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a b s t r a c t

The synthesis of 3,5-disubstituted 1,2,4-oxadiazoles by the cyclocondensation of amidoximes with
trifluoroacetic anhydride or benzoic acid derivatives in moderate to high yields is described. The study
on the phase transition behavior has disclosed that some of the synthesized oxadiazoles show smectic
or nematic phases depending on their structures, which have the high potential application as liquid
crystalline monomers.

� 2014 Elsevier Ltd. All rights reserved.

3,5-Disubstituted 1,2,4-oxadiazoles are important five-
membered heterocyclic compounds not only occurring in natural
and artificial products showing interesting biological and physio-
logical activities,1 but also being applied as the functionalized
organic materials, particularly as liquid crystalline monomers.1a It
has been found that the high polarization of the electronic system
in heterocyclic moieties can easily adjust the phase transition tem-
perature and change the types of liquid crystal phase by controlling
the polarity and configuration of molecules,2 also may result in the
increase of molecular dipole and dielectric anisotropy.3 Therefore,
as one of the typical five-membered heterocycles, recently a variety
of 3,5-diaryl-1,2,4-oxadiazole derivatives have been synthesized,
and applied as the bent-core liquid crystals with intriguing
properties.4

There is no doubt that the development of the excellent liquid
crystal displays (LCDs) with the advantages of fast response, high
contrast ratio, and low driving voltage greatly depends on the de-
sign and synthesis of new types of liquid crystalline monomers and
liquid crystal mixtures. It can be expected that heterocyclic com-
pounds having the strong electron withdrawing group of trifluoro-
methyl as a substituent should lead to the further increase of
molecular dipole and dielectric anisotropy, this Letter therefore
describes the synthesis of 3-aryl-5-trifluoromethyl (2a–i) and
3,5-diaryl 1,2,4-oxadiazole derivatives (2j–k), as well as the inves-
tigation on their phase transition behavior.

There have been many synthetic routes for the formation of
3,5-disubstituted 1,2,4-oxadiazoles,5 but one of the most efficient
methods is the cyclization of O-acylamidoximes, which can be
formed from the acylation of amidoximes with acid anhydride or
carboxylic acid derivatives.6 Therefore the reaction of easily
available amidoximes with trifluoroacetic anhydride (TFAA) under
the modified reaction conditions (without the use of base) was
employed for the synthesis of 3-aryl-5-trifluoromethyl-1,2,4-
oxadiazoles, and the obtained results are included in Table 1. The
choice of the structural species of the R group (aryl group) in the
present study such as fluorinated aryl, cyclohexyl aryl, is based
on the known knowledge on their application as the fundamental
structural moieties in liquid crystallines. As shown in Table 1, a
variety of 5-trifluoromethyl-1,2,4-oxadiazoles bearing different
aryl groups at 3-position could be synthesized in good yields in
toluene under refluxing conditions for 4 h, and the structures of
all the target products were confirmed by their 1H NMR, 13C
NMR, 19F NMR, and elemental analyses or HRMS.7

The proposed mechanism for the formation of 3-aryl-5-trifluo-
romethyl-1,2,4-oxadiazoles is shown in Scheme 1, which involves
the formation of O-trifluoroacetyl amidoxime as the crucial inter-
mediate, and followed by cyclization reaction via nucleophilic
addition and dehydration.

In addition, the synthesis of 3,5-diaryl-1,2,4-oxadiazole deriva-
tives was also studied by the first direct cyclocondensation of
amidoxime with benzoic acid derivatives via the formation of
the corresponding amides as the intermediates with the use
of N-ethyl-N0-dimethylaminopropylcarbodiimide hydrochloride
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(EDCI�HCl) and 1-hydroxybenzotriazole hydrate (HOBt�H2O) as the
condensing agents. As shown in Scheme 2, 2j and 2k could be syn-
thesized in 52% and 45% yields, respectively. The obtained results
indicate that EDCI�HCl and HOBt H2O are the efficient condensing
agents for the selective condensation of amidoxime with acids to
give amides,8 which was further transferred to the desired 3,5-dia-
ryl-1,2,4-oxadiazoles under the same conditions. Therefore, the
presented procedure has developed a new and alternative route
for the construction of the 1,2,4-oxadiazole ring.

