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semi-empirical calculations of amides containing the
1,3,4-thiadiazole unit
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The synthesis and liquid crystalline properties of a new series of amides (series 2a—f, 3a—d
and 4a—d) incorporating pyridine and 1,3,4-thiadiazole rings are reported. No homologues of
the series 2 show mesomorphic properties. In the series 3 only the highest homologues (3d)
displays an enantiotropic SmA mesophase; the compound 3c exhibits a monotropic SmA
mesophase, and the homologues 3a,b display no liquid crystal properties. The amides 4b—d
display an enantiotropic SmA phases and the first homologue (4a) exhibit only crystal—
isotropic transition. These series are compared with previously reported Schiff’s bases and
amide analogues. A structural study by AM1 semi-empirical calculation is also described.

1. Introduction

In the well established classical concept of calamitic
liquid crystals a molecular geometry as close to linearity
as possible is required, which is generally obtained by
using aromatic, heteroaromatic or aliphatic rings as
mesogenic units. On the other hand, some functional
central bridging groups have proven to be very useful to
promote mesomorphic properties. For example, the ester
and imine groups are some of the most commonly used
[1-4]. The amide group is infrequently encountered in
liquid crystal derivatives because, in general, it gives rise
to significantly higher intermolecular interactions that
often preclude mesomorphic behaviour [5].

The 2-amino-1,3,4-thiadiazole s are interesting systems
for the design and synthesis of liquid crystalline com-
pounds with a classical rod-like structure. The introduction
of a thiadiazole ring within the central core of calamitic
molecules strongly influences their mesomorphic behaviour
due (though not only) to the dipolar moment associated
with the heterocyclic ring.

We have previously reported the synthesis and meso-
morphic properties of Schiff’s bases, azo compounds
and amides derived from 5-(4-n-alkoxy)phenyl-2-amino-
1,3,4-thiadiazole. These liquid crystals consist of a con-
jugated aromatic central core and two terminal flexible
chains [6-9]. More recently, we have reported meso-
genic Schiff’s bases and non-mesogenic azo compounds,
with one terminal flexible chain derived from 5-(4-pyridyl)-
2-amino-1,3,4-thiadiazol e [ 10]. In this paper we present
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three new series of amides (series 2, 3 and 4) incorporating
pyridine, thiadiazole rings and only one terminal flexible
chain (alkoxy or alkyl chains), which have been syn-
thesized in order to study the effect of (1) the amide group,
(2) the length of the rigid core, and (3) the presence of
alkoxy or alkyl chains on the mesogenic properties.
Also, we compare these amides with analogous Schiff’s
bases and with amides previously reported by us (series 6,
see scheme) [9, 10].

2. Synthesis

The synthesis of the amides 2—4 is outlined in the
scheme.

The aminothiadiazoles 1 and 5 were synthesized
starting with the corresponding hydrazide, leading to
the formation of the corresponding thiosemicarbazide;
this was followed by dehydration, according to the
methods described in references [10, 117]. Commercial
acid chlorides (Merck) were used in the formation of the
amides; the synthesis of the amides 6a—f was reported
in [9].

3. Results and discussion

3.1. Mesomorphic properties
None of the compounds in series 2 show mesomorphic
behaviour; only crystal-isotropic (Cr-I) transitions are
observed, indicating that the rigid core is too short or
insufficiently polarizable to produce mesogenic behaviour.
In series 3 only the homologue 3d displays an enantio-
tropic smectic A (SmA) mesophase; compound 3¢ exhibits
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a monotropic SmA phase, and the homologues 3a—b
show no liquid crystalline properties. In contrast to this,
in series 4 only the first homologue (4a) does not show
mesomorphism, exhibiting only a Cr—I transition. The
higher homologues (4b—d) display an enantiotropic SmA
mesophase.

The optical, thermal and thermodynamic data for the
compounds of series 3 and 4 are gathered in table 1. A
graphical representation of the mesomorphic behaviour
as a function of the number (n) of carbon atoms in the
lateral chain is also presented in figure 1.

The series 3 and 4 have a similar melting points,
however there are other significant differences between
these series. The amides of series 4 have higher thermal
stabilities and broader mesomorphic ranges (approxi-
mately 40°C) than those of the amides of the series 3.
The homologues 4b—d are enantiotropic liquid crystals
(LC), whereas compound 3b is not a LC; compound 3c
exhibits a short monotropic mesomorphic range (6.5°C);
compound 3d is an enantiotropic LC, but has a lower
mesomorphic range (12°C) on heating than its analogues
4b—d. On cooling, the SmA-Cr transition of compound
3d occurs at a lower temperature than the melting point.

