Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2017

Supporting Information

Simple and high yield access to octafunctional azido, amine and urea group bearing cubic

spherosilicates

Sandra Schéfer , Guido Kickelbick*!2®]

[a] Inorganic Solid State Chemistry, Saarland University, Am Markt, Zeile 3, 66125 Saarbriicken,
Germany

[b] INM — Leibniz-Institut fir Neue Materialien GmbH, Campus D2, 66123 Saarbrlcken,
Germany

E-mail: guido.kickelbick@uni-saarland.de

http://www.uni-saarland.de/lehrstuhl/kickelbick.html

Materials. Tetraethoxysilane was provided by Wacker Silicones. Chlorodimethylsilane, and Karstedt
catalyst (in xylene, Pt 2.1-2.4%) were purchased from ABCR. Tetramethylammonium hydroxide
pentahydrate, 10-undecen-1-ol, triphenylphosphine, tetrabromomethane, NaNs, Pd/C on carbon (10
wt%), propyl isocyanate, 18-crown-6, toluene (abs.), ACN (abs.), DMF (abs.) and ethanol (abs.) were
purchased from Sigma—Aldrich. 1,4- dibromobutane, 1,5- dibromopentane, 1,6-dibromohexane and
potassium tert-butoxide were purchased from Alfa Aesar. Alumina 90 active neutral was purchased from
Merck Millipore. All chemicals were used as received. All synthetic procedures were carried out under
inert gas atmosphere applying Schlenk techniques.

Characterization. Fourier transform infrared (FTIR) spectroscopy measurements were performed
applying a Bruker Vertex 70 spectrometer under ambient air (40 scans at a resolution of 4 cm™) in
attenuated total reflectance (ATR) mode. Solution NMR spectra were recorded with a Bruker Avance
300 spectrometer at 25 °C (*H at 300.13 MHz, 3C at 75.48 MHz, %Si at 59.63 MHz) with 400 MHz using
CDCls, or MeQOD-d4 and the residual protons as reference. Elemental analysis was performed with a Leco
900 CHN analyzer. High-resolution mass spectrometry (HRMS) was performed with a solariX 7 Tesla
FTICR mass spectrometer (Bruker Daltonics, Bremen, Germany). All samples were ionized by
electrospray ionization (ESI). In MS/MS mode, precursor ions were isolated first in the quadrupole and
externally accumulated in the hexapole for 0.1 s. For collision- induced dissociation (CID), a collision
voltage of 2-10 V was applied. Thermogravimetric analysis (TGA) was performed on a Netzsch Iris TG
209C in an alumina crucible heating from room temperature to 700 °C under nitrogen followed by
heating to 800 °C under a mixture of nitrogen and oxygen (1:1) with a rate of 20 K/min or completely
under mixture of nitrogen and oxygen (1:1) with the same rate. Differential scanning calorimetry (DSC)
measurements were performed with a Netzsch DSC 204 F1 Phoenix calorimeter and with a TA
instruments Q100 with samples in aluminum crucibles with pierced lids and heated under nitrogen at a
rate of 10 K/min.
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Synthesis

w-Alkenylbromides (C4-C6, C11; la-d). 4-Bromo-1-butene, 5-Bromo-1-Pentene, 6-Bromo-1-hexene
were synthesized according to literaturel!, using an elimination reaction with potassium tert-butoxide
in diethyl ether. The reaction was catalyzed via 18-crown-6 ether. Synthesis of 11-bromo undecene
(1d)'"" was described elsewere.

Octakis(hydridodimethylsiloxy)octasilsesquioxane (2) was synthesized according to a literature
procedure. [

Octakis(bromoalkyldimethylsiloxy)octasilsesquioxane (3a-d).
Octakis(hydridodimethylsiloxy)octasilsesquioxane (2) (3.00 g, 2.95 mmol) and w-bromo alkene (1a-d)
(23.6 mmol) were dissolved in anhydrous toluene (30 mL). Karstedt -catalyst (2 % in xylene, 350 ulL) was
added and the mixture was heated to 80 °C for 1-2 h. The mixture was filtered through Al,O3 (active
neutral) and the solvent was removed under reduced pressure. The product was obtained as colorless
oil and used without further purification for the following reactions.

3a (C4): Colorless Oil. Yield: 6.12 g (100 %, 2.95 mmol). *H NMR (300 MHz, CDCl3) & 3.41 (t, J = 6.8 Hz,
16H, CH,Br), 1.97 — 1.80 (m, 16H, CH-CH-Br), 1.56 — 1.45 (m, 16H, CH>CH,Si), 0.67 —0.54 (m, 16H, CH,Si),
0.16 (s, 48H, Si(CHs),). 3C NMR (75 MHz, CDCls) & 36.14 (CH,Br), 33.44 (CH,CH,Br), 21.72 (CH,Si), 16.81
(CH,CH,Si), -0.16 (Si(CHs),). 2°Si NMR (60 MHz, CDCl3) 6 12.68 (OSi(CHs)2R), -108.96 (SiO4). IR v = 2960
(v C-H), 2935 (v C-H), 1254 (v Si-C), 1072 (v Si-O), 840 (6 C-H), 694(v C-Br), 548 (6 Si-O cage deformation)
cm™®. CHNineo (CagH112Brs020Sise): C: 27.48; H: 5.38; N — CHNeyp. C: 27.36; H: 5.37; N -.

3b (C5): Colorless Oil. Yield: 6.52 g (100 %, 2.95 mmol). *H NMR (300 MHz, CDCls) & 3.40 (t, J = 6.9 Hz,
16H, CH,Br), 1.86 (m, 16H, CH,CH,Br), 1.54 — 1.31 (m, 32H, CH.CH>CH,Si), 0.66 — 0.56 (m, 16H, CH.SI),
0.13 (s, 48H, Si(CHs)2). 3C NMR (75 MHz, CDCls) & 33.93 (CH,Br), 32.72 (CH,CH,Br), 31.91 (CH,CH;
CH,Br), 22.36 (CH,Si), 17.65 (CH,CH,Si), -0.14 (Si(CHs),).2Si NMR (60 MHz, CDCls) & 12.66 (OSi(CHs)R),
-108.93 (Si04). IR v = 2958 (v C-H), 2926 (v C-H), 1253 (v Si-C), 1070 (v Si-O), 835 (6 C-H), 694 (v C-Br),
546 (6 Si-O cage deformation) cm™. CHNineo (CssH128BrsO20Sit6): C: 30.43; H: 5.84; N — CHNeyp. C: 30.43;
H:5.84; N -.

