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Synthesis and thermotropic properties of new discotic
1,3,5-trisubstituted s-triazinetriones obtained by cyclotrimerization

of isocyanates

by CHRISTOPH IRLE and WERNER MORMANN*

Universitat-GH Siegen, Fachbereich 8, Laboratorium fir Makromolekulare
Chemie, Adolf-Reichwein-Str. 2, D-57068 Siegen, Germany

(Received 6 February 1996; accepted 4 April 1996)

The synthesis of a number of s-triazine-2,4,6-triones (isocyanurates) by cyclotrimerization of
4-monoalkoxy-, 34-dialkoxy-, or 3,4,5-trialkoxyphenyl-, benzyl-, or styryl-isocyanates is
reported. The thermal and phase behaviour of the novel compounds were investigated by
optical polarized light microscopy and thermal analysis. No mesophase could be observed
for any of the precursors except 4-decyloxybenzoic acid. Mesophases of the isocyanurates
were observed only in the series containing 3,4-dialkoxyphenyl moieties. A vinylene group
between the inner s-triazine ring and the outer phenylene rings gives low melting points and
enantiotropic mesophases for Cg and longer alkyl chains. The phenylisocyanurates may
exhibit a monotropic mesophase and normally have the highest melting points of the three
types, whereas a methylene spacer suppresses formation of a mesophase. According to the
textures observed, the mesophases are hexagonal columnar. This will have to be confirmed

by X-ray scattering techniques.

1. Introduction

Discotic mesophase forming compounds have been
described as variations of a number of different almost
planar cores to which in general six alkyl chains are
variously attached {1]. Among the disc-like cores are
the benzene ring, cyclohexane ring, condensed aromatic
ring systems like triphenylene, anthraquinone, and the
porphin ring system [2]. The trisubstituted s-triazine
ring, which should favour disc-like structures and meso-
phases, was proposed by LeBarny and coworkers as a
central core [3]. Lattermann and Hocker were the first
to explore this idea by synthesizing tris(dialkylamino)-
s-triazines from cyanuric chloride and dialkylamines
[4]. The products failed, however, to exhibit meso-
morphism. Huang and coworkers reacted a mesogenic
4-methoxybenzylidene-4-iminophenol ~ with  cyanuric
chloride and reported the product to have a discotic
mesophase [5]. We were able to show that cyanurates
with similar substituents do not form discotic meso-
phases as suggested by star-shaped models, but do
exhibit normal calamitic nematic and smectic poly-
morphism [6]. The isomeric ring system of the
2,4,6-trioxo-1,3,5-hexahydrotriazines, to our knowledge,
has not been used for the synthesis of disc-like mesogenic
structures. Isocyanurates formed from liquid crystalline
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isocyanates, e.g. 4-butoxyphenyl 4-isocyanatobenzoate
did not form any mesophase [ 6, 7].

Bearing in mind that both ring systems can be built
up by cyclotrimerization of cyanate esters or isocyanates,
respectively, this approach could become a convenient
synthesis for discotic liquid crystals. Since cyclotrimeriz-
ation of mesogenic di-isocyanates might lead to aniso-
tropic networks, we were interested to explore the
structural requirements for isocyanates to yield liquid
crystal cyclotrimers.

In a joint project with M. Bauer in Teltow initiated
in 1991, we investigated the ability of the two isomeric
triazine rings to stabilize a mesophase. In a previous
paper we reported the synthesis of diaromatic mono-
and di-isocyanates containing the ester group, as well as
the corresponding cyanates of the phenyl benzoate type,
and explored their mesogenic properties [ 7]. An investi-
gation of the cyclotrimers obtained from these monomers
proved that no mesophases could be obtained from
isocyanurates, while certain structural requirements had
to be met in the case of cyanurates to obtain calamitic
mesophases [6].

The present paper deals with the synthesis and meso-
genic properties of discotic isocyanurates obtained by
cyclotrimerization of isocyanates containing an alkoxy-
phenyl group. Results obtained with cyanurates of
similar structure will be reported by M. Bauer.

0267-8292/96 $12-00 © 1996 Taylor & Francis Lid.
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2. Results and discussion
2.1. Considerations of structural requirements

Discotic structures based on the s-triazinetrione cent-
ral ring may vary in the number of flexible chains
attached to the central core or by the shape and size of
the core itself. Some possible structures are shown in
scheme 1.

