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ABSTRACT

We report the synthesis of a novel  C;-symmetrical N;-hexahomotriazacalix[3]cryptand (1). Compound 1 was shown to be in a fixed cone
conformation by 'H NMR spectroscopy and X-ray single-crystal structure determination. Complexation studies showed that 1 is a selective
receptor for halide ions. The effects of zinc metal cation on the receptor (1 —Zn2*) upon anion recognition are also shown.

Considerable attention has been paid to calixarenes andhe calixarene analogues in which €gtoups are partly or
related compounds due to the molecular recognition proper-completely replaced by GIMIRCH,.? The presence of soft
ties they display. The name homoazacalixarene (or aza- nitrogen atoms in azacalixarenes is envisioned to bind soft
calixarene) is currently used to indicate in a specific manner cations such as transition metals according to the hard soft
acid and base principle (HSAB) as well as other specific

IlerTulalongk?S Unive_trsitxg-R " features such as building sophisticated receptors, metal ligand
§EC?3n,:,|rT]asa riversty at rangstt systems, eté°¢ Indeed, such sophisticated ligands can be

(1) (a)Calixarenes 2001Asfari, Z., Bhmer, V., Harrowfield, J., Vicens,  obtained by functionalization not only at the upper rim and/
J., Eds.; Kluwer Academic Publishers: Dordrecht, 2001.Gh)ixarenes ; ; ithi
in Action, Mandolini, L., Ungaro, R., Eds.; Imperial College: London, 2000. or lower rim, as usua”y done for Callx_arenes’ but also within
(c) Lumetta, G. J.; Rogers, R. D.; Gopalan, AC8lixarenes for separatign the macrocycle cup at the level bEsidearms.

ACS Symposium Series; American Chemical Society: Washington, DC,  Some examples have been given leading to an improve-
2000. (d) Gutsche, C. D. I@alixarenes Reuvisited; Stoddart, J. F., Ed.; The

Royal Society of Chemistry: Cambridge, 1998.Callixarenes: a Versatile ment of their ability to compleX.In this paper, we have
Class of Macrocyclic Compoungd¥icens, J., Bhmer, V., Eds.; Kluwer

Academic Publishers: Dordrecht, 1991. (f) Gutsche, C. BCdtixarenes; (2) (a) Masci, B. In ref 1a, Chapter 12. (b) Takemura,JHInclusion
Stoddart, J. F., Ed.; The Royal Society of Chemistry: Cambridge, 1989. Phenom. Macro2002 42, 1698. (c) Takemura, H.; Shimmyozu, T.; Inazh,
(g) Pulpoka, B.; Vicens, JI. Nanobioechnol2004,1, 55. T. Coord. Chem. Re:1996,156, 183.
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addressed the problem of complexation of anions and, morewith 3 equiv of BrCHCO,Me and 7 equiv of NaH as base
generally, of ion pairs. Current efforts aim at developing in THF for 2 days. Column chromatography (silica gel, 90/
supramolecular systems that simultaneously bind both al0 hexane/ethyl acetate) of the crude residue gave two

cation and an anion. Two strategies have been presented ifN-benzylhexahomotriaza-chlorocalix[3]tri(methyl acetate)

the literature: (1) the so-called “dual receptor strategy”

isomers: 2a (deep yellow oil, 16%) an@b (pale yellow

involving a binary mixture of a cation-receptor and an anion- solid, 33%). Based ofH NMR, IR, and MS spectrocopies,
receptot and (2) the so-called “ditopic receptor strategy” 2awas shown to be in eone conformatiomhile thepartial-
consisting of a single ditopic receptor with defined cation- cone conformationvas attributed t@b. Compounda was

and anion-binding sitesWith this in mind, we have chosen
azacalix[3]aren&-2"°to elaborate a novel ditopic receptor.
This choice was in part due to the fact that not only does
their chemistry have a high potential to be developed for
ditopic receptors but also their structur@, symmetry

refluxed with 3 equiv of N(CHCH,NH,); or tren in a 1:1
mixture of methanol/toluene for 5 days to affagtazacalix-
[3]cryptand (1) in 52% yield.

