REFERENCES

[1] Hancock, R. D., and Martell, A. E. Ligand design for selective complexation of
metal ions in aqueous solution. Chem. Rev. 89 (1989): 1875-1914.

[2] Oliva, A. I., etal. Chromogenic charge transfer cleft-type
tetrahydrobenzoxanthene enantioselective receptors for dinitrobenzoylamino
acids. J. Org. Chem. 69 (2004): 6883-6885.

[3] Kim, K. M., Park, H., Kim, H.-J., Chin, J,, and Nam, . Enantioselective
recognition of 1,2-amino alcohols by reversible formation of imines with
resonance-assisted hydrogen honds. Org. Lett. 7 (2005): 3525-3527.

[4] Yang, D., Li, X., Fan, Y.-F., and Zhang, D.-W. Enantioselective recognition of
carboxylates: areceptor derived from a-aminoxy acids functions as a chiral
shift reagent for carboxylic acids. J. Am. Chem. Soc. 127 (2005): 7996-
7997.

[5] Gonzalez, ., etal. Macrocyclic chiral receptors toward enantioselective
recognition of naproxen. Org. Lett. 8 (2006): 4679-4682.

[6] Kim, Y. K., etal. Anthracene derivatives bearing thiourea and glucopyranosyl
groups for the highly selective chiral recognition ofamino acids: opposite
chiral selectivities from similar binding units. J. Org. Chem. 73 (2008): 301-
304.

[7] Lynam, c., etal. Tuning and enhancing enantioselective quenching of calixarene
hosts by chiral guest amines. Anal. Chem. 74 (2002): 59-66.

[8] Lee, .J.,and Lin, . A. Chiral molecular square with metallo-comers for
enantioselective sensing. J. Am. Chem. Soc. 127 (2005): 4554-4555.

[9] Busch, D. H., etal. Chemical foundations for the understanding of natural
macrocyclic complexes. Dessy, R., Dillard, J., and Taylor, L. (eds.),
Bioinorganic Chemistry, pp.44-78. Washington, DC: American Chemical
Society, 1971.



64

[10] McDougall, G. J., Hancock, R. D., and Boeyens, J. ¢c. A. Empirical force-field
calculations of strain-energy contributions to the thermodynamics of
complex formation. Part 1 The difference in stability between complexes
containing five- and six-membered chelate rings. J. Chem. Soc., Dalton
Trans. (1978): 1438-1439.

[L1] Anicini, A., Fabbrizzi, L., Paoletti, p., and Clay, R. M. A microcalorimetric
study ofthe macrocyclic effect. Enthalpies of formation of copper(ll) and
zinc(Il) complexes with some tetra-aza macrocyclic ligands in agueous
solution. J. Chem. Soc., Dalton Trans. (1978): 577-583.

[12] Cram, D. J., et al. Host-guest complexation. 35. Spherands, the first completely
preorganized ligand systems. J. Am. Chem. Soc. 107 (1985): 3645-3657.

[13] Stack, T. D. P.. Hou, z., and Raymond. K. N. Rational reduction ofthe
conformational space of a siderophore analog through nonbonded
interactions: the role of entropy in enterobactin. J. Am. Chem. Soc. 115
(1993): 6466-6467.

[14] Cragg, P. J. Practical guide to supramolecular chemistry. West Sussex : John
Wiley & Sons, 2005.

[15] Lehn, J.-M. Supramolecular chemistry: concepts and perspectives. Weinheim :
Wiley-VCH, 1995,

[16] Krakowiak, K. E., Bradshaw, J. ., An, H.-Y., and Izatt, R. M. Simple methods
for the preparation of cryptands. Pure Appl. Chem. 65 (1993): 511-514.

[17] Cox, B. G., and Schneider, H. The acid catalyzed dissociation of metal cryptate
complexes. J. Am. Chem. Soc. 99 (1977): 2809-2811.

[18] Prince, P. D., Steed, J. ., and Cragg, P. J. Formation of an organometallic
coordination polymer from the reaction of silver(l) with a non-
complimentary lariat ether. Chem. Commun. (1999): 1179-1180.



65

[19] Arthurs, M, McKee, V., Nelson, J., and Town, R. M. Chemistry in cages:
dinucleating azacryptand hosts and their cation and anion cryptates. L
Chem. Ed. 78 (2001): 1269-1271.

