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╩ ∆╢ ⌐ ⌂ ⁸ ⁸◄Ⱡꜟ◑כ

⌂≥ ─ │ ⌐ ≢№╡⁸∕─ ≤ ┼─ ╩ ⇔≡⁸

╪⌐ ⅜ ╦╣≡™╢⁹ ─ ≢№╢ ≢│⁸

╩╙≈♃fiⱤ◒ ⅜ ≢ ⌐╟╢ ╩ ™⁸ ₁⌂

╩ ⇔≡™╢⁹ ↄ─♃fiⱤ◒ │⁸ ─ ™

⁸ ⁸ ⌂≥ ⌐╟╡ ─♃fiⱤ◒ ⅜ 1

⇔√ ╩ ∆╢↓≤≢⁸ ₁≢│ ⇔ ⌂™ ╣√ ╩ ⇔≡™╢⁹

♃fiⱤ◒ ─ ⌐│⁸ ≤ ⁸ ≤ ⁸ ⌂≥⅜

№╢⁹ supramolecular chemistry
2│ó ╩ ⅎ√ ô≢№╡⁸

─ ⅜ ⌂ ╩ √⇔≡™╢⁹Pedersen
3⁸Cram

4⁸Lehn
5

│◒ꜝ►fi◄כ♥ꜟ 6⁸◒ꜞⱪ♃fi♪ 7≤™∫√ ⱱ☻♩ ─ ≢ ⅝

⌂ ╩ ⇔√⁹∕─ ─ ⱱ☻♩ ≤⇔≡⁸◦◒꜡♦◐☻♩ꜞfi 8⁸◦

◒꜡ⱨ□fi 9⁸◌ꜞ♇◒☻[n]▪꜠כfi ꜟꜞ►ⱦ♇♩[n]כ◌כꜙ◐10⁸ 11⌂≥╙

╠╣≡™╢⁹↓─ ⌐⅔™≡⁸ ╩ ∆╢ⱱ☻♩ ⅜ ≢№╢◕☻

♩ ╩ ⌐╟╡ ⌐ ∆╢ ⱱ☻♩כ

◕☻♩ 12│⁸ ⁸ ⁸ ⁸ ⌂≥─ ≢ ╩ ╘≡™

╢⁹ ⅎ┌⁸ ⁸☿ꜟ▬ⱷכ☺fi◓⁸☿fi◘⁸כ♪ꜝ♇◓♦ꜞⱣꜞכ◦

☻♥ⱶ⁸ ⌂≥┼─ ⅜ ↕╣≡™╢⁹12a ⱱ☻♩ ─

≈≢№╢ ─◌ꜞ♇◒☻[n]▪꜠כfi│ ⌂ ≢№╡⁸ ≢

⁸ ⌂ ⁸ ₁⌂ ◘▬☼⁸◖fiⱨ◊ⱷכ◦ꜛfi ⌂≥─

╣√ ╩ ⇔≡™╢ ⁸ ⌐ ─◕☻♩ ╩ ≢⅝╢╟℮⌐

↕╣√ ꜠☿ⱪ♃כ─ ⌐ ↕╣≡™╢⁹ ⅎ┌⁸ ☿
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fi◘13⁸כ▪♬○fi 14⁸ 15⁸ 16⌂≥─ ₁⌂

⌐ ↕╣≡™╢⁹ 

◌ꜞ♇◒☻[n]▪꜠כfi ─ fiכ꜠▪[4]☻◒♇ꜞ◌▪♅╢№≢≈ 17│⁸4 ≈

─ⱨ▼ⱡכꜟ╩ 4 ≈─ ≢ ⌐ ⇔√ ≢№╡⁸ⱷ♅꜠fi

≢ ≥fiכ꜠▪[4]☻◒♇ꜞ◌√╣↕ ⇔≡⁸ ⅜ ⌐ ≢

⅝⁸ArðS─ ⅜ ™ ⌐ ⅜ ↄ⁸ ─ ⅜ ™↓≤⌂≥

─ ╣√ ╩ ⇔≡™╢ Fig. 1 ⁹↕╠⌐⁸ ⌐╟╡ 4 ─◖fiⱨ

◊ⱷכ◦ꜛfi (cone, partial-cone, 1,3-alternate, 1,2- alternate )╩ ╡ ↑╢

↓≤⅜≢⅝╢⁹∕─ ≢╙⁸1,3-alternate │Ⱬ♥꜡♄▬♩Ⱨ♇◒꜠☿ⱪ♃כ─

⌐ ≤ ⅎ╠╣╢⁹↓─╟℮⌂ ╣√ ⅛╠⁸◌♅○fi⁸▪♬○fi

│ ╩ ⌐ ∆╢ ꜠☿ⱪ♃כ─ ⌐ ↕╣≡™╢⁹
18
 

Fig. 1 The conformational properties of thiacalix[4]arene. 
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Ⱨ꜠fi pyrene 19│ ╣√ ─ ≈≢№╡⁸ ─⸗ⱡⱴכ lmax = 

