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Abstract Flexible-arm, C3-symmetric tris-oxazoles are synthesized for
their applications in supramolecular chemistry and materials science.
The C3-symmetry is introduced starting from 1,3,5-trimethylbenzene
and carrying out threefold reactions at each stage of the synthesis. The
applicability of these tris-oxazoles is demonstrated by transforming a
representative example into a highly fluorescent material. This is ac-
complished by conjugation with an aromatic moiety via palladium(0)-
catalyzed direct arylation at C-2 of the oxazole. A unique molecular ar-
rangement in the crystal structure is observed.

Key words C3-symmetric molecules, 1,3-oxazoles, tris-aromatic alde-
hydes, van Leusen synthesis, fluorescent materials

Symmetry has always been attractive and is found
widespread in Nature. Different C3-symmetric compounds
having a threefold rotational axis of symmetry have attract-
ed significant attention,1 not only for aesthetic reasons, but
also due to the various unique properties they possess and
the enormous potential in their applications in the fields of
supramolecular chemistry,2 catalysis,3 dendrimer chemis-
try4 and as new materials.5

C3-Symmetric compounds with flexible podand groups
have greater possibility of having complementary supra-
molecular interactions to bind with guest entities (Figure
1).6 1,3-Oxazoles are five-membered heteroaromatic azoles
and have attracted plenty of attention in recent years due to
their presence in natural products and the diverse bioactiv-
ities that they exhibit.7 Although a number of C3-symmetric
compounds possessing various other heterocylic moieties
have been reported in the literature,8 flexibly disposed C3-
symmetric oxazole-containing compounds have not been
reported as yet.9 On the other hand, oxazoles with conju-
gated aromatic substitution at positions 2 and 5 result in
highly fluorescent materials.10 Such fluorescent materials

have found valuable applications in the fields of biosensing,
supramolecular chemistry and metal-ion detection and
recognition.11

Figure 1  Representative flexi-arm tripodal host molecules6a,c

In continuation of our interest in C3-symmetric com-
pounds12 in biologically potent compounds13 and in oxazole
chemistry,14 we report herein the synthesis and study of
flexible tripodal 1,3-oxazoles by employing 1,3,5-trimethyl-
benzene as the substrate for transformation into C3-sym-
metric scaffolds.

In an early attempt in this direction, we were the first to
synthesize and characterize C3-symmetric aryl ethers with
formyl functionalities as diverse synthetic building blocks
for a variety of C3-symmetric compounds.12a These building
blocks provided us with flexible tripodal trifunctional com-
pounds that could be employed for the construction of vari-
ous molecules with tris-heterocyclic pendant groups for a
range of diverse applications.

Accordingly, in the present work, these tris-alde-
hydes12a,15 have been transformed into tris-1,3-oxazoles via
a single-step, threefold reaction protocol. The required C3-
symmetric aldehydes 2 were prepared12a in good yields
starting from 1,3,5-tris(bromomethyl)-2,4,6-trimethylben-
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zene (1)16 by coupling with different phenolic aldehydes,
and were characterized from spectroscopic and elemental
analyses12a,17,18 (Scheme 1, Table 1).

Scheme 1  Synthesis of tris-aromatic aldehydes 2a–e. Reagents and 
conditions: K2CO3, acetone, r.t., 3 h.

The van Leusen reagent, p-toluenesulfonylmethyl isocy-
anide (TosMIC), is a useful reagent for converting a formyl
group into a 1,3-oxazole in a single step.19 This reagent was
successfully employed for the threefold transformation of
the tris-aromatic aldehydes 2 into the desired 5-substituted
tris-oxazoles 3 in good yields (Scheme 2,Table 2).20 The
newly synthesized tris-oxazoles were characterized by vari-
ous analytical techniques and their symmetry was reflected
in their simple NMR spectra.17,20

The tris-oxazole 3e has the peripheral aromatic rings
substituted with an oxazole at the ortho-position with re-
spect to the ether linkage on one side and a methoxy group
on the other side. The complementary orientation of the
podands can result in the product attaining a molecular
container shape (Figure 2).

