
(CnHATXO by short) in which the three methylene bridges of

truxene have been replaced by oxygen atoms.

SYNTHESIS
CH30@0H1 esaCHI0__~ 0.,
> OH- @ i
CHs0 208 Chs0 C
0/
2 3
5a R =<CH,
5b R =-H
S5c R =-CO-C H, ..

SCHEME 1. Synthesis of hexa-n-alkanoyloxytrioxatruxenes.
Hexa-n-alkanoyloxytrioxatruxenes 5c were prepared starting
from commercial 3,4-dimethoxyphenol 2 which was transfor-
med into acid 3 by reacting with ethyl bromoacetate (EBA)
followed by saponification. By action of polyphosphoric
acid (PPA) 3 was converted to 3,4-dimethoxy-ZH-benzofuran-
3-one 4 which by reaction with ethyl polyphosphate (PPE)
led to hexamethoxytrioxatruxene S5a. da was demethylated

by means of pyridinium hydrochloride into 5b which was
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immediately condensed with the required acid chloride to
give 5c. The hexaester was then purified by chromatography
on silica gel and recrystallization from absolute ethanol.
Purity of samples was checked by thin layer chromatography

and elemental analysis.

IDENTIFICATION OF THE MESOPHASES

One derivative of the CnHATXO series (5c, n=13) was previous-
ly studied by X-Ray diffractionlo and used in the present
work as the reference substance. This compound exhibits the

following sequence:
74° 58° 71° 158° 166°

e — —_— ——
T = Popa— Prae2 /oy~ Phdv - *
22.3 0.3 0.1 0.03 0.6
( th = hexagonal disordered columnar phase; D = new

obd
columnar phase indexed as an oblique disordered colummar

10 . . . .
phase in which the columns are arranged in an oblique
two-dimensional lattice as represented in figure 1; enthal-

py values are given in italics(Kcal.mol_l).

Y

A 8 C

FIGURE 1. Schematic picture of the three columnar latti-
ces. A = hexagonal (a=30& at 6=160°C); B = rectangular with
the P21/a plane space group symmetry (a=49.2&, b=29.3% at
76°C); C = oblique (a=49.7R, b=28R, y=97.5° at 68°C.
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The various mesophases of the series were identified by stu-
dying their miscibilities with those of the reference subs-—

tance and through the observation of their optical textures

performed with a polarizing microscope. The results are

listed in table I

TABLE I. Transition temperatures of the hexa-n-alkanoyl-

oxytrioxatruxenes ég(°c),

R=C e €O K b Dobd Pra Ppg T

n

7 9 [. 89] - 194 -

8 .90 [. 73] - 197 -

9 82 [. 67.5] - 192 -

10 76 [. 61.5] - 194 -

11 . 78 [. 58] [. 64] . 184 -

12 .78 [, 59] [. 64] . 172 . 177

13 . 74 [ s8] [. 7] . 158 . 166

15 . 80 [. 60] 84 . 138 . 152

[ ] = monotropic transition

All the derivatives exhibit the fluid ND nematic phase,
the texture of which (Fig.2a) is in every way similar to
that of the common nematic phase but usually with a marbled
texture when observed between glass slides.

The Dyq(ppy/a) COlumnar phase is alfi‘present in the
whole series but, as previously reported ’ , it is rather dif-
ficult to assign typical textures to this phase. Neverthe-
less the transition Dyg=-D,.q is somewhat significative for
the identification of those last (compare Fig. 2b and 2c) ;
usually concentric or a portion of concentric rings occur

b

like in triphenylene hexaalkanoates . Anyway, at lower

temperature (Fig. 2d), it appears also with a mosalc texture.
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(2e)

FIGURE 2. Optical textures of 5c derivative (R=C13H27CO—)
(2a), ND nematic phase at 55°C; (2b), D columnar phase
at 163°C; (2c), Drd

lumnar phase at 75°C; (2e), D

hd

columnar phase at 144°C; (2d), D 4 co-

o
obd columnar phase at 63°C.

The transition D_, - D is rather obvious under mi-
rd obd
croscope with an evident increase of the birefringence. Other-—
wise the textures of the two phases are roughly similar but
the oblique phase appears much more striated (compare Fig.2d
and Fig.Z2e).

On the contrary the identification of the D_ . hexagonal

hd
columnar phase is obvious with large homeotropic areas and

fan~shaped or focal conic birefringent defects (Fig.2b).

DISCUSSION

The mesomorphic behaviour of the two series : hexa-n-alka-

noyloxy truxenes lb or trioxatruxenes 5c are to some extent
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similar, with in both cases the same inverted sequence :

N_. nematic transition on heating. This compnlex

D " Pra(e2, /a)
polymorphism can be obviously connected with the nresence
in the two series of six bulky carboxylate substituents
leading through their steric hindrance to a rather rich co-
lumnar arrangements. On the contrary the hexa-n-alkoxytru-

xenes lead only to a D hexaronal ordered arrangement ob-

ho
viously connected with low steric hindrance of the ether

linkage. This allows a strong cohesion between the central
cores and so enhances the regular packing along the columns
(intercore distance = 3.62)3.