375 nm ≤◄◐◦ⱴכ lmax = 475 nm ─ 2≈⅜№╢⁹2≈─Ⱨ꜠fi⅜ ™

⌐ ≠ↄ ⁸ ≈─Ⱨ꜠fi⅜ ╩ ⇔≡ ⌐⌂╢≤╙℮ ─

─Ⱨ꜠fi≤ ⇔≡ ╩ ∆╢↓≤⌐╟╡◄◐◦ⱴכ ⅜ ↓

╢⁹ ⌐ ∆╢ 2≈─Ⱨ꜠♬ꜟ ─ɥ-ɥ ≢ ∂╢

◄◐◦ⱴכ │ ₁⌂ ☿fi◘כ⌐ ↕╣≡⅔╡⁸⸗ⱡⱴכ/◄

◐◦ⱴכ ─ ╩ ═╢↓≤≢◌♅○fi╛▪♬○fi≤─ ╩

⌐ ∆╢↓≤⅜≢⅝╢ Fig. 2 ⁹20 ⅎ┌⁸Chung 20a╠│⁸ ≈─♩ꜞ▪♂

ꜞꜟⱷ♅ꜟ◄כ♥ꜟ ─☻Ɑכ◘כ≤⇔≡ ₁⌂ⱷ♅꜠fi ╩ ≈

☿fi◘1כ╩ ⇔√⁹↓─ ☿fi◘כ│ⱦ☻♩ꜞ▪♂ꜞꜟ  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Pyrene-appended fluorescent chemosensors. 
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⅜ ▬○fi ≤⇔≡⁸Ⱨ꜠fi⅜ ≤⇔≡ ↕╣≡™╢⁹

1─ ≢ ╙ⱷ♅꜠fi ⅜ ™╙─│⁸ ⌂ ≢ Cd
2+ │ Zn

2+

≤ ∆╢≤⁸ ⌐╟╡⸗ⱡⱴכ ─ ┘◄◐◦ⱴכ ─

╩ ⇔√⁹Cao20b╠│⁸ ⌐ Pb2+╩ ∆╢Ⱨ꜠fi╩ ≤⇔√

☿fi◘2כ╩ ⇔√⁹Pb
2+≤─ ⌐╟╡⁸⸗ⱡⱴכ ─ ╩

™⁸ ™◄◐◦ⱴכ ⅜ ↕╣√⁹Seela20c╠│⁸Ⱨ꜠♬ꜟ ╩ ≈♩ꜞ☻

-♩ꜞ▪♂ꜞꜟ▪Ⱶfi 3╩ ⇔√⁹↓─꜠☿ⱪ♃כ│ Zn
2+⌐ ⇔≡ ⌂

╩ ⇔√⁹Ki m20d╠│⁸Ⱨ꜠♬ꜟ ╩ fi꜠☿ⱪכ꜠▪[4]☻◒♇ꜞ◌≈

4כ♃ ╩ ⇔√⁹↓─꜠☿ⱪ♃⁸│כ ⌂ ≢ Zn
2+ │ Cd

2+≤

─ ⇔⁸ ⌐╟╡◄◐◦ⱴכ ─ ┘⸗ⱡⱴכ ─ ⅜

↕╣√⁹ 

⁸◌♅○fi⁸▪♬○fi │ ╩ ה ⌐ ≢⅝

╢ ☿fi◘21כ─ ⅜ ╪⌐ ╦╣≡⅔╡⁸ ⌐ ∆╢ ⌐

⌂ ▬○fi─ ╛ ─ ┼─ ⅜ ↕╣≡™╢⁹

☿fi◘⁸│כ◕☻♩ ╩ ∆╢ ╩ ∆╢꜠☿ⱪ♃⁸כ☻Ɑכ◘כ

⁸ ─ 3 ≈─ ≢ ↕╣≡⅔╡⁸꜠☿ⱪ♃כ≤

⅜☻Ɑכ◘כ ╩ ⇔≡ ≢ ⅜╣≡™╢ Fig. 3 ⁹꜠ ☿ⱪ♃כ─

≢ ─◕☻♩ ≤ ™ ⁸ ⁸ 

 

 

 

 

 

Fig. 3 Diagram of an effective fluorescent chemosensor. 
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⌂≥ ≢ ⇔√↓≤╩⁸ ─ ⌂ ☻Ɑ◒♩

