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Development of a mercury adsorption probe aimed at the removal of mercury ions
incorporated into living organisms
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The synthesis reaction of calix[4]thiacrown (CA4SC5) initially had a low
yield, but by optimizing the reaction conditions, the yield was improved to approximately 80%. Next,
we investigated the method for evaluating the mercury capture ability of CA4SC5. When CA4SC5
captures mercury, the NMR spectrum signals of the crown region shift to a lower field, but the
degree of this shift overlaps with the solvent signals, making it difficult to accurately evaluate
the capture ability. We noticed that the structure of CA4SC5 changes when it captures mercury, and
found that we could evaluate its binding ability by tracking the behavior of the t-Bu groups and
benzene ring protons of CA4SC5.
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Scheme 1. Synthesis of CA4SC5 from 1, 3-dibromoethylcalix[4]arene 1 and 2.

Table 1. Investigation of conditions for the cyclization reaction of 1,3-dibromoethyl-
calix[4]arene 1 and dithiol 2.

Entry  Base 2 admin. method 2 admin. time temp. time yield
1 DBU direct 0 50°C 2h 65%"
2 DBU direct 0 r.t 2h -
3 DBU direct 0 50°C 2h 48%°
4 DBU direct 0 40°C 2h 53%"
5 DBU dissolve in 10ml DMF 30 min 50°C 2h 74%9
6 DBU dissolve in 2b5ml DMF 30 min 50°C 2h 58%%
7 DBU  dissolve in 10ml DMF 0 50°C 2h 81%"
8 DBU  dissolve in 10ml CHCl, 0 50°C Lw - b
9 DMAN direct 0 50°C 1d - b
10  DMAN direct 0 50°C Lw - b
11 DMAN dissolve in 10ml CHCIs; 0 50°C 1w -

a) CA4SC5 could not be isolated due to be intermixed with starting materials. b) The spots of
the starting materials did not disappear on TLC. ¢) Hexane—chloroform (2.5:1, v/v),
recrystallization method. d) Chloroform—methanol (1:3, v/v), reprecipitation method. e) Hexane
washing method.
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Figure 3. 'H-NMR spectra of a) 2 with b)  pigyre 4. 'H-NMR spectra of a) 2 with b) 0.375,
0.375, ¢) 0.5, d) 0.75, e) 1.0, f) 1.5, g) ¢) 0.5, d 0.75, ¢) 1.0, ) 1.5, g) 2.0, h)
2.0, h) 3.0, i) 40, J 6.0, k) 80 30 i) 4.0, j) 6.0, k) 8.0 equivalents of
equivalents of HgCl, to 1.0 mM of 2. CDCls— HeCl, to 1.0 mM of 2. CDCl~CD;OD-d4 (17/3,

CD;0D-d4  (17/3, v/v) was employed as a v/v) was employed as a deuterated solvent.
deuterated solvent. These spectra were These

exhibited around the signals of ¢butyl
groups of the spectra.

spectra were exhibited around the
signals of phenolic groups of the spectra

Table 2. The binding constants calculated from the changes in each proton signal, tert—butyl,
thiacrown and phenolic ring moieties.

E? Mercury (IT  tert- ];ff;— Thiacro  Thiacro Zhe;fnl;_ Ehe;fnlgl_ Total'
_1e _1a _Hb )
v ) compound Butyl-H i wn—H wn—H I e
1 HeCl. 75376 834X66 84570 90589 73578 91972 756 =L
E- (n=10)  (1=10)  (n=6) (n=7) (n=10)  (n=10) 38

1421 £ 1401 = 15564 £ 1185 £ 1432 £ 1378 =L 1494 &

2 HgBr» 154 142 183 179 154 160 737 o
(n=10) (n=10) (n=9) (n=7) (n=10) (n=10) ]
72244 = 73581 £ 63281 = 68171 = 76200 £ 67587 k= 74449

3 Hg (CHsC00), 17670 16840 10560 8773 17613 15820 43466
(n=10) (n=10) (n=8) (n=6) (n=10) (n=10) -
16661 = 16439 = 19780 = 15526 £ 16739 = 15991 £ 16652

4 Hg (CHsC00), 5298 5522 8893 5640 5266 6112 40561
(n=10) (n=10) (n=8) (n=9) (n=10) (n=10) -

D The total binding constants obtained from the transition of four protons, H¢ H', H', H. n is
the number of measurement points used in the calculation of the coupling constant, excluding
the origin point.
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Scheme 2. Preparation of nanodiamond with polyacrylic acid polymer fixed to its surface.
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Table 3. Comparison of the elemental analysis
of the obtained polyacrylic acid ND with
different amounts of added acrylic acid [a) 2
ml, b) 3 ml, ¢) 4 ml].
|\ Elemental analysis (%)
100 1o 100 1000 100 1000 0
C H N O
(@) (b) (c)
) ) ) ND 97.99 0.53 0 0.42

Figure 5. Average particle size of compound

3 measured by DLS. The comparison was made | ND-a 83.72 1.96 0.20 12.39

with the addition of acrylic acid in

quantities of a) 2 ml, b) 3 ml and ¢)4 ml, ND-b 82.77 2.17 0 15.08

respectively. ND-c | 82.96 2.03 0.14 12.65
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