3c (C6): Colorless Qil. Yield: 6.85 g (100 %, 2.95 mmol). 'H NMR (300 MHz, CDCl3) 6 3.40 (t, J = 6.9 Hz,
2H, CH:Br), 1.85 (m, 2H, CH2CH,Br), 1.52 — 1.27 (m, 48H, CH2CH2CH-CH,Si), 0.65 — 0.54 (m, 16H, CH-Si),
0.13 (s, 48H, Si(CHs),). 3C NMR (75 MHz, CDCls) & 34.08 (CH,Br), 32.93 (CH,CH-Br), 32.58 (CH,CH;
CH;Br), 28.03 (CH, CH,CH,Si), 22.94 (CH5Si), 17.73 (CH,CH,SI), -0.14 (Si(CHs)s). 2°Si NMR (60 MHz, CDCls)
8 12.68 (OSi(CH3):R), -108.91 (SiO4). IR v = 2958 (v C-H), 2924 (v C-H), 1252 (v Si-C), 1071 (v Si-O), 839
(6 C-H), 694 (v C-Br), 548 (& Si-O cage deformation) cm™. CHNiheo (CeaH144BrsO20Sis6): C: 33.10; H: 6.25;
N — CHNeyp. C: 33.54; H: 6.34; N -.

3d (C11): Colorless Oil. Yield: 8.51 g (100 %, 2.95 mmol).*H NMR (300 MHz, CDCl3) & 3.40 (t, J = 6.9 Hz,
16H, CH2Br), 1.91—-1.80 (m, 16H, CH,CHBr), 1.48 —1.18 (m, 128H, CH; aiy1), 0.88 (t, /= 6.7 Hz, 1H, CH,Si
small amount a product), 0.67 —0.51 (m, 15H, CH,Si), 0.13 (s, 48H, Si(CHs),). 3C NMR (75 MHz, CDCls)
8 34.13 (CH,Br), 33.64 (CH2CH;Br), 33.03 (Caikyt), 29.82 (Caiyt), 29.81 (Caikyt), 29.66 (Catyl), 29.58 (Caiky),
28.99 (Caiyl), 28.37 (Caiyl), 23.14 (CH,SI), 17.87 (CH2CH,Si), -0.17 ((CHs)2Si). 2°Si NMR (60 MHz, CDCls) 6
12.58 (0Si(CHs),R), -108.88 (SiO4). IR v = 2921 (v C-H), 2856 (v C-H), 1252 (v Si-C), 1074 (v Si-0), 838 (& C-
H), 548 (6 Si-O cage deformation) cm™. CHNiheo (C104H244Brs020Site): C: 43.51; H: 7.89; N — CHNexp. C:
43.23; H:7.75; N -,



Octakis(azidoalkyldimethylsiloxy)octasilsesquioxane (4a-d): Sodium azide (4.60 g, 70.8 mmol, 4 eq per C-
Br group) was suspended in a mixture of anhydrous ACN:DMF (10:1 v/v; 40 mL) and the appropriate
octakis(bromoalkyldimethylsiloxy)octasilsesquioxane (2.95 mmol) was added. The reaction mixture was
heated to 80 °C for 4-5 h. After cooling to room temperature, the mixture was extracted with n-hexane
(3 x 20 mL). Afterwards, the hexane layer was extracted with water to remove the residual DMF. The
organic layer was dried over MgSQ, and the solvent was removed in vacuo. The product was obtained
as colorless oil.

4a: Colorless Oil. Isolated Yield: 4.58 g (87 %, 2.57 mmol). Conversion: 100 %. *H NMR (300 MHz, CDCls)
§3.27 (t, = 6.9 Hz, 16H, CH:2N3), 1.69 — 1.57 (m, 16H, CH2CH2N3), 1.51 — 1.37 (m, 16H, CH.CH,Si), 0.68
— 0.56 (m, 16H, CH,Si), 0.15 (s, 48H, Si(CHs),). 3C NMR (75 MHz, CDCls) 6 51.19 (CH,Ns), 32.36
(CH2CH,CH,SI), 20.33 (CH,Si), 17.30 (CH,CH,SI), -0.23 ((CHs)5Si). 2°Si NMR (60 MHz, CDCls) 6 12.66
(OSi(CH3)R), -108.95 (SiO4). IR v = 2956 (v C-H), 2928 (v C-H), 2092 (v N3), 1254 (v Si-C), 1072 (v Si-0),
827 (6 C-H), 552 (& Si-O cage deformation) cm™. CHNipeo (CagH112N24020Si16): C: 32.12; H: 6.29; N: 18.73
CHNexo. C:31.78, H: 6.10; N: 18.22.

4b: Colorless Oil. Isolated Yield: 5.23 g (93 %, 2.74 mmol). Conversion: 100 %. *H NMR (300 MHz, CDCls)
6 3.25 (t, / = 6.9 Hz, 16H, CH:N3), 1.69 — 1.49 (m, 16H, CH.CH,Ns), 1.47 — 1.26 (m, 32H, CH,CH,CH,Si),
0.69 — 0.49 (m, 16H, CHSi), 0.13 (s, 48H, Si(CHs),). C NMR (75 MHz, CDCls) & 51.57 (CH,Ns), 30.49
(CH2CH,CH,Si), 28.72 (CH2CHLCHLCH,SI), 22.72 (CHLSI), 17.70 (CH2CH,SI), -0.20 ((CH3)2Si). 2°Si NMR
(60 MHz, CDCl3) 6 12.67 (0OSi(CHs)2R), -108.90 (SiO4). IR v =2956 (v C-H), 2928 (v C-H), 2091 (v N3), 1252
(v Si-C), 1070 (v Si-0), 837 (& C-H), 550 (& Si-O cage deformation) cm™. CHN:heo (CssH128N24020Si16): C:
35.27; H: 6.77; N: 17.63 CHNexo. C: 35.26; H: 6.69; N: 16.89.