These series have the same rigid core and the same
number of carbon atoms in the lateral chain. The unique
difference is that in series 3 the lateral chains are alkyl
chains whereas in series 4 they are alkoxy chains. This
could explain the higher thermal stability of the amides
of series 4. Probably, a lateral interaction giving rise to

Lo,

n=5-8

0
Il
‘- C ocs CnO N'_S_HN—NH-E—Q—OCs

6a-f

Synthetic route for amides.

Table 1. Transition temperatures (°C) and enthalpies (kJ mol™ ')
for series 3a—d and 4a-d compounds Phase transition
temperatures and corresponding enthalpies were deter-
mined by the 2nd heating and cooling DSC scans at

heating and cooling rates of 5°C min™ .

Compound Transition Temperature AH
3a(n=5) Cr-1 242.1 453
I-Cr 220.2 36.0
3b (n=06) Cr-1 231.5 39.8
I-Cr 202.3 282
3¢ (n=17) Cr-1 206.5 31.8
I-SmA 195.5 35
SmA-Cr 189.0 21.2
3d (n=28) Cr-SmA 195.4 29.8
SmA-T 207.4 4.4
I-SmA 206.2 4.5
SmA-Cr 172.4 15.0
4a (n=75) Cr-1 248.4 439
I-Cr 240.3 27.6
4b (n=16) Cr-SmA 2113 18.7
SmA-T 250.6 6.7
I-SmA 247.5 6.5
SmA-Cr 207.4 18.3
dc (n=17) Cr-SmA 209.5 19.8
SmA-T 256.1 8.5
I-SmA 254.1 9.0
SmA-Cr 205.8 19.7
4d (n=38) Cr-SmA 211.2 14.1
SmA-T 250.3 53
I-SmA 248.2 5.5
SmA-Cr 207.9 14.0
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Figure 1. Plot of transition temperature versus the number
of carbon atoms (n) in the alkyl chain for: (a) series 3 and
(b) series 4.
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a layered smectic order is more favoured for the com-
pounds of series 4 as compared with their analogues in
series 3, due to a major volume occupied by the flexible
melted alkoxy chains and a higher polarizability due to
the presence of the oxygen atom.

We now compare the mesogenic properties of the
seriecs 4 amides with analogous Schiff’s bases [107],
see figure 2.

All homologues of the Schiff’s bases display an SmA
phase as well as the homologues of the amides 4b—d.
However, the Schiff’s bases display monotropic (n=5-7)
and enantiotropic (n=8-10) mesomorphism with a
lower mesomorphic range than the series 4 amides. The
amides in this series have higher thermal stability than
the Schiff ’s bases. This can be explained by taking into
account the formation of H-bonding between molecules

NO— I N=c R

Figure 2. Structure of Schiff’s bases analogues.

of the amides. This parallel molecular arrangement
would encourage smectic mesomorphism by providing
additional lateral intermolecular attraction and by lining
up molecules in a layered order [12—147. For amides
4b—d the layered smectic order is more favoured than
for the Schiff’s bases; this is fully compatible with a
molecular arrangement resulting from intermolecular
H-bonding.

It is also interesting to compare the mesogenic
properties of the amides of series 3 and series 4 with the
analogous amides of series 6a—f (see the scheme), pre-
viously reported by us [9]. The compounds of series 6
show a different mesomorphic behaviour from the
corresponding compounds of series 3 and 4, displaying
nematic (N) and smectic C (SmC) mesomorphism in the
whole range of n studied. In this case, no SmA mesophase
is observed; see table 2 and figure 3.

The compounds of series 6 have lower melting points
and broader mesomorphic ranges (approximately 100°C)
than the compounds of series 3 and 4. On the other
hand, as the length of alkoxy chain increases, the thermal
stability of the SmC phase increases and the thermal
stability of the N phase decreases. These results indicate
that the amides 6 also follow the common rule that the
SmC phase is more favoured in molecules with longer
flexible lengths [15].

The difference between amides 3, 4 and the analogous
amides 6 is their structure. The former have a pyridine
unit at the end of a rigid core and only one lateral chain;
the latter have benzene instead of a pyridine unit, two

Table 2. Transition temperatures (°C) and enthalpies (kJ mol™ ')
data of series 6a—f compounds. Phase transition temper-
atures and corresponding enthalpies were determined by
the 2nd heating and cooling DSC scans at heating and

cooling rates of 5°C min™ .

