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two sets of signals at 6.51 and 8.03 ppm and at 5.48 and 7.95 
ppm which are assigned, respectively, to the two distinct NH 
protons of the thiourea and of the urea groups. 

 

Figure 2. 1H NMR spectrum of the urea-thiourea bistriethoxysilane linker 5 in 
CDCl3. 

The AB system is unambiguously attributed to the aromatic 
protons (6.97 and 7.17 ppm) indicating that the urea and thiourea 
groups have different electronegativity which affects and 
differentiates the aromatic protons. Indeed, oxygen has an 
electronegativity of 3.44 while sulfur possesses an 
electronegativity of 2.58. This effect is even visible in the 29Si 
spectrum (Figure 3), which clearly exhibits two sharp peaks 
at -45.43 and -45.86 ppm assigned, respectively, to the thiourea-
side and urea-side silicon atoms. The 13C NMR spectrum exhibits 
fourteen peaks consistent with the following assignments: 180.8 
(C=S), 155.89 (C=O), 138.37, 134.07, 126.85, 120.87 (Car), 58.6, 
18.41 (OCH2CH3), 58.5 (CH2NHCS), 42.77 (CH2NHCO) 23.61, 
22.64, 7.78, 7.71 (NCH2CH2). 
 

 

Figure 3. 29Si NMR spectrum of the urea-thiourea linker 5. 

Synthesis of the malonamide bistriethoxysilane linker 
 
Syntheses of malonamide compounds are usually based on the 
high reactivity of acyl chloride, and are performed under strict 
conditions as described by Conocar et al.[34] in their work on new 
hybrid silica-based materials for the solid/liquid extraction of 
actinides. Indeed, malonamides are good complexing agents for 
actinides and lanthanides.[35] Lately, a modified synthesis of 
silylated malonamide groups, based on tetraethyl 
ethanetetracarboxylate, has been developed by Freitas et al.[36] to 
obtain luminescent hybrid materials. In our work, we used diethyl 
malonate as a starting molecule (Scheme 2b). The synthetic route 
consists in two consecutive substitution reactions. The ether 
group of the malonate is substituted by APTES to form the 
malonamide group. By optimizing the reaction which was done at 
140 °C for 6 h in a sealed flask, we obtain compound 8 with a high 
yield of 90% after purification. Although the temperature of the 
reaction is higher than the condition used with acyl chloride, no 
decomposition occurred and the purification only involves 
evaporation of the excess of APTES and other volatiles at 100°C 
for 24 h under vacuum. The synthesis of the linker was 
investigated by liquid NMR (1H, 13C and 29Si). The 1H NMR 
spectrum (Figure 4) exhibits a chemical shift at 7.30 ppm 
corresponding to the NH proton of the amide function. The ethoxy 
protons are assigned to the chemical shifts at 3.78 and 1.17 ppm. 
The sharp peak at 3.1 ppm is attributed to the two protons of the 
central carbon of the malonamide group and finally the three 
propylene CH2 groups are located at 3.21, 1.59 and 0.58 ppm, 
with respective integration of 1:6:9:1:2:2:2, as expected.  

 

Figure 4. 1H NMR spectrum of the malonamide bistriethoxysilane linker 8 in 
CDCl3. 

The 13C NMR spectrum shows seven peaks assigned to C=O 
(167.45), CH2 and CH3 of the ethoxy groups (respectively at 58.5 
and 18.34), central C (42.95) and the propylene carbons (42.12, 
22.81 and 7.85). The corresponding 29Si spectrum (Figure 5) 
exhibits a single peak at -45.86 ppm which corresponds to a 
triethoxysilyl group bonded to a carbon sp3, indicating that no 
hydrolysis occurred even at temperatures as high as those of the 
synthesis (140 °C).   
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