4c: Colorless Oil. Isolated Yield: 5.41 g (91 %, 2.68 mmol). Conversion: 100 %. *H NMR (300 MHz, CDCls)
63.25(t, /= 6.9 Hz, 16H, CH2N3), 1.66 — 1.52 (m, 16H, CH,CH,N3), 1.44 — 1.28 (m, 48H), 0.68 —0.53 (m,
16H, CH-Si), 0.13 (s, 48H, Si(CHs),). BCNMR (75 MHz, CDCl3) § 51.63 (CH;N3), 32.98 (CH,CH,CH,Si), 28.96
(CH2CH;,N3), 26.57 (CH2CH2CH,N3), 22.97 (CHASI), 17.72 (CHLCH,SI), -0.19 ((CH3),Si). 2Si NMR (60 MHz,
CDCl5) & 12.67 (OSi(CHs)2R), -108.90 (SiO4). IR v = 2958 (v C-H), 2926 (v C-H), 2092 (v N3), 1252 (v Si-C),
1062 (v Si-0), 839 (6 C-H), 548 (& Si-O cage deformation) cm™. CHN:peo (CesH144N24020Sis6): C: 38.07; H:
7.19; N: 16.65 CHNeyp. C: 37.95; H: 7.13; N: 16.25.

4d: Colorless Oil. Isolated Yield: 6.79 g (89 %, 2.63 mmol). Conversion: 100 %. *H NMR (300 MHz, CDCls)
§3.26 (t,J = 6.9 Hz, 16H, CH:2N3), 1.66 — 1.54 (m, 16H, CH2CH2Ns), 1.46 — 1.22 (m, 128H, CH- alkyl), 0.91
—0.85 (m, 1H, CH,Si small amount a product), 0.66 — 0.52 (m, 15H, CH,Si), 0.09 (s, 48H, Si(CHs),). 3C
NMR (75 MHz, CDCls) 6 51.64 (CH,N3), 33.64 (CH,CH,N3), 29.80, 29.70, 29.58, 29.37,29.01, 26.91, 23.14
(CH3Si), 17.86 (CH2CH,Si), -0.18 ((CH3),Si). 2°Si NMR (60 MHz, CDCls) § 12.58 (0Si(CHs),R), -108.88 (SiO4).
IR v =2921 (v C-H), 2856 (v C-H), 2091 (v N3), 1252 (v Si-C), 1074 (v Si-O), 838 (6 C-H), 548 (6 Si-O cage
deformation) cm™. CHNheo (C104H244Ng020Si16): C 48.41; H: 8.75; N 13.03 CHNeyp. C: 48.54; H: 8.10; N
12.15.

Octakis(aminoalkyldimethylsiloxy)octasilsesquioxane (5a-d).

Octakis(azidoalkyldimethylsiloxy)octasilsesquioxane (Yield from 4a-d) and palladium catalyst on
activated carbon (10 wt%, ca. 200 mg) was suspended in anhydrous ethanol (200 mL). Hydrogen was
bubbled slowly through the suspension for 1-2 h at 20-25°C. The quantitative conversion was
determined by 'H NMR spectroscopy. Therefore, the catalyst was removed by filtering through a glas



filter under inert atmosphere and the solvent was evaporated at room temperature in vacuo. 2°Si was
not possible to aquire due to long measurement time in which the cube structure decomposes.

5a: Not isolated. Conversion: 100 %, 2.57 mmol. *H NMR (300 MHz, MeQOD) & 2.64 (t, 16H, CH,NH>), 1.55
—1.37 (m, 32H, CH2CH,CH,Si), 0.68 —0.59 (m, 16H, CH,Si), 0.11 (s, 42H (should be 48, (CHs),Si)). 3C NMR
(75 MHz, CDCl3) 6 42.20 (CH,NH,), 37.37 (CH2CH,NH,), 21.58 (CH,Si), 16.59 (CH2CH,SI), -2.69 ((CH3)2Si).
IR v = 3300 (v N-H), 2958 (v C-H), 2924 (v C-H), 1579 (8 N-H), 1251 (v Si-C), 1045 (v Si-0), 836 (& C-H),
545 (8 Si-O cage deformation) cm™. ESI-MS: +MS: [M+H"]: 1586.59, [M+2H*]: 793.33 m/z.

5b: Not isolated. Conversion: 100 %, 2.74 mmol. *H NMR (300 MHz, MeOD) & 2.63 (t, J = 6.9 Hz, 16H,
CHNH,), 1.55 — 1.37 (m, 48H, CH>CH,CH,CH,Si), 0.72 — 0.61 (m, 16H, CH,Si), 0.17 (s, 48H, (CHs),Si).*3C
NMR (75 MHz, MeOD) & 42.50 (CH,NH3), 33.53 (CH,CH,NH,), 31.74 (CH,CH,CH,NH,), 24.10 (CH.SI),
16.70 (CH,CHSi), -2.69 ((CH3),Si). IR v = 3300 (v N-H), 2958 (v C-H), 2924 (v C-H), 1579 (& N-H), 1251 (v
Si-C), 1045 (v Si-0), 836 (6 C-H), 545 (6 Si-O cage deformation) cm™. ESI-MS: +MS: [M+H*]: 1699.70
[M+2H*]: 849.89 m/z.

5c: Not isolated. Conversion: 100 %, 2.68 mmol. *H NMR (300 MHz, MeQOD) 6 2.70 — 2.57 (m, 16H,
CH2NH,), 1.45 (dd, J = 21.1, 14.2 Hz, 64H, CH,CH,CH,CH,CH,SI), 0.66 (s, 16H, CH,Si), 0.16 (d, J = 3.3 Hz,
48H, (CH3),Si)). ¥3C NMR (75 MHz, MeOD) & 42.60 (CHaNH,), 34.35 (CH,CH,CH,CHyNH,), 33.78
(CH,CHuNHy), 27.72 (CH,CH,CH2NH,), 24.16 (CH,SI), 16.68 (CH2CH,SI), -2.69 ((CHs).Si). IR v = 3300 (v N-
H), 2958 (v C-H), 2924 (v C-H), 1579 (& N-H), 1251 (v Si-C), 1045 (v Si-O), 836 (6 C-H), 545 (& Si-O cage
deformation) cm™. ESI-MS: +MS: [M+H*]: 1811.90, [M+2H*]: 906.42 m/z.