Compound Transition Temperature AH
6a (n=>5) Cr-SmC 164.8 20.7
SmC-N 241.8 3.8
N-I 260.5 1.2
6b (n=10) Cr-SmC 1539 23.1
SmC-N 246.3 5.0
N-I 259.6 1.3
6c (n=17) Cr-SmC 149.3 19.9
SmC-N 247.5 5.6
N-I 256.4 1.7
6d (n=28) Cr-SmC 146.6 17.0
SmC-N 247.7 5.0
N-I 254.3 1.3
6e (n=9) Cr-SmC 139.5 14.1
SmC-N 246.2 3.6
N-I 250.8 0.8
6f (n=10) Cr-SmC 140.7 16.3
SmC-N 245.0 3.8
N-1 248.3 0.9
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Figure 3. Plot of transition temperature versus the number
of carbon atoms (n) in the alkyl chain for series 6.

lateral chains, and a greater molecular length. We con-
clude that the compounds containing pyridine (series 3
and 4) are too enough or insufficiently polarizable to
produce stable mesophases in comparison with series 6.
On the other hand, the lateral alkoxy chains play an
important role in the stabilization of mesophases.

The occurrence of a tilted SmC mesophase in the
compounds of series 6 opens an interesting possibility
for further studies, such as the introduction of a chiral
terminal alkoxy chain in the calamitic structure in order
to obtain chiral mesophases (cholesteric, tilted smectic)
which may exhibit interesting electro-optical properties.
On the other hand, the compounds of the series 2, 3
and 4 have a pyridine unit in their structures and can
be used as a H-bonding acceptor in the synthesis of
LCs through the formation of intermolecular hydrogen
bonds. Research in this direction is already in progress.

3.2. Textures observed by polarizing optical microscopy

The mesophases exhibited by amides 3 and 4 were
identified according to their optical textures which were
observed by optical microscopy, using the classification
systems reported by Sackmann and Demus [16], and
Gray and Goodby [17]. The SmA phase was determined
from textural observations by thermal microscopy under
a polarizing microscope using a heating and cooling
rate of 1°C min~'. Phase transition temperatures observed
through thermal microscopy were found to be in reasonable
agreement with the corresponding DSC thermograms.

The SmA phase was characterized by the formation
of batonnets that coalesce to form mielinic textures;
homeotropic zones were also observed. The SmC meso-
phase exhibited by the amides of series 6 was identified
by the appearance of a broken focal-conic texture
coexisting with the fine four-brush schlieren texture. The
N phase showed the characteristic marbled texture and
the typical schlieren texture with two- and four-brush
singularities.

3.3. Semi-empirical calculations

In order to obtain structural information we performed
semi-empirical calculations at level AM1, implemented
using the GAUSSIAN 94W program [18]. Figure 4
shows two conformations adopted for the amides 2, 3
and 6 (s-trans and s-cis). In all cases the s-trans con-
formations are more linear than s-cis conformations.
However, the s-cis are more stable than s-trans con-
formations (approximately 20 kJ mol™ ). Amides 4 show
similar behaviour. This stability can be explained by con-
sidering the electrostatic interactions between the amide
group and the thiadiazole ring, which are minimized
when the compounds adopt the s-cis conformation. The
s-cis conformation of the amides 6 is more linear than
the s-cis conformation of the amides 2—4. This fact
could explain the higher mesomorphic stability exhibited
by these compounds (series 6). On the other hand the
s-cis conformation of compounds 2 is less linear than
the amides 3, 4 and 6, which could explain their
non-mesomorphic behaviour.

4. Experimental

The structures of the compounds were confirmed
by '"H NMR, *C NMR (Bruker AC-250P) and FTIR
(Nicolet 550) spectra. The transition temperatures and
textures of mesophases were determined by optical
microscopy using an Ortholux Pol BK-11 polarizing
microscope equipped with a Mettler FP 800 hot stage.
The transition temperatures and enthalpies were investi-
gated by differential scanning calorimetry (DSC) using
a Rheometric DSC-V calorimeter. Samples were encap-
sulated in aluminium pans and studied at a scanning
rate of 5°C min~ ' on both heating and cooling cycles.
The instrument was calibrated using an indium standard
(156.6°C, 28.44 J ¢~ ). The purity of the final products
was evaluated by thin layer chromatography.

4.1. 5-(4-Pyridyl)-2-amino-1,3,4-thiadiazol e (1)
This compound was synthesized according to a
previously reported method [10].

