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1. General methods 

1H NMR and 13C NMR spectra were measured on a Brüker AV-400 

spectrometer. The molecular mass spectra were recorded on a Waters 

LCT Premier XE mass spectrometer. Thermal stability was measured by 

thermogravimetric analysis with model SDT Q600 V8.3 Build 101.  

Materials: Paraformaldehyde, H2SO4, 1,1,3,3-tetramethoxypropane, urea, 

concentrated HCl, calcium chloride, barium chloride and solvents were 

used as supplied without further purification.  

2. Experimental section  

 

Scheme 1. The synthetic route of TD[n]s 
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1) Synthesis of propanediurea (TD) 

1,1,3,3-tetramethoxypropane (100 ml, 0.61mol) was slowly dropped into 

the mixture of urea (84 g, 1.40mmol) and 1.8M H2SO4 (110 ml). The 

resulting solution was stirred and heated to 80℃ for 6h, then cooled to 

room temperature and the solid was collected by filtration. The product 

was washed with acetone/water (1:3) twice and dried to give TD (56 g, 

59%) as the white powder. 

1H NMR (400 MHz, DMSO-d6 , 298K): δ7.08(d, J=4Hz, 4H), 4.50(s, 2H), 

1.96(s, 2H).  

2) Synthesis of TD[4]·2CaCl2 

Paraformaldehyde (5.00g, 166.6mmol), TD (10g, 64.1mmol), CaCl2 (1g, 

9.0mmol) and 9M HCl (20ml) were mixed and the solution was heated to 

100°C for 3.5h. The resulting mixture was cooled to room temperature. 

The precipitate was collected by filtration and transferred into 45ml water, 

after 12h of vigorous stirring, the insoluble part was removed. The filtrate 

was then concentrated and precipitate was collected and dried to give 

TD[4]·2CaCl2 (4.0g, 34%) as white powder.  

1H NMR (400 MHz, D2O, 298 K): δ 6.35(d, J = 15.3 Hz, 8 H), 5.23(s, 8 

H), 4.20(d, J = 15.2 Hz, 8H), 2.31(s, 8 H). 13C NMR (100 MHz, D2O): δ 

152.27, 69.63, 61.36, 28.46. HRMS m/z 743.2486 [M+Na]+. (calcd 

743.2487) 

3) Synthesis of TD[5]·2BaCl2 
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The reaction was carried out as in the synthesis of TD[4]·2CaCl2 except 

BaCl2 (1.5g, 7.2mmol) was used instead of CaCl2. The precipitate was 

collected by filtration, and then washed with 8ml*2 water/acetone (1:3) 

and dried. TD[5]·2BaCl2 (4.3g, 37%) was obtained as white powder. 

1H NMR (400 MHz, D2O, 298 K): δ 6.45(d, J = 15.0 Hz, 10 H), 5.27(s, 

10 H), 4.17(d, J = 15.0 Hz, 10H), 2.31(s, 10 H). 13C NMR (100 MHz, 

D2O): δ 154.86, 69.42, 61.22, 25.13. HRMS m/z 923.3155 [M+Na]+. 

(calcd 923.3434). 

3. Removal of metal ions 

1) Removal of Ca2+ 

TD[4]·2CaCl2 (4.00 g, 4.25 mmol) and EDTA(2.48 g, 8.50 mmol) 

were added into the aqueous solution of tetrabutylammonium 

hydroxide (15%wt, 29.5g) and the resulting mixture was stirred and 

heated to 50℃ for 5h. The solution was then cooled to room 

temperature and the precipitate was collected by filtration. The solid 

was washed with 5ml*2 H2O and dried to give TD[4] (2.02 g, 

66.5%) as white powder. 

2) Removal of Ba2+ 

TD[5]·2BaCl2 (2 g, 1.52 mmol) was added into 0.9M sulfuric acid (20 ml) 

and the mixture was stirred at the room temperature for 3h. The BaSO4 

precipitate of was removed by filtration and the filtrate was poured into 
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100ml acetone. The solid was collected and washed with small amount of 

water/acetone 1: 3 and dried to give TD[5] (756 mg, 55%) as white 

powder.  

4. Preparation of the single crystal of TD[n]s 

The single crystals of TD[4]·2CaCl2 and TD[5]·2BaCl2 were prepared 

from their aqueous solutions (5.3mM and 7.6mM respectively) by slow 

diffusion of acetone vapor at room temperature. Colorless crystals were 

obtained after several weeks.  
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5. Supplementary Figures 

 

Fig S1. The 1H NMR spectra (400 MHz, DMSO-d6, 298 K) of TD and 

urea in HCI after heating for 4h at 100ºC, indicating the formation of high 

purity of pyrimidinone. 
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Fig S2. The 1H NMR spectra (400 MHz, D2O, 298 K) of TD[4]·2CaCl2 

 

Fig S3. 1H NMR spectra (400 MHz, D2O, 298 K) of TD[5]·2BaCl2 
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Fig S4. 13C NMR spectra (100 MHz, D2O, 298 K) of TD[4]·2CaCl2 

