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Abstract – A novel synthetic pathway to calix[4]thiacrowns 3 and 4 has been 

developed. NMR studies revealed that the complexation behavior of 3 and 4 with 

mercury(II) ion was controlled by the number of sulfur atoms involved in the 

thiacrown moiety.

The discharge of heavy metal ions into the environment is severely restricted by laws
1
 because a number of 

heavy metal ions are non-degradable and toxic not only to human beings, but also to animal life and even 

plant life. Once heavy metal ions are released unintentionally or accidentally into the environment, they 

may be biologically accumulated in our body through food chains.
2
 Among heavy metal ions, mercury ion 

has a lot of adverse effects on health when we are exposed to it in the long term even if its concentration is 

low.
3
 Therefore, in addition to the enactment of environment-related laws, a variety of effective adsorbents 

are being developed for removing mercury ion from the aqueous environment. 

In this context, we previously synthesized p-tert-butylcalix[4]crowns 1 and 2 and applied them to an 

absorbent for removing organic and inorganic pollutants.
4
 Crystalline solids of 1 and 2 effectively removed 

organic pollutants from aqueous solution,
5
 but they showed no affinity for “soft” mercury ion because of 

the involvement of “hard” oxygen atoms in the crown moiety. This experimental fact prompted us to study 

analogous compounds 3 and 4 in which “soft” sulfur atoms are incorporated in the crown framework. 

However, an insuperable difficulty emerged in the preparation of a known compound 3 (vide infra), though 

we followed the synthetic protocols reported in a literature.
6
 Thus, we have newly devised a synthetic 
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pathway to 3, and the strategy was applicable to the synthesis of a new compound 4. In this paper, we report 

the synthesis of calix[4]thiacrowns 3 and 4, together with their complexation behavior with mercury(II) ion. 
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We first tried to synthesize calix[4]thiacrown 3 according to the procedure described in a literature
6
 

(Scheme 1). After tosylation of 3,6-dithiaoctane-1,8-diol,
7
 the resultant tosylate 6 was reacted with 

p-tert-butylcalix[4]arene (5) in anhydrous benzene using tert-BuOK as a base. However, contrary to the 

paper,
6
 calix[4]thiacrown 3 was not obtained. Instead, unreacted starting material 5 was recovered, and 

ring-closed 1,4-dithia-9-crown-3 (7) was only obtained from the reaction mixture. 
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Scheme 1. Synthesis of calix[4]thiacrowns 3 and 4. (i) 1.0 equiv tert-BuOK, dry benzene, reflux, 24 h. (ii) 

1.0 equiv K2CO3, dry MeCN, reflux, 24 h, 46%. (iii) 9 + 10 → 3: 1.1 equiv Cs2CO3, dry THF, 50 °C, 5 d, 

32%. 9 + 11 → 4: 1.1 equiv Cs2CO3, dry DMF, rt, 18 h, 53%. 
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This experimental result intended us to develop a different synthetic strategy. After our numerous efforts, 

we have finally devised a new synthetic pathway to calix[4]thiacrowns 3 and 4, as shown in Scheme 1. 

Starting from the regioselective introduction of bromoethyl groups onto the distal hydroxy groups of 5,
8
 the 

resultant 9 was subsequently reacted with dithiols 10 and 11 in THF and DMF, respectively, in the presence 

of Cs2CO3 to yield calix[4]thiacrowns 3
9
 (32%) and 4

10
 (53%) in a successful manner. The molecular 

structure of a new compound 4 was fully characterized by MS, NMR, IR, elemental analysis, and X-ray 

crystallographic analysis. Unfortunately, the single-crystal quality of 4 was not high for X-ray diffraction 

study, and the final R-value remained large (RW=0.164).
11

 Nonetheless, the conformation of the calixarene 

moiety of 4 was determined as cone, as shown in Figure 1. 

 

 

Figure 1. ORTEP drawing
12

 of calix[4]thiacrown 4 showing 50% probability displacement ellipsoids. 

Hydrogen atoms, solvent molecules, and another crystallographically independent molecule are omitted for 

clarity. 