5d: Slightly yellow solid. Conversion: 100 %, 2.63 mmol. Isolated Yield: 4.49 g (1.89 mmol, 72 %). 'TH NMR
(300 MHz, MeOD) § 2.92 (d, J = 7.1 Hz, 16H, CH,NH,), 1.74 — 1.58 (m, 16H, CH,CH,NH,), 1.48 — 1.24 (m,
128H, , CH, alkyl), 0.6 —0.62 (m, 16H, CH-Si), 0.16 (s, 48H, (Si(CHs)2). *C NMR (75 MHz, MeOD) 6§ 40.82
(CH2NH,), 34.70 (CH,CH2N), 30.92 (Caikyt), 30.89 (Caikyt), 30.72 (Caikyt), 30.68 (Caikyi), 30.41 (Caiy), 28.66
(Caikyt), 27.62 (Caikyt), 24.26 (CH5Si), 18.75 (CH,CH,Si), 0.09 (Si(CHs),). 2°Si NMR (60 MHz, MeOD) & 13.00
(OSi(CHs)2R), -108.63 (SiO4). CHNtheo (C104H240N8020Si16): C, 52.65; H, 10.20; N, 4.72 CHNeyo. C, 47.44; H,
9.25; N, 4.78. IR v = 3300 (v N-H), 2921 (v C-H), 2856 (v C-H), 1579 (& N-H), 1252 (& C-H), 1074 (v Si-0),
838 (6 C-H), 548 (6 Si-O cage deformation) cm™. TG residual mass: N,: 29.93 %, O,: 33.22 % (theoretical
residual mass: 32.43%). ESI-MS: [M+2H"]: 1186.73, [M+3H*]: 791.49 m/z.

Octakis(X-(3-propylurea)alkyl-1-dimethylsiloxy)octasilsesquioxane (X = 4, 5, 6, 11).

The amine cube solutions in ethanol were filtered off from reaction solution under inert atmosphere.
Propyl isocyanate (1 eq) was added at room temperature to the reaction mixture. Afterwards, the
solvent was removed in vacuo and in case of residual free propyl isocyanate, the product was extracted
with chloroform.

6a: Colorless Solid. Yield: 5.53 g (95 %, 2.44 mmol). *H NMR (300 MHz, MeOD) & 3.20 — 3.01 (m, 32H,
CHNHCONHCH,), 1.49 (td, J = 14.6, 7.3 Hz, 48H, CH,CH,CH,NHCONHCH,CH,), 0.91 (t, J = 7.4 Hz, 24H,
CHs), 0.75—0.61 (m, 16H, CH,Si), 0.18 (s, 48H, Si(CHs),). **C NMR (75 MHz, MeOD) & 161.33 (CO), 42.83
(CONHCH,), 40.74 (CONHCH,—Si), 35.01 (Caiyl), 24.57 (CH,Si), 21.46 (Caiy), 18.39 (CH2CH,Si), 11.69
(CH3), 0.01 (Si(CHs)2). 2°Si NMR (60 MHz, MeOD) 6 13.31 (0Si(CHs)2R), -108.57 (SiO4). IR v = 3332 (v N-
H), 2960 (v C-H), 2928 (v C-H), 1632 (amide | v C=0), 1568 (amide II, § N-H, C=0, v C-N), 1252 (& C-H),
1070 (v Si-0), 842 (6 C-H), 554 (& Si-O cage deformation) cm™. ESI-MS: [M+H*+Na*]: 1156.50 m/z.



6b: Colorless Solid. Yield: 6.19 g (95 %, 2.60 mmol). *H NMR (300 MHz, MeOD) & 3.09 (dt, J = 13.9, 6.9
Hz, 32H, CH:NHCONHCH,), 1.57 — 1.33 (m, 64H, CH,CH,CH,CH,NHCONHCH,CH,CHs), 0.91 (t, J = 7.4 Hz,
24H, CHs), 0.73 —0.59 (m, 16H, CH,Si), 0.17 (s, 48H, Si(CHs)2). 3C NMR (75 MHz, MeOD) & 161.33 (CO),
42.84 (CONHCH,), 41.07 (CONHCH>—Si), 31.81 (Caiyt), 31.21 (Caiy)), 24.56 (Caikyl), 23.99 (Caikyl), 23.56
(CH5Si), 18.70 (CH,CH,Si), 11.68 (CH3), 0.04 (Si(CHs)2). 2°Si NMR (60 MHz, MeOD) 6 13.24 (0Si(CHs),R), -
108.55 (Si04). IR v =3333 (v N-H), 2960 (v C-H), 2926 (v C-H), 1628 (amide | v C=0), 1570 (amide II, & N-
H, C=0, v C-N), 1252 (v Si-C), 1070 (v Si-O), 839 (6 C-H), 548 (6 Si-O cage deformation) cm™. ESI-MS:
[M+H*+Na*]: 1212.56 m/z.

6c: Colorless Solid. Yield: 6.41 g (96 %, 2.57 mmol). *H NMR (300 MHz, MeOD) & 3.16 — 2.99 (m, 32H,
CH:NHCONHCH,), 1.57 = 1.27 (m, 80H, CH>CH>CH,CH>CH,NHCONHCH,CH>), 0.91 (t, J = 7.4 Hz, 24H,
CHs), 0.72 —0.55 (m, J = 14.7 Hz, 16H, CH,Si), 0.16 (s, 48H, Si(CHs),). **C NMR (75 MHz, MeOD) § 161.34
(CO), 42.84 (CONHCH,), 41.15 (CONHCH,—Si), 34.51 (Caiy), 31.51 (Caiy)), 27.78 (Caiyl), 24.56 (Caiky),
24.16 (CH,Si), 18.84 (CH,CH,Si), 11.68 (CHs), 0.07 (Si(CHs)2). 2°Si NMR (60 MHz, MeOD) & 13.23
(OSi(CH3),R), -108.56 (SiO4). IR v = 3329 (v N-H), 2960 (v C-H), 2924 (v C-H), 2858 (v C-H), 1628 (amide |
v C=0), 1572 (amide II, § N-H, C=0, v C-N), 1252 (& Si-C), 1062 (v Si-0), 839 (& C-H), 548 (6 Si-O cage
deformation) cm™. ESI-MS: [M+2Na*]: 1268.63 m/z.