ꜟ ≢ ∆╢⁹ ─○fi/○ⱨ╩ ∆╢ ≤⇔≡⁸⸗ⱡⱴכ/◄◐◦ⱴ

─כ ⁸ photo-induced electron transfer, PET⁸ ▬○fi

≤─ ⌐╟╢ PET reverse PET╛ ⌂≥⅜ →╠╣╢⁹ ⁸

─○fi/○ⱨ╩ ∆╢ ☿fi◘כ⅜ ↕╣≡™╢⁹ 

Ⱨ꜠fi⌂≥─ ⅜ ∆╢ │⁸ ⅜ ⌂ ⌐ ╢

⌐◄Ⱡꜟ◑כ⅜ ⌐ ╦╣╢↓≤≢ ↕╣╢⁹⇔⅛⇔⁸ ⇔√

─ HOMO-LUMO ─◄Ⱡꜟ◑כ ⌐▪Ⱶⱡ ⌂≥─ ╩ ∆╢

꜠☿ⱪ♃כ─ HOMO⅜№╢ ⁸ ─ HOMO┼ ╩ ∆╢

꜠☿ⱪ♃כ─ HOMO ⅛╠ ⅜ ╡⁸ ─ LUMO ⌐№╢ ⅜

⌐ ╣∏⌐ ╩ ⇔⌂ↄ⌂╢ ╩ (photo-induced 

electron transfer, PET) 21≤ ℮ Fig. 4 ⁹PET│⁸ⱨꜞכ─ │ ≢№╢⅜

─ ▬○fi≤─ ⌐╟╡ ╩ ∂╢ñoffðonò ─ ☿fi◘ 

Fig. 4 Mechanism of PET system. 
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Fig. 5 PET-type fluorescent chemosensors. 

 

⌐כ ↕╣≡™╢ Fig. 5 ⁹22 ⅎ┌⁸Peng
22a
╠│⁸1,3,5,7-♥♩ꜝⱷ♅ꜟ-Ⱳ

ꜝfi-☺Ⱨ꜡ⱷ♥fi╩ ≤⇔√◌♅○fi ╩ ∆╢☺ 2-Ⱨ◖ꜞꜟ ▪Ⱶ

fi ╩ ≈ PET ☿fi◘5כ ╩ ⇔√⁹↓─ ☿fi◘כ│

⌂ ≢ Zn
2+╩ ⌐ ⇔√⁹Zhang

22b
╠│⁸◌♅○fi

╩ ∆╢▪◦ꜟⱥ♪ꜝ♂fi╩ ≤⇔√ PET ☿fi◘6כ ╩ ⇔

√⁹↓─ ☿fi◘כ│ ≢ ™ pH ⌐⅔™≡ ⁸ ≢ Zn
2+

╩ ⇔√⁹Wu
22c
╠│⁸Ⱨ꜠fi╩ ≤⇔√◌♅○fi ╩ ∆╢Ⱨꜞ☺ꜟ

┘▬Ⱶfi ╩ ≈ PET ☿fi◘7כ ╩ ⇔√⁹↓─ ☿

fi◘כ│ ⌂ ≢ Cu
2+╩ ⁸ ⌐ ⇔√⁹ ⁸

▬○fi≤ ⇔√ ⁸ ⅛╠ ≤⌂∫√ ┼ ⅜

⇔≡ ∆╢ ─↓≤╩ PET reverse PET ≤ ℮⁹ PET│⁸ⱨꜞכ

─ ⌐ ╩ ∆╢⅜ ▬○fi≤─ ⌐╟╡ ∆╢ñonðoffò ─

☿fi◘כ⌐ ↕╣≡™╢ Fig. 6 ⁹23 ⌐⁸ ▬○fi─

⌐╟╡ ≤ ⌐╟╢ ⅜ ⇔≡ ⅜ ∆╢ ╙№

╢⁹ ⅎ┌⁸Kim23a╠│⁸◌♅○fi ╩ ∆╢ N-(1-Ⱨ꜠♬ꜟⱷ♅ꜟ)▪Ⱶ♪

╩ ≈◌ꜞ♇◒☻[4]◒ꜝ►fi 8╩ ⇔√⁹↓─꜠☿ⱪ♃כ│ ⌂  
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Fig. 6 Reverse PET-type fluorescent chemosensors based on calix[4]arene. 

 

