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Synthesis and Characterisation of Two 4zobenzene Modified 1,3-Calix[4]-bis-crowns
as Artificial Potentially Allosteric Systems.
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Abstract: Azo calix[4]crowns1-[2,2'] and 1-[4,4'] have been synthetized consisting in unsymmetrical
1,3-calix{4]-bis-crowns combining one polyether crown-6 and one azobenzene modified crown-6, O-
attached at each side of a calix[4]arene in the 1,3-alternate conformation. Preliminary complexation of
alkalis and ammonium picrates showed the cations to be located in the unmodified crown ether of the 1:1
complexes. Complexation induced changes in the trans/cis ratio of the azobenzene unit of 1-[4,4'] by an
allosteric mechanism probably due to conformational changes.

© 1997, Published by Elsevier Science Ltd. All rights reserved.

With respect to biological structures that transmit information through molecular motions,'
supramolecular chemists have developped artificial allosteric systems in which negative or positive cooperativity
or noncooperativiny’ is induced by metal-binding,’ neutral substrate complexation,’ conformational changes,’
and subunit aggregation®. A recent example has been given showing evidence of allosteric communication
between the metal-binding lower rim and the sugar binding upper rim on a calix[4]Jcrown platform.” Positive and
negative cooperativities were observed and attributed to a conformational change of the calix unit in the 1,2-
alternate conformation.’

According to our previous reports on /,3-alternate calix[4]-bis-crowns® and related azobenzene

modified derivatives,* !

we decided to prepare allosteric systems 1 in which an information given at one side
of the calix unit could be transmitted to the other, the calix[4]arene unit being used as a relay by the
occurrence of conformational changes. Systems 1 consist in wnsymmetrical 13-calix[4]-bis-crowns
combining one polyether crown-6 and one azobenzene modified crown-6, O-attached at each side of a
calix[4]arene in the 13-alternate conformation. 1,3-Calix[4]-bis-crown-6 has been proved to complex
potassium, rubidium and cesium cations'> with good stability constants ranging from 4.1 to 5.4 in methanol
and acetonitrile respectively.' It is expected that the complexation in the unmodified crown-6 of 1 may be
influenced by the trans/cis geometry of the azobenzene unit and vice versa. The two systems 1-[2,2'] and 1-

[4,4'] were synthetized containing 2,2'- and 4,4'-azobenzene units respectively.
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Scheme 1. Synthetic pathways to 1-{2,2'] and 1-[4,4']

The synthesis of 1-[2,2'] and 1-[4,4'] is illustrated in Scheme 1. 1-[2,2'} was produced by reaction of
the already known’ calix[4]-(2,2-azobenzo)-crown-6 2 in cone conformation with pentaethylene glycol
ditosylate in the presence of K,CO; in acetonitrile. The constrained 1,3-alternate conformation was deduced
from the 'H-NMR spectrum of 1-[2,2'] presenting a singlet at 3.69 ppm for the Ar-CH,-Ar protons of the calix
unit.'* Similarly dinitro calix[4] 3° was reacted with pentaethylene glycol ditosylate in the presence of K,CO,
in acetonitrile to produce dinitro calix[4]crown-6 4 which was further reduced into diamino calix{4]crown-6 §
by reacting with NH,NH,.H,O on graphite as described in reference.'® The cyclization was performed by
oxydative coupling with the use of activated MnO, in benzene'’ to give 1-[4,4']. The 1 3-alternate
conformation of 1-[4,4'] was confirmed by the presence of a singlet at 3.72 ppm in its 'H-NMR spectrum.*
UV-Visible spectra’ were in agreement of the proposed structures due to their similarity with already
published azobenzene calixcrowns containing 2,2- and 4,4-azobenzene units.”'! Combination of UV-Visible
and 'H-NMR data allowed the determination of trans/cis ratio of 99/1 and 70/30 for 1-[2,2'] and 1-[4,4']
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respectively."* CPK models indicated that in the cis-form of the 2,2’-azobenzene derivative, a greater number
of non-bonded repulsions occurs.

Complexation studies of 1-[2,2'] and 1-[4,4'] with potassium, rubidium, cesium and ammonium
picrates were realized by means of "H-NMR. After a period of 2 days reaction at r.t. between solid picrates
and a chloroform solution of the ligands 1 the ratio of metal to ligand in solution, as.estimated by integration
of the picrate proton resonance vs those of aromatics, was 1:1.

For the 1:1 complexes of 1-[4,4'] we observed changes in the chemical shifts due to complexation in
the 'H-NMR spectra for those protons corresponding to the unmodified ether crown-6 chain whereas the
protons belonging to the azo modified crown were unchanged. This indicated the cation to be located in the
crown-6 unit in agreement with the good stability constants determined for the complexes 1,3-calix[4]-bis-
crown-6 with alkali cations'® and the poor alkali-cation transporting properties of a 4,4'-azobenzene modified
calix[4]crown-6 in the 1,3 alternate conformation.'' At the same time we observed changes in the trans/cis
ratio from 70/30 for the free ligand to 80/20, 80/20, 75/25, and 85/15 for K*, Rb*, Cs*, and NH," complexes of
1-[4,4'] respectively. The largest change was observed for NH," probably because it formed the strongest
complex.

The change in the trans/cis ratio of the benzene unit is probably thermally induced through the
conformational change of the calix[4]arene serving as a relay-element.
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in methanol afforded pure 4 (2.04 g, 55 %). White powder. M. p. 118-119 °C. 'H-NMR (200 MHz, CDCl,) 8.19 (d, J = 9.0, 4 ArH
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159.80mmol) dissolved in absolute EtOH (20 mL) was added dropwise and the reaction mixture was refluxed for 13 days. After
cooling to r.t., the solution was filtered over celite and washed with CH;Cl,. The solvents were evaporated to dryness to afford 5
(1.483 g, 92 %). Transparent oil. § was used without purification. "H-NMR (200 MHz, CDCly): 7.10 (d, J = 7.5, 8 ArH), 6.88-6.72
(m, 8 ArH), 6.63 (d, J = 9.0, 4 ArH aminobenzene), 4.03 (t, J = 5.0, 2 ArOCH,), 3.77-3.41 (m, 40 CH,, ArCH,Ar and ArNH,
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