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A. GENERAL INFORMATION

Solvents were purified and dried by standard methods prior to use; alternatively, the MB SPS-800-
dry solvent system was used to dry toluene and diethyl ether. Dry dichloromethane was obtained by
refluxing solvent on calcium hydride for an hour and distilled under argon. GPTMS (Merck, 97%,
841807.0100), GPTES (Sigma-Aldrich, >97%) and PECS (Sigma-Aldrich, ~90%) were used without prior
purification and stored under argon atmosphere. Solid Lewis acids ZnCl, and Cu(BF,); were dried by
toluene co-evaporation. Glassware used for reaction was either flame dried under vacuum or under
argon stream for several minutes. Reactions were carried out under rigorous anhydrous conditions and
argon stream/positive pressure of argon. *H and 3C NMR spectra were recorded on a Bruker Avance
300 spectrometer fitted with a 5 mm i.d. BBO probe carefully tuned to the recording frequency of
300.13 MHz (for 'H) and 75.47 MHz (for '3C), the temperature of the probe was set at room
temperature (around 293-294 K), on a Bruker Avance 400 spectrometer fitted with a 5 mm i.d. BBFO+
probe carefully tuned to the recording frequency of 400.13 MHz (for *H) and 100.61 MHz (for *3C), the
temperature of the probe was set at 303 K, and on a Bruker Avance 500 fitted with a 5 mm i.d. *3C/*H
dual cryoprobe carefully tuned to the recording frequency of 500.13 MHz (for *H) and 125.76 MHz (for
13C), the temperature of the probe was set at 303 K. The spectra are referenced to the solvent in which
they were run (7.26 ppm for *H CDCls and 77.16 ppm for *3C CDCls, 4.79 ppm for *H D,0, 3.31 ppm for
'H CD30D and 49.00 ppm for 3C CDs0D). Chemical shifts ( ) are given in ppm, and coupling constants
(/) are given in Hz with the following splitting abbreviations: s = singlet, d = doublet, t = triplet, g =
quartet, qt = quintet, sx = sextuplet, sp = septuplet, m = massif and br = broad. All assignments were
confirmed with the aid of two-dimensional *H, *H (COSY), or *H, 3C (HSQC, HMBC) experiments using
standard pulse programs. All reactions were monitored by TLC on commercially available precoated
plates (Kieselgel 60 F254), and the compounds were visualized with KMnO, solution [KMnOQO, (3 g),
K2COs3 (20 g), NaOH (5% aq.; 5 mL), H.0 (300 mL)] and heating or by UV (254 nm) when possible. Flash
column chromatography was carried out using high purity grade (Merck grade 9385) pore size 60A,
230-400 mesh particle size silica gel (Sigma Aldrich). Combi-Flash chromatography was carried out
using Reveleris® X2 Flash Chromatography System with ELSD detection and Reveleris® Flash Cartridges
(40 & 20 um Si0,). Mobile phases are reported in relative composition (e.g. 1:1, PE/AcOEt v/v). Solvents
used for chromatography were prior distilled on a Buchi rotavapor R-220-SE. Low resolution mass
spectrometry (MS) were recorded on a ThermoFinnigan DSQIl quadripolar spectrometer (coupled with
a TracUltra GC apparatus) for Chemical lonization (Cl), on a ThermoFinnigan LCQ Advantage
spectrometer for ElectroSpray lonisation (ESI). High resolution mass spectrometry (HRMS) were
recorded on a ThermoFinnigan MAT95XL spectrometer (for Cl) and on a ThermoFisher Scientific LTQ-
Orbitrap spectrometer (for ESI+).
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B. LOSS OF MATERIAL DUE TO PURIFICATION ON SILICA-GEL OF ALKOXYSILANES

Firstly, it is worth noting that the reaction crude purification on silica causes a loss of matter due to
the hydrolysis and condensation of alkoxysilanes on silica-gel. The less stabilized the silane is, the more
material is lost during purification. To support this claim, ideal purifications (i.e quick elution, isocratic
or gradient) were performed for the pure commercial compounds and the recovery rate was calculated
for each (Table 1.).

Table 1. functional alkoxysilane recovery rates after silica-gel chromatography

Ratio
) . Recovery rate (%)
Crude mixture :SiO,

1:60 %
GPTMS o7

1:100 18%

1:60 80%
GPTES

1:100 70%

PECS 1:100 77%

As seenin Table 1, GPTMS recovery rate drops significantly when the silica-gel quantity increase since
it is the most sensitive to hydrolysis. In comparison, GPTES recovery rate is fairly high and is not as
much affected by the increase of silica-gel. These results are in accordance with the literature that said
steric factors exert the greatest effect on the hydrolytic stability of alkoxysilanes.®* To avoid the loss of
one or multiple sub-compounds on silica, the reactions were performed on an unusually high scale to
yield sufficient crude quantity in view of the purification. Furthermore, after each purification, the
representativeness of the isolated species compared to the crude was verified.

(1) Brinker, C.J. Hydrolysis and Condensation of Silicates: Effects on Structure. J. Non-Cryst. Solids 1988, 100
(1-3), 31-50.

(2) Voronkov, M. G.; Yuzhelevskii, Y. A.; Mileshkevich, V. P. The Siloxane Bond and Its Influence on the
Structure and Physical Properties of Organosilicon Compounds. Russ. Chem. Rev. 1975, 44 (4), 355.

(3)  Arkles, B.; Steinmetz, J. R.; Zazyczny, J.; Mehta, P. Factors Contributing to the Stability of Alkoxysilanes
in Aqueous Solution. J. Adhes. Sci. Technol. 1992, 6 (1), 193-206.
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C. EXPERIMENTAL PROCEDURES
Procedure for the reaction of n-propylamine with GPTMS in THF-ds for NMR H monitoring

In a dried vial with a septum cap was introduced GPTMS (10 pL, 0.045 mmol, 0.027M, 1 eq), n-
propylamine (3.7 pL, 0.045 mmol, 0.027M, 1 eq, dried over 3A molecular sieves) and THF-ds (0.6 mL).
The mixture was homogenized by manual shaking of the vial and the resulting solution was then
removed with a syringe and introduced in a dried NMR tube under argon atmosphere. The NMR tube
was then sealed and the reaction monitored by *H NMR with acquisition at t = 0.5h, 1h, 2h, 3h, 24h.

General procedure for the reaction of n-butylamine with GPTMS in THF

In a dried 25 mL two-necked round bottom flask equipped with a condenser and under a gentle argon
flow was introduced freshly distilled THF (12.5 mL), n-butylamine (0.49 mL, 5 mmol, 1 eq, freshly dist.
over CaH,) and GPTMS (2.21 mL, 10 mmol, 2 eq). Then the reaction was heated at 60 °C under positive
argon atmosphere and stirring for 48h. The volatiles were evaporated by rotary-evaporation and the
residue was dried under high-vacuum to afford 2.29 g of crude mixture.

General procedure for the reaction of n-butylamine with GPTMS in solvent-free conditions

In a dried glass tube (20 mm diameter, 150 mm height, magnetic stirring) under a gentle argon flow
was introduced n-butylamine (0.67 mL, 6.8 mmol, 1 eq, freshly dist. over CaH;) and GPTMS (3.00 mL,
13.58 mmol, 2 eq). The tube was sealed under argon atmosphere and heated at 70 °C for 48h. After
24h, the mixture was too viscous to be efficiently stirred. After 48h a gel was obtained, fractioned in
smaller parts with a spatula, washed with DCM and methanol, and dried as best as possible under high-
vacuum to afford 3.5 g of crude. A small quantity of the crude was solubilized in a 0.1M solution of
NaOD/D,0 and the resulting solution was analyzed by *H NMR.