[20] Lincoln, . F. etal. A structural study ofthe complexation ofthe sodium ion by
the cryptands 4,7,13,18-tetraoxa-1,10-diazabicyclo[8.5.5]icosane and 4,7,1
3-trioxa-1,10-diaza bicyclo[8.5.5]icosane. J. Chem. Soc., Dalton Trans.
(1986): 1075-1080.

[21] Izatt, R. M., Pawlak, K., Bradshaw, J. ., and Bruening, R. L. Thermodynamic
and kinetic data for macrocycle interactions with cations and anions. Chem.
Rev. 91 (1991): 1721-2085.

[22] Hall. ¢c. D., Tucker, J. H. R., and Chu, . Y. F. Electroactive cryptands
containing metallocene units. Pure Appl. Chem. 65 (1993): 591-594.

[23] Davis, A. p., Perry, J. J., and Williams, R. p. Anion recognition by tripodal
receptors derived from cholic acid. J. Am. Chem. Soc. 119 (1997): 1793-
1794,

[24] Siracusa, L., et al. Steroidal ureas as enantioselective receptors for an yV-acetyl
a-amino carboxylate. Ora. Lett. 4 (2002): 4639-4642.

[25] Opatz, T., and Liskamp, R. M. J. A selectively deprotectable triazacyclophane
scaffold for the construction of artificial receptors. Org. Lett. 3 (2001).
3499-3502.

[26] Opatz, T., and Liskamp, R. M. J. Synthesis and screening of libraries of
synthetic tripodal receptor molecules with three different amino acid or
peptide arms: identification of iron binders. J. Comb. Chem. 4 (2002): 275-
284,

[27] Kocis, P., Issakova, O., Sepetov, N. F., and Lebl, M. Kemp’striacid scaffolding
for synthesis of combinatorial nonpeptide uncoded libraries. Tetrahedron
Lett 36 (1995): 6623-6626.



66

28] Lewis, E. A., Khodr, H. H., Hider, R. C,, Smith, J. R. L., and Walton, P. H. A
manganese superoxide dismutase mimic based on cis,cis-1,3,5-
triaminocyclohexane. Dalton Trans. (2004); 187-188.

[29] van Wageningen, A. M. A., and Liskamp, R. M. J. Solution phase combinatorial
chemistry using cyclotriveratrylene-based tripodal scaffolds. Tetrahedron
Lett 40(1999): 9347-9351.

[30] Chamorro, C., and Liskamp, R. M. J. Approaches to the solid phase of a
cyclotriveratrylene scaffold-based tripodal library as potential artificial
receptors. J. Comb. Chem. 5 (2003): 794-801.

[31] Kaewtong, C., etal. Novel Csv-symmetrical A %-hexahomotriazacalix[3]cryptand:
a highly efficient receptor for halide anions. Org. Lett. 8 (2006): 1561-
1564.

[32] Kaewtong, C., etal. Azacalix[3]arene-carbazole conjugated polymer network
ultrathin films for specific cation sensing. Chem. Mater. 20 (2008): 4915-
4924,

[33] Hennrich, G., Lynch, V. M., and Anslyn, E. V. Novel Cj-symmetric molecular
scaffolds with potential facial differentiation. Chem. Eur. J. 8 (2002); 2274-
2278,

[34] Hennrich, G., Lynch, V. M., and Anslyn, E. V. 1,3,5-2,4,6-Functionalized,
facially segregated henzenes-exploitation of sterically predisposed systems in
supramolecular chemistry. Chem. Eur. J, 8 (2002): 2219-2224.

[35] MacNicol, D. D., and Wilson, D. R. Synthesis and clathrate cavity geometry ofa
2-nor-analogue of Dianin's compound: X-ray crystal structure. .1 Chem.,
Soc., Chem. Commun. (1976): 355-356.

[36] MacNicol, D. D., Mallinson, P. R., Murphy, A., and Sym, G. J. An efficient
synthesis of hexa-substituted benzenes and the discovery ofa novel host
conformation for hexakis(/?-naphthylthio)benzene. Tetrahedron Lett. 23
(1982): 4131-4135.