Figure 2  Tris-oxazole 3e depicted as a molecular container

Crystals of oxazole 3a suitable for single crystal X-ray
diffraction analysis were obtained by slow evaporation of
an ethyl acetate solution. The triclinic crystals of the tris-
oxazole (Figure 3)21 show a structure in which one of the
podand arms is orientated at a right angle to the central
ring, unlike the other two podand arms. The crystal packing
is governed by C–H·O interactions. Two sets of centrosym-
metric dimers are formed by C–H·O interactions: C19–
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Table 1  Synthesis of C3-Symmetric Tris-aromatic Aldehydes 2a–e

Product CHO Positiona R Yield (%)b Mp (°C)c

2a12a 4- H 82 194

2b15c 3- H 80 190

2c15b 2- H 75 184

2d 4- OMe 80 212

2e18 2- OMe 70 208
a Position of the CHO group; refer to Scheme 1.
b Yield of isolated product.
c Melting points were recorded in open capillary tubes and are uncorrected.

Scheme 2  Synthesis of 1,3,5-tris(1,3-oxazoles) 3a–e
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Figure 3  Single crystal X-ray (ORTEP) diagram of compound 3a
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H19…O2 [–x, –y + 2, –z + 1 ] and C23–H23…O1 [–x + 1, –y +
2, –z + 1]. These intermolecular interactions including
C–H…π-cloud (central ring) interactions result in a zigzag
molecular pattern (Figure 4).

Figure 4  Molecular arrangement in the crystal packing of compound 
3a

As 2,5-diaryl-1,3-oxazoles are excellent fluorescent
probes,10 and to demonstrate the applications of the newly
synthesized terminal tris-oxazoles, the reactive, free C-2
position of heterocycle 3a was utilized for the transforma-
tion into a fluorescent material. Palladium(0)-catalyzed di-
rect oxazole C–H functionalization was carried out in N,N-
dimethylformamide in the presence of copper(I) iodide
(CuI) and potassium carbonate with heating,22 resulting in
the highly fluorescent product 423 (Scheme 3).

The resulting tris-2-phenyl-5-substituted-1,3-oxazole 4
showed a strong absorption at 316 nm and strong photolu-
minescence at 430 nm (Figure 5), as a result of which its
solution was visibly fluorescent when exposed to UV radia-
tion (Figure 5, inset).

The C3-symmetric oxazoles 3a–e were screened for an-
ticancer activity against 60 different cancer cell lines by the
National Cancer Institute at the National Institutes of
Health (USA). Among them, tris-2-(5-oxazolyl)-6-methoxy
compound 3e was found to show the highest activity
against a number of different cell lines.17 This could be due
to the closely placed heteroatoms in 3e offering comple-
mentary binding sites (Figure 2).

In conclusion, several new, flexible, terminal oxazole-
containing C3-symmetric compounds have been synthe-
sized from the corresponding tris-aromatic aldehydes and
have been characterized. The X-ray crystal structure of one
of the tris-oxazoles (3a) exhibits a unique crystal packing of
the molecules in a zigzag fashion. The oxazole scaffold 3a
was employed for palladium-mediated coupling resulting in
a conjugated fluorescent material.

Scheme 3  Pd(0)-catalyzed direct C–H arylation at C-2 of 1,3-oxazole 3a
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Figure 5  (a) The absorption spectra of 3a and phenyl-conjugated ox-
azole 4. (b) The emission spectrum of a solution of 4 in dichlorometh-
ane (10–5 M)
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Table 2  Synthesis of C3-Symmetric 1,3,5-Tris(1,3-oxazoles) 3a–ea

Product Structure Yield (%)b Mp (°C)c

3a 75 195

3b 68 210

3c 65 205
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Table 2 (continued)
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δ = 2.52 (s, 9 H, –CH3), 5.20 (s, 6 H, –OCH2–), 7.13 (d, J = 8.8 Hz,
6 H), 7.37 (s, 3 H, oxazole H), 7.50 (d, J = 7.6 Hz, 9 H), 7.72 (d,
J = 9.2 Hz, 6 H), 8.12 (dd, J1 = 7.8 Hz, J2 = 2.0 Hz, 6 H). 13C NMR
(100 MHz, CDCl3): δ = 16.0 (–CH3), 65.1 (–OCH2), 115.1, 121.2,
122.1, 125.8, 126.1, 127.5, 128.8, 130.1, 131.6, 139.5, 151.2 and

159.3 (oxazole carbons), 160.6 (Ar–O–). HRMS (Q-TOF MS ES+):
m/z [M + H]+ calcd for C57H46N3O6: 868.3387; found: 868.2813;
m/z [M + Na]+ calcd for C57H45N3O6Na: 890.3206; found:
890.2594.
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