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ABSTRACT

Calix[4]thiacrowns with hetero-L

AgPFs, disilver complex [Ag (L?)](PFe). (1) was isolated. By comparing 1,3-alternate conformations of L

L and a homodonor set (L 2) were synthesized and characterized by X-ray analysis. From the reaction of L

2 with
2 and 1, we found a considerable

decrease of dihedral angles of two opposite aromatic rings upon complexation. This finding can be explained in terms of the “chopsticks

process”, which illustrates how Ag

+—arene sz-coordination occurs. Heterobinuclear complexation of L

Lin solution was also observed.

Calixareneks and crown ethefsare extensively utilized as
molecular scaffolds for the design and construction of
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elaborated supramolecular systeh@alixcrowns offer par-
ticular promise because the fusion of calixarene and crown
units by bridging through entities enables the divergent
orientation of cavities of a size and nature sufficient to
accommodate a variety of gueéts.

A number of macrocyclic binuclear complexes fall into
two main categories: linked macrocydesd macrocycles
with larger cavitie$.From this point of view, the calixcrowns

(2) (a) Pedersen, C. J. Am. Chem. S0d.967,89, 2495. (b) Pedersen,
C. J.J. Am. Chem. S0d967,89, 7017. (c) Andreetti, G. D.; Ugozzoli, F.;
Ungaro, R.; Pochini, A. Innclusion Compounds; Atwood, J. L., Davies, J.
E. D., MacNicol, D. D., Eds.; Oxford University Press: New York, 1991;
Vol. 4, pp 64-125.

(3) (@) Lehn, J.-M.Supramolecular ChemistryVCH: Weinheim,
Germany, 1995; Chapter 1. (b) Steed, J. W.; Atwood, Supramolecular
Chemistry; John Wiley & Sons Ltd.: Chichester, England, 2000.



may be considered as a third category of macrocyclic ||| R NG

binuclear ligands. In fact, the synthesis of calixcrowns Scheme 2. Synthesis ol_2
together with aspects of their alkali metal coordination —
chemistry has been the focus of several stutiies. example, (\ © Oﬁ
1,3-dialkoxycalix[4]crown-& and calix[4]crown-3° deriva-

9 HS/—[—\O/—]—\SH

tives are selective ionophores for'Cand K", respectively, BICH,000C;Hs ‘
not only due to the coordination of the crown ring but also * 500, aveone O 52 \/ C5,005  THF
/ O

I
with respect to the cation-coordinatiorf especially in the (O
S

1,3-alternate conformation. Despite these promising features, 5: R=cooe¢ LAn
no reports of either the preparation or the crystal structure 6: R=CH,0H «—:H; o <—o o
of the calix[4]thiacrown receptors, which can accommodate 7: R=CH,OTs jTHF’ 2

the softer metal ions in their individual cavities, have
appeared in the literature except in our previous wolrk.
particular, the calixcrowns, in which the crown and thiacrown cyclization of 4 with dithiol in the presence of GEO;
rings are incorporated simultaneously into the calixarene unit, afforded the desired asymmetric calix[4]crovh The NMR
have not been reported. spectra of L1 exhibit the expected increase in signal
As part of ongoing efforts, we therefore focused our complexity arising from its unsymmetrical nature.
attention to the calix[4]crowns that would potentially contain ~ Having successfully obtainedl’ as an unsymmetric
two softer metals or one softer and one harder metal within product, we proceeded to the synthesis of a symmetric
the individual cavities, respectively. As can be seen in our analoguel 2, which has 80, rings on both sides (Scheme
heteroleptic donor macrocyclic systéfmne possible strat-  2). The key precursoi, 1,3-alternate tetratosylate, was
egy for the preparation of binuclear complexes with softer prepared using a known tosylation reaction 6% Bicy-
metal ions in this area is the use of a sulfur donor in the clization by the coupling reaction @fwith the corresponding
crown rings. With this consideration in mind, we explored dithiol in the presence of G80; afforded the desired product
the possibility of generating soft metal coordination products L2 in reasonable yield (48%).
through the modification of the crown units. Herein, we  Unequivocal confirmation df ! was provided by a single-
present the synthesis and structural characterization ofcrystal X-ray analysis. Single crystals af for crystal-
binuclear complexations df* andL? (Schemes 1 and 2). lography were prepared by vapor diffusion of diethyl ether
into the acetonitrile solution. The crystal structure gave clear
evidence of a saddle-shaped 1,3-alternate conformation of
the calix[4]arene unit; the aromatic rings are tilted up (B
and D) and down (A and C), alternately (Figure 1). The

Scheme 1. Synthesis ol!
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L was synthesized by a two-step cyclization (Scheme 1).
First, the cyclization reaction of calix[4]are@ewith tetra-
ethyleneglycol ditosylate, employing,&O; as a base in
acetonitrile, afforded the calix[4]-monocrown35 Ditosyl-
ation of 3 with 2 equiv of ethyleneglycol ditosylate led to
the 1,3-alternate ditosyl derivativd.* Once again, the

Figure 1. Crystal structure of. L.
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(Lgtk}ig%?%.efgg g),l,k.?dl_ae'eAjleh'.”'L‘sg %hiT'Bi?t”Slcghgﬁ’f?A".lT(li% 5 ring is bent, and the £xing is unfolded. The overall shape