≢ Pb
2+≤ ⌐ ⇔⁸ ─ ⅜ ↕╣√⁹◒ꜝ►fi◄

ꜟ♥כ ┘ ≈─▪Ⱶ♪ ─ ≢ Pb
2+≤ ⇔⁸◖fiⱨ◊ⱷכ

◦ꜛfi ⁸Ⱨ꜠♬ꜟ ⅛╠ ⌂▪Ⱶ♪ ─ ┼ ⅜ ∆

╢ PET╛ ⌐╟╢ ─ ⅜ ⅝ ↓↕╣√⁹ ⌐⁸Kim
23b
╠│⁸

╩fiכ꜠▪[4]☻◒♇ꜞ◌▪♅ ≤⇔√◌♅○fi ╩ ∆╢ N-(1-Ⱨ꜠♬

ꜟⱷ♅ꜟ)▪Ⱶ♪ ╩ ∫√♅▪◌ꜞ♇◒☻[4]◒ꜝ►fi 9╙ ⇔√⁹↓─꜠

☿ⱪ♃כ╙ ⌂ ≢ Pb
2+≤ ⌐ ⇔⁸◖fiⱨ◊ⱷכ◦

ꜛfi ⁸ PET╛ ⌐╟╢ ─ ⅜ ↕╣√⁹Kumar
23c
╠│⁸

╩fiכ꜠▪[4]☻◒♇ꜞ◌▪♅ ≤⇔√ N-(1-Ⱨ꜠♬ꜟ)▪Ⱶ♪ ╩ ≈

☿fi◘10כ╩ ⇔√⁹↓─꜠☿ⱪ♃⁸│כ ⌂ ≢ Fe
3+≤

⌐ ⇔⁸ ─ ⅜ ↕╣√⁹ ≈─▪Ⱶ♪ ─◌ꜟⱲ♬ꜟ

─ ≤ Fe
3+⅜ ⇔⁸◖fiⱨ◊ⱷכ◦ꜛfi ⁸Ⱨ꜠♬ꜟ ⅛╠

⌂▪Ⱶ♪ ─◌ꜟⱲ♬ꜟ ─ ┼ ⅜ ∆╢ PET╛

⌐╟╢ ─ ⅜ ↕╣√⁹ 

 ◌♅○fi╛▪♬○fi│ ╛ ─ ╢ ⌐ ⇔⁸ ⁸ ⁸

⁸ ⌂≥─ ≢ ⌂ ╩ √⇔≡™╢⁹ ⁸◌♅○fi╛▪♬
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○fi╩ ∆╢ ꜠☿ⱪ♃כ─ ⅜ ╪⌐ ╦╣≡™╢⁹ ⁸◌♅○fi

≤▪♬○fi─ ╩ ⌐ ≢⅝╢ ─ ╩ ∫√▬○fi

24
⌂Ⱬ♥꜡♄▬♩Ⱨ♇◒꜠☿ⱪ♃כ─ ה ⅜ ⌐ ↕╣≡™╢⁹

▬○fi │ ⁸ ─ ⁸ ─ ╛☿fi◘כ┼─ ⅜ ↕

╣≡╢⁹⇔⅛⇔⁸◌♅○fi ┘▪♬○fi─≥∟╠⅛ ╩ ∆╢⸗ⱡ♩Ⱨ♇

◒꜠☿ⱪ♃כ─ ≤ ⇔≡⁸▬○fi ⌂Ⱬ♥꜡♄▬♩Ⱨ♇◒꜠☿

ⱪ♃כ│╟╡ ⌂ ⅜ ≢№╢⁹ │fiכ꜠▪[4]☻◒♇ꜞ◌⁸

⌂ ╛◖fiⱨ◊ⱷכ◦ꜛfi ⌂≥─ ╣√ ╩ ⇔≡™╢ ⁸▬

○fi ⌂Ⱬ♥꜡♄▬♩Ⱨ♇◒꜠☿ⱪ♃כ─ ≤⇔≡ ⌐

╩fiכ꜠▪[4]☻◒♇ꜞ◌⁸╡№≢ ≤⇔√ ₁⌂Ⱬ♥꜡♄▬♩Ⱨ♇◒꜠☿ⱪ

⅜כ♃ ↕╣≡™╢ Fig. 7 ⁹
25
ⅎ┌⁸Reinhoudt

25a
╠│⁸▪♬○fi

╩ ∆╢►꜠▬♪ ≤◌♅○fi ╩ ∆╢◄♩◐◦◌ꜟⱲ♬ꜟ ╩ ∫

╩11כ♃fi꜠☿ⱪכ꜠▪[4]☻◒♇ꜞ◌√ ⇔√⁹ ™↓≤⌐⁸↓─♬

꜠☿ⱪ♃כ│ ⌂ ≢ NaCl╩ ↕∑√⁹ⱨꜞכ─ │⁸► 

 

Fig. 7 Calix[4]arene-based heteroditopic receptors for ion-pair recognition. 
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꜠▬♪ ─ ™ ⌐╟╡◌ꜞ♇◒☻►꜠▪ ≢ Cl
-╩ ∆