67

[37] Gilmore, c. J., MacNicol, D. D., Murphy, A., and Russell, M. A. Synthesis of
hexakis(aryloxy)benzenes: X-ray analysis of hexakis(phenyloxy)benzene and
ofthe acetonitrile clathrate of hexakis(3,5-dimethylphenyloxy)benzene.
Tetrahedron Lett. 24 (1983): 3269-3272.

[38] Iverson, D. J., Hunter, G., Blount, J. F., Damewood, J. R, Jr., and Mislow, K.
Static and dynamic stereochemistry of hexaethylbenzene and of its
tricarbonylchromium, tricarbonylmolybdenum, and
dicarbonyl(triphenylphosphine)chromium complexes. J. Am. Chem. Soc.
103 (1981): 6073-6083.

[39] Osawa, E., and Musso, H. Molecular mechanics calculation in organic
chemistry: examples of the usefulness of this non-quantum mechanical
model. Angew. Chem. Int, Ed. Engl. 22 (1983): 1-12.

[40] Dougherty, D. A., and Mislow, K. A combination of empirical force field and
extended Hiickel molecular orbital calculations as a computational approach
to conformational analysis. J. Am. Chem. Soc. 101 (1979): 1401-1405.

[41] Gottlieb, H. E., Ben-Ari, c., Hassner, A., and Marks, V. Side-chain rotational
processes in pentaethylated benzenes. Tetrahedron 55 (1999): 4003-4014.

[42] Marks, V., Gottlieb, H. E., and Biali, . E. Stereochemistry of polyethylated
aromatic systems. Eur. J. Org. Chem. (2003): 1825-1835.

[43] Chudek, J. A., Hunter, G., MacKay, R. L., Kremminger, p., and Weissensteiner,
. Restricted rotation about a metal-arene bond caused by the steric effects
of proximal groups; stereodynamics of some complexes of 1,3,5-triethyl-
2,4,6-tris(trimethylsilylmethyl)benzene. J. Chem. Soc., Dalton Trans.
(1991): 3337-3347,

[44] Lautens, M., Klute, ., and Tam, . Transition metal-mediated cycloaddition
reactions. Chem. Rev. 96 (1996): 49-92.



68

[45] Sigman, M. ., Fatland, A. ., and Eaton, B. E. Cobalt-catalyzed
cyclotrimerization of alkynes in agueous solution. J. Am. Chem. Soc. 120
(1998): 5130-5131.

[46] Trost, B. M., and Tanoury, G. J. Intramolecular carbametalation. A [2+2+2]
cycloaddition as evidence for a palladacyclopentene intermediate. J. Am.
Chem. Soc. 109 (1987): 4753-4755.

[47] Strickler, J. R., Bruck, M. A., and Wigley, D. E. Synthesis and characterization
ofasubstituted 2-pyridine complex of tantalum prepared by [2+2+2]
cycloaddition chemistry. J. Am. Chem. Soc. 112 (1990): 2814-2816.

[48] Jhingan, A. K., and Maier, . F. Homogeneous catalysis with a hetrogeneous
Pd catalyst. An effective method for the cyclotrimerization of alkynes. J.
Ore. Chem. 52 (1987): 1161-1165.

[49] Li, J., Jiang, H., and Chen, M. CuCl2induced regiospecifical synthesis of
benzene derivatives in the palladium-catalyzed cyclotrimerization of alkynes.
J. Org. Chem. 66 (2001): 3627-3629.

[50] Cho, E. J., et al. Syntheses and structures of silyl-group-containing
hexaalkylated benzenes. Organometallics 16 (1997): 4200-4205.

[51] Katz, H. E. Synthesis and stereochemistry of novel triarylmesitylenes. Bases for
rigid tridentate ligands. J. Org. Chem. 52 (1987): 3932-3934.

[52] van der Made, A. ., and van der Made, R. H. A convenient procedure for
bromomeéthylation of aromatic compounds. Selective mono-, bis-, or
trisbromomethylation. J. Org. Chem. 58 (1993): 1262-1263.

[53] Zavada, J., Pankova, M., Holy, p., and Tichy, M. A facial synthesis of
hexakis(bromomethyl)benzene from mesitylene. Synthesis (1994): 1132.