Synthesis of 1-(1,4,8,11-tetraazacyclotetradecan-1-yl)-3-(3- ™
(triethoxysilyl)propoxy)propan-2-ol (3) [NH HNj o

NH N \)\/Ov\/Si(OEth

In a dried 25 mL two-necked round bottom flask equipped with a condenser and under a gentle argon
flow was introduced cyclam (500 mg, 2.5 mmol, 5 eq) and toluene (6 mL). The suspension was heated
at reflux until complete dissolution (clear solution). Then, a solution of GPTES (0.139 mL, 0.5 mmol, 1
eq) in toluene (4 mL) was added dropwise while refluxing. Refluxing was continued for 24 h, after which
the reaction mixture was cooled to room temperature and then kept in the freezer overnight. The
precipitate of excess cyclam was then removed by filtration and washed with cold toluene. The filtrates
were combined and evaporated to dryness by rotary-evaporation and the residue was dried under
high-vacuum for 2h to afford 3 (257 mg, 0.53 mmol, 106%). The crude purity was satisfactory enough
to avoid further purification. *H NMR (300.16 MHz, CDCls, 20°C): & = 3.80(q, J = 7.0 Hz, 6H, Si-O-CH,-
CHs); 3.75-3.68(m, 1H, CH,-CH-CH>); 3.47-3.38(m, 3H, CH-CH»-0-CH,); 3.31(dd, J=9.6 & 6.3 Hz, CH-CH>-
O-CH,); 2.94-2.47(m, 16H, CH,-NH-CH; & CH»-N-CH,), 2.41(dd, J = 14.2 & 2.0 Hz, N-CH»-CH); 2.06-
1.91(m, 1H, N-CH,-CH2-CH,-NH); 1.73-1.62(m, 4H, NH-CH,-CH,-CH,-NH & CH,-CH»-Si); 1.55(dt, J = 14.5
& 3.7 Hz, 1H, N-CH,-CH>-CH2-NH); 1.21(t, J = 7.0 Hz, 9H, Si-O-CH,-CHs); 0.67-0.58(m, 2H, CH2-Si) ppm.
13C NMR (75.47 MHz, CDCl;, 20°C): 8= 73.90(CH-CH,-0-CH,); 73.52(CH-CH2>-0-CH>); 70.26(CH>-CH-CH,);
59.65(N-CH,-CH); 58.48(Si-O-CH,-CHs); 58.33 & 58.21(CH,-N-CH,); 51.63, 50.63, 50.41, 49.22, 48.65 &
48.09(CH-NH-CH,-CH,-NH-CH2-CH,-CH>-NH-CH,); 29.07(NH-CH,-CH>-CH,-NH); 26.87(N-CH,-CH>-CH,-
NH); 23.07(CH2-CH,-Si); 18.44(Si-0-CH,-CH3); 6.61(CH2-Si) ppm. MS (Cl): m/z (%) 479.3 (100) [M+H"]
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General procedure for the reaction of cyclam with GPTMS leading to 1-((2,2-dimethoxy-1,6,2-
dioxasilocan-8-yl)methyl)-1,4,8,11-tetraazacyclotetradecane (4) and 1-(1,4,8,11-
tetraazacyclotetradecan-1-yl)-3-(3-(trimethoxysilyl)propoxy)propan-2-ol (5)

In a dried 25 mL two-necked round bottom flask equipped with a condenser and under a gentle argon
flow was introduced cyclam (500 mg, 2.5 mmol, 5 eq) and toluene (6 mL). The suspension was heated
at reflux until complete dissolution (clear solution). Then, a solution of GPTMS (0.110 mL, 0.5 mmol, 1
eq) in toluene (4 mL) was added dropwise while refluxing. Refluxing was continued for 5.5 h, after
which the reaction mixture was cooled to room temperature and then kept in the freezer overnight.
The precipitate of excess cyclam was then removed by filtration and washed with cold toluene. The
filtrates were combined and evaporated to dryness by rotary-evaporation and the residue was dried
under high-vacuum to afford 266 mg of a mixture of 4 and 5. Crude *H & 3C NMR spectra available in
Supporting Information, Figure S9-510. MS (Cl): m/z (%) 405.3 (100) [M+H"], 437.3 (21) [M+H*]. HRMS
(ESI): (4) m/z calcd for CigH4104N4Si [M+H*] 405.2892, found 405.2895, (5) m/z calcd for CigH4s0sN,Si
[M+H*] 437.3154, found 437.3154.

Synthesis of N-[(2,2-diethoxy-1,6-dioxa-2-silacyclooct-8-yl)methyl]-2-phenylethanamine (6) and N-
[2-hydroxy-3-[3-(triethoxysilyl)propoxy]propyl]-2-phenylethanamine (7)

In a dried 25 mL two-necked round bottom flask equipped with a condenser and under a gentle argon
flow was introduced phenethylamine (0.315 mL, 2.5 mmol, 5 eq) and toluene (6 mL). Once at reflux, a
solution of GPTES (0.139 mL, 0.5 mmol, 1 eq) in toluene (4 mL) was added dropwise while refluxing.
Refluxing was continued for 18 h, after which the reaction mixture was evaporated to dryness by
rotary-evaporation and the residue was dried under high-vacuum to afford 493 mg of crude.
Purification was performed by flash chromatography on a 40g/40um SiO, column with liquid injection
and gradient elution (100:0-92:8, CHCl3/MeOH) and yielded 6 (72 mg, 0.204

0)
mmol, 41%) and 7 (29 mg, 0.072 mmol, 15%) as pure colorless oils. Ph\/\N/\Q
H 0)
N-[(2,2-diethoxy-1,6-dioxa-2-silacyclooct-8-yl)methyl]-2-phenylethanamine (6) Eto’sli
OEt

1H NMR (300.16 MHz, CDCls, 20°C): 5= 7.31-7.24 & 7.23-7.15 (m, 2 & 3H, phenyl); 4.20(m, 1H, CH,-CH-
CH,); 3.78(q, J = 7.0 Hz, 2H, Si-O-CH>-CHs); 3.71(q, J = 7.0 Hz, 2H, Si-O-CH-CHs); 3.75-3.65(m, 1H, CH-
CH»-0-CH,); 3.65-3.57 & 3.54-3.45(m, CH-CH,-0-CH;); 3.23(dd, J = 10.9 & 10.3 Hz, 1H, CH-CH,-0-CH,);
2.95-2.75(m, 4H, CH>-CH>-NH); 2.63(d, J = 5.6 Hz, 2H, NH-CH>-CH); 1.87-1.62(m, 2H, CH.-CH,-Si);
1.19(dt, J = 10.1 & 7.0 Hz, 6H, Si-O-CH,-CHs); 0.72(m, 2H, CH,-Si) ppm. 3C NMR (75.47 MHz, CDCls,
20°C): & = 140.11, 128.82, 128.57 & 126.27(phenyl); 73.84(CH-CH»-O-CH,); 72.53(CH-CH,-O-CH>);
72.19(CH,-CH-CH,); 58.50 & 58.32(Si-O-CH2-CHs); 51.99(NH-CH,-CH); 51.41(CH,-CH2-NH); 36.62(CH,-
CHy-NH); 24.25(CH2-CH,-Si); 18.49 & 18.43(Si-O-CH,-CHs); 8.32(CH,-Si) ppm. HRMS (ESI): m/z calcd for
C18H32NO4Si [M+H+] 354.2101, found 354.2095.