 

The complexation behavior of calix[4]thiacrowns 3 and 4 toward mercury(II) picrate salt
13

 was investigated 

by means of 
1
H-NMR technique. As shown in Figures 2c and 2d, tert-butyl protons of 4 at 0.93 and 1.30 

ppm experienced an upfield shift (Δδ = 0.12, 0.05 ppm) by the addition of mercury ion to the solution of 4, 

and this was also the case for the benzylic methylene protons at 4.36 ppm (Δδ = 0.26 ppm). The observed 

upfield shift is attributable to the conformatinal change of the calixarene moiety of 4 upon complexation 

with mercury ion in the thiacrown moiety; two distal benzene rings get closer to each other to undergo an 

enhanced ring current. Equally important is a large downfield shift (Δδ = 0.3–0.8 ppm) observed for the 

thiacrown moiety of 4, whose methylene protons adjacent to the sulfur atoms (3.02–4.14 ppm) are 

deshielded by a mercury cation bound to the sulfur atoms. The observed trends in the NMR spectra were in 

a good agreement with the study of Reinhoudt and co-workers,
14

 who reported that calix[4]crown 2 

exhibited upfield and downfield shifts of the tert-butyl and oxacrown moieties, respectively, by the 

complexation with potassium ion. It is also noteworthy that hydroxy protons of 4 at 7.07 ppm show a large 

upfield shift (Δδ = 0.77 ppm) and a signal broadening, suggesting that intramolecular hydrogen bonds are 

HETEROCYCLES, Vol. 88, No. 2, 2014 913



 

 

Figure 2. 
1
H-NMR spectra of calix[4]thiacrown 3 in the (a) absence and (b) presence of mercury(II) picrate 

in CDCl3 ([3] = [Hg
2+

] = 0.5 mM). Those of 4 in the (c) absence and (d) presence of mercury(II) picrate ([4] 
= [Hg

2+
] = 0.5 mM). (e) That of mercury(II) picrate. 

 

cleaved to allow the hydroxy groups to take part in coordination to mercury ion. A similarly large upfield 

shift (Δδ = 0.51 ppm) was observed for the picrate protons at 9.19 ppm and was conceivable by considering 

that complexation broke a contact ion pair of mercury cation and picrate anion to liberate the latter ion and 

hence recover the original electron density. On the other hand, all NMR signals of 3 and picrate ion were not 

shifted at all even in the presence of mercury ion (Figures 2a and 2b), indicating that two sulfur atoms in 3 

were not enough to stabilize the coordination to mercury ion. In other words, three sulfur atoms are 

essential to stabilize and accommodate mercury ion in the cavity, at least, under the experimental conditions 

examined herein. Although the ring size of crown moiety seems an important factor influencing 

coordination ability, Huang and co-workers reported that neither 12, 13, nor 14 with similar sized crown 

moiety to 3 and 4 extracted mercury ion, which was only captured by 15 involving three soft donor atoms 

such as two sulfur atoms and one pyridyl group.
15

 As a result, in line with the Huang’s study, the present 
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complexation study demonstrated that the complexation behavior of 3 and 4 with mercury ion was 

controlled by the number of sulfur atoms incorporated in the thiacrown moiety. 

 

HO OHO O

H2C CH2

X

But ButBut But

12: X = CH2S(CH2)3SCH2

13: X = (CH2)2S(CH2)3S(CH2)2

14: X = CONH(CH2)2S(CH2)3S(CH2)2NHCO

15: X = CONH(CH2)2SCH2             CH2S(CH2)2NHCON

 

Figure 3. Calix[4]crown derivatives studied by Huang
15

  
 

In conclusion, we have devised a novel synthetic pathway to calix[4]thiacrowns 3 and 4. Unlike 

calix[4]crowns 1 and 2, sulfur-containing derivative 4 forms a complex with mercury ion, though smaller 

homologue 3 captures no mercury ion because of its smaller number of sulfur atoms involved in the 

thiacrown moiety. Since the complexation ability of 3 and 4 for mercury ion is turned on and off by the 

number of sulfur atoms, we anticipate that calix[4]thiacrowns 3 and 4 can be applied to an adsorbent 

capable of selectively removing heavy metal ions. Investigations along this line are being continued in our 

laboratory to gain a further insight into the host–guest chemistry of these macrocycles. 
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