The phase transition behavior of the solid products was investi-
gated by differential scanning calorimetry (DSC) and polarizing
optical microscopy (POM) to study their thermal properties of
the melting points (mp) and/or phase transition temperatures
(Table 2), as well as textures of phase (Fig. 1). It was found that
the mp and phase transition temperature greatly depend upon
the molecular and electronic structures of oxadiazoles. As shown
in Table 2, 2c and 2f show smectic phases, 2h, 2i, and 2j show

nematic phases with a wide nematic temperature range from
184.4 to 253.1 �C, 141.6 to 173.2 �C, and 71.7 to 153.5 �C, respec-
tively. It should be noted that 2h–j possess a common structural
moiety of n-propyl–cyclohexyl–phenyl at 3-position of the oxadi-
azole ring, which is a possible crucial structure to show the nema-
tic phase. Since 2h–j have the wide nematic temperature range,
they have highly potential application in the preparation of practi-
cal liquid crystal mixture for LCDs as the liquid crystalline mono-
mers. The typical schlieren textures of 2c, 2f, 2h, 2i, and 2j are
shown in Figure 1.

In addition, as shown in Table 1 2h and 2i have the same core
structure, but they show considerable different phase transition
temperature and nematic temperature range. On the basis of the
DFT calculations (Fig. 2), it has been found that both 2h and 2i have
the similar configurations with the 3-aryl group (2h), or 3-fluoro-
aryl group (2i) and the oxadiazole ring being in the same plane.
These results indicate that the introduction of ortho-fluorines in
the aryl group of 3-position of the oxadiazole ring cannot affect
the configuration of the substituted oxadiazole ring, but is the cru-
cial factor to greatly change the phase transition behavior. Further-
more, as shown in Figure 2, the configuration of 3,5-diary groups
and oxadiazole ring in 2j is also in the same plane. All these ob-
served results are very interesting and important to provide a hint
to elucidate the relationship of structure or configuration with
phase transition behavior.

In conclusion, we have synthesized a number of 3-aryl-5-tri-
fluoromethyl- and 3,5-diaryl-1,2,4-oxadiazole derivatives in mod-
erate to high yields by the cyclocondensation of amidoximes
with either trifluoroacetic anhydride or benzoic acids. It is the first
Letter on the formation of 3,5-diaryl-1,2,4-oxadiazoles by direct
cyclocondensation of amidoxime with benzoic acids in the
presence of EDCI�HCl and HOBt�H2O as the condensing agents,
providing a new and alternative route for the construction of the
1,2,4-oxadiazole ring. The investigation on the phase transition
behavior of the synthesized 1,2,4-oxadiazole disclosed that the
molecular and electronic structures greatly affect their thermal
properties of mp and cp, 2c and 2f show smectic phases, and
2h–j show nematic phases with a wide nematic temperature.
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Synthesis of 5-trifluoromethyl 1,2,4-oxadiazolesa
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a The reactions were carried out with 2.0 mmol of 1 and 2.4 mmol of trifluoro-
acetic anhydride in 30.0 mL of toluene under reflux for 4 h.
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Scheme 2. Synthesis of 3,5-diaryl-1,2,4-oxadiazoles from the condensation of
amidoximes with benzoic acid derivatives.

Table 2
Melting points (�C) or phase transition temperatures (ptt, �C) of 3,5-disubstituted
1,2,4-oxadiazoles by DSC

Oxadiazole mp ptt Oxadiazole mp ptt

2a 74.4–75.2 2h Cr 114.7
S 184.4
N 258.1 I

2c Cr 48.5
S 85.2 I

2i 69.8–69.9 141.6 N
173.2 I

2f Cr 83.4
S 96.8 I

2j Cr 71.7
N 153.5 I

2g 41.6–42.2 2k 89.8–90.4
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Scheme 1. Plausible mechanism for the formation of 1,2,4-oxadiazoles.
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