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New Discogenic Compounds: N, N’-Dialkanoyl-2,3,5,6-tetrakis-
(alkanoyloxy)-1,4-benzenediamines
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A series of N,N’-dialkanoyl-2,3,5,6-tetrakis(alkanoyloxy)-1,4-benzenediamines has been prepared and found
to be mesogenic over a wide temperature range. The transformation into an isotropic liquid at a temperature
between 189 and 209 °C is followed by thermal decomposition. The X-ray diffraction pattern of unoriented
specimens in the mesophase consists of two sharp inner peaks and a broad outer one assignable to 100, 110, and
001 reflections respectively, indicating that the phase is hexagonal columnar.

A number of single compounds composed not only
of elongated molecules but also of disk-like molecules
are known to form stable or metastable thermotropic
liquid crystals.1’? The first series of the latter group
was discovered by Chandrasekhar et al. in 1977.34
The compounds examined by them were hexakis(al-
kanoyloxy)benzenes (1), which were synthesized forty
years earlier by Backer and van der Baan.® The dis-
cotic mesophase is observable only when n=6, 7, and 8.
The temperature ranges are 5.8 and 3.6 °C in the first
and the second members respectively. The mesophase
appearing in the last member is metastable. In these
mesophases, the disk-like molecules are stacked one on
top of the other in columns forming a hexagonal
arrangement but the spacing between the molecules in
each column is irregular. As the substituent
NHCOC,Hs.+ is efficient to promote the thermal sta-
bility of nematic and smectic phases,®” the partial
replacement of OCOC,Hz.+1 groups in the above-
mentioned hexasubstituted benzenes by NHCOC,Hz,+,
groups might also stabilize discotic phases. Therefore,
we have undertaken a study of N,N’-dialkanoyl-
2,3,5,6-tetrakis(alkanoyloxy)-1,4-benzenediamines (2).
A discotic mesophase was found over temperature
ranges as wide as 140 °C when n=4 to 15.
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Experimental
Materials. The sodium salt of 2,5-dihydroxy-3,6-dinitro-

p-benzoquinone prepared by starting from p-chloranil was
reduced to 3,6-diamino-1,2,4,5-benzenetetrol according to
Nietzki and Benckiser.? The acylation was carried out

employing acyl chloride in the presence of pyridine. For
example, Found: C, 68.09; H, 9.61; N, 3,31%. Calcd for
Cs(NHCOCgH3)2(OCOC¢H3)4: C, 68.21; H, 9.54; N,
3.31%. Found: C, 73.90; H, 11.24; N, 2.33%. Calcd for
Ce(NHCOCUH23)2(OC0C11H23)42 C, 7‘1’.00, H, 1115; N,
2.21%. Hexakis(heptanoyloxy)benzene to be used as a refer-
ence discogen was prepared by the reaction between heptan-
oic anhydride and benzenehexol.® The latter compound was
derived from the diaminobenzenetetrol.?

Measurements. Calorimetric curves up to the transition
to isotropic liquids were recorded on a Rigaku Thermoflex
differential scanning calorimeter at a heating rate of 5
Kmin~!. The enthalpy changes were estimated by comparing
the peak areas with that due to the melting of indium, 3.26
kJ mol™l. The phase diagram was determined by the calori-
metric curves of mixtures at every ten mol%. X-Ray diffrac-
tions were measured with a Rigaku auto-diffractometer,
model RAD IVB, using filtered copper radiation. Proton
NMR spectra were recorded as the first derivatives at 40 MHz,
using a JEOL model JES-ME-3X spectrometer with a broad-
line NMR attachment, model JES-BE-1, which employs a
crossed-coil system.

Results and Discussion

The thermal properties of N,N’-dialkanoyl-2,3,5,6-
tetrakis(alkanoyloxy)-1,4-benzenediamines are sum-
marized in Table 1. Here, K, D, and I stand for crystal-
line, discotic, and isotropic phases respectively. No
solid-solid transition is observed above room tempera-
ture for any member. The valeryl derivative (n=4)