[54] Walsdorff, c., Saak, ., and Pohl, . Synthesis of [,3,5-Tris(bromomethyl)-
2,4,6-triethylbenzene - a versatile precursor to predisposed ligands. J. Chem,
Res. (M) (1996): 1601-1609.



69

[55] Metzger, A., Lynch, V. M., and Anslyn, E. V. A synthetic receptor selective for
citrate. Angew. Chem. Int. Ed. Engl. 36 (1997): 862-864.

[56] Wallenfels, K., and Friedrich, R. Synthesis of tetracyano-m-xylene,
pentacyanotoluene and hexacyanobenzene. Tetrahedron Lett. 4 (1963):
1223-12217.

[57] Niikura, K., Metzger, A., and Anslyn, E. V. Chemosensor ensemble with
selectivity for inositol-triphosphate. J. Am. Chem. Soc. 120 (1998): 8533-
8534.

[58] Niikura, K., and Anslyn, E. V. Azacalixarene: Synthesis, conformational
analysis, and recognition behavior toward anions. J. Chem. Soc., Perkin
Trans. 2 (1999): 2769-2775.

[59] Cabell, L. A., and Anslyn, E. V. A competition assay for determining glucose-6-
phosphate concentration with atris-boronic acid receptor. Tetrahedron Lett.
40(1999): 7753-7756.

[60] Zhong, z., and Anslyn, E. V. A colorimetric sensing ensemble for heparin. J.
Am. Chem. Soc. 124 (2002): 9014-9015.

[61] Lavigne, J. J., and Anslyn, E. V. Teaching old indicators new tricks: a
colorimetric chemosensing ensemble for tartrate/malate in beverages.
Angew. Chem. Int. Ed. 38 (1999): 3666-3669.

[62] Cabell, L. A., et al. Metal triggered fluorescence sensing of citrate using a
synthetic receptor. J. Chem. Soc., Perkin Trans. 2 (2001): 315-323.

[63] Schneider, . E., O'Neil, .N., and Anslyn, E. V. Coupling rational design with
libraries leads to the production of an ATP selective chemosensor. J. Am.
Chem. Soc. 122 (2000): 542-543.

[64] O'Leary, B. M., etal. “Flexiball" toolkit: amodular approach to self-assembling
capsules. J. Am. Chem. Soc. 123 (2001): 11519-11538.



70

[65] Rebek, J., Jr. Host-guest chemistry of calixarcne capsules. Chem. Commun,
(2000): 637-643.

[66] Mazik, M., and Sicking, . Pyridine-base receptors with affinity for
carbohydrates. Influence of the degree of steric hindrance at pyridine
nitrogen on the binding mode. Tetrahedron Lett. 45 (2004): 3117-3121.

[67] Vacca, A., Nativi, ¢., Cacciarini, M., Pergoli, R., and Roelens, . A new tripodal
receptor for molecular recognition of monosaccharides. A paradigm for
assessing glycoside hinding affinities and selectivities by *H NMR
spectroscopy. J. Am. Chem. Soc. 126 (2004): 16456-16465.

[68] Mazik, M., Radunz, ., and Boese, R. Maolecular recognition of carbohydrates
with acyclic pyridine-based receptors. J. Org. Chem. 69 (2004): 7448-7462.

[69] Mazik, M., Cavga, H., and Jones, p. Molecular recognition of carbohydrates
with artificial receptors: mimicking the binding motifs found in the crystal
structures of protein-carbohydrate complexes. J. Am. Chem. Soc. 127
(2005): 9045-9052.

[70] Mazik, M., Radunz, ., and Sicking, . High a/p~anomer selectivity in
molecular recognition of carbohydrates by artificial receptors. Org. Lett. 4
(2002): 4579-4582.

[71] Kim, S.-G., and Ahn, K. H. Novel artificial receptors for alkylammonium ions
with remarkable selectivity and affinity. Chem. Eur. J. 6 (2000): 3399-3403.

[72] Kim, S.-G., Kim, K.-H., Jung, J., Shin, . K, and Ahn, K. H. Unprecedented
chiral molecular recognition in a Cs-symmetric environment. J. Am. Chem.
Soc. 124 (2002): 591-596.

[73] Kim. S.-G., Kim, K.-H., Jung. J., Shin, . K., and Ahn, K. H. Crucial role of
three-center hydrogen bonding in a challenging chiral molecular recognition.
J. Am. Chem. Soc. 125 (2003): 13819-13824.