6d: Colorless Solid. Yield: 7.63 g (2.50 mmol, 95 %). *H NMR (300 MHz, MeOD) § 3.16 —3.03 (m, J=9.7,
7.0 Hz, 32H, CH:NHCONHCH,), 1.56 — 1.23 (m, 160H, CHaaiyi), 0.91 (t, / = 7.4 Hz, 24H, CHs), 0.70 — 0.61
(m, 16H, CH2Si), 0.14 (s, 48H, Si(CHs)2). 3C NMR (75 MHz, MeOD) 6 161.36 (CO), 42.84 (CONHCH,), 41.10
(CONHCH;—Si), 34.69 (Caikyl), 31.49 (Caiy), 30.94 (Caikyt), 30.69 (Caikyl), 28.10 (Caikyl), 24.55 (Caiy), 24.27
(CH,Si), 18.77 (CH,CH,Si), 11.67 (CH3), 0.15 (Si(CHs)2). 2°Si NMR (60 MHz, MeOD) & 12.98 (0Si(CHs)R), -
108.63 (SiO4). IR v = 3325 (v N-H), 2960 (v C-H), 2922 (v C-H), 1624 (amide |, v C=0), 1579 (amide II, § N-
H, C=0, v C-N), 1252 (v Si-C), 1072 (v Si-0), 840 (6 C-H), 550 (6 Si-O cage deformation) cm™. TG residual
mass: Ny: 28.19 %, (theoretical residual mass: 29.39 %). ESI-MS: [M+2Na*]: 1549.40, [M+Na*+K"]:
1557.39, [M+2K*]: 1564.89 m/z.
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a [ppm]
C5Br (3b)
C5Br (3b)
'H NMR (300 MHz, CDCl;) 3 3.40 (t, J= 6.9 Hz, 1H), 1.95
~1.78 (m, 16H), 1.52 — 1.32 (i, 2H), 0.69 — 0.53 (m, 1H),
0.19 - 0.08 (m, 3H).
At) B (m)||E (m) C(m)| [DfKm)
3.40 1.86 || 1.42 0.61 014
— — — — -+
, )L I, W
| | | 1 |
8 8 38 8 8
9 3 Y] 9 2
7:5 7:0 s.ls 6.‘0 5:5 s.ln 4.|5 4.‘0 3|5 3:0 2.|5 2.‘0 1:5 1:0 n.ls D.‘D

5 [ppm]



e O -
an®d @A g =
oo o I~ 5
CSBI‘ (3b) 1A oA N = @
CNMR (75 MHz, CDCL) & 33.93, 32.72, 3191, 22.36, 1765, -0.14 [N T |
I
|
1
v A ) v L. o Jh,
T T T T T 1 T 1 T T \ T T T T T T \ T T T T T T T T r
120 115 110 105 100 95 90 85 80 75 70 65 60 55 S50 45 40 35 30 25 2 15 10 5 0 5 -10
a [ppm]
)
8 %
C5Br (3b) ol 3
: H
#Si NMR (60 MHz, CDCl;) § 12.66, -108.93. T
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 160 140 120 100 80 60 40 20 -0 <30 50 -70 -90  -110 -140 -170

0
8 [ppm]



C6Br (3c)

C6Br (3¢)
'H NMR (300 MHz, CDCls) § 3.40 (t, J = 6.8 Hz, 16H).

1.91—1.79 (m, 1H), 1.50 — 1.31 (m, 3H), 0.67 — 0.54 (m,
1H), 0.13 (s, 3H).

A(t) B (m)| |E(m) C(m)| |Dj(s)
3.40 1.85 1.40 0.60 013
=] — — — H
) M il uL
| | | | |
3 g 3 3 5
9 9 2 4 e
7.Iu s.‘s s.lu 515 5‘.0 4:5 4.‘0 3.|5 aju zl.s zlu 1.‘5 1.Iu u.‘s ul.u
8 [ppm]
BRAS I s
C6Br (3¢) q—r\m?snm ;
BC NMR (75 MHz, CDCl;) 6 34.08, 32.93, 32.58, 28.03, Tﬁ; ;" ‘*\ I
22.94,17.73,-0.14.
1
]
! |
|
. " ) sl |
12|s 11|5 1u|5 I gls glu sls alu ;Js 7|u s‘s slu sls 56 4ls 46 als 3Iu zls 2Iu 1|5 10 5 u —1Iu
& [ppm]




C6Br (3¢)
28i NMR (60 MHz, CDCl;) § 12.68, -108.91.

—12.68

—-108.91

T
100 a0 60

180 160 140 120 -10 -50
C11Br (3d)
C11Br (3d)
'H NMR (300 MHz, CDCl;) 8 3.40 (t, /= 6.9 Hz, 16H),
1.91 - 1.80 (m, 16H), 1.48 — 1.18 (m, 128H), 0.88 (t,J=6.7
Hz, 1H), 0.67 - 0.51 (m, 15H), 0.13 (s, 48H).
E()
0.88
At B (m)| |D(m) C(m)| |F(s)
3.40 1.85 1.3 0.59 03
residual H O
| | I I | [
8 g 8 .3 3
g ) & & @
75 7.0 6.5 6.0 5.5 5.0 4.0 3.5 2.5 2.0 1.5 1.0 0.5 0.0
a [ppm]

10



TN DG T~ I~
SO OoOoowuNnaMm—wm —
C11Br Gd) SORRARRRRAAY o
BC NMR (75 MHz, CDCL;) § 34.13, 33.64, 33.03, 29.82, e N |
29.81,29.66, 29.58, 28.99, 28.37, 23.14, 17.87.-0.17.
I
]
|
I
‘ .
1‘25 1‘20 115 lillEl lEIIS lEIIEI 9‘5 Q‘U 8‘5 S‘U ?‘5 ?IEI 6‘5 EIEI 5‘5 SIU 4‘5 4IU 3‘5 3‘El 2‘5 ZIEI 1‘5 l‘U 3 él IS ;U
8 [ppm]
8
C11Br (3d) ® o
2$i NMR (60 MHz, CDCl;) § 12.58, -108.88. o S
[ 1
I léD I léD 1“10 I léﬂ 160 I SID I 6‘0 I 4‘0 I 2‘0 I 6 -l‘D I 3‘0 I -5‘0 7‘0 I 9‘0 I-1‘10 -1:40 I-II?D I
& [ppm]
C4N3 (4a)

11



C4N3 (4a)

'H NMR (300 MHz, CDCls) § 3.26 (t, /= 6.8 Hz, 2H), 1.63
(dt, J=14.1, 7.0 Hz, 2H), 1.4 (tt, J= 9.6, 6.2 Hz, 2H), 0.68
—0.56 (m, 2H), 0.15 (s, 6H).