N-[2-hydroxy-3-[3-(triethoxysilyl)propoxy]propyl]-2-

Ph\/\ Fa U
phenylethanamine (7) H/\AO Si(OEt);

OH

IH NMR (300.16 MHz, CDCls, 20°C): 5= 7.32-7.25 & 7.24-7.16 (m, 2 & 3H, phenyl); 3.83(m, 1H, CH,-CH-
CH.); 3.81(q, J = 7.0 Hz, 6H, Si-O-CH,-CHs); 3.48-3.35(m, 4H, CH-CH,-0-CHs); 2.95-2.76(m, 4H, CH-CH.-
NH); 2.75(dd, J = 12.1 & 4.0 Hz, 1H, NH-CH,-CH); 2.66 (dd, J = 12.1 & 7.9 Hz, 1H, NH-CH»-CH); 1.69(m,
2H, CH-CH,-Si); 1.22(t, J = 7.0 Hz, 9H, Si-O-CH,-CHs); 0.63(m, 2H, CH2-Si) ppm. 3C NMR (75.47 MHz,
CDCls, 20°C): 5=139.95, 128.84, 128.62 & 126.33(phenyl); 73.79(CH-CH,-0-CH>); 73.43(CH-CH2-0-CH,);
68.87(CH,-CH-CH,); 58.52(Si-O-CH,-CHs); 52.02(NH-CH,-CH); 51.21(CH,-CH2-NH); 36.48(CH2-CHo-NH);
23.09(CH,-CH,-Si); 18.43(Si-O-CH,-CHs); 6.69(CH»-Si) ppm. HRMS (ESI): m/z caled for CioHssNOsSi
[M+H*] 400.2519, found 400.2511.
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General procedure for the reaction of n-propanethiol with GPTMS

In a dried 25 mL two-necked round bottom flask equipped with a condenser and under a gentle argon
flow was introduced toluene (12.5 mL), n-propanethiol (761 mg, 10 mmol, 1 eq) and GPTMS (2.360 g,
10 mmol, 1 eq). The solution was then heated at 60 °C and the reaction monitored by TLC. After 26h
and no signs of progression by TLC monitoring, the reaction was stopped and the volatiles removed by
rotary-evaporation and dried under high-vacuum to afford 2.42 g of crude mixture. *H NMR spectrum
of the crude mixture was strictly the same as the starting GPTMS.

General procedure for the reaction of n-dodecanethiol with GPTMS

In a dried 25 mL two-necked round bottom flask equipped with a condenser and under a gentle argon
flow was introduced toluene (12.5 mL), n-dodecanethiol (2.024 g, 10 mmol, 1 eq) and GPTMS (2.360
g, 10 mmol, 1 eq). The solution was then heated at toluene reflux and the reaction monitored by TLC.
After 21h and no signs of progression by TLC monitoring, the reaction was stopped and the volatiles
removed by rotary-evaporation and dried under high-vacuum to afford 4.75 g of crude mixture. *H
NMR spectrum of the crude mixture (Figure S148) was found to be the superposition of the 'H NMR
spectrum of the two starting materials and no change was observed.

General procedure for the preparation of sodium propylthiolate

In a dried 250 mL round bottom flask under gentle argon flow was degreased NaH (60% in mineral oil,
1.8g, 45 mmol, 0.9 eq) with 5 x 20 mL of hexane (HPLC quality). Toluene (100 mL) was added and the
solution was cooled at 0 °C. Then, n-propylthiol (4.53 mL, 50 mmol, 1 eq) was very slowly introduced
with a syringe. The formation of a white salt was quickly observed. Volatiles (toluene & unreacted n-
propylthiol) were removed by rotary evaporation to afford sodium propylthiolate as a white salt.

Synthesis of 1-[[(2,2-dimethoxy-1,6-dioxa-2-silacyclooct-8-yl)methyl]thio]propane (8) and 3,3-
dimethoxy-2,7-dioxa-11-thia-3-silatetradecan-9-ol (9)

Inadried 10 mL round bottom flask under gentle argon flow was introduced toluene (6.25 mL), sodium
propane-1-thiolate (491 mg, 5 mmol, 1 eq) beforehand prepared from propan-1-thiol and NaH, and
GPTMS (1.104 mL, 5 mmol, 1 eq). After 3.5h at room temperature, TLC (80:20, PE/AcOEt) indicates
that GPTMS was totally converted. The solution was then concentrated by rotary evaporation and
dried under high-vacuum to afford 2.16 g. One gram of residue was purified by flash chromatography
on a 40g/40um SiO, column with liquid injection and gradient elution (100:0-53:47, PE/AcOEt) and
afforded 8 (42 mg, 6.5%) and 9 (50 mg, 6.9%) as pure, colorless oils.

oM
1-[[(2,2-dimethoxy-1,6-dioxa-2-silacyclooct-8-yl)methyllthiolpropane (8) MeO, 7'

Si

®
/\/S\&O
'H NMR (400.16 MHz, CDCls, 20°C): 6= 4.17(m, 1H, CH,-CH-CH,); 3.84(dd, J = 10.9 & 2.7 Hz, 1H, CH»-
CH-CH»-0); 3.65(m, 1H, O-CH,-CH,); 3.58(s, 3H, CH3-0-Si); 3.55(s, 3H, CH3-0-Si); 3.49(m, 1H, O-CH»-
CHy); 3.21(dd, J = 10.8 & 9.9 Hz, 1H, CH,-CH-CH,-0); 2.65(dd, J = 13.4 & 6.3 Hz, 1H, S-CH,-CH-CHy);
2.55(t, J = 7.4 Hz, 2H, CH3-CH>-CH,-S); 2.54(dd, J = 13.0 & 6.7 Hz, 1H, S-CH,-CH-CH,); 1.80(m, 1H, CH>-
CH»-Si); 1.71(m, 1H, CH»-CH>-Si); 1.60(sx, J = 7.3 Hz, 2H, CH3-CH,-CH,-S); 0.96(t, J = 7.3 Hz, 3H, CH3-CH>-
CH»-S); 0.73(m, 2H, CH,-CH,-Si) ppm. *C NMR (100.61 MHz, CDCls, 20°C): & = 74.57(CH-CH,-0);
72.88(CH,-CH-CH,); 72.69(CH-CH,-0-CHz); 50.72(CH5-0-Si); 50.54(CH5-0O-Si); 35.33(CHs-CH3); 35.09(S-
CH>-CH); 24.15(CH2-CH,-Si); 23.13(CHs-CH>); 13.54(CH»-CH,-S); 7.41(CH-Si) ppm. HRMS (ESI): m/z calcd
for C11H2404NaSSi [M+Na*] 303.10568, found 303.10492.

3,3-dimethoxy-2,7-dioxa-11-thia-3-silatetradecan-9-ol (9) OH
/\/S\)\/O\/\/Si(OMe)S
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1H NMR (400.16 MHz, CDCls, 20°C): 8= 3.85(m, 1H, CH,-CH-CH,); 3.55(s, 9H, CH3-0-Si); 3.55(s, 3H, CHs-
0-Si); 3.51(dd, J = 9.6 & 4.0 Hz, 1H, CH,-CH-CH»-0) ; 3.48-3.40(m, 3H, CH-CH»-O-CH>-CH,); 2.89(d, J =
4.0 Hz, 1H, CH-OH); 2.68(dd, J = 13.6 & 5.6 Hz, 1H, S-CH,-CH-CH,); 2.59(dd, J = 13.6 & 7.0 Hz, 1H, S-CH-
CH-CH,); 2.51(t, J = 7.2 Hz, 2H, CH3-CH,-CH:-S); 1.69(m, 2H, CH>-CH,-Si); 1.60(sx, J = 7.3 Hz, 2H, CHs-
CH2-CH,-S); 0.97(t, J = 7.3 Hz, 3H, CH3-CH,-CH,-S); 0.66(m, 2H, CH,-CH2-Si) ppm. 3C NMR (100.61 MHz,
CDCls, 20°C): & = 73.53(CH-CH,-0); 73.50(0-CH2-CH,); 69.40(CH,-CH-CH,); 50.65(CH3-0-Si); 35.88(S-
CH2-CH); 34.83(CH3-CH,); 23.14(CHs-CH,); 22.93(CH.-CH,-Si); 13.52(CH-CH2-S); 5.56(CH2-Si) ppm.
HRMS (ESI): m/z calcd for C12H250sNaSSi [M+Na*] 335.13189, found 335.13074.

