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Abstract

We have developed an efficient synthetic pathway for various bis-calix[4]arenes with imine linkages by
using a simple condensation procedure and carried out the binding study of thiopheno bis-calix[4]arene
with biologically interesting viologen guests. © 2000 Elsevier Science Ltd. All rights reserved.
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Development of efficient synthetic routes for novel three-dimensional macrocycles is very
important in host-guest supramolecular chemistry.! Many interesting receptor molecules with
calix[4]arenes”? as a key structural motif have been developed, including double or multiple
calix[4]arenes,> which are covalently constructed through upper rim—upper rim linkage* and
lower rim—lower rim fasion® or noncovalently generated through hydrogen bonding.® However,
in most cases the yields of bis-calix[4]arenes are very low due to the preference of intramolecular
cross-linking to the intermolecular dimerization. We report here very efficient syntheses of novel
bis-calix[4]arenes 1-5 with imine linkages,”-® the X-ray crystal structures of bis-calix[4]arenes 1
and 2, and molecular recognition studies with viologens and their analogues.

Synthetic routes for the bis-calix[4]arenes 1-5 are shown in Scheme 1. The condensation
reactions of dialdehydes with 1.1 equiv. of diaminocalix[4]arene 6° in refluxing CH,Cl,:MeOH
(1:1 v/v) in the presence of MgSQ, for 24 h provided the corresponding bis-calix[4]arenes 1-4 in
excellent yields (95-98%; Scheme 1). However, in the case of bis-calix[4]arene 5, the isolated yield
was only 19%. This result suggests that the efficiency of macrocyclization via imine condensation
depends strongly on the geometry of the aldehyde or amine. The structures of bis-calix[4]arenes
1-5 were fully characterized by elemental analysis, mass spectroscopy, IR, UV, 'H NMR and '3C
NMR.'0
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Scheme 1.

Fig. 1 shows the X-ray crystal structures of the bis-calix[4]arenes 1 and 2.!! These bis-calix[4]-
arenes are all nanometer-sized macrocycles as seen in 1 (1.7 nm long) and 2 (1.8 nm long), and
have good-sized cavities for host—guest complexation. The X-ray crystal structures clearly show
that these calix[4]arenes adopt pinched cone conformations® in the solid state.

Figure 1. X-Ray crystal structures of bis-calix[4]arenes 1 and 2. Two chloroform solvent molecules for 1, and one
methanol and a half of chloroform solvent molecules for 2, are omitted for clarity

To show the utility of the bis-calix[4]arene hosts, we have carried out binding studies between the
bis-calix[4]arenes and viologen-type guest molecules.'?> Viologens are well known as oxidation—
reduction indicators and also have interesting biological activities. Diverse ranges of properties in
the viologens are best understood and categorized in terms of their redox chemistry and the
electron-poor nature of the viologen dication, and the viologens occupy a pivotal place in the field
of electro-active organic molecules.!? The structures of the guests for the molecular recognition



5919

with the host 1 are shown in Fig. 2. The titration experiments were carried out by 'H NMR
spectroscopy in CDCl;:CD;0D (2:1 v/v, 300 K). The signals of imine and aromatic protons in
the bis-calix[4]arene 1 shifted downfield when the viologens 7-11 were added to the host solution
(the measured complexation-induced A§ value of the imine proton of 1 was 0.30 ppm from § 7.27
to & 7.57 when 1.0 equiv. of viologen 7 was added), whereas no changes in the chemical shift
values of 1 are detected when the compounds 12-14 were added. This indicates that suitable size
of N-alkyl groups and the presence of the bipyridinium dication in viologens are essential to the
inclusion process. The 1:1 complex was confirmed by a Job plot between bis-calix[4]arene 1 and
the viologens (9 and 11). Nonlinear least-squares fitting analysis' of the complexation with 1
provided the association constant 727 M~! for 7, 515 M~! for 8, 320 M~! for 9, 154 M~ for 10 and
124 M~ for 11. The signals of protons in the bis-calix[4]arene 2 did not shift upon addition of the
viologens 7, 9, 10 and 11, and other bis-calix[4]arenes 3—-5 showed very weak affinities toward the
viologen guests. These results indicate that the overall shape of host molecules and the electron
density of aromatic linkers (thiophene, benzene, furan, pyridine) are the important factors in the
binding affinity with the viologen guests.
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Figure 2. The structures of the guest molecules