C(to)
1.44

At) B (dt) D(m| [Es)
3.26 163 0.62 0f15
— T — H
L ho
| | | | |
8 8 5 8 B
3 59 s @
?.‘D 6.‘5 6.ID 5:5 5:0 4:5 4.‘0 3:5 3.ID 2:5 2:0 ljS 110 DI.S DI.D
8 [ppm]
C4N3 (4a) 9 8 88 9
5C NMR (75 MHz, CDCl;) § 51.19, 32.36, 20.33, 17.30, = o o o
-0.23. I I (I \
" I
A | -
155 I 1]I.5 I 10'5 I QIS QID 8I5 SID 7I5 7ID GIS GID SIS SID 4I5 4‘0 3I5 3ID £5 ZID 1I5 16 6 -;S -]I.D -]I.S
6 [ppm]

12



\D 3
C4N3 (42) 8 <
¥ NMR (60 MHz, CDCls) § 12.66, -108.95. ﬂt i
]
lSID 160 1‘;0 120 160 a0 I 6‘0 I 40 I 2‘0 I 6 -]I.D -Z‘:D -5‘0 -7"0 -9‘0 I-].I].D -1110 -ll70
8 [ppm]
C5N3 (4b)

13



C5N3 (4b)
'H NMR (300 MHz, CDCLs) § 3.37 — 3.22 (m, 16H), 1.62

(dd, J=13.8, 6.9 Hz, 16H), 1.42 (d, J = 3.8 Hz, 32H), 0.71 —

0.57 (m, 16H), 0.17 (s, 48H).

c(d)
1.42
A(m) B (dd) om| [Els
3.30 162 0.64 0|17
— — — — qH
| | | | |
8 g 8 8 2
] 2 H g 2
7‘5 7ID 6‘5 6:0 5‘5 SID 4‘5 4‘0 3‘5 3ID 2‘.5 ZID lIS IID DI.S D.‘D
a [ppm]
. 2RRR s
A KNG Q
C5N3 (4b) | — T |
3C NMR (75 MHz, CDCL:) 6 51.57, 30.49, 28.72, 22.72,
17.70, -0.20.
]
1‘20 115 1]‘.0 165 160 9‘5 9‘0 8‘5 BIU 7‘5 7‘0 6‘5 GIU 5‘5 5‘0 4‘5 4‘0 3‘5 3‘0 2‘5 2‘0 1‘5 IID ; 6 -IS -10 1‘5

14



—-12.67

C5N3 (4b)
29i NMR (60 MHz, CDCl;) 5 12.67, -108.90.

—-108.90

180 1a0 140 120 100 80 a0 40 20 o -10 30 -50 70 a0 -110 -140 -170
a [ppm]
C6N3 (4c)
C6N3 (4¢)
'H NMR (300 MHz, CDCl:) § 3.25 (t, J= 6.9 Hz, 16H),
1.58 (dd, J = 13.7, 6.9 Hz, 16H), 1.35 (d, J= 1.7 Hz, 48H),
0.59 (d,J="7.5 Hz, 16H), 0.18 — 0.09 (m, 48H).
c(d)
1.35
I B (dd) D (d] [Efm)
3.25 1.58 0.59 0413
| | | | |
8 8 & 8 3
9 9 % g ?
?'15 ?j[l 6.‘5 ﬁ.IIJ 515 SiI] 4.‘5 4.‘[I 3‘.5 3‘.IJ 215 Z.IIJ 1‘.5 1.0 I].IS I].IIJ
a [ppm]



281 NMR (60 MHz, CDCl;) § 12.67, -108.90.

[ee] W~y o
] S Qo N =
CON3 (d¢) s e N @
3C NMR (75 MHz, CDC3) § 51.63, 32.98, 28.96, 26.57, ' Al N '
22.97,17.72, -0.19.
]
1‘25 I 115 1 65 I 9‘5 Q‘D EIS SID ?"5 7‘0 EIS E‘D 5‘5 SID 4‘5 4‘0 3‘5 EID 25 £D 1‘5 1ID 6 -1‘ 0 1‘5
3 [ppm]
&
C6N3 (40) o
[
-
\

—-12.67

180 160 140 120 100 80 60 40 20 0 -10
8 [ppm]



C11N3 (4d)

C11N3 (4d)
'H NMR (300 MHz, CDCls) 8 3.25 (t, /= 6.9 Hz, 16H),
1.65— 1.55 (m, 16H), 1.42 — 1.18 (m, 128H), 0.91 — 0.85
(m, 1H), 0.66 — 0.52 (m, 15H), 0.09 (s, 48H).

F(m) D (m)
1.p1 0.87
A(R) B (m) C(m) H(s)
3.25 1.60 0.59 .09
1 | | I | |
8 g 3 53
8 ¢ & % 4 3
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
8 [ppm]
C11N3 (4d) b2 T =i 8 @
3C NMR (75 MHz, CDCL) § 51.64, 33.64, 29.82, 29.80, o m B8R 5 @
29.70,29.58,29.37,29.01, 26.91, 23.14, 17.86, -0.18. | o |
| [
{
]
13‘0 12‘5 1;0 1]‘.5 l]‘.U 165 IUID 9‘5 9‘0 8‘5 SID 7‘5 7‘0 6‘5 I 5‘5 SID 4‘5 4‘0 3‘5 3‘0 2‘5 2‘0 1‘5 IIU 6 -IS -]I.U

60
& [ppm]

17



C11N3 (44d) © 8
*$i NMR (60 MHz, CDCl:) § 12.58, -108.88. = g
T i
I
léD I ll;D I 1“10 I 1;0 I 160 8‘0 6‘0 I 4‘0 I 2‘0 I 6 -1‘0 -30 I -5‘0 I -I;D ' -9‘0 I-110 I -140 I I-lI}’D I I
8 [ppm]
C4ANH2 (5a)
C4NH2 (52)
'H NMR (300 MHz, MeOD) 5 2.64 (t, 16H), 1.55 — 1.37 (m,
32H), 0.68 —0.59 (m, 16H), 0.11 (s, 42H (should be 48)).
A (D) C (m) B (m)| [D|(s)
2.64 1.46 0.63 || 011
= — H H
residual FtOH
+ | I | 1
residual EtOH 8 F] 8 E
S M g 3
9.‘0 815 B.‘D 7.‘5 7.‘0 6.‘5 610 5.‘5 5.‘0 4‘.5 4.‘0 3.‘5 SI.D 2.‘5 2‘.0 1.‘5 1:0 DI.S D.ID -DI.S
& [ppm]

18



(=T Qo o
& m now|m o
C4NH2 (5a) Ql %l Nl % fT
5C NMR (75 MHz, CDCL:)  42.20, 37.37, 21.58, 16.59,
-2.69.
|
13‘0 1‘25 1£D 115 liU 165 160 9‘5 BIU 8‘5 EIU ?'IS }'ID 6‘5 6‘0 5‘5 5‘0 4‘5 4‘0 3‘5 3ID 2‘5 2‘0 1‘5 1‘0 .’I) 1] -1‘0
a [ppm]
C5NH2 (5b)
C5NH2 (5b)
'H NMR (300 MHz, MeOD) 6 2.63 (t,J = 6.9 Hz. [16H),
1.55—1.37 (m. 49H), 0.72 — 0.61 (m, 16H), 0.17 (§, 48H).
A(D) D (m) B(m)||C(s)
2.63 1.48 0.67 || 0.17
= — =] H
srease
residual EtOH
J b .
T I | | |
residual FtOH 8 E ﬁ 8
° b L g
9:0 8.‘5 SZU ?.IS ?.IU 6:5 6:0 5‘.5 SZU 4.‘5 4.‘0 3:5 3.0 2‘.5 1.‘5 l.IU UI.S D‘.U -UI.S -1.0
a [ppm]