S.J. Am. Chem. So@004,126, 16499. of the ring entities could be extracted by considering the
494 Org. Lett, Vol. 9, No. 3, 2007



AgPFs

B

DMF/diethyl ether

Figure 2. Crystal structures off 2 (left) and its disilver complex, [Agz(L?)](PFe). (right).

torsional angles associated with donor orientation. The Reaction ofL2in dichloromethane with 2 equiv of AgRF
conformation of the ®linkage (beginning from O5 to O9) in methanol afforded a colorless precipitate. The precipitate

can therefore be describedtag-g-t (t = trans g = gauchg, was isolated and dissolved in DMF. Vapor diffusion of
whereas that of the,8, linkage (beginning from O1 to O4) diethyl ether into the DMF solution yielded the crystalline
shows at-g-g-t-t arrangement. product 1 suitable for X-ray analysis. An X-ray analysis

Single crystals ofL? suitable for crystallography were revealed thai is a binuclear silver(l) complex of formula
prepared by slow evaporation of the acetonitriddloroform [Ag2(L?)](PFs)2(DMF), in which each metal atom is accom-
solution (v/v 3:1). The crystal structure also gave clear modated in the crown-ring cavities as if in a peanut shell.
evidence of saddle-shaped 1,3-alternate conformations of theUnlike L2, the torsion angles between donors for th©S
calix[4]arene unit (Figure 2, left). Both of the@, rings in ring unit fall in the range of 60.7—66.3°, in keeping with all
each side, which connect two opposite xylyl groups, are bent. gaucheconformations.

In this case, the conformation of theCg linkage between In 1, the Ag" coordination is completed by two strong
donors (beginning from O1 to O4 or from O5 to O8) can be Ag—S bonds [Ag-S1 2.481(1) and AgS2 2.510(1) A].
described as &t-g-g-t arrangement. However, there are some additional catten interactions®
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binuclear complexes [ML')]"" because the crown-5 ring

in L! promotes the complexation with these metal species.
The mass spectra df' with a mixture of 1 equiv of

potassium and silver picrates were dominated by heterobi-

nuclear species such as [K{AgPic]" (m/z 1192.9) and

[K(LHAg]?t (m/z 482.8). The mononuclear species [Ag-

/ N Ag* (LYH)T (m/z 925.9) and [K(H]t (m/z 855.1) were also
/ i observed (Figure 5). The results of a comparatteNMR
A
L |
KL
Figure 3. z-Coordination via the chopsticks processlin 100 - 8951
and visualize the stabilization of the calix[4]arene complexes
with a 1,3-alternate by the-coordination process. -
The metal recognition of the calix[4]thiacrowns was | KL )Ag]
. . . o 482.8
examined by solvent extraction (Figure 4). Because the & oL
g
925.9
KLhagPicl”
] t l 1192.9
0 T T T T T A-Ik . T T T T T \l
500 600 700 800 900 1000 1100 1200
m/z
290 Figure 5. ESI-MS spectra of L in the presence of KPic (1.0 equiv)
— and AgPic (1.0 equiv) in acetonitrile.
= 160
=
E e study also suggested the formations of the-K* (Sup-
8 8o porting Information Figure S5) and of the heterobinuclear
X Agt—L1—K* (Supporting Information Figure S6) complex-

40 . L' ation occurring in solution. The NMR spectrum of the
g g 9 VYadaIa L potassium complex.!—K* showed the slow-exchange
YAg' Na© K Rb’ Cs’ NH,' Pb” Sr* Ba® process on the NMR time scale (Supporting Information
Metal picrates Figure S1). In contrast to the case of thé Bomplex, the

. . . silver complexL'—Ag™ showed the fast-exchange process.
Figure 4. Extractability of metal picrates from the aqueous to the . . . ;
1,2-dichloroethane phase hy andL?2. [ligand]= 0.10 mM. [MPic] In this work, we desF:rlbe thg Syl.’]thESIS of callx[4]cr0wns
= 0.20 MM. Vigang = Viupic = 2.0 mL. as homo- and heterobinucleating ligands and their complex-
ing behaviors. In particular, we were successfully able to
elucidate and visualize the stabilization of the calix[4]arene
ionophores have two possible binding sites for the metal complex by the chopsticks-typecoordination process. We
species, the maximum extractability can be defined as 200%.expect these studies will be useful to estimate the existence
Commonly, the maximum amount of Agvas extracted by  or strength of the diverse types @fcoordination in similar
both ionophoresl(?, 189%;L 2, 194%). In terms of the results ~ Systems.
for the per-crown-ring, each ionophore extracted more than )
one Agdf, suggesting the formation of 1:2 complexes (ligand/ _ Acknowledgment. This work was supported by a Korea
metal), which was confirmed by X-ray analysis. The high Research Foundation Grant (2005-070-C00068).

Ag" extraction achieved bi.? is due to the affinity of O
donors as well as S atoms for Agwvhich was supported by
NMR titration (Supporting Information Figure S8). It is
noteworthy that some hard metal ions were also extracte ]
by L1to a high extent: K, 122%; RY, 120%: NH*, 1200%;  '"ternet at http://pubs.acs.org.
and Cg, 112%. This is attributed to the formation of 0L0628630
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