╢↓≤⅜≢⅝⌂⅛∫√⅜⁸◄♩◐◦◌ꜟⱲ♬ꜟ ≢ Na
+≤ ∆╢≤⁸◌ꜞ♇

◒☻►꜠▪ ⅜ ╩ ↓⇔≡ Cl
-╩ ⇔√⁹Beer

25b
╠│⁸◌♅○fi

╩ ∆╢ⱦ☻ⱬfi♂[15]◒ꜝ►fi◄כ♥ꜟ≤ ⇔√▪Ⱶ♪ ╩ upper 

rim ⌐ 12כ♃fi꜠☿ⱪכ꜠▪[4]☻◒♇ꜞ◌≈ ╩ ⇔√⁹↓─♬ ꜠☿

ⱪ♃כ│ ⌂ ≢ KCl ╩ ↕∑√⁹K
+
/ⱦ☻ⱬfi♂[15]◒ꜝ►fi

ꜟ♥כ◄ = 1:1 ─◘fi♪▬♇♅ ╩ ⇔⁸ ≤◖fiⱨ◊

ⱷכ◦ꜛfi ⌐╟╡⁸◌ꜞ♇◒☻▪Ⱶ♪ ≢ Cl
-╩ ⇔√⁹Kim

25c
╠│⁸

◌♅○fi ╩ ∆╢◒ꜝ►fi◄כ♥ꜟ ≤▪♬○fi ╩ ∆╢▪Ⱶ

♪ ╩ ∫√ ╩13כ♃fi꜠☿ⱪכ꜠▪[4]☻◒♇ꜞ◌ ⇔√⁹

⌂ ≢⁸◒ꜝ►fi◄כ♥ꜟ ≢ K
+≤ ∆╢≤⁸ ⌐╟╡

Ⱨ꜠fi ─ɥ-ɥ ⅜╟╡ ↄ⌂╡⁸◄◐◦ⱴכ ⅜ ⇔√⁹ ⌐⁸

H2PO4
-╩ ⅎ╢≤⁸▪Ⱶ♪ ≢ ⇔⁸PET⌐╟╢ ─ ⅜ ↕╣√⁹ 

⌐⅔™≡⁸ │ ─ ─ ≢ ⌐ ≤ ⇔⁸

⌐╟╡ ╩ ↕∑≡™╢⁹↓─╟℮⌂ ╩▪꜡☻♥ꜞ♇◒

≤ ℮⁹ ─ ⌐⅔™≡⁸ ─ ≤ ╩ ⌐╟╡

⌂ ♦Ᵽ▬☻⅜ ↕╣≡™╢⁹ ≤ ─ ⌐⅔™≡⁸

▪꜡☻♥ꜞ♇◒ │ ╛ ≤™∫√ ╩ ∆╢─⌐

⌐ ⅛≈ ≢№╢⁹╕√⁸ ⌂ ╩ ≈ ♅▪◌ꜞ♇◒☻[4]

╩fiכ꜠▪ ≤⇔√ ꜠☿ⱪ♃⁸│כ ◌♅○fi≤─ⱱ☻♩כ◕☻♩

⌐╟╢▪꜡☻♥ꜞ♇◒
26
⌐ ⇔≡™╢⁹ ⁸▪꜡☻♥ꜞ♇◒ ╩

∆╢ ₁⌂ ─ ꜠☿ⱪ♃כ⅜ ↕╣≡™╢ Fig. 8 ⁹P. Lhoták 

27a
╠│▪♬○fi ╩ ≈ 1,3-alternate-♥♩ꜝ◐☻ ⱨ▼♬ꜟ►꜠▬♪ ◌

fiכ꜠▪[4]☻◒♇ꜞ 14╩ ⇔√⁹ ⌂ ≢⁸ ≈─ ╩ 
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Fig. 8 Calix[4]arene-based heteroditopic receptors which can exhibit a positive and negative 

allosteric effect. 

 

≈꜠☿ⱪ♃כ│ ⌐╟╡ ≈─▪♬○fi≤⇔⅛ ⇔⌂™ ─▪꜡

☻♥ꜞ♇◒ ╩ ⇔√⁹Chung
27b
╠│◒ꜝ►fi-5 ≤▪fi♩ꜝ☿fi-9-▬ꜟ-

♩ꜞ▪♂ꜞꜟ ─ ≈─ ⌂╢◌♅○fi ╩ ≈ 1,3-alternate-♅▪◌ꜞ

╩15כ♃fi꜠☿ⱪכ꜠▪[4]☻◒♇ ⇔√⁹↓─꜠☿ⱪ♃כ│ ⌂

≢ K
+≤ Pb

2+⌐ ∆╢ ─▪꜡☻♥ꜞ♇◒ ╩ ⇔√⁹Kumar
27c
╠│◒

ꜝ►fi-5 ≤Ⱨ꜠fi-1-▬ꜟ ≤ ⇔√▬Ⱶfi ─ ≈─ ⌂╢◌♅○fi

╩ ≈ 1,3-alternate-♅▪◌ꜞ♇◒☻[4]▪꜠כfi꜠☿ⱪ♃16כ╩ ⇔√⁹

↓─꜠☿ⱪ♃כ│ ⌂ ≢ K
+≤ Cu

2+⌐ ∆╢ ─▪꜡☻♥ꜞ♇◒

╩ ⇔√⁹ 

 ⇔√ ⌐ ≠⅝⁸ ╩fiכ꜠▪[4]☻◒♇ꜞ◌▪♅│ ≤⇔√

₁⌂ 1,3-alternate-Ⱬ♥꜡♄▬♩Ⱨ♇◒꜠☿ⱪ♃כ╩ ⇔√⁹↓╣╠─꜠☿ⱪ

─≈⁸2│כ♃ ⌂╢ ⌐╟╢ ◌♅○fi≤▪♬○fi─ ⌐⅔™≡

⌂ ≤ ─▪꜡☻♥ꜞ♇◒ ─ ⅜ ≢⅝╢⁹ │⁸♅▪◌

╩fiכ꜠▪[4]☻◒♇ꜞ ≤⇔√ 1,3-alternate-Ⱬ♥꜡♄▬♩Ⱨ♇◒꜠☿ⱪ



14 

 