 

Fig S5. 13C NMR spectra (100 MHz, D2O, 298 K) of TD[5]·2BaCl2 
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Fig S6. The HRMS spectra of TD[4].                                                                                                                                                                                                                                                

 

Fig S7. The HRMS spectra of TD[5]. 
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Fig S8. Thermogravimetric analysis of TD[4] and TD[5] 

 

 

 

Fig S9. The single crystal structure of TD[4]·2CaCl2 



 11  

 

 

 

Fig S10. The single crystal structures TD[5]·2BaCl2 
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Fig S11. The Elemental Analysis of TD[4]·2CaCl2 (syn-04) and 

TD[5]·2BaCl2 (syn-05). The found average percentages of C, N and H of 

TD[4]·2CaCl2 (C28H32N16O8Ca2Cl4) crystal were 35.75, 23.84 and 3.45, 

respectively (calculated values C: 35.74; N: 23.83; H: 3.43), and those of 

TD[5]·2BaCl2 (C35H40N20O10Ba2Cl4) crystal were 31.86, 21.22 and 3.07, 

respectively (calculated values C: 31.87; N: 21.25; H: 3.06). 
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Fig S12. The result of the atomic absorption spectrum test for the calcium 

content of TD[4] solution (100 mg/L, 1.4×10-4M). The concentration of 

Ca2+ was 0.053 mg/L (1.3×10-6M), indicating that >99% of the calcium 

ions in TD[4]·2CaCl2 had been removed. 
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Figure S13. The result of the atomic absorption spectrum test for the 

barium content of TD[5] solution (100mg/L, 1.1×10-4M). The 

concentration of Ba2+ was 0.034 mg/L (2.5×10-7M), indicating that >99% 

of the barium ions in TD[5]·2BaCl2 had been removed. 
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Figure S14. The Elemental Analysis of TD[4] (Y10150152-001) and 

TD[5] (Y10150152-002). 
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Fig S15. 1H NMR spectra (400 MHz, D2O, 298 K) of TD[4]. 

 

 

Fig S16. 1H NMR spectra (400 MHz, D2O, 298 K) of TD[5]. 
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6. Details of the X-ray Crystal Structure 

Table S1: crystal data and structure refinement for TD[4]·2CaCl2 

 TD[4]·2CaCl2 

Chemical formula C28 H44 Ca2 Cl4 N16 O17 

Formula weight 1098.75 

Temperature 223(2) K 

Wavelength 0.71073Å 

Crystal system Monoclinic 

Space group C2/m 

Unit cell dimensions 

a=14.953(2) Å          α= 90 ° 

b=13.6358(18) Å        β=95.389(2) °  

c=11.0501(15) Å        γ=90 ° 

Volume 2243.1(5) Å3 

Z 2 

Density (calculated) 1.627 Mg/cm3 

Absorption coefficient 0.580 mm-1 

F(000) 1136 

Crystal size 0.480×0.430×0.033 mm3 

Theta range for data collection 1.851 to 27.656° 

Index ranges -15<=h<=19,  -17<=k<=17,  -14<=l<=14 

Reflections collected 8256 

Independent reflections 2707 [R(int) = 0.0208] 

Completeness to theta = 25.242° 99.4% 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.746 and 0.672 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2707 / 30 / 198 

Goodness-of-fit on F2 1.099 

Final R indices [I>2sigma(I)] R1 = 0.0554, wR2 = 0.1923 

R indices (all data) R1 = 0.0607, wR2 = 0.2019 

Extinction coefficient n/a 

Largest diff. peak and hole 1.216 and -0.479 e.Å-3 
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Table S2: crystal data and structure refinement for TD[5]·2BaCl2 

 TD[5]·2BaCl2 

Chemical formula C35 H40 Ba2 Cl4 N20 O24 

Formula weight 1541.33 

Temperature 223(2) K 

Wavelength 0.71073Å 

Crystal system Orthorhombic 

Space group Puma  

Unit cell dimensions 

a=19.356(3) Å          α= 90 ° 

b=11.1923(16) Å        β=90°  

c=26.552(4) Å          γ=90 ° 

Volume 5752.2(15) Å3 

Z 4 

Density (calculated) 1.780 Mg/cm3 

Absorption coefficient 1.642 mm-1 

F(000) 3048 

Crystal size 0.780×0.400×0.200 mm3 

Theta range for data collection 1.534 to 27.585° 

Index ranges -22<=h<=25,  -14<=k<=14,  -34<=l<=30 

Reflections collected 37628 

Independent reflections 6994 [R(int) = 0.0360] 

Completeness to theta = 25.242° 99.7% 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.720 and 0.459 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6994 / 60 / 446 

Goodness-of-fit on F2 1.199 

Final R indices [I>2sigma(I)] R1 = 0.0563, wR2 = 0.1527 

R indices (all data) R1 = 0.0647, wR2 = 0.1577 

Extinction coefficient n/a 

Largest diff. peak and hole 2.255 and -0.636 e.Å-3 

 

 

 

 