Synthesis of 1-[[(2,2-diethoxy-1,6-dioxa-2-silacyclooct-8-yl)methyl]thio]propane (10) and 4,4-
diethoxy-3,8-dioxa-12-thia-4-silapentadecan-10-ol (11)

In a dried 10 mL round bottom flask under gentle argon flow was introduced toluene (6.25 mL), sodium
propane-1-thiolate (491 mg, 5 mmol, 1 eq) beforehand prepared from propan-1-thiol and NaH, and
GPTES (1.33 mL, 5 mmol, 1 eq). After 20h at room temperature, TLC (80:20, PE/AcOELt) indicates that
GPTES was totally converted. The solution was then concentrated by rotary evaporation and dried
under vacuum to afford 1.49 g. One gram of residue was purified by flash chromatography on a
40g/40um SiO, column with liquid deposition and gradient elution (100:0-87:13, PE/AcOEt) and

afforded 10 (16 mg, 1.5%) and 11 (248 mg, 21%) as pure colorless oils. Eto OEt
Si
1-[[(2,2-diethoxy-1,6-dioxa-2-silacyclooct-8-yl)methyl]thio]propane (10) 0 j
/\/S\/ko

R:=0.53 (80:20, PE/AcOEt); 'H NMR (400.16 MHz, CDCls, 20°C): 6= 4.17(m, 1H, CH,-CH-CH,); 3.84(q, J
= 7.1 Hz, 4H, CHs-CH,-0-Si); 3.83(m, 1H, CH,-CH-CH,-0); 3.65(ddd, J = 11.6, 8.3 & 3.6 Hz, 1H, O-CH-
CH.); 3.51(ddd, J = 10.8, 4.8 & 3.8 Hz, 1H, O-CH,-CH,); 3.22(dd, J = 11.0 & 9.8 Hz, 1H, CH,-CH-CH-O);
2.65(dd, J=13.5 & 6.2 Hz, 1H, S-CH»>-CH-CH,); 2.55(t, J = 7.3 Hz, 2H, CH3-CH,-CH,-S); 2.54(dd, J = 13.4
& 6.4 Hz, 1H, S-CH2-CH-CH,); 1.80(m, 1H, CH2-CH,-Si); 1.71(m, 1H, CH>-CH,-Si); 1.61(sx, J = 7.3 Hz, 2H,
CH3-CH»-CH»-S); 1.24(t, J = 7.0 Hz, 3H, CH3-CH,-0-Si); 1.22(t, J = 7.0 Hz, 3H, CH3-CH,-0-Si); 0.99(t, J =
7.3 Hz, 3H, CH3-CH,-CH,-S); 0.73(m, 2H, CH»-CH2-Si) ppm. 3C NMR (100.61 MHz, CDCls;, 20°C): & =
74.72(CH-CH,-0-CH,); 72.83(CH-CH,-0-CHy); 72.76(CH,-CH-CH); 58.57(Si-O-CH»-CH,); 58.44(Si-O-CH»-
CH,); 35.35(S-CH,-CH,); 35.19(S-CH,-CH); 24.30(CH»-CH,-Si); 23.16(S-CH,-CH,); 18.50(CH3-CH,-0);
18.45(CH3-CH,-0); 13.57(CH3-CH-CH5-S); 8.42(CH2-Si) ppm. HRMS (ESI): m/z calcd for Ci3Has04NaSSi
[M+Na*] 331.13698, found 331.13617.

4,4-diethoxy-3,8-dioxa-12-thia-4-silapentadecan-10-ol (11) OH
/\/SJ\/O\/\/ Si(OEt)3

R¢=0.23 (80:20, PE/AcOEt). 'H NMR (400.16 MHz, CDCls, 20°C): 5= 3.83(m, 1H, CH,-CH-CH,); 3.82(t, J
= 7.0 Hz, 6H, CH3-CH,-0-Si); 3.51(dd, / = 9.6 & 4.0 Hz, 1H, CH,-CH-CH,-0); 3.48-3.40(m, 3H, CH-CH,-0O-
CH,-CH,); 2.78(d, J = 3.9 Hz, CH-OH); 2.65(dd, J = 13.6 & 5.6 Hz, 1H, S-CH,-CH-CH,); 2.60(dd, J = 13.6 &
7.1 Hz, 1H, S-CH,-CH-CH3); 2.52(t, J = 7.3 Hz, 2H, CH3-CH,-CH,-S); 1.70(m, 2H, CH,-CH,-Si); 1.61(sx, J =
7.3 Hz, 2H, CH3-CH2-CH5-S); 1.22(t, J = 7.0 Hz, 6H, CH3-CH,-0-Si); 0.99(t, J = 7.3 Hz, 3H, CH3-CH,-CH,-S);
0.73(m, 2H, CH»-CH»-Si) ppm. 3C NMR (100.61 MHz, CDCls, 20°C): 6= 73.77(CH-CH»-0-CH>); 73.48(CH-
CH»-0-CH3); 69.39(CH,-CH-CH,); 58.53(CHs-CH»-0); 35.97(S-CH,-CH); 34.83(CH3-CH,-0); 23.15(CH»-
CH,-Si & S-CH,-CH>); 18.43 (CH3-CH,-0); 13.54(CH3-CH,-CH,-S); 6.78(CH»-Si) ppm. HRMS (ESI): m/z calcd
for C15H3405NaSSi [M+Na*] 377.17884, found 377.17783.
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General procedure for the reaction of sodium azide with glycidyl silanes in methanol
For *H NMR monitoring and *3C analysis:

In a dried 25 mL two-neck round bottom flask equipped with a condenser and under gentle argon flow
was introduced deuterated methanol (7 mL), NaNs (0.25 g, 3.85 mmol, 6.7 eq) and the mixture was
heated to reflux. Then, a solution of GPTMS (0.136 mL, 0.58 mmol, 1 eq) in deuterated methanol (3
mL) was injected. The mixture was stirred at reflux and the *H NMR kinetic study was realized by
directly sampling 0.6 mL of mixture at t =5 min, 30 min, 1h, 2h, 3h, 5h. The *C NMR spectrum was
acquired on the 5h sample with a 500 MHz NMR spectrometer fitted with a 5 mm i.d. *C/*H dual
cryoprobe, probe temperature set at 303 K.

For MS analyses:

In a dried 25 mL two-neck round bottom flask equipped with a condenser and under gentle argon flow
was introduced methanol (7 mL, anhydrous, 99.8%, Sigma-Aldrich, Sure/Seal™), NaN; (0.25 g, 3.85
mmol, 6.7 eq) and the mixture was heated at reflux. Then, a solution of GPTMS (0.136 mL, 0.58 mmol,
1 eq) in methanol (3 mL, anhydrous, 99.8%, Sigma-Aldrich, Sure/Seal™) was injected. The solution was
stirred at reflux for 5h and was directly analyzed by Electrospray Mass Spectrometry (ESI-MS).