MALDI TOF MS, *H NMR, *C NMR, 2D NMR (COSY,

gHSQC and gHMBC), and elemental analysis fully con-

accompanied by a hydrophobic cavity wider than that of firmed the structure dfi;-azacalix[3]cryptandl). The cone

calix[4]arene is also able to accept large substrates.

conformation was demonstrated By NMR and X-ray

In this paper, we report the synthesis, the conformational analysis. In itSsH NMR spectrum (Figure 1a), the azacalix-

analysis, the X-ray crystal structure, and the binding proper-

ties of C5,-symmetricalN;-hexahomotriazacalix[3]cryptand ||

or Ny-azacalix[3]cryptand (1).

Scheme 1. Preparation ofN;-Azacalix[3]cryptand (1)
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Our first idea was to design a preorganized receptor for
anion binding.Nz-Azacalix[3]cryptand {) combines &s,-
symmetricaN-benzylhexahomotriazp-chlorocalix[3]arene
element and a 3-fold symmetric tren resiéluia anamida-
tion reaction. This combination result is a system that can
bind anions through hydrogen bonding with primary aceta-
mide groups. The synthesis df(Scheme 1) began by the
reaction ofN-benzylhexahomotriazp-chlorocalix[3]aren®

(3) (@) Hampton, P. D.; Tong, W.; Wu, S.; Duesler, EINChem. Soc.,
Perkin Trans. 21996, 1127. (b) Thury, P.; Nierlich, M.; Vicens, J.;
Takemura, H.J. Chem. Soc., Dalton Tran2000, 279. (c) Thury, P.;
Nierlich, M.; Vicens, J.; Takemura, Holyhedron200Q 19, 2673. (d) Thury,

P.; Nierlich, M.; Vicens, J.; Takemura, Holyhedron2001,20, 3183.

(4) Recent examples of dual receptor systems: (a) Byriel, K. A;
Gasperov, V.; Gloe, K.; Kennard, C. H. L.; Leong, A. J.; Lindoy, L. F.;
Mahinay, M. S.; Pham, H. T.; Tasker, P. A.; Thorp, D.; TurnerJ. R-Chem.
Soc., Dalton Trans2003, 3034. (b) Cafeo, G.; Gargiulli, C.; Gattuso, G.;
Kohnke, F. H.; Notti, A.; Occhipinti, S.; Pappalardo, S.; Parisi, M. F.
Tetrahedron Lett2002,43, 8103. (c) Cafeo, G.; Gattuso, G.; Kohnke, F.
H.; Notti, A.; Occhipinti, S.; Pappalardo, S.; Parisi, M. Ahgew. Chem.,
Int. Ed. 2002,41, 2122. (d) Qian, Q.; Wilson, G. S.; Bowman-James, K.;
Girault, H. H.Anal. Chem2001,73, 497. (e) Kavallieratos, K.; Moyer, B.
A. Chem. Commur2001, 1620. (f) Kavallieratos, K.; Sachleben, R. A.;
Van Berkel, G. J.; Moyer, B. AChem. Commur2000, 187.
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Figure 1. H NMR spectra (400 MHz, CDG): (a) N,-azacalix-
[3Jcryptand (1), (b)1DF, (c) 1>CI, (d) 15Br-, and (e)1>1~
complexes obtained upon addition of NBX~ (10 equiv) into a
CDCl; solution of 1. v: signals of1>X~. *: signals of NBy".
Residual solvents and partially protonated water are labeled as “S”
and “W”, respectively.

[3] macroring was deduced to be in cone conformation due
to the presence of only one singlet at 3.63 ppm for the

(5) For recent papers that discuss ditopic salt-binding receptors, see the
following: (a) Tumcharern, G.; Tuntulani, T.; Coles, S. J.; Hursthouse, M.
B.; Kilburn, J. D.Org. Lett.2003,5, 4971. (b) Kotch, F. W.; Sidorov, V.;
Lam, Y. F.; Kayser, K. J.; Li, H.; Kaucher, M. S.; Davis, J.JTAm. Chem.
Soc.2003,125, 15140. (c) Bourgeois, J.; Fujita, M.; Kawano, M.; Sakamoto,
S.; Yamaguchi, KJ. Am. Chem. So2003,125, 9260. (d) Tongraung, P.;
Chantarasiri, N.; Tuntulani, TTetrahedron Lett2003,44, 29. (e) Zhou,

L.; Sun, H.; Li, H.; Wang, H.; Zhang, X.; Wu, S.; Lee, Org. Lett.2004,
6, 1071. (f) Plieger, P. G.; Tasker, P. A.; Galbraith, SJGChem. Soc.,
Dalton Trans.2004, 313.
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(b) side view

Figure 2. ORTEP drawing ofN;-azacalix[3]cryptand (1). The
displacement ellipsoids are drawn at the 50% probability level.