By analogy with known disc-like mesogens at least
six aliphatic chains should be linked to the rigid part of
the mesogen [1] (I in scheme 1). Secondary aliphatic
isocyanates are required as starting materials for this
type of isocyanurate. This route was not pursued since
the aminotriazines studied by Lattermann et al. [4],
which have a similar structure, did not show liquid
crystalline behaviour. The number of ring systems
grouped around the central heterocyclic ring is another
structural parameter one could vary in a systematic
investigation, as shown for structure type Il in Scheme 1
[67. A third variation is the distance between the outer
ring systems and the central heterocycle. This distance,
if varied by a spacer, would in addition allow tailoring
of the flexibility and the preferred conformation in the
array of different ring systems. This structure type is
shown in scheme 1 with the general formula II.

The selection of ‘monomers’ (II in scheme 1) for the
prescnt study was made according to the following
criteria:

(1) Variation of the number and length of aliphatic
chains attached to the outer ring periphery. The
number was varied from 1 to 3 per aromatic
ring, the length from 4 to 12 carbon atoms.
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Scheme 1.

(2) Variation of the distance and rigidity of attach-
ment of the outer ring system with respect to the
central triazine moiety. A nitrogen—benzene single
bond between the two regions results from cyclo-
trimerization of aromatic isocyanates. Due to
the two carbonyl groups in the ortho-position to
each nitrogen, it is highly unlikely that the
outer ring is coplanar with the central ring
Isocyanatomethylarenes ( benzyl isocyanates) have
a methylene group as spacer, which should
decrease the influence of the oxo groups. The sp*-
hybridization of the carbon, on the other hand,
renders the system more flexible. Trans-f-isocyan-
atostyrenes give the rather rigid and potentially
planar vinylene spacer with minor steric require-
ments and allow the system to adopt a favourable
planar and symmetric conformation.

2.2. Synthesis of isocyanates and isocyanurates

The synthetic approach chosen in the present paper
uses isocyanates as precursors for the cyclotrimers. These
are conveniently obtained by the Curtius reaction of
carboxylic acid azides in a laboratory scale synthesis.
The carboxylic acids with alkyl chains in a suitable
position required as intermediates are alkoxy-substituted
benzoic acids, phenylacetic acids and cinnamic acids.

The isocyanurates synthesized and the numbering
system used for these isocyanurates and their precursors
are shown in table 1. The number stands for a precursor
as shown in scheme 2, while the substitution pattern and
the length of the alkoxy substitutents are characterized
by a letter.
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Table 1. Isocyanurates synthesized.
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Scheme 2. Syuthesis of alkoxy substituted phenyl-, benzyl-, and styryl-isocyanurates.
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4-Decyloxy-benzoic acid 2a and -cinnamic acid 4a
were obtained from the corresponding hydroxy acids
by reaction with an alkyl bromide in the presence of
an acid acceptor as reported by Mertesdorf and
Ringsdorf [8]. This route was followed also for
3.4,5-tributoxybenzoic acid 2f [9].

Starting materials applicable to all three types of
isocyanates are the corresponding benzaldehydes.
This approach was wused for the synthesis of
the 3,4-dialkoxyphenyl substituted isocyanurates as
shown in scheme 2. Etherification of 3,4-dihydroxy-
benzaldehyde according to a procedure described by
Nguyen et al. [ 10] gave the 3,4-dialkoxybenzaldehydes
1b—e in good yields. Oxidation with potassium perman-
ganate yielded the dialkoxybenzoic acids 2b, 2d, 2e, and
reaction with malonic acid in pyridine as described by
Koo et al. [11] led to the cinnamic acids 4b—e. The
synthesis of the phenylacetic acids by this route would
require reduction of the aldehyde to the benzyl aicohol
3, conversion to the benzyl chloride 6 with thionyl
chloride, and, after reaction with magnesium and sub-
sequently with carbon dioxide, this would yield the acid.