4.2. 5-(4-Pyridyl)-2-n-alkylamido-1,3,4-thiadiazol e
(2af) [19]

A mixture of 1.12mmol of 5-(4-pyridyl)-2-amino-
1,3,4-thiadiaz ole (1) and 1.22 mmol of n-alkyl acid chloride
in 20ml of acetonitrile and 1ml of triethylamine was
heated under reflux for 4h and then poured into a
mixture of water and ice. The product was purified by
column chromatography on silica gel using n-hexane/
ethyl acetate (7/3) as eluent, and then recrystallized
from ethanol.

Compound 2a 2b 2¢ 2d 2 2f
Yield % 62 77 66 68 73 70
m.p. °C 245 225 203 205 170 190
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Figure 4. Diagram of s-trans and s-cis conformations of amides 2, 3 and 6.

Spectroscopy characterization of homologue 2d with
n=7."HNMR (CDCl;, TMS, 250 MHz);  ppm = 13.48
(s, 1H, NH); 8.71 (d, J =5.25Hz, 2H, arom. H); 7.74
(d, J=525Hz, 2H, arom. H); 2.80 (t, J=7.50Hz,
2H, COCH,); 1.80-1.30 (m, 10H, 5CH,); 0.82
(t, J=6.70Hz, 3H, CH;). *C NMR (CDCl;, TMS,
62.9 MHz); dppm =172.2 (C=0); 161.3; 160.3; 137.5
(quaternary arom. C); 150.7; 120.8 (arom. C); 36.4; 31.7;
29.3; 28.9; 25.4; 22.6; 14.0 (aliph. C). IR (KBr disk):
cm” ' =3438 (NH); 3149 (Csp>-H); 2925 (Csp*-H); 1698
(C=0); 1557 (C=C).

4.3. 5-(4-Pyridyl)-2-(4-n-alkyl) phenylamido-
1,3,4-thiadiazole (3a—d)
The synthesis procedure was similar to that given for
compounds 2a—f.

Compound 3a 3b 3c 3d
Yield % 55 67 66 77

Spectroscopy characterization of homologue 3¢ with
n=7."HNMR (CDCl;, TMS, 250 MHz):  ppm = 12.80
(s, 1H, NH); 8.80 (d, J =5.69 Hz, 2H, pyridine ring); 8.39
(d, J =8.50Hz, 2H, benzene ring); 7.90 (d, J =5.60 Hz,
2H, pyridine ring); 7.45 (d, J =8.49Hz, 2H, benzene
ring); 2.05 (t, J =6.60Hz, 2H, CH, joined to benzene

ring); 1.95-1.30 (m, 10 H, 5 CH,); 0.95 (t, J/ =6.40 Hz,
3H, CH,). B3C NMR (CDCl,, TMS, 62.9 MHz):
oppm =171.8 (C=0); 165.0; 164.8; 160.3; 140.8; 125.3
(quaternary arom. C); 155.7; 136.0; 121.9; 114.8 (arom. C);
36.1; 32.8; 30.9; 28.5; 27.1; 23.9; 14.7 (aliph. C). IR (KBr
disk): cm™ "' = 3438 (NH); 3145 (Csp*-H); 2930 (Csp’-H);
1670 (C=0); 1556 (C=C).

4.4. 5-(4-Pyridyl)-2-(4-n-alkox y)phenylamido-
1,3,4-thiadiazole (4a—d)
The synthesis procedure was similar to that given for
compounds 2a—f.

Compound 4a 4b 4c 4d
Yield % 71 92 87 65

Spectroscopy characterization of homologue 4¢ with
n=7."HNMR (CDCl;, TMS, 250 MHz): § ppm = 12.54
(s, 1H, NH); 8.77 (d, J =5.51 Hz, 2H, pyridine ring); 8.27
(d, J =8.73 Hz, 2H, benzene ring); 7.82 (d, J = 5.67 Hz,
2H, pyridine ring); 7.03 (d, J =8.77Hz, 2H, benzene
ring); 4.05 (t, J=648Hz, 2H, OCH,); 1.82-1.10
(m, 10H, 5CH,); 089 (t, J=650Hz 3H, CH,).
C NMR (CDCl;, TMS, 62.9MHz): éppm =170.8
(C=0); 164.8; 163.6; 159.8, 137.7; 122.8 (quaternary
arom. C); 150.8; 130.9; 120.8; 114.6 (arom. C); 68.5
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(OCH,); 31.7; 29.1; 26.0; 22.6; 14.1 (aliph. C). IR (KBr
disk): cm™ "' = 3437 (NH); 3145 (Csp>-H); 2931 (Csp’-H);
1668 (C=0); 1550 (C=C).