ArCHyN protons showing the retainéth, symmetry of the
molecule. X-ray single crystallographic analysisearly
revealed thatl was in a cone conformation (see Figure 2).
They mutually interact outside the cavity to furnish a unique

(6) Some examples are already known of “tripod-aza” receptor molecules
combining calix units and tren: (a) Abidi, R.; Oueslati, I.; Amri, H.; Thuéry,
P.; Nierlich, M.; Asfari, Z.; Vicens, JTetrahedron Lett2001,42, 1685.

(b) Tuntulani, T.; Thavornyutikarn, P.; Poompradub, S.; Jaiboon, N.;
Ruangpornvisuti, V.; Chaicahit, N.; Asfari, Z.; Vicens T&trahedror2002,

58, 10277. (c) Tuntulani, T.; Poompradub, S.; Thavornyutikarn, P.; Jaiboon,
N., Ruangpornvisuti, V.; Chaicahit, N.; Asfari, Z.; Vicens,T&trahedron

Lett. 2001, 42, 5541. (d) Tuntulani, T.; Ruangpornvitusi, V.; Tantikun-
watthara, N.; Ngampaboonsombut, O.; Seangprasertkij-Magee, R.; Asfari,
Z.; Vicens, J.Tetrahedron Lett1997,38, 3985. (e) Jabin, |.; Reinaud, O.

J. Org. Chem2003, 68, 3416. (f) Darbost, U.; Zeng, X.; Rager, M.-N.;
Giorgi, M.; Jabin, |.; Reinaud, CEur. J. Inorg. Chem2004, 4371.

(7) X-ray data were collected on a Bruker SMART CCD area detector.
The crystal structure was solved by direct methods and refined by full-
matrix least-squares. All non-hydrogen atoms were refined anisotropically,
and hydrogen atoms were refined using the riding model. All calculations
were performed using a crystallographic sotware package, WinGX v1%64.05.
Crystal data for 1:M; = 1095.3, monoclinic, space groug2/n, a =
13.297(2) A,b = 19.191(3) A,c = 23.602(5) A, = 97.599(1)°,V =
5969.82(8}, Z = 4, pcac = 1.120 g cm3, 20max = 57.4°, Mo Ka. (1 =
0.71075)u = 0.71 cn1l, —w scansT = 293(2) K, 42, 269 independent
reflections, 16,815 observed reflectiohs-(3.04(1)), 340 refined paramaters,

R; = 0.092,Ry = 0.136,Apmax = 2.38 €3, Apmax = —2.26 €3, CCDC
292414. See the Supporting Information for crystallographic data in CIF
format.
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crytal structure stabilized by intermolecular CH/CI hydrogen
bond interactions (see Figure S11 in the Supporting Informa-
tion).

The ability of1 to include anions was investigated by
NMR spectroscopy. CDghkolutions ofl were reacted with
10 equiv of tetrabutylammonium halides (NBX ™). All of
the resulting'H NMR spectra (see Figure He and Table
S1 in the Supporting Information) displayed peaks shifts of
OCH,CO, NCHAr, and NCHCH, toward downfield. This
implies the formation oendocomplexes while keeping the
Cs, symmetry of the free ligand. Moreover, the signals of
aromatic protons of benzyl moieties also displaced in the
same manner, which may be due to a conformational
organization.