A more convenient synthetic route is that shown in
scheme 2. Starting from the benzaldehyde the benzyl
alcohols 3d and 3e were obtained by reduction with
lithium aluminum hydride according to Nystrom [12].
The benzyl alcohols were converted to the silyl ethers
with hexamethyldizilazane which upon reaction with
thionyl chioride gave the benzyl chlorides 6d and 6e.
The isocyanate group was introduced now by nucleo-
philic substitution of chlorine. The isocyanate cannot be
isolated in this reaction since potassium cyanate acts as
a trimerization catalyst in solvents where it is slightly
soluble [137].

Published procedures were adopted whenever possible
and slightly modified in order to obtain good yields of
precursors at every stage. Direct selective etherification
of 3,4-dihydroxybenzy! aicohols gave only about 20%
of the desired product [ 14]; reduction of the correspond-
ing dialkoxybenzaldehydes with lithium aluminium
hydride instead gave these compounds in good yields
[121.

Benzoic acids and cinnamic acids were treated with
thionyl chloride in boiling toluene to give the acid
chlorides. In general these were not purified and were
used for the reaction with sodium azide (Curtius reac-
tion) after removal of toluene and excess of thionyl
chloride. The isocyanates 5§ and 7 obtained by the
Curtius reaction were either isolated by distillation
(5a, Sb, 5f, 7a) or converted to the corresponding
isocyanurates after removal of the inorganic salts by
filtration.

Cyclotrimerization of the isocyanates was achieved in
solution in toluene, chlorobenzene or o-dichlorobenzene

using catalytic amounts of CsF with equivalent
amounts of dicyclohexyl-18-crown-6  (2,3,11,12-
dicyclohexano- 1,4,7,10,13,16-hexaoxacyclooctadecane).
The isocyanurates were purified as indicated in table 3.

The intermediate compounds as well as the isocyan-
ates and isocyanurates were characterized by infrared,
NMR spectroscopy and microanalysis. Yields, analytical
and spectroscopic data of intermediates not described
in the literature so far are summarized in table 2; those
of the novel isocyanurates are given in table 3.

2.3. Thermal and liquid crystal properties of
isocyanurates

All new intermediates and the novel isocyanurates
were investigated by polarizing light microscopy and
thermal analysis. Except for some of the acids none of
the precursors exhibited mesophase behaviour. The ther-
mal data (transition temperatures, transition enthalpies
and entropies) of the novel isocyanurates together with
those of the three unsubstituted parent compounds are
presented in table 4. As most of the substituted isocyanu-
rates had little tendency to crystallize from solution,
crystallization was favoured by heating the compounds
in boiling n-pentane.

The parent compounds are high melting solids (280,
158 and 231°C) for phenyl- 8, benzyl- 9, and styrylisocy-
anurate 10 respectively. The relatively low melting point
of 9 as compared to 8 and 10 seems to be due mainly
to the gain in entropy of this compound. A 4-decyloxy
group causes a big depression of the melting point down
to approximately 100°C for all three classes (103, 99 and
128°C) again with a low melting entropy for 8a, the
highest for 9a and an intermediate value for 10a. This
seems to reflect the rigidity of the different central cores
and the possibility of side chain crystallization.

The melting points of the 34-dialkoxyary-
lisocyanurates are in the range 74 to 131°C. No system-
atic change in terms of a continuous decrease with
increasing chain length or with a given central core can
be found. The order of melting temperatures
phenyl > styryl > benzyl is preserved in those cases where
all three isocyanurates have been synthesized. In a given
series no monotonic decrease is found. The melting
enthalpies, however, show a continous increase with
chain length of the alkoxy substituents for each series.
In contrast to side chain crystallization observed in
comb like polymers [157], no side chain melting is
observed and no enthalpy increment for a methylene
group can be derived from the melting enthalpies. The
single melting endotherms in the DSC traces and the
melting entropies confirm the mutual influence of the
central core and the hydrocarbon region on the quality
of packing of both. X-ray analysis could help to gain
further insight here.
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Liquid crystalline properties were found amongst the
3,4-dialkoxy substituted isocyanurates. The texture of
10c shown in figure 1 is representative of all the liquid
crystalline compounds described in this paper. It has all
the features of a hexagonal columnar phase. Whether it
is ordered or disordered can be decided only on the
basis of X-ray analysis. DSC curves are shown for 10¢
in figure 2 and for 8e in figure 3. Figure2 shows a
melting endotherm and a second peak indicative of an
enantiotropic phase for 10c. 8e has a monotropic meso-
phase. The transition from the mesophase to the iso-
tropic phase and vice versa can be observed in the
cooling mode or by heating the supercooled mesophase.