General procedure for the reaction of sodium azide with glycidyl silanes in DMF

In a dried 25 mL two-neck round bottom flask equipped with a condenser and under gentle argon flow
was introduced DMF (10 mL, anhydrous, 99.8%, Sigma-Aldrich, Sure/Seal™), NaN; (0.25 g, 3.85 mmol,
6.7 eq) and the mixture was heated at 70 °C. Then, GPTMS (0.136 mL, 0.58 mmol, 1 eq) was added.
The solution was stirred at 70 °C and the 'H NMR kinetic study was realized by directly sampling 0.6
mL of mixture at t = 0 min, 5 min, 30 min, 1h, 2h, 3h, 4h, 5h, 6h and the MS analyses were performed
on the 6h sample.

General procedures for the reactions of sodium alkoxide on glycidyl alkoxysilanes in THF and under
mild conditions

Sodium ethoxide with GPTMS:

In a dried 50 mL round bottom flask under gentle argon flow was introduced freshly distilled THF (16
mL), sodium ethoxide (0.340 g, 5 mmol, 1 eq) and GPTES (1.392 g, 5 mmol, 1 eq). The reaction was left
to stir at room temperature under positive argon atmosphere and followed by TLC (60:40, PE/AcOEt).
The reaction was stopped after 5 h, the salts were eliminated by filtration under N, atmosphere and
the solution was concentrated off to afford 714 mg of crude mixture.

Sodium methoxide with GPTES:

In a dried 50 mL round bottom flask under gentle argon flow was introduced freshly distilled THF (16
mL), sodium methoxide (0.270 g, 5 mmol, 1 eq) and GPTMS (1.182 g, 5 mmol, 1 eq). The reaction was
left to stir at room temperature under positive argon atmosphere and followed by TLC (60:40,
PE/AcOEt). The reaction was stopped after 8 h, the salts were eliminated by filtration under N,
atmosphere and the solution was concentrated off to afford 992 mg of crude mixture.

Reaction of sodium methoxide with GPTMS in refluxing methanol

In a dried 25 mL two-neck round bottom flask equipped with a condenser and under gentle argon flow
was introduced freshly distilled methanol (8.1 mL) and a freshly prepared 0.1M solution of sodium
methoxide in methanol (9.05 mL, 0.905 mmol, 1 eq). Then GPTMS (0.200 mL, 0.905 mmol, 1 eq) was
injected and the reaction was left refluxing under positive argon atmosphere for 3.5h. The reaction
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was then stopped, the salts were eliminated by filtration under N, atmosphere and the solution
concentrated off to afford 227 mg of crude mixture.

General procedures for the activated reactions of tert-butylglycidylether in presence of n-propanol
leading to 1-(tert-butoxy)-3-propoxypropan-2-ol (12a), 3-(tert-butoxy)-2-propoxypropan-1-ol (12b)
and 1-(tert-butoxy)-3-chloropropan-2-ol (12c).

Copper(ll) tetrafluoroborate:

In a dried round bottom flask under gentle argon flow was introduced toluene, tert-butylglycidylether,
propan-1-ol, and then was quickly added dry copper(ll) tetrafluoroborate. The reaction was left to stir
under positive argon atmosphere and followed by TLC (65:35, PE/AcOEt). After 6h, two compounds (R¢
= 0.61, 0.52) began to appear and the reaction was left over-night. The reaction was quenched by
addition of water (30 mL), the layers were separated and the aqueous layer extracted with petroleum
ether (10 mL x 3). The combined organic layers were washed with brine (20 mL), dried over MgSQ,,
concentrated by rotary evaporation and dried under high-vacuum. The crude was purified by flash
chromatography with silica gel, solid loading, and gradient elution (90:10-80:20, PE/Et,0).

Boron trifluoride diethyl etherate:

In a dried round bottom flask under a gentle argon flow was introduced freshly distilled DCM, tert-
butylglycidylether, propan-1-ol and then was quickly injected BF;¢Et,0. The reaction was left to stir
under positive argon atmosphere and followed by TLC (65:35, PE/AcOEt). After 4h, tert-
butylglycidylether (R; = 0.70) was converted into two compounds (Rs = 0.61 & 0.52 respectively). The
reaction was thus quenched by addition of water (30 mL), the layers were separated and the aqueous
layer extracted with DCM (10 mL x 3). The combined organic layers were dried over MgSQ,,
concentrated by rotary evaporation and dried under high-vacuum. The crude was purified by combi-
flash chromatography with solid loading and gradient elution (96:4-80:20, PE/AcOEt).

Zinc(ll) Chloride:

In a dried round bottom flask under a gentle argon flow was introduced freshly distilled DCM, tert-
butylglycidylether, propan-1-ol, and then was quickly added dry zinc(ll) chloride. The reaction was left
to stir under positive argon atmosphere and followed by TLC (65:35, PE/AcOEt). After 24h, only traces
amount of tert-butylglycidylether (Rf = 0.70) was visible on TLC. The reaction was thus quenched by
addition of brine (10 mL). The layers were separated and the organic layers were washed with brine
(10 mL), water (10 mL), dried over MgSQ,, concentrated by rotary evaporation and dried under high-
vacuum. The crude was purified by combi-flash chromatography with solid loading and isocratic elution
(88:12, PE/ACOEL).

1-(tert-butoxy)-3-propoxypropan-2-ol (12a) OH

~_O_k_orsu

R¢ = 0.61 (65:35, PE/AcOEt). *H NMR (300.16 MHz, CDCls, 20°C): & = 3.86(m, 1H, CH,-CH-CH,); 3.51-
3.33(m, 6H, CH,-0-CH,-CH-CH-0); 2.53(d, J = 4.3 Hz, 1H, CH-OH); 1.59(sx, J = 7.2 Hz, 2H, CHs-CH.);
1.19(s, 9H, CH5-C); 0.91(t, J = 7.4 Hz, 3H, CH3-CH;) ppm. *C NMR (75.47 MHz, CDCls;, 20°C): 6 =
73.33(CH,-0O-CH2-CH); 73.27(CHs3-C); 72.00(CH2-O-CH,-CH); 69.94(CH-OH); 63.03(CH,-0-CH,-CH-CH,-
0); 27.63(CH5-C); 22.95(CHs-CH,); 10.65(CH3-CH,) ppm. HRMS (ESI): m/z calcd for CioH2,0sNa [M+Na*]
213.1467, found 213.1476.
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3-(tert-butoxy)-2-propoxypropan-1-ol (12b) o "

HO._J_ OtBu

R = 0.52 (65:35, PE/AcOEt). *H NMR (300.16 MHz, CDCls, 20°C): & = 3.76-3.35(m, 7H, CH,-O-CH-CH-
CH»-0); 2.40(t, J = 6.2 Hz, 1H, CH-OH); 1.59(sx, J = 7.3 Hz, 2H, CHs-CH,); 1.18(s, 9H, CHs-C); 0.92(t, J =
7.4 Hz, 3H, CHs-CH;) ppm. *C NMR (75.47 MHz, CDCl;, 20°C): & = 78.52(CH-OH); 73.47(CHs-C);
72.11(CH,-CH,-0); 63.62(CH2-OH); 62.43(CH-OtBu); 27.50(CHs-C); 23.40(CHs-CH,); 10.66(CH3-CH,)
ppm. HRMS (ESI): m/z calcd for CioH220sNa [M+Na*] 213.14612, found 213.14557.