─כ♃ ≤∕─ ─ ╩╕≤╘√╙─≢№╢⁹ 

│⁸5 ⅛╠⌂∫≡™╢⁹ 1 ≢│⁸ ─ ┘ ─

⌐⅔↑╢▪꜡☻♥ꜞ♇◒ ⅜ ⌂ ◦☻♥ⱶ─ ⌐≈™≡

═√⁹ 2 ≢│⁸►꜠▪ ≤◒ꜝ►fi◄כ♥ꜟ ╩ ≈ 1,3-alternate-♅▪

─fiכ꜠▪[4]☻◒♇ꜞ◌ ≤ ─▪꜡☻♥ꜞ♇◒ ⌐≈™≡ ═√⁹ 3

≢│⁸ ◦◓♫ꜟ╩ ⇔√ 1,3-alternate-♅▪◌ꜞ♇◒☻[4]▪꜠כfi꜠☿ⱪ

⌂◒♇ꜞ♥☻꜡▪─כ♃ ─ ⌐≈™≡ ═√⁹ 4 ≢│⁸Ⱨ꜠♬

ꜟכ♂▪ꜞ♩ꜟ ╩ ╩fiכ꜠▪[4]☻◒♇ꜞ◌▪♅≈ ≤⇔√ ꜠☿ⱪ

─כ♃ ─▪꜡☻♥ꜞ♇◒⌂ ⌐≈™≡ ═√⁹ 5 ≢│⁸ 1 ⅛

╠ 4 ╕≢─ ≢№╢⁹ 
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2  ►꜠▪ ≤◒ꜝ►fi◄כ♥ꜟ ╩ ≈ 1,3-alternate- 

─fiכ꜠▪[4]☻◒♇ꜞ◌▪♅ ≤ ─▪꜡☻♥ꜞ♇◒  

 

2.1.  

─ ⌐⅔™≡⁸ ⌐◌♅○fi⁸▪♬○fi │ ╩

≢⅝╢ ꜠☿ⱪ♃כ─ ≤⇔≡◌ꜞ♇◒☻[n]▪꜠כfi
1
╩ ™╢

↓≤⅜ ⌐ ╩ ╘≡™╢⁹ ₁⌂◌ꜞ♇◒☻[n]▪꜠כfi ─ ≢⁸♅▪

│fiכ꜠▪[4]☻◒♇ꜞ◌ ⌂ ≢№╡⁸∕╣╠─ ⌂◖fiⱱⱷכ◦

ꜛfi ⁸ ⌂ ⁸ ╣√ ▬○fi ⌐╟╡⁸ ☿fi◘כ╛

⌂≥─ ™ ≢ ⅜ fiכ꜠▪[4]☻◒♇ꜞ◌▪♅⁹╢™≡╣↕
2, 3

╩ ≤⇔√ ₁⌂꜠☿ⱪ♃כ│ ─ ⌐ ⅝ↄ ⇔≡™╢

▬○fi≤─ⱱ☻♩כ◕☻♩ ⌐╟╢▪꜡☻♥ꜞ♇◒
4
⌐ ⇔≡

™╢⁹ ⁸▪♬○fi╙ ⌐⅔™≡ ⌂ ╩ √⇔≡⅔╡⁸ DNA

╛ ⌂≥≤ ⌂ ⅜№╢⁹↓─√╘⁸ ⌂▪♬○fi⌐ ∆╢

☿fi◘כ
5
│ ⌐ ⅜ √╣╢ ≤⌂∫≡™╢⁹⇔⅛⇔⁸ ▬○fi

⌐ ∆╢ ☿fi◘כ≤ ⇔≡⁸∕╣╩ ∆╢─│╟╡ ≢№╢⁹∕─

≤⇔≡⁸▪♬○fi⅜ ₁⌂ ╩ ≈↓≤⅜ ⅎ╠╣╢⁹
6
ⅎ┌⁸F-

, Cl
-
, 

Br
-
, I

-│ ⁸AcO
-
, PhCOO

-│ Y ⁸H2PO4
-│ ─ ╩ ⇔≡™

╢⁹∕─√╘⁸◌ꜞ♇◒☻[n]▪꜠כfi╩ ≤∆╢▪♬○fi꜠☿ⱪ♃כ─

│⁸ ↕╣≡™╢ ♩Ⱨ♇◒≢№╢⁹ ⅎ┌⁸►꜠▪ ╩ ∆╢◌

ꜞ♇◒☻[n]▪꜠כfi │⁸▪♬○fi≤ NH ⱪ꜡♩fi≤─ ≢ ╩

≢⅝╢ ⁸▪♬○fi ⌐ ⌐ ⇔≡™╢⁹ 

 ☿fi◘כ
7 , 8
╙╕√⁸ ≢ ⌐ ⁸ ⌂ ⁸ ⌂≥─

⌂ ╩ ⇔≡™╢ ⁸ ⌐ ╩ ╘≡™╢⁹▬fi♪⁸ꜟכ▬Ⱶ♄♂
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ꜞ►ⱶ⁸ⱬfi♀fi☺▬Ⱶ♪⁸4-♬♩꜡ⱨ▼♬ꜟ▪♂⁸☺▪♂ ┘▪fi♩ꜝ◐ⱡfi