From the data in table 4 it follows that enantiotropic
mesophases arc  obtained only in the series of
tris(3.,4-dialkoxystyryl)isocyanurates 10c—e with 8 or
more carbon atoms in the chain. With triphenylisocyan-
urate as the central core, a monotropic mesophase was
found for the C,, derivative 8e, while a virtual clearing
point could be obtained by extrapolation for 8d from

Figure 1. Texture of the mcsophase of isocyanurate 10c
(original magnification 300 x ).
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Figure 2. DSC trace of 10c.
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Figurc 3. DSC trace of 8e.

mixtures with tris(3,4-didodecyloxystyryl)isocyanurate
10e. In the benzylisocyanurate series, only virtual clear-
ing points were found for 9d and 9e, again with 10e as
reference compound. In terms of the ability of the central
cores to form discotic mesophases, the order is styryliso-
cyanurates > phenylisocyanurates > benzylisocyanurates.
The results obtained on cyanurates with identical chain
lengths indicate that above a chain length of 10 carbon
atoms, the clearing points of the phenylisocyanurates
and cyanurates are comparable, while the melting points
of the former are higher [16].

3. Conclusions

The ability of alkoxysubstituted triphenyl-, tribenzyl-,
and tristyryl-isocyanurates, obtained by cyclotrimeriz-
ation of the corresponding isocyanates, to form discotic
mesophases has been investigated. All classes of
compound can be obtained in good yields from the
corresponding aldehydes in multistep reactions.
3,4-Dioctyloxy, didecyloxy, and didodecyloxy chains
gave enantiotropic hexagonal phases for styrylisocyanur-
ates, monotropic mesophases for phenylisocyanurates
and no mesophases for benzylisocyanurates. This
suggests that apart from the geometry, the electronic
properties of the central core are of prime importance,
but this will have to be proven with other suitable
compounds.

4, Experimental
4.1. Materials

Toluene and tetrahydrofuran (THF) were distilled
from Na—-K alloy, and dimethylformamide (DMF), chlo-
robenzenc and  o-dichlorobenzene (ODCB) from
phosphorous(V) oxide. DMF was collected over molecu-
lar sieves 3 A. Thionyl chloride was distilled prior to
use. Chloroform was washed with concentrated sulfuric
acid and distilled. Flash chromatography was performed
on Merck silica-gel 60/40-63. Air sensitive reactions were
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Table 4. Thermal properties of isocyanurates.
(6] R
4
-
R-N_  )=0
rv
0] R
- AH,, AS,, T AH, AS,
No. R /°C /kJ mol ™1 JK ' mol™?! /°C /kJ mol ! /K ! mol™?
8 @_ 280 288 52:0 — — —
9 @_/ 158 370 857 — — —
10 w 231 255 506 — — —
8 103 139 40-0 — — -
2 H21C100—®_
57-5 154-7 — — -
% H3/Cy00 _Q'_/ 9
128 441 110-0 — - -
10a H,,C 00 _@_/_
8b H9C4OQ 123 561 1417 — — —
HoC40
93 580 1563 (40) - -
84 H31Cyp0 ‘Q‘ extrapol.
H1C100O
. 34 85 1-6 45
8e stcuo@— 110 89-4 23 (85)
H,5C 120
87 563 156:1 (25) — —
o H3C100 ‘Q’—/ extrapol.
H31C100
81 724 2045 (37) — —
9e HsC120 ‘Q—‘/ extrapol.
Hps5Cy20
1 57-8 143-1 (39) — —
10b H9C4O‘©I 13 extrapol.

HoC40



08:51 26 January 2011

Downl oaded At:

304 C. Irle and W. Mormann

Table 4. {(continued)
T, AH,, AS,, T oAH S
No. R C /kJ mol ! JK''molt  /C /kJ mof /1 K~! mol
~ 712 125 46 115
10¢ H”CS()OJ 74 64-8 1
H,,Cx0
5 2 133 44 108
10d HZICI(}O@I 90 705 194
Hz1C100
: 234 : 165
10e 1125C120‘©I 83 835 2345 130 66
HZSCIZO
8f HoC40 262 638 1193 _ _ -
HoC40O
HoC40

performed using standard Schlenk techniques under
dry argon.