The substitution of the three methylenes of the truxene
by oxygen atoms leads to interesting modifications of the
mesomorphic properties of the corresponding non oxygenated
compounds. The appearance of the new oblique columnar phase
cannot be however clearly interpreted on a molecular basis.
Nevertheless this new series of compounds provid other pecu-
liar behaviours especially for samples with n=11 to n=15.
The D,y temperature range is in fact gradually reduced by
the appearance at high temperature of the D4 hexagonal pha-
se, and at low temperature by the appearance of the Dg}
oblique colummar phase (Table I). Moreover the sample with
n=15 is of a special interest for some physical investiga-
tions because all the colummar phases are enantiotropic on

a relatively low temperature range.

CONCLUSION

The results obtained in the thermooptical characterization
of a series of hexa-n—alkanoyloxytrioxatruxenes allow to
stress conclusions that hopefully will stimulate some fur-—

ther investigation on :
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- Theoretical or semi-emperical calculations on the intra
and intercolumnar organization in order to shad some light
on the origin of the inverted sequence...

- Physical and structural investigations on the oblique co-

lumnar nhase and new serquence D - Drd . Moreover trioxa-

obd
truxenes are colourless, chemically stable mesomorphic in a

relatively low temmerature range.

EXPERIMENTAL

3,4-Dimethoxyvhenol and ethyl bromoacetate were obtained
from Aldrich Chemical Company. Spectral data were collected
using a Perkin-Elmer 225 (ir) and a Bruker 270 (nmr) inter—
nal TMS standard. The elemental analysis was obtained from

Service Central d'Analyse (CNRS).

3,4-Dimethoxyphenoxyacetic acid 3

A well stirred mixture of 3,4-dimethoxyphenol 2 (20g; 0.13
mol), potassium carbonate (68g), ethyl bromoacetate (26ml;
0.23mol) and 520ml acetone was refluxed for 90min. The solvent
was then removed and the residue treated with a 2x200ml por-
tion of absolute ethanol to remove most of the ethyl bromo-
acetate. The crude obtained ester was sanonified with 10gKOH
in 300ml ethanol (reflux, 150min). The reaction mixture was
cooled, treated with crushed ice and 140ml conc. HZSO4 and
extracted with ether (3x300ml). The organic layer was washed
with water, dried over Nast4 and evanorated off. The crude
acid was purified by chromatogravhy on silica gel using a
benzene 60%/ether 407 v/v mixture as eluant. Recrystalliza-

tion from benzene/hentane mixture afforded 10.5¢ of colour-

less acid 3 (38%) m.D. 116°C.
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3,4-Dimethoxy-2H-benzofuran-3-one 4

92g of P205 and 63ml of 85% H3PO4 were stirred at 110°C for

90min. 9.5g acid 3 was then added to the clear polyphosphoric
acid and stirred around 110°C for 30min. Crushed ice and
excess of water was added to the cooled mixture, extracted
with 3x300ml ether and the solvent removed. Chromatography
on silica gel with a benzene 95%/ether 5% v/v mixture as

eluant afforded 4.5g of pure yellow benzofuranone 4 (55%)
m.p.170°C,

Hexamethoxytrioxatruxene 5a

A stirred mixture of PPE11 and 4.5¢ of 4 (0.025mol) was

heated at 140°C for 25min. Excess of water was added to the
cooled reaction mixture and the trimerization product extrac-—
ted with 3x200ml CHCl3. The organic layers were dried on
NaZSO4 and the solvent removed to give 7g of dark solid. The
solid was washed with 100ml of hot ethanol, then with 50ml

of cold CH2012 and afforded 1.9g of the required hexamethoxy-

trioxatruxene 5a (467%),

Hexahydroxytrioxatruxene 5b and Hexa-n-alkanoyloxytrioxatru-

xenes Sc

A stirred mixture of ég_(lg) and 15g of pyridine hydrochlo-
ride was heated at 240°C for 30min under dry nitrogen. Water
with some ml of conc.HCl was added to the cooled mixture,
quickly filtered, dried under vacuo (0.6g, 50%) and conden-
sed as soon as possible with the required acid chloride (2.7g
of tetradecanoyl chloride, for instance) in dry pyridine
(6ml) for 48h at room temmerature. The reaction mixture was
hydrolyzed with ice and conc.HZSOA, filtered, washed with
water and the resulting paste was dissolved into diethyl
ether. The organic solution was dried over NaZSO4 and the
solvent removed. Crude 5c was then vnurified by chromatogra-

phy on silica gel (benzene) and recrystallized from absolute

ethanol to afford 0.6g of white powdered 5c (40%).
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