1-(tert-butoxy)-3-chloropropan-2-ol (12c) OH

ci._A_ otBu

R¢ = 0.65 (60:40, PE/ACOEt). *H NMR (300.16 MHz, CDCl3, 20°C): 5= 3.89(m, 1H, CH,-CH-CH,); 3.60(ddd,
J=17.9,11.0 & 5.7 Hz, 2H, Cl-CH,-CH); 3.46(d, J = 5.0 Hz, 2H, CH-CH2-0); 2.60(d, J = 6.0 Hz, CH-OH);
1.20(s, 9H, CH3-C) ppm. 3C NMR (75.47 MHz, CDCls, 20°C): 5= 73.61(CHs-C); 70.70(CH-OH); 62.31(CH-
CH2-0); 46.00(Cl-CH,-CH); 27.60(CHs-C) ppm. HRMS (ESI): m/z calcd for Cs;H1s0.CINa [M+Na*]
189.0658, found 189.0656.

Synthesis of (3-glycidyloxypropyl)tripropoxysilane (13a), (3-
glycidyloxypropyl)methoxydipropoxysilane (13b) & (3-glycidyloxypropyl)dimethoxypropoxysilane
(13c)

In a dried 50 mL round bottom flask under gentle argon flow was introduced freshly distilled DCM (20
mL), propan-1-ol (3.74 mL, 50 mmol, 5 eq) and GPTMS (2.21 mL, 10 mmol, 1 eq). Then BF3;¢Et,0 (37
uL, 0.3 mmol, 0.03eq) was added and the reaction monitored by TLC (80:20, PE/AcOEt). After 1.5h at
room temperature, TLC indicate that GPTMS (R = 0.31) was totally converted into three compounds
(Rf=0.42; 0.57 & 0.69 respectively). The solution was then concentrated by rotary evaporation and
dried under high-vacuum to afford 2.76g. One gram of crude was purified by flash chromatography
with silica gel as follow: 40 g SiO,, liquid deposition, isocratic elution (92:8, PE/AcOEt) and afforded five
fractions: 13a (41 mg, pure, colorless oil, 3.5%), mix 11a/11b (154mg, colorless oil), 13b (107mg, pure,
colorless oil, 10.1%), mix 11b/11c (308mg, colorless oil), 13c (176mg, pure, colorless oil, 18.4%).

(3-glycidyloxypropyl)tripropoxysilane (13a) 0
N O Si(OPY),

R¢=0.69 (80:20, PE/AcOEt). *H NMR (400.16 MHz, CDCls, 20°C): 5= 3.69(t, J = 6.6 Hz, 6H, Si-O-CH-CH,);
3.68(dd, J = 11.1 & 3.3 Hz, 1H, CH-CH,-0); 3.46(m, 2H, CH,-O-CH»>-CH>); 3,39(dd, J = 11.5 & 5.6 Hz, 1H,
CH-CH»-0); 3,13(m, 1H, CH,-CH-CH,-0); 2.78(dd, J = 5.0 & 4.3 Hz, 1H, CH,-CH-CH,-0); 2.60(dd, J = 5.0 &
2.7 Hz, 1H, CH»-CH-CH,-0); 1.70(m, 2H, CH>-CH,-Si); 1.57(sx, J = 7.0 Hz, 6H, O-CH,-CH»>-CHs); 0.90(t, J =
7.4 Hz, 9H, -CH,-CHs); 0.64(m, 2H, CH-CH,-Si) ppm. 3C NMR (100.61 MHz, CDCls, 20°C): 5= 73.99(CH,-
0-CH2-CH,); 71.53(CH-CH,-0); 64.56(Si-O-CH2-CH,); 51.01(CH,-CH-CH,-0);  44.51(CH,-CH-CH,-0);
25.85(0-CH,-CH-CHs); 23.21(CH2-CHa-Si); 10.36(CH,-CHs); 6.54(CH,-CH2-Si) ppm. HRMS (ESI): m/z
calcd for CisH3,0sNaSi [M+Na*] 343.1917, found 343.1922.

0O
(3-glycidyloxypropyl)methoxydipropoxysilane (13b) L\/Ov\/Si(OMeM(OPr)Z

R¢=0.57 (80:20, PE/AcOEt). *H NMR (400.16 MHz, CDCls, 20°C): 8= 3.69(t, J = 6.7 Hz, 4H, Si-O-CH»>-CH,);
3.68(dd, J=11.4 & 3.6 Hz, 1H, CH-CH»-0);3.53(s, 3H, Si-O-CHs); 3.45(m, 2H, CH,-O-CH>-CH,); 3,38(dd, J
=11.6 & 5.8 Hz, 1H, CH-CH,-0); 3,13(m, 1H, CH,-CH-CH,-0); 2.77(dd, J = 5.0 & 4.2 Hz, 1H, CH,-CH-CH,-
0); 2.60(dd, J =4.7 & 2.6 Hz, 1H, CH,-CH-CH,-0);1.69(m, 2H, CH»-CH,-Si); 1.57(sx, J = 7.3 Hz, 6H, O-CH>-
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CH,-CHs); 0.90(t, J = 7.4 Hz, 9H, CH,-CH3); 0.64(m, 2H, CH,-CH-Si) ppm. *C NMR (100.61 MHz, CDCls,
20°C): & = 73.85(CH,-O-CH,-CH,); 71.50(CH-CH,-0); 64.58(Si-O-CH,-CH,); 50.98(CH,-CH-CH,-0);
50.53(Si-O-CHs) 44.45(CH-CH-CH,-0); 25.82(0-CH,-CH»-CHs); 23.10(CH-CH»-Si); 10.31(CH»-CH3);
6.11(CH2-CH,-Si) ppm. HRMS (ESI): m/z calcd for Ci13H250sNaSi [M+Na*] 315.1604, found 315.1606.

(3-glycidyloxypropyl)dimethoxypropoxysilane (13c) O
£ _O._~_Si(OMe),(OPr),

R¢=0.42 (80:20, PE/AcOEt). 'H NMR (400.16 MHz, CDCls, 20°C): 5= 3.69(t, J = 6.7 Hz, 2H, Si-O-CH»-CH>);
3.68(dd, J = 8.3 & 3.2 Hz, 1H, CH-CH,-0); 3.54(s, 6H, Si-O-CHs); 3.45(m, 2H, CH,-O-CH,-CH,); 3,38(dd, J
=11.4 & 5.7 Hz, 1H, CH-CH»-0); 3,13(m, 1H, CH,-CH-CH,»-0); 2.78(dd, J = 5.0 & 4.3 Hz, 1H, CH,-CH-CH,-
0); 2.59(dd, J = 4.9 & 2.7 Hz, 1H, CH>-CH-CH»-0); 1.69(m, 2H, CH>-CH-Si); 1.57(sx, J = 7.3 Hz, 2H, O-CH,-
CH-CHs); 0.90(t, J = 7.43 Hz, 3H, CH,-CHs); 0.64(m, 2H, CHa-CH.-Si) ppm. *C NMR (100.61 MHz, CDCls,
20°C): & = 73.75(CH2-O-CH>-CH,); 71.50(CH-CH»-O); 64.62(Si-O-CH2-CHa); 50.99(CH,-CH-CH,-0);
50.60(Si-O-CHs); 44.45(CH2-CH-CH2-0); 25.79(0-CHy-CH>-CHs); 22.99(CHo-CH,-Si); 10.31(CH,-CHs);
5.70(CH,-CH>-Si) ppm. HRMS (ESI): m/z calcd for C11H240sNaSi [M+Na*] 287.1291, found 287.1302.