Table 1. Transition Temperatures (°C) and Enthalpy
Changes (k] mol-1) of Compounds 2
n” K D I
3 . 219 (53)
4 . 134 (26) . 208 (45) .
5 . 71(18) 209 (45) .
6 . 64(28) 208 (40) .
7 . 75 (39) 205 (37) .
8 . 77 (50) . 200 (36) .
9 . 77 (62) . 199 (33)
10 . 81 (65) . 198 (31)
11 . 89 (82) 197 (28)
13 . 92(103) 189 (22)
15 . 94 (115) 190 (18)

a) The latter quantities are in parentheses. b) The

number of carbon atoms in the alkyl group.
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forms a viscous birefringent fluid upon the transition
located at 134°C. All the higher homologous
members melt below 100 °C. It is noted that the melt-
ing (K-D transition) points of the heptanoyl, octanoyl,
and nonanoyl derivatives (n=6, 7, and 8) are not far
from those of the compounds 1 with the same alkyl
groups, 81, 80, and 80 °C respectively. On the other
hand, the clearing (D-I transition) point is at a
temperature higher than 200°C in the case of the
valeryl to nonanoyl derivatives and gradually lowers as
the series is ascended. Thus, the temperature range of
the mesophase is so expanded upwards by the
replacement that the D-I transition of compound 2 is
followed by thermal decomposition. The enthalpy of
the D-I transition decreases with the increase of the
alkyl chain length as is known for discotic hexasubsti-
tuted triphenylenes by the work of Destrade et al.?
The same tendency may be noted also for the short
series of compounds 1. However, the value in the pres-
ent compound is larger almost by a factor of two than
that of the corresponding member in the series 1. For
example, 40 k] mol~! versus 22.2 k] mol~! when n=6.
The X-ray diffraction patterns of unoriented liquid
crystals were measured at temperatures 10 to 15°C
below the clearing point. The major feature resembles
that known for smectic A or C phase. The innermost
peak is sharp and strong and is often accompanied by
the second order reflection. An additional weak sharp
peak is found in all the diffraction patterns. The spac-
ing given by the former peak increases linearly within
the limits of our experimental errors from 1.36 nm of
the valeryl derivative to 2.37 nm of the hexadecanoyl
derivative (n=15) and that given by the latter from 0.79
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Fig. 1. Plotof spacings against the number of carbon

atoms in the alkyl group for compounds 2.
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to 1.37 nm (see Fig. 1). These two spacings are in a
ratio of about 1//3 characteristic of a hexagonal lattice.
Therefore, the strong inner peak may be assigned to
100 reflection and the weak one to 110 reflection. This
observation is interpreted by the presence of lamellar
order with hexagonal symmetry in two dimensions in
agreement with that reported for compounds 1.34
The diffuseness of the outer peak assignable to the 001
reflection must be evidence of the liquid-like disorder
in the third dimension. The mean intermolecular
spacing calculated using the formula 2dy,;=A/sin 0 is
0.47 nm throughout the series 2 and essentially agrees
with the values reported for compounds 1, namely,
0.46 nm.

The identification of the mesophase is supported by
an uninterrupted miscibility between the phases of com-
pounds 1 and 2. Figure 2 presents the diagram of the
binary system composed of N,N’-dinonanoyl-2,3,5,6-
tetrakis(nonanoyloxy)-1,4-benzenediamine (n=8) and
hexakis(heptanoyloxy)benzene (n=6) as the reference
discogenic compound. The open and shaded circles
on the reference compound-rich side (the right-hand
side) show the transitions recorded on the calorimetric
curves during the processes of heating and cooling
respectively, while recording during cooling on the
other side was not made because of the thermal insta-
bility of compound 2 at high temperatures. The D-I
transition does not occur sharply and the curve exhib-
its a minimum around 72.5°C and 60 mol% of the
reference compound. The destabilization of the meso-
phase by mixing may account for the differences in the
geometrical, chemical, and méchanical properties of
the component molecules. The estimated ratio of
spacings is about 1.3. Such a value is known to be large
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Fig. 2. Phase diagram of the compound 2 (n=
8)-compound 1 (n=6) system. The former com-
pound is located on the left-hand side.
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enough to produce a marked deviation from a straight
line even when the monomolecular smectic A phases
of two homologous members are mixed.! Although
this minimum lies close to the eutectic point, these two
are readily distinguished from each other in the proc-
ess of cooling because the I-D transition is never
delayed but the discotic phase is markedly super-
cooled.

The spacing d;q in the mesophase of compound 1
reported by Chandrasekhar et al. is 1.50 nm for the
octanoyl derivative and 1.59 nm for the nonanoyl
derivative. The corresponding values for compounds 2
are appreciably longer; that is, 1.77 and 1.89 nm. The
paraffinic chains in the present compounds are appar-
ently more stretched and conformationally less disor-
dered than those in compounds 1. Such a dissimilarity
is well indicated by the much larger enthalpy and
entropy changes at the clearing point shown by com-
pounds 2. As is seen in Fig. 1, a linear relationship is
found between n and the longest spacing in the crystal-
line phase, suggesting that the crystal structure is sim-
ilar throughout this homologous series. The spacing
shrinks only slightly upon melting when n=4 butby a
factor of more than two when n=15. This behavior is
not contradictory to the thermal data since the en-
thalpy change at the melting point increases remarka-
bly with the increase of the alkyl chain length; for
example 18 kJmol™! in the hexanoyl derivative and
115 kJ mol~! in the hexadecanoyl derivative.