In summary, we have developed an efficient synthetic pathway for making macrocyclic bis-
calix[4]arenes with imine linkages and fully characterized the products, including the determination
of the X-ray crystal structures. Thiopheno bis-calix[4]arene 1 shows good binding affinities
toward biologically interesting viologen guests even in polar media. This one-step process to the
bis-calix[4]arenes should widen our knowledge about these host systems and accelerate their
supramolecular study in the future.
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CosH10oNgOg-H-O: C, 77.23; H, 7.17; N, 5.75. Found: C, 77.54; H, 7.09; N, 5.75. Compound 3: mp >246°C
(dec.); '"H NMR (300 MHz, CDCl3) 7.42 (s, 4H, imine H), 7.18 (d, 8H, J=7.2 Hz, ArH), 7.02 (t, 4H, J=7.0 Hz,
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136.7, 133.9, 129.0, 122.5, 120.2, 114.8, 77.1, 76.4, 31.1, 23.4, 22.8, 10.8, 9.7; FAB-MS (m/z) 1422.6 (M*+2), 1421.6
(M*+1). Anal. calcd for CooH 9oN4O10-2.5H,O: C, 75.33; H, 7.21; N, 3.82. Found: C, 75.45; H, 7.27; N, 3.62.
Compound 4: mp >220°C (dec.); '"H NMR (300 MHz, CDCl3) 7.49 (s, 2H, ArH), 7.31 (s, 4H, imine H), 7.27 (d,
4H, J=17.7 Hz, ArH), 7.21 (d, 8H, J=7.2 Hz, ArH), 7.07-6.98 (m, 4H, ArH), 6.86 (t, 2H, J=7.6 Hz, ArH), 6.11
(s, 8H, ArH), 4.50 (d, 8H, J=13.1 Hz, ArCH,»Ar), 4.10 (t, 8H, J=8.1 Hz, OCH,), 3.68 (t, 8H, /=6.7 Hz, OCH,),
3.21(d, 8H, J=13.3 Hz, ArCH,Ar), 2.04 (seq, 8H, J=7.9 Hz, CH,CHs), 1.91 (seq, 8H, J=7.1 Hz, CH,CH3), 1.13
(t, 12H, J=7.4 Hz, CH3), 0.92 (t, 12H, J=6.5 Hz, CH3); '3C NMR (75 MHz, CDCls) 157.9, 157.6, 157.2, 153.8,
145.3, 137.0, 136.8, 136.1, 134.0, 133.7, 130.4, 129.0, 128.0, 122.7, 121.9, 120.4, 119.4, 77.2, 76.4, 31.2, 23.5, 22.9,
22.9, 10.8, 9.8; FAB-MS (m/z) 1441.8 (M*+1), 1440.8 (M*). Anal. caled for CosH04N4Og: C, 79.97; H, 7.27; N,
3.89. Found: C, 80.26; H, 7.33; N, 3.80. Compound 5: mp >205°C (dec.); 'H NMR (300 MHz, CDCls) 7.38 (s,
4H, imine H), 7.19 and 7.16 (s, 16H, ArH), 6.98 (t, 4H, J=7.4 Hz, ArH), 6.09 (s, 8H, ArH), 4.47 (d, 8H, J=13.1
Hz, ArCH,Ar), 4.07 (t, 8H, J=8.2 Hz, OCH,), 3.65 (t, 8H, J=6.6 Hz, OCH,), 3.18 (d, 8H, J=13.2 Hgz,
ArCH,Ar), 2.06-1.84 (m, 16H, CH>CH3), 1.10 (t, 12H, J=7.4 Hz, CH3), 0.89 (t, 12H, J=7.4 Hz, CH;); 13C
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NMR (75 MHz, CDCl3) 157.8, 156.7, 153.9, 145.4, 137.7, 136.9, 133.8, 129.1, 128.1, 122.1, 119.9, 77.2, 23.5, 22.9,
10.9, 9.8; FAB-MS (m/z) 1441.8 (M*+1), 1440.8 (M™). Anal. calcd for CosH;04N4Og: C, 79.97; H, 3.89; N, 7.27.
Found: C, 80.13; H, 3.59; N, 7.52.

Crystal data for 1: CgHooN4OsS,-2CHCl;, M=1692.62, crystal system: triclinic, space group: PI,
a=10.03980(10) A, 5»=12.67502) A, ¢=19.0134(4) A, «=71.5080(10)°, B=86.9880(10)°, »=73.63°,
V'=2199.75(6) A3, Z=1, d.y.=1.278 g cm™>, T=188(2) K, Siemens SMART diffractometer with CCD detector,
Mo K, (4=0.71073 A), 1w=3.01 cm™!, of 8962 measured data, 6589 were independent (R, =0.0337), Rl
[1>2s5(1)]=0.0609, wR2 (all data)=0.1341 and GOF =1.174. Crystal data for 2: Co4H9,NOg-CH3;0H-0.5CHCl;,
M =1535.54, crystal system: triclinic, space group: P1, a=13.00690(10) A, b= 18.7630(2) A, ¢=20.87830(10) A,
a=112.2880(10)°, B=95.7700(10)°, y=108.6870°, V'=4320.41(6) A3, Z=2, depe=1.180 g cm™3, T=188(2) K,
Siemens SMART diffractometer with CCD detector, Mo K, (41=0.71073 A), w=1.20 cm™', of 17302 measured
data, 12 742 were independent (R, =0.0279), R1 [I>2s(I)]=0.0801, wR2 (all data)=0.2371 and GOF =0.976.
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