Synthesis of (3-glycidyloxypropyl)tripropoxysilane (13a), (3-
glycidyloxypropyl)ethoxydipropoxysilane (14a) & (3-glycidyloxypropyl)diethoxypropoxysilane (14b)

In a dried 50 mL round bottom flask under gentle argon flow was introduced freshly distilled DCM (16
mL), propan-1-ol (1.87 mL, 25 mmol, 5 eq) and GPTES (1.39 mL, 5 mmol, 1 eq). Then BF3;*Et,0 (60 uL,
0.5 mmol, 0.1 eq) was added and the reaction monitored by TLC (90:10, PE/AcOEt). After 22h at room
temperature, TLC indicates that GPTES was totally converted into three compounds (Rs = 0.48, 0.38 &
0.32 respectively). The mixture was then washed with brine (2x10 mL) and water (10 mL). The
combined aqueous layers were extracted with DCM (10 mL). The combined organic layers were dried
over MgSQ,, concentrated by rotary evaporation and dried under high-vacuum to afford 1.72 g. The
residue was purified by combi-flash chromatography on a 120g/40um SiO, column with liquid injection
and gradient elution (96:4-90:10, PE/AcOEt) and afforded four fractions: 13a (61 mg, pure, colorless
oil, 4%), 14a (453 mg, pure, colorless oil, 30%), mix 14a/14b (16mg, mix), 14b (125 mg, pure, colorless
oil, 9%).

(3-glycidyloxypropyl)ethoxydipropoxysilane (14a) 0
2N O~ SI(OEt)y (OPr),

R: = 0.38 (90:10, PE/AcOEt). *H NMR (300.13 MHz, CDCls, 20°C): & = 3.81(q, J = 7.0 Hz, 2H, Si-O-CH-
CHs); 3.71(dd, J = 8.3 & 3.0 Hz, 1H, CH-CH»-0-CH,); 3.70(t, J = 6.7 Hz, 4H, Si-O-CH,-CH>); 3.47(ddd, J =
14.7,9.2 & 6.9 Hz, 2H, CH-CH,-0-CH,); 3,38(dd, J=11.4 & 5.7 Hz, 1H, CH-CH,-O-CH,); 3,15(m, 1H, CH,-
CH-CH,); 2.80(dd, J = 5.0 & 4.2 Hz, 1H, CH,-CH-CH,-0); 2.61(dd, J = 5.0 & 2.7 Hz, 1H, CH,-CH-CH,-0);
1.71(m, 2H, CH»-CH>-Si); 1.57(sx, J = 7.0 Hz, 4H, CH,-CH,-CHs); 1.22(t, J = 7 Hz, 3H, CH,-CH,-CHs); 0.90(t,
J=7.4 Hz, 6H, O-CH,-CHs); 0.64(m, 2H, CH,-Si) ppm. *C NMR (75.47 MHz, CDCls, 20°C): &= 73.97(CH-
CH,-0O-CH,); 71.53(CH-CH,-0O-CH,); 64.56(Si-O-CH,-CH,); 58.52(Si-O-CH,-CH3); 51.01(CH»-CH-CH,);
44.52(CH>-CH-CH,-0); 25.84(CH,-CH»-CHs); 23.20(CH2-CH,-Si); 18.45(0-CH,-CHs); 10.36(CH,-CH,-CHs);
6.58(CH»-Si) ppm. HRMS (ESI): m/z calcd for C14H300sNaSi [M+Na*] 329.1760, found 329.1746.

(3-glycidyloxypropyl)diethoxypropoxysilane (14b) @)
AN O~ SI(OEt),(OPr),

R¢ = 0.32 (90:10, PE/AcOEt). 'H NMR (300.13 MHz, CDCls, 20°C): & = 3.81(q, J = 7.0 Hz, 4H, Si-O-CH-
CHs); 3.70(t, J = 6.7 Hz, 2H, Si-O-CH-CH,); 3.69(dd, J = 11.5 & 3.7 Hz, 1H, CH-CH,-O-CH,); 3.47(ddd, J =
17.3, 9.3 & 6.9 Hz, 2H, CH-CH,-O-CH>); 3,38(dd, J = 11.5 & 5.7 Hz, 1H, CH-CH-O-CH,); 3,14(m, 1H, CH-
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CH-CH,); 2.79(dd, J = 5.0 & 4.2 Hz, 1H, CH»-CH-CH,-0); 2.61(dd, J = 5.0 & 2.7 Hz, 1H, CH,-CH-CH,-O);
1.70(m, 2H, CH»-CH»-Si); 1.57(sx, J = 7.1 Hz, 2H, CH,-CH>-CHs); 1.22(t, J = 7 Hz, 6H, CH>-CH,-CHs); 0.90(t,
J = 7.4 Hz, 3H, O-CH,-CHs); 0.64(m, 2H, CH,-Si) ppm. *C NMR (75.47 MHz, CDCls, 20°C): &= 73.95(CH-
CH,-O-CH,); 71.53(CH-CH»-O-CH,); 64.56(Si-O-CH,-CH,); 58.52(Si-O-CH,-CHs); 51.02(CH,-CH-CH,);
44.51(CH,-CH-CH,-0); 25.84(CH,-CH,-CHs); 23.18(CH,-CH,-Si); 18.44(0-CH,-CHs); 10.36(CH,-CH,-CHs);
6.61(CH2-Si) ppm. HRMS (ESI): m/z calcd for C13H230sNaSi [M+Na*] 315.1604, found 315.1616.

Synthesis of tetrakis(n-propoxypropan-2-ol)cyclomethylsiloxane (15)

(EOH
PO OH

\_<; o
Q
\_\;l\‘lle
Si-0-Si-Me
e 9
Me-Si-O-Si
f e "
o]
o] 3_\
HO  OPr
Hoj)

Pro

In a dried 50 mL round bottom flask under gentle argon flow was introduced freshly distilled DCM (16
mL), propan-1-ol (1.87 mL, 25 mmol, 5 eq) and PECS (1.39 mL, 5 mmol, 1 eq). Then BF3¢Et,0 (60 pL,
0.5 mmol, 0.1 eq) was added and the reaction monitored by TLC (98:02, CHCl;/MeOH). After 3h at
room temperature, TLC indicates that PECS (R¢ = 0.7) was totally converted into two compounds (R =
0.26 & 0.09 respectively). The solution was then concentrated by rotary evaporation and was dried
under high-vacuum to afford 1.17 g. The residue was purified by combi-flash chromatography on a
40g/40um SiO2 column with liquid injection and gradient elution (98:2-94:06, CHCl3/MeOH) and
afforded the tetra substituted cyclosiloxane 15 (1.10 g, 94%) as a pure viscous colorless oil.