19



o oMo (=} o e
eI S SR ©
¢ 88 I = N
C5NH2 (5b) i NV | |
3C NMR (75 MHz, MeOD) 6 42.50, 33.53, 31.74, 24.10,
16.70, -2.69.
‘ |
1 I I
I A N
1;0 léﬂ 1]‘.0 160 QID 8‘0 7‘0 6‘0 SID 40 3‘0 2‘0 1‘0 é -iD
& [ppm]
C6NH2 (5c¢)
C6NH2 (5¢)
'H NMR (300 MHz, MeOD) 6 2.70 —2.57 (m, 16H), 1.45
(dd, J=21.1, 14.2 Hz, 64H), 0.66 (s. 16H), 0.16 (d, J = 3.3
Hz. 48T).
A(m) C(dd) B (s)| | Dy(d)
2.62 1.45 0.66|| 0j16
== — =] H
residual
EtOH
residual EtOH /
T} all M u.,
1 | | I
8 = 8 o
g 3 € 9%
9.‘0 s‘.s s‘.D 7.‘5 7.‘0 ﬁ‘.S 6:0 515 Sjn 4|.5 4jn 3.|5 3.0 2I.5 zln 1|5 1.In nls n.ln
a [ppm]

20



QLN WO 0 o
L~ AL O
FERRAS o
C6NH2 (5¢) [ |
3C NMR (75 MHz, MeOD) § 42.60, 34.35, 33.78, 27.72,
24.16. 16.68, -2.69.
‘ |
[ I I
Ll
2‘20 2]‘.0 260 1;0 léD 1;’0 léU lgU l“}U 13‘0 1‘20 110 160 9‘0 S‘U 7‘0 60 50 4‘0 3‘0 ZIU l‘U 6 -l‘D
@ [ppm]
C11NH2 (5d)
C11NH2 (4d)
'HNMR (300 MHz, MeOD) 6 2.92 (d, /= 7.1 Hz, 16H), 1.74
—1.58 (m, 20H), 1.48 — 1.24 (m. 163H), 0.69 — 0.62 (m,
15H), 0.16 (s, S0H).
}q|
v
I|
[ residual EtOH
! M
I |
4
\ \ | I | |
residual EtOH 8 Ff‘l & 8 H
g ¢ & B 4 g
4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 14 1.2 1.0 0.8 0. 0.4 0.2 0.0 -0.2
8 [ppm]

21



f34.70
30.92
30.89
30.72
30.68
130.41
28.66

\ 2762
\24.26
18.75
—-0.09

—40.82

C11NH2 (4d)
13C NMR (75 MHz, MeOD) & 40.82, 34.70, 30.92, 30.89,

30.72, 30.68, 30.41, 28.66, 27.62, 24.26, 18.75, 0.09.

125 120 115 110 105 100 95 90 85 80 75 70 65 55 50 45 40 35 30 25 20 15 10 5 0

60
8 [ppm]

[32]
C1INH2 (5d) g =
24{ NMR (60 MHz, MeOD) § 13.01, -108.63. o =
| |
]
]
[N
léD I léD I 1“10 I 1‘20 I 160 8‘0 6‘0 I 4‘0 I 2‘0 I : I -3‘0 I -5‘0 I -I;D ' -9‘0 I-1‘10 I -1110 I I-].I?D

0 -10
8 [ppm]



C4Urea (6a)

C4U (6a)
'H NMR (300 MHz, MeOD) & 3.20 — 3.01 (m, 32H), 1.49
(td, 7= 14.6,7.3 Hz, 48H), 0.91 (t, J = 7.4 Hz, 24H), 0.75 —

0.61 (m, 16H), 0.18 (s, 48H).

D (m)
0.68
A(m) 8 (td) C(t) E(s)
3.12 1.49 0.91 0.18
| M
| ‘l. 1 1 |
3 3 g 8 ®
A ¢ f 9 ¢
4 22 20 1.8 18 14 1.2 1.0 08 06 04 0.2 0.0

T T T T T
6.2 6.0 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 2

& [ppm]

™M

o (8] — M~ D

= B8RS RERB o
=) Now 00— =2
et T Mm NN—AH A o
| NS/ NS |

C4U (6a)
C NMR (75 MHz, MeOD) 6 161.33, 42.83, 40.74, 35.01,

24.57,21.46, 18.39, 11.69, 0.01.

80 70 60 50 40 30 20 10 0 -10

T T T T T T
1%0 180 170 160 150 140 130 120 110 100 90
& [ppm]

220 z10 200

23



M~
— n
C4U (6a) 2 ®
Si NMR (60 MHz, MeQD) 6 13.31, -108.57. — ""
]
1éD I léD I 1:40 I 1I20 I 160 SID I GID 4ID ZID DI —iD I 3ID ' SID I -?;U I QID —ll:lD I I -1:10 I ' -1I7D I
8 [ppm]
C5Urea (6b)
C5U (6b)
'H NMR (300 MHz, MeOD) 6 3.09 (dt, J=13.9, 6.9 Hz,
32H), 1.57 - 1.33 (m, 64H), 0.91 (t, /= 7.4 Hz, 24H), 0|73 —
0.59 (m, 16H), 0.17 (s, 48H).
D ()
0.91
B (dt) C(m) A (m)||E|(s)
3.09 1.48 0.66 | | 0|17
T — — = H
| 1 | |
8 g 8& &
f 3 849 5
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
& [ppm]



C5U (6b)

)
o HORNRARRE ¢
e N Ao 2
— NN~ O
| N T S ]
C5U (6b)
BC NMR (75 MHz, MeOD) & 161.33, 42.84,41.07. 31.81,
31.21, 24.56, 23.99, 23.56, 18.70, 11.68, 0.04.
| | i |
| 1l ! I
ikl
2‘20 210 260 19;0 1EI=D lJI’D ltliU 1;0 1:10 13"0 1£D l:llD 160 QID SID 7IU GIU 5‘0 4IU 3ID ZID 1ID 6 -1ID
8 [ppm]
A
& ©
3 =
| |

29i NMR (60 MHz, MeOD) 5 13.24, -108.55.

