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Two novel extended calix[4]arene analogues by two P−CuI−P
bridges have been synthesized. The molecular structures and anion
encapsulation ability for ClO4

- and BF4
- have been studied by

X-ray analysis.

Calixarenes and their analogues have been widely regarded
as important macrocyclic host molecules in host-guest
chemistry.1-7 In the solid state, the cone shapes of the
calixarenes give bowl cavities that can encapsulate some
small molecules, both charged and neutral by weak interac-
tions including H-bonding, H-aromatic, and aromatic-
aromaticπ-π-stacking interactions. With the cyclic much
larger, the conformations become more complex. So, it is
very difficult to enlarge the calixarene’s cavity and at the
same time to hold the cone conformation.7

Phenol-based macrocyclic compounds show apparent
similarities to the extensive family of calixarenes.8 Related
pseudocalixarenes by two diimine bridges have also been
reported by McKee and co-workers.9 In an attempt to com-
bine some properties of the phosphine and calixarene sys-
tems, we design and synthesize new extended calix[4]arene

analogues by two P-CuI-P bridges, which endow them-
selves with large cavities, adopt flattened cone conformations,
and possess additional recognition sites by metal units. The
experimental results exhibit that the new extended calix[4]-
arene analogues can encapsulate ClO4

- and BF4
- anions.

We first synthesize a new analogue containing the half-
calix[4]arene fragment diphosphine ligandL , and then ligand
L reacts with CuI complexes to obtain the corresponding new
extended calix[4]arene analogues [Cu2L 2(H2O)2ClO4]ClO4

(1) and [Cu2L 2(H2O)2BF4]BF4 (2) (Scheme 1). As shown in
Scheme 1, the synthesis ofL was carried out by four steps,
using commercial 4-tert-butylphenol as the starting mate-
rial.10 The crude ligand was recrystallized from dichlo-
romethane and methanol. In31P NMR, ligandL displays a
single resonance atδ -10.704 in CDCl3. 1 and 2 were
obtained by reactingL with wet Cu(CH3CN)4ClO4 and wet
Cu(CH3CN)4BF4 at room temperature in dichloromethane,
respectively, and the corresponding31P NMR resonances are
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at δ 0.395 and 0.280. A single crystal of1 was grown by
slow diffusion ofn-hexane into a dichloromethane solution,
and that of2 was obtained by slow diffusion ofn-pentane
into a mixed solution of 1,2-dichloroethane and ethanol.

As shown in Figure 1,1 adopts a flattened cone conforma-
tion. Each Cu adopts a distorted tetrahedral geometry and is
bound to two P atoms and two O atoms (one from
coordinated water and another from OCH3). The Cu-Cu
distance is 8.015 Å. The Cu-P distances are essentially
equivalent, Cu1-P1 [2.2404(10) Å] and Cu1-P2A [2.2306-
(11) Å], which are similar to those reported in the literature.11

Surprisingly, the bond distance of Cu1-O3 [2.062(3) Å] is
significantly shorter than that of Cu1-O2A [2.466(2) Å].
The P1-Cu1-P2A angle [128.21(4)°] is larger than the ideal
tetrahedral value (109.5°) forcing smaller values for P2A-
Cu1-O2A [87.12(6)°] and O2A-Cu1-O3 [89.27(12)°]. The
dihedral angle of the skeleton of two benzene rings at the
same ligand is 91.2°. The perchlorate anions are disordered.
One perchlorate anion is encapsulated in the cavity via the
H bonding between the perchlorate and the coordinated water
molecule and the other in the lattice. The two H atoms on
the aquo O3 were located and refined. One forms a H bond
to O1 of the organic ligand with O3-O1 ) 2.718 Å, while
the other makes a H bond to O11 of the perchlorate with
O3-O11 ) 2.929 Å.

Like the Cu complex1, the molecule structure of2 adopts
a similar flattened cone conformation (Figure 2), and the
geometries around the Cu atoms are similar to those of
complex1. The angles of P1-Cu1-P2 [128.57(10)°] and
P3-Cu2-P4 [128.52(10)°] are almost equivalent with the
corresponding P-Cu-P angles of complex1. One of the
anions BF4- was encapsulated in the cavity via H bonding
between the anion and the coordinated water molecule. At
the same time, the19F NMR spectrum also indicates that

there are two kinds of BF4- anions and one was encapsulated
(Figure 3). Exchange between the coordinated molecule and
free BF4

- anions slowly on the NMR time scale is respon-
sible for the formation of the distinct signals.12

In conclusion, we have designed and synthesized a new
class of extended calix[4]arene analogues by two P-CuI-P
bridges. The new compounds exhibit encapsulation behavior
for ClO4

- and BF4
- anions, owing to much larger cavities

and the additional recognition site of the metal units. We pre-
dict that the new class of compounds would have novel re-
cognition ability for inorganic and organic molecules by us-
ing different metal species and changing their valence states.
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Figure 1. ORTEP drawing (20% probability ellipsoids) of the molecular
structure of1. H atoms not involved in the H bondings are omitted for
clarity. The perchlorate anion is disordered.

Figure 2. ORTEP drawing (20% probability ellipsoids) of the molecular
structure of2. H atoms not involved in the H bondings are omitted for
clarity. The tetrafluoroborate anion is disordered.

Figure 3. 19F NMR (400-MHz) signals for compound2.
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