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Scheme 1. Synthesis of calix[n]arenes and their modification strategies.
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Figure 1. Rotation of phenyl ring (a) and four conformational isomers
of calix[4]arene derivatives (b).

2—2. FTPAUYIRNTL—UDERK

gbobooboboobooboooobooboobobooboobotupbObOoDbOOn
gbobooboobobooboboboboboboooboooobobobobooboobooobon
O000O000O000O00DOO00DOOoO00o0OO00DOOO0obOO0OO0oo0OO 199300 ptert-0
OO0O0oOoOopoosCcL,00o000oo0ooo0oo0oooooooooodptert-0Qd
00000000400 0002,0000000000000Scheme20® 0000000
gboboooboooooboobooboboooboooboboobuobooooo

=43 gL

f B
¥.T5% Y. 52 %

Scheme 2. Stepwise synthesis of p-tert-butylthiacalix[4]arene (2,) from p-tert-butylphenol.
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Scheme 3. Facile one-step synthesis of p-tert-butylthiacalix[4]arene.
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Scheme 4. Synthesis of 2,, from sulfur-bridged phenol dimer.
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Figure 2. Model structure of p-tert-butylcalix[4]arene 1, and
p-tert-butylthiacalix[4]arene 2,.
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Figure 3. Strategies for modification of thiacalix[n]arene.
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Scheme 5. Etherification and esterification of thiacalix[4]arene.
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Figure 4. Rotation of phenyl ring of calix[4]arene propyl ether (a) and
thiacalix[4]arene propyl ether (b).
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Scheme 6. Modification of p-position of thiacalix[4]arene.
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Scheme 7. Oxidation of thiacalix[4]arenes to sulfonyl- and sulfinylcalix[4]arenes.
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Figure 5. Schematic representation of four stereo-isomers of sulfinylcalix[4]arene.

oR AG or
RO § R i M
5 :--.55:." HaM, g -:F‘w-'ﬂ';%x_
e _\_:El_g L T -
o 1) CFLC0H ! e ol O
‘.-_-.ll.:-‘.- .'-::_ __.-“"'_ T, ..\_\_\_fl__.
Fa B Coa -
B X B
18 -
A = CH,COLE

Scheme 8. Stereocontrolled oxidation of tetraether derivatives by treatment with NaNOs.
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Scheme 9. Alternative method for bromination and nitration of thiacalix[4]arenes.
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Scheme 10. Syntheses of p-tert-butylaminothiacalix[4]arene 28. i) NaBOs,
CH3CO,H-CHClj3; i) K,CO4, Mel, acetone, reflux; iii) PhCH,NHLI, THF, r.t;
iv) NBS, BPO, PhH, reflux; v) conc. HCI, CHCls, reflux; vi) LiAIH,-TiCl,, THF, r.t.
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Table 1. Comparison of pK, value of p-sulfonated calixarenes.

compound PKa PKaz PKas PKas

2.18 + 0.05 8.45+0.10 11.19+0.15 11.62 £ 0.12

o
T
(%]
~

SO;zNa
10
OH
S0z .a) 1.28 +0.09 460+0.11 442 +0.13
4
SO;zNa
15
OH
CHz 3.08+0.05 12.02+0.02 -a) -2)
4
SO3Na
29
OH
S .

SO3Na
30

a) Not estimated.
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Figure 6. Functions of thiacalix[n]arene.
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Table 2. The host versus guest (H:G) ratio in the inclusion complexes
formed with calixarenes.

SRk

But ! But ) But °
Solvent 14 24 2

H:G H:G H:G
Acetone 1:2 3:2 11
Chloroform 2 11 2:3
Benzene 11 11 1:1
1,2-Dichloroethane 11 1:2 11
Toluene 11 2:1 11
Ethylbenzene -2 b 1:1
Cyclohexene 4 11 1:1
Aniline 2 b 1:3
1,4-Dioxane 1:1 1:1 11
n-Octane -2 - 2:1
m-Xylene -a c 11
o-Xylene 11 - 1:1
p-Xylene 1:1 € 1:2
Decaline 4 11 1:1
Dichloromethane 11 2 2
1,2-Dibromoethane 1:1 -2 -2

a: Not examined. b: Inclusion complex dose not form. c: Host to guest ratio is not clear.
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Table 3. Removal of halogenated organic compounds from water.

Complssainn s
Ly ———— = =
:l":lJ I.--"'d-
Pl L Trappirg
waley o M A :
ol s
L r"' Tty
T R ot
Py 1 aly 3 Punfied
e 5y II WET
=11 Vsl amion =
= suiFEsnge cabmn
Guests Cinitial / PPM Cfinal/ ppm Removal ratio
CH,Cl, 170 6.58 x 1073 99.99613%
CHCl3 239 1.23 x 102 99.99485%
CHBrCl, 328 3.44 x 102 99.9895%
CHBr,ClI 417 2.33x101 99.9441%
CHBr3 508 4.60 x 101 99.9094%
CH,CI-CH,CI 198 4.08 x 102 99.9794%
CH,CI-CHCI, 267 1.35 x 101 99.9495%

Conditions are as follows. Sample solution: Cinital = 2.0 mmol dm3,
[10]total = 5.0 mmol dm3, Columun: 20 cm® of weak anion-exchange
resin having dimethylamino groups. Flow rate: 2 cm3/min.
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Scheme 11. Synthesis of calix[4]arenes having metalloporphyrins and their
binding property toward DABCO.
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Scheme 12. Synthesis of p-tert-butylthiacalix[4]crowns.
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Table 4. Periodic table of extracted metal ions by 3, 12, and 14.
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Figure 7. Schematic views of the coordination manners of (a) p-tert-octyl-
thiacalix[4]arene (3) and the sulfonyl (12) and (c, d) sulfinyl (14) analogues.
M and M’ denote soft and hard metal ions, respectively. R = Oct".
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Scheme 13. Synthesis of 2,-Cu®" complex.

Figure 8. X-ray structure of 2,-Zn?* complex
([Zn,L(H,L),]). H atoms, Bu’ groups, and included
solvents are omitted for clarity.
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Scheme 14. Synthesis of p-tert-butylsulfonylcalix[4]arene
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Scheme 15. Synthesis of dansyl-modified thiacalix[4]arene analogues.
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Scheme 16. Peroxidase-like catalysis by ion-exchanges modified metal complexes of 10.
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Figure 9. Emission spectra of Th3* complexes with calix[4]arenes 10, 15 and 29 (a),
the effect of the pH on the luminescence intensity (b), and schematic mechanism for
energy transfer luminescence of Th3* complex (c). [10, 15 or 29]yy = 4.0 x 10° mol
dm3, [Tb3*] 1o = 2.0 x 107 mol dm3, [buffer] = 1.0 x 10-3 mol dm™. (a) Ag, = 314 (Th3*-
10), 330 (Th3*-15), and 290 nm (Th3+-29). The pHs are 9.7 (Th3*-10), 6.5 (Th3*-15),
and 12.0 (Th%+-29). (b) Ag, = 261 (Tb3*-10), 330 (Th®*-15), and 263 nm (Th3*-29). Ag, =
543 nm.
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Scheme 17. Synthesis of titanium complexes of 2, (a), and Mukaiyama-aldol
reaction using 42, 43 or TiCl, (b).
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