⌂≥─ ₁⌂ ╩ ∆╢ ↄ─ ▪♬○fi꜠☿ⱪ♃כ⅜ ↕╣≡™

╢⁹ ⌐⁸►꜠▪ ╩ ∆╢ ⌐ ↄ─ ▪♬○fi☿fi◘כ─ ⅜

╦╣≡⅔╡⁸ ₁⌂▪♬○fi╩ ↄ ≢ ≢⅝╢⁹⇔⅛⇔⁸◌ꜞ♇

╩fiכ꜠▪[4]☻◒ ≤⇔√ ☿fi◘כ─ ⌐ ∆╢ │ ⌂

™⁹8l,p 

 Lhotá k 9╠│⁸upper rim ⌐ p-♬♩꜡ⱨ▼♬ꜟ │ p-♩ꜞꜟ►꜠▬♪ ╩

fiכ꜠▪[4]☻◒♇ꜞ◌≈ ╩fiכ꜠▪[4]☻◒♇ꜞ◌▪♅│ ≤⇔√▪♬○fi

꜠☿ⱪ♃כ╩ ⇔√⁹9a-c,h∕╣╠─▪♬○fi꜠☿ⱪ♃⁸│כ ⌂

≢ ⌐▪♬○fi⌐ ⇔≡ ⌂ ╩ ⇔√⁹ ⌐⁸Kumar10 ╠│⁸

1,3-alternate◖fiⱱⱷכ◦ꜛfi─◌ꜞ♇◒☻[4]▪꜠כfi╩ ≤⇔√▪♬○fi

꜠☿ⱪ♃כ╩ ⇔√⁹↓─ │⁸ ⌂ ≢ Cl
-≤ NHⱪ꜡♩

fi≤─ ≢ ╩ ≢⅝╢ ⁸Cl
-⌐ ∆╢ ™ ≤ ╣√

╩ ╩fiכ꜠▪[4]☻◒♇ꜞ◌▪♅⁸⇔⅛⇔⁹√⇔ ≤⇔√ ╩ ™√▪

ꜟ◌ꜞ ◌♅○fi≤▪♬○fi─ ≤─ ⌐╟╢▪꜡☻♥ꜞ♇◒ ─

⌐ ∆╢ │╕∞ ↕╣≡™⌂™⁹ 

 ∕↓≢⁸ ₁│ 2 ≈─ ⌂╢ ╩ ╩fiכ꜠▪[4]☻◒♇ꜞ◌▪♅≈

≤⇔√ 1,3-alternate-Ⱬ♥꜡♄▬♩Ⱨ♇◒◦☻♥ⱶ╩ ⇔√⁹11∕─◦☻♥ⱶ

│⁸m- │ p- ⌐ │ ╩ ≈ ₁⌂ⱨ▼♬ꜟ ≤

⇔√▪♬○fi ╩ ∆╢►꜠▪ ╩ ≈ ∟⁸ ⌐⁸♅▪◌ꜞ♇◒☻[4]

fiכ꜠▪ ─ ⌐◌♅○fi ╩ ∆╢◒ꜝ►fi◄כ♥ꜟ ╩ ≈⁹

₁│ ⌐ ∆╢ 2≈─ ⌂╢ ⌐╟╢▪♬○fi ┘ K
+≤─

≢ ↕╣╢Ⱬ♥꜡♄▬♩Ⱨ♇◒◦☻♥ⱶ⅜ ⌂ ≤ ─▪꜡☻♥ꜞ♇

◒ ╩ ∆≤™℮ (∕╣⅛╠ )╩ ⇔√⁹  
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2.2.  ≤  

2.2.1   

╕∏⁸ ─ ⌐ ™⁸12
distal-2─ O-▪ꜟ◐ꜟ ╩ K2CO3 1

≢♥♩ꜝ◄♅꜠fi◓ꜞ◖כꜝ◦♩☺ꜟכ♩ 1.5 ≤ ∫√≤↓

╤⁸83%─ ≢ 1,3-alternate-3⅜ ╠╣√⁹ ⌐⁸1,3-alternate-3─ⱥ♪ꜝ☺♪

╩ⱥ♪ꜝ☺fi ≤ ™⁸86%─ ≢ 1,3-alternate-4⅜

╠╣√⁹ ⌐⁸THF ≢ ⌂▬♁◦▪Ⱡכ♩ 13
2.2 ╩ ↕∑

≡⁸ ≢꜠☿ⱪ♃1 כa~e⅜ ╠╣√(Scheme 1)⁹꜠☿ⱪ♃1כa~e─

│ 1
H NMR☻Ɑ◒♩ꜟ╩ ™≡ ∫√⁹◒꜡꜡ⱱꜟⱶ-d CDCl3 ≤☺ⱷ♅

ꜟ☻ꜟⱱ◐◦♪-d6 DMSO-d6 ─  (10 : 1, v/v)╩ ≤⇔≡ ™⁸

↕╣√ 1
H NMR☻Ɑ◒♩ꜟ─Ⱨ⁸│◒כtert-Ⱪ♅ꜟ ─ⱪ꜡♩fi⌐ ∆╢

2 ─ 18H ⁸OCH2CO─ⱪ꜡♩fi⌐ ∆╢ 1 ─ 4H ⁸ 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1 Synthesis of receptors 1,3-alternate-1a~e. 
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1a : Ar = H-C6H4- (83%)

