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The synthesis, structure, and molecular
recognition properties of a [2]calix[1]biphenyl-type
hybrid[3]arene†

Jiong Zhou, Jie Yang, Bin Hua, Li Shao, Zhihua Zhang and Guocan Yu*

The first [2]calix[1]biphenyl-type hybrid[3]arene was synthesized. Its

molecular recognition was investigated by using 1-dihexylammonium

hexafluorophosphate as a guest.

The design and synthesis of novel macrocyclic receptors which
display remarkable affinity and high selectivity have been a
challenging issue for supramolecular chemists.1 These supra-
molecular hosts not only contribute to the basic understanding
of the molecular recognition properties and self-assembly
behaviors, but also possess many prospective applications in
the construction of various supramolecular systems, such as
molecular machines and devices,2 drug-delivery systems,3 supra-
molecular polymers,4 artificial transmembrane channels,5 chemo-
sensors,6 and stimuli-responsive materials.7 Synthetic macrocycles
including crown ethers,8 cyclodextrins,9 calixarenes,10 cucurbiturils,11

pillararenes,12 biphenarenes,13 coronarenes,14 cyclophanes15 and
others,16 continue to be the focus of substantial research attention
due to their interesting conformational characteristics and abundant
host–guest properties.

However, most of the current supramolecular scaffolds are
composed of identical building units (Scheme 1), limiting their
further application in various fields. Typical supramolecular
macrocycles include cyclodextrins from D-galactose, calixarenes
from phenol, resorcinarenes from resorcinol, cyclotriveratryl-
enes from veratrole, cucurbiturils from glycoluril, pillararenes
from hydroquinone, and biphenarenes from 4,40-biphenol. The
integration of two or more different types of units in one
macrocycle enables the selective introduction of orthogonal
or multiple functional groups and undoubtedly promotes the
development of macrocyclic host molecules possessing different

shapes, cavity sizes and flexibilities. Recently, Szumna and
coworkers constructed a series of cyclic phenolic oligomeric
compounds consisting of different alkoxybenzene units and
named them ‘‘hybrid[n]arenes’’.17 The obtained products expand
the pool of relatively easy accessible macrocycles for multifarious
applications in supramolecular chemistry.

Herein, we report the synthesis, structure, and molecular
recognition properties of the first [2]calix[1]biphenyl-type hybrid[3]-
arene (2C1BH3A), which is made of two 1,3,5-trimethoxybenzene
units and one 4,40-biphenol diethyl ether unit linked by methylene
bridges (Scheme 2). To prepare 2C1BH3A, a mixture of 1 equiv. of
4,40-biphenol diethyl ether, 2 equiv. of 1,3,5-trimethoxybenzene,

Scheme 1 Structures of some typical supramolecular macrocycles.
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3 equiv. of paraformaldehyde, and a catalytic amount of trifluoro-
acetic acid (TFA) was refluxed in chloroform for 30 min. The
reaction mixture was cooled to room temperature, and an excess of
saturated aqueous Na2CO3 was added to neutralize TFA. After
purification by column chromatography, 2C1BH3A was isolated in
25% yield as a white solid. Furthermore, mass fragments with m/z
values corresponding to [2+3] and [4+2] hybrid macrocycles18 were
also detected in the low-resolution electrospray ionization mass
spectrometric (LRESI-MS) characterization of the separated products
with a prolonged reaction time. However, when it came to charac-
terizing these larger hybrid macrocycles, the corresponding 1H NMR
spectra quickly became complicated to the extent that, with limited
information, assigning constitutions became challenging. The struc-
ture of 2C1BH3A was characterized by 1H NMR, 13C NMR and
ESI-MS. Assignment of the proton resonances of 2C1BH3A was
aided by the observation of its solid-state crystal structure (Fig. 1).

Single crystal X-ray analysis of 2C1BH3A confirmed the for-
mation and the structure of 2C1BH3A in the solid state (Fig. 1).
A single crystal of 2C1BH3A suitable for X-ray crystallography was
grown by slow diffusion of isopropyl ether into a chloroform
solution at room temperature. As shown in Fig. 1, 2C1BH3A is

made of two 1,3,5-trimethoxybenzene units and one 4,40-biphenol
diethyl ether unit linked by methylene bridges. 2C1BH3A exhibits
a distorted triangular-prismatic structure. The 1,3,5-trimethoxy-
benzene units locate at different planes and are perpendicular to
each other. The two benzene rings of the 4,40-biphenol diethyl
ether unit are not coplanar with a dihedral angle of 27.491. In
addition, it can be noticed that the biphenyl unit in 2C1BH3A is in
the cis-conformation according to the relative positions of the two
methylene linkers.13a