It may be added that the dy;o value obtained by the
extrapolation to n=0, 0.55 nm, is in good agreement
with the radius estimated for the core structure,
C¢(NHCHO)y(OCHO),. Although rotation of the
whole molecule about the normal to the molecular
‘plane and the fluctuations of this axis around the pre-
ferred aromatic director are conceivable in the discotic
phase,'! the coincidence may be considered as an
indication that the disk planes are, on an average, per-
pendicular to the columns in which the molecules are
stacked.

The increment of spacing di,, per methylene group
in the mesophase is merely 0.05 nm and is much shorter
than that expected for the all-trans configuration of
alkyl chains, 0.128 nm. Therefore, the longer the alkyl
groups the faster on the NMR time scale, conforma-
tional changes of the alkyl groups are more extensive,
resulting in more significant softening of the paraf-
finic crown. This proposition is in accordance with
the considerable decrease of enthalpy change upon the
D-1I transition as the series is ascended. The change in
the extent of liquid-like characteristic in the meso-
phase by the alkyl chain length is also manifested by
the following proton second moments (the mean-
square widths of the resonance lines), (AH?), above
the melting point; 0.3 G2 (G=10"*T) in the case of the
octanoyl derivative and 0.03 G2 in the case of the hexa-
decanoyl derivative. As is shown in Fig. 3, the
moment measured at room temperature is as large as
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Fig. 3. Second moments of the broad-line proton

NMR spectrum of compound 2, (a) n=7 and (b)
n=15. The vertical arrow indicates the melting
point determined by calorimetry.

about 7 G? for the former compound and about 9 G?
for the latter. It decreases gradually as the temperature
is raised and then sharply near the transition tempera-
ture. The vertical arrows in this figure indicate the
transition points determined by calorimetry.

In conclusion, the substituent NHCOC,Hs,+ is an
efficient group to promote the thermal stability of
hexagonal columnar mesophase. As noted by Gray in
his reasoning why the nematic and smectic efficiencies
of NHCOCHj; group are high,'? the polarizable sub-
stituent employed by us has a strong dipole and can
form hydrogen bonds. The dipole-dipole interac-
tion and intermolecular hydrogen bonding operating
across the molecular plane appear to contribute
greatly to the enhancement of thermal stability of the
discotic mesophase.
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Scientific Research No. 60470001 from the Ministry of
Education, Science and Culture.

References

1) J. Billard, “Liquid Crystals of One- and Two-
Dimensional Order,” ed by W. Helfrich and G. Heppke,
Springer-Verlag, Berlin (1980), pp. 385—395.

2) S. Chandrasekhar, ‘“Advances in Liquid Crystals, Vol.
5, ed by G. H. Brown, Academic Press, New York (1982), pp.
47—178.

3) S. Chandrasekhar, B. K. Sadashiva, and K. A. Suresh,
Pramana, 9, 471 (1977).

4) S. Chandrasekhar, B. K. Sadashiva, K. A. Suresh, N. V.
Madhusudana, S. Kumar, R. Shashidhar, and G. Venkatesh,
J. Phys. (Paris), 40, C3-120 (1979).



3518

5) H. J. Backer and S. van der Baan, Rec. Trav. Chim.,
56, 1161 (1937).

6) E. Chino, Y. Matsunaga, and M. Suzuki, Bull. Chem.
Soc. Jpn., 57, 2371 (1984).

7) Y. Matsunaga and M. Terada, Mol. Cryst. Liq. Cryst.,
141, 321 (1986).

8) R. Nietzki and T. Benckiser, Ber., 18, 499 (1885).

9) C. Destrade, M. C. Mondon, and J. Malthete, J. Phys.

Yukio KosavasHi and Yoshio MATsuNAGA

[Vol. 60, No. 10

(Paris), 40, C3-17 (1979).

10) R. Dabrowski, B. Wazynska, and B. Sosnowska, Liq.
Cryst., 1, 415 (1986).

11) V. Ruter, R. Blinc, M. Vilfan, A. Zann, and J. C.
Dubois, J. Phys. (Paris), 43, 761 (1982).

12) G. W. Gray, “Liquid Crystals and Plastic Crystals,
Vol. 1,” ed by G. W. Gray and P. A. Winsor, Ellis Horwood,
Chichester (1974), p. 125.