4.2. Methods of characterization

Infrared spectra were recorded on a Bruker
IFS48-FT-IR as films between NaCl plates. Solid
samples were either dissolved in an appropriate solvent
or prepared as nujol mulls. NMR spectra were obtained
with a Bruker AC-200, using chloroform-D with TMS
as internal standard. Thermal transitions were investi-
gatcd with a Nikon Optiphot 2 polarizing microscope
equipped with a Mettler FP 82 hot stage and an FP 80
processing unit. Transition enthalpies and temperatures
were recorded with a Mettler DSC 30/TC 11 system
(heating rate 10K min~'). Elemental analyses were
made by Mikroanalytisches Labor Beller, Gottingen.

4.3. 3,4-Dialkoxybenzaldehydes (1b—e) [ 17, 10],
4-decyloxy-benzoic acid (2a) and -cinnamic acid (4a)
{87, 4-decyloxybenzyl alcohol (3a) [14],

3,4, 5-tributoxybenzoic acid ( 2f) [9],
3,4-dibutoxybenzoic acid (2b) [ 18], 3,4-didecyloxy- and
3,4-didodecyloxy-benzoic acid ( 2d, 2e) [10]

These compounds were prepared as described in the
literature.

4.4. Dialkoxybenzylalcohols ( 3d, 3e)
These were prepared according to the literature [ 12]
by reduction of the dialkoxybenzaldehydes. The solids

which remained after removal of volatile matter werc
used without further purification.

4.5. Chloromethylbenzenes ( 6a, 6d, 6e )

These compounds were preparcd by reaction of trime-
thylsilyl ethers, derived from the above benzyl alcohols,
with thionyl chloride. Details will be presented in a
separate paper.

4.6. 3,4-Dialkoxycinnamic acids ( 4b—e)

These were obtained from 3,4-dialkoxybenzaldehydes
1b—e according to Koo et al. [11]. Purification of the
crude products was performed by recrystallisation from
glacial acetic acid. Yields and analytical data for dc—e
are given in Table 2.

4.7. Acid chlorides

The acid (2a, 2b, 2d—{, 4a—e) was dissolved in a five
fold excess of toluene and heated under reflux with a 1-5
fold molar excess of thionyl chloride. After the evolution
of gas had finished, the solvent and excess of thionyl
chloride were removed and the residuc cither distilled in
vacuum (acids 2a, 2b, 2f, 4a, 4b) or used for further
reaction without purification.

4.8. Isocyanates
In a flask equipped with reflux condenser, magnetic
stirrer, bubble counter and CaCl, tube, the acid chloride
was dissolved in a three fold excess of toluene, chloroben-
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zene or ODCB. A 1-3 fold molar excess of sodium azide
was added and the mixture heated under reflux. After
the carbonyl absorption in the infrared spectrum had
disappeared, the inorganic material was filtered off under
anhydrous conditions and the filtrate evaporated. The
residue was either distilled in vacuum (5a—c, 7a) or used
for further preparations without purification (5d-f,
7b—e). Yields and analytical data for the isolated
compounds are shown in table 2.

49. Phenyl- and styryl-isocyanurates ( 8a, 8b, 8d-,
102-e)

To the isocyanate, dissolved in toluene, chlorobenzene
or ODCB, 5mol % each of cestum fluoride and crown
ether (dicyclohexyl-[ 18 }-crown-6) were added. With stir-
ring, the mixture was kept under the conditions described
in table 3. After the isocyanate absorption in the infrared
spectrum had disappeared, the crude product was precip-
itated by addition of methanol and purified as described
in table 3.

4.190. Tribenzylisocyanurates (9a, 9d, 9e)

The chioromethyl compound was dissolved under
anhydrous conditions in a 3 fold excess (v/v) of dry
DMF. A 1-2 fold molar excess of potassium cyanate and
a catalytic amount of potassium iodide were added and
the reaction mixture was stirred and heated as described
in table 3. After the isocyanate absorption in the infrared
had disappeared, the product was precipitated in
methanol and purified as described in table 3.
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