The binding abilities of X by 1 were evaluated in DMSO
by UV—vis spectroscopy (see Figure S1 in the Supporting
Information). In all cases, hypochromic shifts were observed
upon addition of NBy"X ™ into solutions ofl. The stoichi-
ometries and stability constants of the complexes were
refined by the SIRK®program and are summarized in Table
1. It can be seen thdt prefers to complex halide anions

Table 1. Stability Constants (log)? of N;-Azacalix[3]cryptand
(1) Complexes with Anion in DMSO by U¥vis Titration
Method (T= 25°C, | = 0.01 M BuNPF)

anions log B (M™1) % FAb
F- 2.78 (0.01) 40.80
Cl- 4.55 (0.03)° 1.38
Br- 3.97 (0.01) 4.97
I~ 2.72(0.01) 43.87
NO3~ 1.77 (0.01) 89.87
ClO4~ undetermined
CH3CO0O~ 2.92 (0.01),56.06(0.01)¢ 0.03
PhCOO~ 2.36 (0.06),°6.26(0.01)¢ 0.04

aMean values ofn = 3 independent determinations, with standard
deviationon—1 on the mean in parenthesésercentage of various free
halide anion a€i, Ca = 1073 M. ¢ 1:1 complex (AL).4 2:1 complex (AL).

over CHCOO, PhCOO, NOs;, PR, and CIQ™ by
forming 1:1 complexes.

Anion selectivity of 1 was obtained (as percentage of
various free halide anion (% FA) (Table 1 and Figure S3 in
the Supporting Information) by calculations using the Hal-
tafall progran® For the halide ions, it may be concluded
that 1 prefers to bind Cl > Br~ > I~ > F~. This implies
that the cavity size of receptdris suitable for complexation
with CI=. Though the N@ ion (1.79 A) has a similar size
compared with the Clion (1.81 A), the satibility constant
of the NO;~ complex is inferior to that of Cl. This can be
explained by the ease of orientation of the anion inside the
rigid cavity of receptod to form hydrogen bonds with amide
groups.

(8) Vetrogon, V. I.; Lukyanenko, N. G.; Schwing-well, M. J.; Arnaud-
Neu, F.Talanta1994,41, 2105.

(9) () Ingri, N.; Kakolowicz, W.; Sillen, L. G.; Warnqvist, Balanta
1967,14, 1261. (b) Lamb, J. D.; Chrisstensen, J. L.; Izatt, S. R.; Bedke,
K.; Astin, M.; lzatt, R. M.J. Am. Chem. S0d.980,102, 3399.
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s except for Ct (Table 2). This can be rationalized in the

Table 2. Stability Constants (lo@")? of 1-Zr2+ Complexes following manner: upon addition of Zn, one can assume
with Anion in DMSO by UV-vis Titration Method T = 25 °C, that the ZA* binds to the azacalix[3]arene part bto give
| = 0.01 M BuNPF) rise to al-Zr?* complex which is positively charged and
amions log f (M) % FAP thus increases the stability constants DZr?*/X~ by
electrostatic interactiorf8.In the case of Ci, the electronic
g; g'gé Egg?;i ﬁg; interaction between Zriand CI may reduce the hydrogen
Br 4.33 (0.03) 9,96 bond interaction betweed and CI, which leads to a
- 2.92 (0.05)° 33.94 decrease of the stability constant.

aMean values ofn > 3 independent determinations, with standard
deviation on—1 on the mean in parenthesé®ercentage of various free Acknowledgment. We gratefully acknowledge the

halide anion aC;, Ca = 107 M. ©1:1 complex (AL). Thailand Research Fund (TRF) for financial support
. _ (RMU4880041 and RTA 4880008) and the Royal Golden
For CHCOO™ and PhCOO anions, two species of  Jubilee Ph.D. Program of TRF (PHD/0137/2546). We also

complexes (1:1 and 2:1 (anion/ligand)) were obtained leading thank Assistant Prof. Dr. Polkit Sangvanich for MALDI TOF
to the lower percentages of free halide anion (% FA). This MS results.

implies that the complexation may occur in @xofashion.

As it was reported that the azacalix[3]arene can bind soft
cations such as transition mef&iswhich can enhance anion
binding by electrostatic force, we decided to check the effects
of Zn?* on anion complexation df. In the presence of Zh,
hypochromic shifts increased in cases of, Br—, and I
complexes while they decreased in the case of @ading
to incremental stability constants of halide complexation OL060052E

Supporting Information Available: Experimental pro-
cedures and characterization data for all new compounds
(including NMR spectra and crystal structure fgrazacalix-
[3]crytand @) (CIF)). This material is available free of charge
via the Internet at http://pubs.acs.org.
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