T T T T T
180 160 140 120 100 80 60 40

T
-140

T
-170

25



Cé6Urea (6¢)

C6U (6¢)

'H NMR (300 MHz, MeOD) & 3.16 — 2.99 (in, 32H), 1.57 —
1.27 (m, 80H), 0.91 (t, J= 7.4 Hz, 24H), 0.7 — 0.55 (m, J =

14.7 Hz, 16H), 0.16 (s. 48H).

 (m)
0.68
c(m) om| [ew 5 (9
3.08 1.48 0.91 16
). ) L
| | | | |
8 R 8 8 2
Y] ] &9 2
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
3 [ppm]
g L o= = =
i AhRRREDE
a) ANt T 2
— Fr NN SN-H - O
] LN T 22 T
C6U (40)
3C NMR (75 MHz, MeOD) 5 161.34, 42.84, 41.15, 34.51,
31.51,27.78, 24.56, 24.16, 18.84, 11.68, 0.07. .
I
1
! ]
]
Z‘ZU Ziﬂ 2[‘”] léﬂ léD I;D léﬂ lgﬂ IAU IE‘U léﬂ liD 1|;|[| QID EID 60 5‘|:| 4I[| 3I[| ZID 1I[| El 'IID

& [ppm]

26



—13.23

C6Urea (6¢)
#8i NMR (60 MHz, MeOD) & 13.23, -108.56.

—-108.56

180 160 140 120 100 80 60 40 20

Cl1Urea (6d)

C11Urea (6d)

11 NMR (300 MHz, MeOD) 5 3.16 — 3.03 (m, /= 9.7, 7.0
Hz, 32H). 1.56 — 1.23 (m, 160H), 0.91 (t, J= 7.4 Hz, 24H),
0.70 — 0.61 (m, 16H), 0.14 (s, 48H).

A (m)
3.08

I A

0
& [ppm

32,00 —

165.65-

T T T T
5.8 5.6 54 5.2 5.0 48 46 44 42 40 3.8 3.6 34 3.2

<

T T
3.0 2.8

& [ppm]

—
48,18 -

27



[to)
N CQOQT QOIS

— PO OO 0N
=) AtTdococwoTrTtTo—~
—i MmN NAH A O
| 5~ S—— |

C11Urea (6d)
3C NMR (75 MHz, MeOD) 6 161.36, 42.84, 41.10, 34.69,
31.49,30.94, 30.69, 28.10, 24.55, 24.27, 18.77, 11.67, 0.15.

180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 1] 10
8 [ppm]
3
R o
~ [a=]
T T

C11Urea (6d)
281 NMR (60 MHz, MeOD) & 12.98, -108.63.

180 160 140 120 100 a0 60 40 20

28



IR spectroscopy

—— C4Urea (6a)

—— C4NH2 (5a)

—— C4N3 (4a)

—— C4Br (3a)
NN

~ A\

N

T T T T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500
wavenumber [cm™]

—— C5Urea

—— C5NH2 residual EtOH
— C5N3

—— C5Br

______/;/"\L

AJM

e A

[ T I T I T I T I T I T I T I
4000 3500 3000 2500 2000 1500 1000 500

wavenumber [cm™]

29



—— C6Urea

—— C6NH2 resiudal EtOH

—— C6N3

——C6Br
______J;/’L

_JAL

I T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber [cm™]

ESI- MS spectra

C4NH2 (5a)
Intens.
x109 1586 59477 14 +MS
1587.59627
C4NH2 (5a)
1.51
1+ 1+
1585.59186 1588.59985
1.0
1+
0.51 1589.60249
1+
T+ 1590.60438
1584.57346 h hj A
A Py A 1N 117 I i 0 R

1582 1584 1586 1588 1590 1592 miz



C5NH2 (5b)

Intens.
x10°

16

1+
1+ 1699.70635 +MS
1698.70983
C5NH2 (5b)
1+
1+ 1700.70328
1697.71326
1+
1701.70087
1+
§4.72023
1+
1695.71960
1+ 1+
1696.71912 1702.69675
A ‘ A . s ‘ A]tl\‘ nAkn AAJ]Il‘ AMU‘ ML&I s ‘ b,
1695 1696 1697 1698 1699 1700 1701 1702 1703 miz

31



C6NH2 (5c¢)

Intens.

x10°

1.2 -

1.0 -

0.8

0.6 1

0.4+

0.2+

1811.89641

1+
1810.90112

1+
1809.20803

1+

1+

1812.89765

1+
1813.90135

1+

C6NH2 (5¢)

181490248 1+

1815.90344

+MS

0.0

C11 Amin

# A A, Y wlly nk 1 Ab

1806 1808 1810

1814

it
1816

miz
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2+

'“:?l'asa- 1186.73427 +MS

N . C11NH2 (4d)

1186.23264
2+
6/ 1187.24027
2+
1187.74074
4]
2+
1188.24382
2+
1185.72988
2_
2+
1188.74875 2+
1189.25600
L JK,J\,A,JL,J&,L,.{,
1185.0 11855 1186.0 1186.5 1187.0 1187.5 1188.0 1188.5 1189.0 m/z

C4 Urea (6a)

Intens.

x1010 1156 49722 +MS
’e Ccau (6a)
1156.99524
2.0
2+
1155.99791
2+
1157.49308
1.5
1.0 2+ 2+
1155.49751 1157.59260
0.5 2+
1158.49252
2+
1158.99299
2+
L AJ AJU UU ULN 1159.49144
0.0 M 1 1 ) ) Ul .
1155.0 1155.5 1156.0 1156.5 1157.0 1157.5 1158.0 1168.5 1159.0 1159.5 miz
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Tso Onset Mresidual mass
[°cl [°cl [%]
C4 217 167 39.58
C5 247 181 38.69
C6 237 198 35.22
C11 259 204 28.76

Remark: Measurements were conducted under N2, therefore the residual mass corresponds not to value of
inorganic part. Measurements were conducted to determine thermal stability.

"Libbe C., Dumrath A., Neumann H., Beller M., Kadyrov R., ChemCatChem 2014, 6, 105-108.

i Kobayashi Y., Nakano M., Kumar G.B., Kishihara K., J. Org. Chem. 1998, 63, 7505-7515.

i1 3) Dutkiewicz M., Maciejewski H., Marciniec B., Karasiewicz J., Organomet. 2011, 30, 2149-2153; b)
Hasegawa |., Motojima S., J. Organomet. Chem. 1992, 441, 373-380.
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