71

[74] Ahn, K. H., etal. Fluorescence sensing ofammonium and organoammonium
lons with tripodal oxazoline receptors. Org. Lett. 5(2003): 1419-1422.

[75] Kim, J., Kim, s.-G., Seong, H. R., and Ahn, K. H. Breaking the Cj-symmetry of
chiral tripodal oxazolines: enantio-discrimination of chiral organoammonium
lons. J. Org. Chem. 70 (2005): 7227-7231.

[76] Kim, J., Ryu, D., Sei, Y., Yamaguchi, K., and Ahn, K. H. Tripodal oxazoline-
based homochiral coordination cages with internal binding sites. Chem.
Commun. (2006): 1136-1138.

[77] Bushey, M. L-, Hwang, A., Stephenes, P. ., and Nuckolls, ¢. Enforced
stacking in crowded arenes. J. Am. Chem. Soc. 123 (2001): 8157-8158.

[78] Simaan, ., Siegel, J. ., and Biali, . E. Tris(arylmethyl) derivatives of 1,3,5-
trimethoxy and 1,3,5-triethylbenzene. J. Org. Chem. 68 (2003): 3699-3670.

[79] Chong, J. H., Sauer, M, Patrick, B. 0., and MacLachlan, M. J. Highly stable
keto-enamine salicylideneanilines. Org. Lett. 5(2003): 3823-3826.

[80] Choksakulporn, . Synthesis of hexasubstituted benzene from phloroglucinol.
Master's Thesis Department of Chemistry Faculty of Science
Chulalongkorn University, 2005.

[81] Martin, R. Aromatic hydroxyketones: preparation and physical properties.
Dordrecht : Springer, 2011.

[82] Anderson, A. A., Goetzen, T., Shackelford, . A., and Tsank, . A convenient
one-step synthesis of 2-hydroxy-1,3,5-benzenetricarbaldehyde. Synth.
Commun. 30 (2000): 3227-3232.

[83] Jung, M. E., and Lazarova, T. Efficient synthesis of selectively protected L-dopa
derivatives from L-tyrosine via Reimer-Tiemann and Dakin reactions. J. Org.
Chem. 62 (1996): 1553-1555.



172

[84] Casiraghi, G., Casnati, G., Puglia, G., Sartori, G-, and Terenghi, G. Selective
reactions between phenols and formaldehyde. A novel route to
salicylaldéhydes. J. Chem. Soc., Perkin Trans. 1(1980): 1862-1865.

[85] Kim, Y. H., Cha, N. R., and Chang, S.-K. A new fluorogenic benzothiazolyl
lonophore based upon calix[4]arene-crown-5 ether for calcium determination
in aqueous media. Tetrahedron Lett. 43 (2002): 3883-3886.

[¢s] Wang, M., Funabiki, K., and Matsui, M. Synthesis and properties of
bis(hetaryl)azo dyes. Dyes and Pigments 57 (2003): 77-86.

[87] Stotter, P. L., and Hill, K. A. a-Halocarbonyl compound. Il. Position-specific
preparation ofa-bromoketone by bromination of lithium enolates. Position-
specific introduction of d,p-unsaturation into unsymmetrical ketones. J. Qrg.
Chem. 38 (1973): 2576-2578.

[ss] Malpica, A., etal. Kinetic and mechanism for oxime formation from pyridine-2-,
3-, and 4-carboxaldehydes. J. Qrg. Chem. 59 (1994): 3398-3401.

[89] Highet, R. J., and Ekhato, I. V. Keto-enol tautomerism of phloroglucinol and the
formation of the tris(sodium bisulfite) addition complex. J. Ora. Chem. 53
(1988): 2843-2847.

[90] Ari, 1., Sei, Y., and Muramutsu, I. Preparation of 1,3,5-triaminobenzene by
reduction of phloroglucinol trioxime. J. Ora. Chem. 46 (1981): 4597-4599.

[91] Lin, ., etal. Reduction of azides to amines or amides with zinc and ammonium
chloride as reducing agent. Synth. Commun. 32 (2002): 3279-3284.