1b : Ar = p-CH3-C6H4- (86%)

1c : Ar = p-CF3-C6H4- (80%)

1d : Ar = 3,5-(CF3)2-C6H3- (83%)

1e : Ar = p-NO2-C6H4- (83%)
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ⱪ꜡♩fi⌐ ∆╢ 2 ─ 4H ┘ 2≈─►꜠▬♪ ─ NH

ⱪ꜡♩fi ≈ ⌐ ∆╢Ⱨכ◒│ ─ 2H ≢№∫√⁹⇔√⅜

∫≡⁸1
H NMR☻Ɑ◒♩ꜟ─ ⁸꜠ ☿ⱪ♃1כa~e│ 1,3-alternate◖fiⱨ◊ⱷכ

◦ꜛfi≢№╢≤ ⇔√⁹꜠☿ⱪ♃1כb ┘ 1e─ ╙ X

⌐╟╡ ⅛╘√(Fig. 1, 2)⁹꜠ ☿ⱪ♃1כb ┘ 1e│⁸╝∫ↄ╡ ∆╢↓≤⌐

╟╡ (CHCl3ïCH3CN, 1:1, v/v)⅛╠ ⅜ ╦╣√⁹∕╣╠─ │

≢꜠☿ⱪ♃1כb ┘ 1e│ 1,3-alternate◖fiⱨ◊ⱷכ◦ꜛfi╩≤╢↓≤╩

⇔√⁹ ⌐│⁸ fi⁸כ꜠▪[4]☻◒♇ꜞ◌▪♅─≈ ≈─

┘ ≈─◒꜡꜡ⱱꜟⱶ⅜ ∆╢⁹ ™↓≤⌐⁸≢№╢↓≤⅜ ⅛∫√⁹

≈─ ⌐╟╡⁸ ≈─►꜠▪ ⅜ ™⌐ ⇔⁸ ⌐

⇔≡™√ (꜠☿ⱪ♃1כe─ ⁸ ≈ ─ ≢│⁸N(14)ïH(14)···O(21) 2.37(2); 

N(15) ïH(15)···O(21) 2.05(2) Å ≢ № ╡ ⁸ ⁸ N(2)ïH(2)···O(10) 2.37, 

N(3)ïH(3)···O(10)  1.94(2) Å) ( Fig. 2)⁹ ⌐⁸♅▪◌ꜞ♇◒☻[4]⸗ⱡ◒ꜝ►fi-5

│ ╩ ∟⁸ ◌♅○fi╩ ∆╢─⌐ ⌂ ⅝↕⅜№╢⁹ 

꜠☿ⱪ♃1כa~e≤ Cl
-≤─ ─ Ka

 │⁸1
H NMR ⌐╟╡

↕╣√ Table 1 ⁹∕╣╠─ │⁸ ⅜ m- │ p- ⌐

│ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹CF3 (꜠☿ⱪ♃1כc ┘ 1d)

╛ NO2 (꜠☿ⱪ♃1כe)─╟℮⌂ ─ ∆╢ ⁸Ka
 │ ─꜠

☿ⱪ♃1כa ≤ ⇔≡⅛⌂╡ ⅝⅛∫√⁹ ⌐⁸ ─ Me ╩

≈꜠☿ⱪ♃1כb─ ⁸ ─꜠☿ⱪ♃1כa≤ ⇔≡⁸Cl
-≤ ⇔√

─ Ka
 ⅜ ⇔√⁹⇔√⅜∫≡⁸m- │ p- ┼─ ─ │⁸►꜠▪

─ⱪ꜡♩fi─ ─ ╩ ⅝ ↓⇔⁸ ⌐╟╢▪♬○fi≤─

╩ ↕∑╢≤ ⅎ╠╣╢⁹p- ⌐ ─ NO2 ╩ ≈꜠☿ⱪ♃ 
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Fig. 1 a) Xïray crystal structure of the asymmetric unit of receptor 1b. Hïbonds shown as 

dashed lines. b) & c) One of two similar molecules in the asymmetric unit is shown in two 

orientations rotated by approx. 90°. H atoms not involved in H-bonding, minor disorder 

components, and solvent of crystallization are omitted for clarity. 

 

a) 

b) c) 
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Fig. 2 Xïray crystal structure of the asymmetric unit of receptor 1e. Hïbonds shown as dashed 

lines. H atoms not involved in H-bonding, minor disorder components, and solvent of 

crystallization are omitted for clarity. 

 

 

b) c) 

a) 
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Table 1 Association constants
a
 of receptor 1a~e with Cl

ï
 ions

b   
 

a 
Measured in CDCl3ïDMSO (10:1, v/v) at 298 K by the 

1
H NMR titration method using the 

chemical-shift change of the NHa proton (Fig. 3ï8); host concentration was 4.0 × 10
-3
 M. 

b 

Guests used: Bu4NCl. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 
1
H NMR stack plot of a CDCl3ðDMSO (10:1, v/v) solution of 1a (4.0 × 10-3 M ) upon 

addition of Bu4NCl in CD3CN. Ka = 6816 (±545) M
-1
. 

 

 

 

 