4.5. 5-(4-n-Alkoxy)phenyl-2-amino-1,3,4-thiadiazol e
(5a-f)
These compounds were synthesized according to the
method previously reported by us [11].

4.6. 5-(4-n-Alkoxy)phenyl-2-(4-n-octylox y)-
phenylamido-1,3,4-thiadiazol e (6a—f)
These compounds were synthesized according to the
method previously reported by us [9].

This work was supported by FONDECYT (Grant
1000521), and Direccién de Investigacion Universidad
de Concepcion.

References

[1] HerzHEIM. A., WESNER, C., WERNER, J., KRrESSE, H., and
TSCHIERSKE, C., 1999, Liq. Cryst., 26, 885.

[2] Gray, G. W., and GoobpBy, J. W., 1976, Mol. Cryst. lig.
Cryst., 37, 157.

[3] Byron, D. J., Kearing, D. A., O’NewL, M. T,
WiLsoN, R. C., GoopBy J. W., and Gray, G. W., 1980,
Mol. Cryst. lig. Cryst., 58, 179.

[4] ZUNigA, C., BELMAR, J., PARrRA, M., RAMIREZ, A.,
DEecap, J., Ros, B., and SErrANO, J. L., 1996, Liq. Cryst.,
20, 253.

[5] BELMAR, J., PArRrRA, M., ZUNiGA, C., FUENTES, G.,
MARrcos, M., and SERRANO, J. L., 1999, Liq. Cryst., 26, 9.

[6] ParrA, M., BELMAR, J., WILLOUTA, SH., MARTINEZ, R.,
ZUNIGA, C., and ZUunza, H., 1995, Bol. Soc. Chil. Quim.,
40, 175.

[7] PARRA, M., VILLOUTA, SH., VERA, V., BELMAR, J.,
ZUN1GA, C., ZuNzA, H., 1997, Z. Naturforsch., 52b, 1533.

[8] ParrA, M., BELMAR, J., ZunzaA, H., ZuNiga, C.,
WILLOUTA, SH., and MARTINEZ, R., 1995, J. prakt. Chem.,
337, 325.

[9] ParRrA, M., BELMAR, J., Zunza, H., ZUNiGga, C,,
VILLOUTA, SH., and MARTINEZ, R., 1993, Bol. Soc. Chil.
Quim., 38, 325.

[10] PARRA, M., ALDERETE, J., ZUNIGA, C., GALLARDO, H.,
HipaLGo, P., VERGARA, J., and HERNANDEZ, S., 2001,
Lig. Cryst., 28, 1659—1666.

[11] ParRrA, M., HERNANDEZ, S., ALDERETE, J., and
ZUNIGA, C., 2000, Lig. Cryst., 27, 995.

[12] BELMAR, J., PARRA, M., ZUNiGA, C., PErez, C., and
Munoz, C., 1999, Lig. Cryst., 26, 389.

[13] BACYCNS-VOLANT, D., FORNASIER, R., SzALAE E., and
Davip, C., 1986, Mol. Cryst. lig. Cryst., 135, 93.

[14] SCHROEDER, D. C., and SCHROEDER, J. P., 1976, J. org.
Chem., 41, 2566.

[15] FLANNERY, J. B., and Haas, W., 1970, J. phys. Chem.,
74, 20.

[16] SAackMANN, H., and Demus, D., 1966, Mol. Cryst. liq.
Cryst., 2, 81.

[17] Gray, G. W., and GoOoDBY, J. W., 1984, Smectic Liquid
Crystals: Textures and Structures (Leonard Hill).

[18] FriscH, M. J., Trucks, G. W., ScHLEGEL, H. B.,
G, P. M. W., JounsoN, B. G., RoBs, M. A,
CHEeSeMAN, J. R., KritH, T., PETERssON, G. A.,
MONTGOMERY, J. A., RAGHAVACHARL K., AL-LAHAM, M. A.,
ZAKRZEWSKI, V. G., Ortiz, J. V., FOrRESMAN, J. B.,
PeEnG, C. Y., Avara, P. Y., CHEN, W., WoNG, M. W,
ANDRES, J. L., RepLoGLE, E. S., GOMPERRS, R.,
MARTIN, R. L., Fox, D. J., BINKLEY, J. S., DEFREES, D. J.,
BAkERr, J., StEwart, J. P., HEAD-GORDON, M.,
GoNzALEZ, C., PopPLE, J. A., 1995, Gaussian 94, Revision
B. 2, Gaussian, Inc., Pittsburgh, USA.

[19] THieL, W., 1990, J. prakt. Chem., 332, 845.