[92] Modhiran, p. Synthesis of key intermediates towards HIV protease inhibitors.
Master's Thesis Department of Chemistry Faculty of Science
Chulalongkorn University, 2007.



APPENDIX



14

HO''Y *3H
h'S)

21 20 19 18 17 16 16 14 5 12 11 10 9 8 7 6 6 4 3 2 1

Figure A.l ‘H-NMR spectrum (CDCls) of [,3,5-triformyl-2,4,6-trihydroxybenzene
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Figure A.2 1sC-NMR spectrum (CDCls) of 1,3,5-triformyl-2,4,6-trihydroxybenzene
(51)
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Figure A.3 IR spectrum (KBr) of 1,3,5-triformyl-2,4,6-trihydroxybenzene (51)

j%?!’ig-in %.8&5) SM (G, D00, (0.3000]; Cm (419%) 0502007 Jalelo

)
209 021 1 32e8

181 001 192 gas
|
i
120 79¢
A 184 086

PRSI § A S D U LON PGP - L L 8y SO S Srorvmnting e ovpedve; I
00 110 120 130 140 150 180 _ 170 180 190 200 210 220 230 240 250 200 270 280 280 300

Figure A.4 Mass spectrum of [,3,5-triformyl-2,4,6-trihydroxybenzene (51)
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Figure A.5 ‘H-NMR spectrum (DMSQ-d6) of 2,4,6-trihydroxybenzaldehyde
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Figure A.7 'H-NMR spectrum (CDCls) of [,3,5-triacetyl-2,4,6-trihydroxybenzene
(53)
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Figure A.9 IR spectrum (KBr) of [,3,5-triacetyl-2,4,6-trihydroxybenzene (53)
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Figure A.10 Mass spectrum of [,3,5-triacetyl-2,4,6-trihydroxybenzene (53)
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Figure A.ll' 'H-NMR spectrum (CDClg) of [3,5-tris(A/A-dimethylcarbamoyl)
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Figure A.15 "H-NMR spectrum (CDClg) of 2-chloroacetyl-3,5-dimethoxyphenol (63)

—8d»

18 17 16 15 14 13 12 11 10 8 7 6 5 4 3 2 1 0

ft (ppm)

Figure A.16 'H-NMR spectrum (CDCIs) of 2,6-bis(chloroacetyl)-3,5-dimethoxy
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Figure A.17 1sC-NMR spectrum (CDCls) of 2,6-bis(chloroacetyl)-3,5-dimethoxy
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(66)
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Figure A.22 Mass spectrum of [,3,5-triformyl-2,4,6-trimethoxybenzene (66)
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Figure A.24 I3C-NMR spectrum (CDCl3)of 1,3,5-tris-(p-tolyldiazo)-2,4,e-trihydroxy
henzene (69)
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Figure A.25 'H-NMR spectrum (CDCls) of 1,3,5-triacetyl-2,4,6-trimethoxybenzene
(70)
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Figure A.26 13C-NMR spectrum (CDClIs) of I,3,5-triacetyl-2,4,6-trimethoxybenzene
(70)
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Figure A.30 IsC-NMR spectrum (CDCI3) of 1,3,5-triacetyl-2,4,6-tribenzyloxy

henzene (71)
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Figure A.31 IR spectrum (KBr) of I,3,5-triacetyl-2,4,6-tribenzyloxybenzene (71)
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Figure A.32 Mass spectrum of 1,3,5-triacetyl-2,4,6-tribenzyloxybenzene (71)
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Figure A.34 °C-NMR spectrum (CDCls) of 1,3,5-triacetyl-2,4,6-tris(5'-bromopentyl
oxy)benzene(72)
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Figure A.37 'H-NMR spectrum (CDCls) of 1,3,5-tris(a-bromoacetyl)-2,4,6-tri
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Figure A.44 |;C-NMR spectrum (DMSO-c/y) of 1,3,5-tris(Arhydroxyimino)ethyl)-
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Figure A.48 "C-NMR spectrum (DMSO-d;) of compound 76
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Figure A.52 Mass spectrum of compound 77
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Figure A.70 'H-NMR spectrum (CDs0D) of 1,3,5-triacetyl-2,4,6-tris[5'-((/?)-I-
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Figure A.72 'H-NMR spectrum (CDCI3) of compound 100
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