The host–guest complexation properties of 2C1BH3A
towards an appropriate guest were investigated by 1H NMR
spectroscopic experiments in solution. Herein, we employed
1-dihexylammonium hexafluorophosphate (G) as a guest mole-
cule. As shown in Fig. 2b, the 1H NMR spectrum of a solution
of 2C1BH3A and G in chloroform-d shows only one group of
resonance peaks, demonstrating fast-exchange complexation
between 2C1BH3A and G on the 1H NMR time scale.12a In the
presence of 2C1BH3A, chemical shift changes related to the
protons of G occurred (Fig. 2a and b), suggesting the formation
of host–guest interactions between 2C1BH3A and G. In
comparison with free G, the peaks related to the protons of G
exhibited upfield shifts (Dd = �0.07, �0.04 ppm for H1 and H2,
respectively). These chemical shift changes verified the com-
plexation between 2C1BH3A and G in solution. Considering
that 2C1BH3A possesses a distorted triangular-prism structure
and has neither a large nor an effective cavity, the possible
binding mode related to such NMR changes is that the guest
lies at the entrance of 2C1BH3A in a latitudinal orientation.13c

To determine the association constant and stoichiometry of
the complexation between 2C1BH3A and G, 1H NMR titration
experiments were carried out in CDCl3. On the basis of chemical
shift changes of H1 on G (Fig. S6, ESI†), the association constant
(Ka) for the complex 2C1BH3A*G was determined to be
59 � 1 M�1 by employing a non-linear fitting method (Fig. S7,
ESI†). Moreover, the binding stoichiometry was found to be 1 : 1
from a molar ratio plot (Fig. S8, ESI†).

Additionally, the complexation properties of 2C1BH3A
towards G were verified by electrospray ionization mass
spectroscopy (ESI-MS) (Fig. 3).12a,13a The ESI-MS spectrum of
an equimolar mixture of 2C1BH3A and G exhibited a peak at

Scheme 2 Synthesis of [2]calix[1]biphenyl-type hybrid[3]arene (2C1BH3A)
and chemical structure of G.

Fig. 1 Two views of the crystal structure of 2C1BH3A. Hydrogens and
solvent molecules were omitted for clarity. Carbon atoms are red and
oxygen atoms are green.

Fig. 2 1H NMR spectra (400 MHz, chloroform-d, 293 K) of (a) 5.00 mM G;
(b) 5.00 mM G and 10.0 mM 2C1BH3A; (c) 10.0 mM 2C1BH3A.
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m/z 800.0 (100%), corresponding to [2C1BH3A*G–PF6]+, which
confirmed the formation of the 1 : 1 complex of 2C1BH3A with
G, in good agreement with the results obtained from 1H NMR
titrations.

In conclusion, we reported a new macrocyclic receptor,
[2]calix[1]biphenyl-type hybrid[3]arene (2C1BH3A). It is made
of two 1,3,5-trimethoxybenzene units and one 4,40-biphenol
diethyl ether unit linked by methylene bridges. The macrocyclic
product offers a simple and effective method to synthesize
supramolecular scaffolds with different types of building units
by a hybrid approach. We can forecast that the integration of
other types of building units, such as phenol, hydroquinone,
biphenol, dinaphthalene, or the introduction of diverse func-
tional groups, such as alkoxy, propargyl, ester, and amino, will
endow the resultant synthetic macrocycles with rich topological
structures and prosperous host–guest properties. Furthermore,
their functionalized derivatives can be made by modifying
selectively, making them promising candidates for applications
in the construction of chemosensors, transmembrane channels,
supramolecular polymers, liquid crystals and drug delivery systems.
Currently, relevant efforts are underway in our laboratory.

This work was supported by the Fundamental Research
Funds for the Central Universities.
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Fig. 3 Electrospray ionization mass spectrum of an equimolar mixture of
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ChemComm Communication

Pu
bl

is
he

d 
on

 2
7 

N
ov

em
be

r 
20

15
. D

ow
nl

oa
de

d 
by

 M
on

as
h 

U
ni

ve
rs

ity
 o

n 
14

/1
2/

20
15

 1
5:

42
:5

2.
 

View Article Online

http://dx.doi.org/10.1039/c5cc09088a