R¢=0.26 (98:02, CHCl3/MeOH). *H NMR (400.16 MHz, CDCls, 20°C): GG1-12F1: 8= 3.95(m, 4H, CH(OH));
3.60-3.35(m, 32H, CH2-0-CH-CH(OH)-CH2-0-CH,); 2.95-2.45(m, 4H, CH(OH)); 1.7-1.5(m, 8H, CH-CH,-
Si); 1.59(sx, J = 7.1 Hz, 8H, CH3-CH,-CH1-0); 0.91(t, J = 7.4 Hz, 12H, CH3-CH,-CH,-0); 0.65(m, 8H, CH»-Si);
0.08(s, 12H, CH3-Si) ppm. 3C NMR (100.61 MHz, CDCls, 20°C): &= 74.11, 73.37, 72.11 & 72.02(CH,-O-
CH2-CH(OH)-CH2-O-CH,), 69.65(CH(OH)); 23.23(CH.-CH,-Si); 22.95(CH3-CH.-CH,-O); 13.23(CH.-Si);
10.64(CH3-CH,-CH,-0); -0.56(CHs5-Si) ppm. HRMS (ESI): m/z calcd for CaoHssO16NaSis [M+Na*] 959.5042,
found 959.5043.
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Figure SI_14: *H NMR spectrum of compound 3
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Figure SI_15: 3C NMR spectrum of compound 3
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Figure SI_18: CI-MS spectrum of compound 3
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Figure SI_20: 'H NMR spectrum of compound 6
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Figure SI_21: 3C NMR spectrum of compound 6
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Figure SI_23: 'H-'H COSY of compound 6



XG2-149F3 HSQC CDC13

SI_24

ppm

Current Data Parameters
NAME

XG2-149-F3

s
FnMODE  Echo

11072 - Procomsing parsmetars
SF

6.5

6.0

5.5

5.0 4.5 4.0 3.5 3.0 2.5 2.0
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Figure SI_26: HRMS spectrum of compound 6
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Figure SI_27: HRMS spectrum of compound 6
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Figure SI_29: 'H NMR spectrum of compound 7
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Figure SI_30: 3C NMR spectrum of compound 7
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Figure SI_31: DEPT 135 spectrum of compound 7
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Figure SI_32: *H 'H COSY spectrum of compound 7
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Figure SI_34: HMBC spectrum of compound 7
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5 D16 0.00020000 sec
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T0r 6.50 usec
BLZ —6.00 dB
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FIDRES
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Figure SI_35: ESI-MS spectrum of compound 7
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Figure SI_36: HRMS spectrum of compound 7
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PLIW 55.33609400 W
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Figure SI_39: 13C NMR spectrum of compound 8
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Current Data Parameters
NAME XG2-143F1
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F2 - Acquisition Parameters
Date_ 20150307

Time 13.04
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG dept135

65538
SOLVENT CDCI3
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DS 8

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2050

Dw 20.800 usec
DE 6.50 usec
TE 303.0K
CNST2 145.0000000
D1 5.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1

Pl 9.80 usec
Sl Ao sl (PRI 1T “WWWPMMW v PRI T TP T URRTR PRV T ATy B2 19.60 usec
e AT e Ui b el THY M WY Ll il e L WA PL1 -2.00dB
PLIW 55.33689499 W
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waliz16
1H
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23.00 usec
80.00 usec

4.00 dB

PL12 12.50 dB

PL2W 29.40261269 W
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SFQ2 400.1616006 MHz

F2 - Processing parameters
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Figure SI_40: DEPT135 spectrum of compound 8
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Current Data Parametecs
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m e T . . IND 0.00033200 ses
E
B i ﬁ CHANNEL f1
" m = H HuclL 1M
PO 11.20 usec
Pl 11.20 usec
2.0 -4.00 dB
PLIK 25,40261263 W
SFOL 400.1615927 MAz
.
mmmmm= GRADIENT CHANNEL memwm=
GEPNAM[1] SINE.100
GPZL 10.00 %
Plg 1000.00 usec

2 Fl = Acquisition parameters
[ - 5‘1’ 512

]
@ m ¥ SFOL 400.1616 MHz
. FIDRES 5.B82906 Hz
Q SW 7.527 ppm
FrMODE QF

g
a8

F2 - Processing parameters
51

SF 400,1600079 MHz
3 Ouuw SINE
* Y538 o
LB [
GE 0
@5 E ﬂg re 1.40
Fl - Processing parameters
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" MC2 QF
5F 400, 1600079 MHz
T8 v — 3 . 5|mw SINE
558 [

LA 0 Hz
P | B 0
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Figure SI_41: 'H-'H COSY spectrum of compound 8
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Figure SI_42: HSQC spectrum of compound 8
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Current Data Parameters
NAME XG2-143F1
EXPNO 14

PROCNO 1
F2 - Acquisition Parameters
Date_ 20150307
Time 13.24
INSTRUM spect
PROBED 5 mm PABBO BB-
PULPROG hsqoetgp
D 4036
SOLVENT cocll
NS 2
03 16
S 3012.048 Hz
FIDRES 0.735363
0.6739360 sec
RG 2050
oW 166.000 usec
DE 6.50 usec
TE 303.3 K
CNST2 145.0000000
Do 0.00000300 sec
o1 1.70344901 sec
o4 0.00172414 sec
D11 0.03000000 sec
D13 0.00000400 sec
D16 0.00020000 sec
™D 0.00002200 sec
ZGOPTNS
memmemen CHANNEL £1 ===
HUC1 18
Pl 11.20 usec
B2 22.40 usec
P28 1000.00 usec
PL1 -4.00 dB
PLIW 29.40261269 W
sFO1 400.1615927 MHz

mmsseeee CHANNEL £
CPDFRG[2
NUC2

e3

B4

PCPD2

PL2

PL12 .60 dB
BLZW 55.3368949% W
PL12W 1,21063924 W
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mswmwn GRADIENT CHANNEL swws=
GPNAM[1] SINE.100
GPNAM[2] SINE.100

6Pzl 80.00 &
GPZ2 20,10 &
P16 1000.00 usec

F1 - Acquisition parameters
™ 1024

SFO1 100.6304 MHz
FIDRES 22209435 Hz
S 226.000 ppre
FrMODE Echo-Antiecho

F2 - Processing parameters
a1

SF 400.1600079 MHz
WOW QSINE
558

LB 0 Hz

GB 0

PC 1.40

F1 - Processing parameters
s1 2048

MC2 echo-antiecho

SF 100.6202974 Mtz
WOW

sSB 2

LB 0 Hx

GB 0
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Figure SI_43: HMBC spectrum of compound 8
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10.20 usec
=2,00 dB
55, II6RILGE W

100.6303576 MH:

== GRADIENT CHANNEL =====

Gl 1 SINE.100
GFHAM[ 2] SINE. 100
GRHAM[ 2] SINE.100
GPZ1 50.00 %
GPZ2 30.00 %
GPLY 40.10 %
P16 1000.00 usec

Fl - Acquisition parameters
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SFOL 100,6304 MHz
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s 226,000 ppe
FnHODE aF

F2 - Processing parameters

51 4096
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WOW oM

558 ]

2.3 10.00 Hz
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Figure SI_44: CI-MS of compound 8
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Figure SI_45: HRMS of compound 8
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Figure SI_47: *H NMR spectrum of compound 9
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Figure SI_48: 3C NMR spectrum of compound 9
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F2 - Acquisition Parameters
Date_ 20150308
Time 2.17
IHSTRUH spect
PROBHD 5 mm PABRO BB-
PULPROG deptl3s

D 65536
SOLVENT copcll

NS 128

Ds 8
st 24038461 Hz
FIDRES 0.366798 Hz
AD 1.3631988 sec
BG 2050

oW 20,800 usec
DE 6.50 usec
TE 301.0 K
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oL 5.00000000 sec
D2 0. 00344828 sec
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P2 19.60 usec
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F2 - Processing parameters

Figure SI_49: DEPT 135 spectrum of compound 9
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Figure SI_50: H-'H COSY spectrum of compound 9
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Fi - Acguisition Parameters
Date_ 20150308
Time 2.1
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SWH 1576.293 Hz
FIDKES 0. 384837 Hz
AQ 1.2993011 sec
RG .5

o 317,200 usec
DE 6.50 usec
TE 303.0 K

Do 0.00000300 sec
Dl 0.57LB4547 sec
D13 0.00000400 sac
Dlé 0. 00020000 sec
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Figure SI_51: HSQC spectrum of compound 9
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AQ 1.2992512 sec
RG 2050

o 317,200 usec
LE 6. 50 usec
TE 303.4 K
CHSTZ 145.0000000
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F1 = Acquisition parameters
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H 226,000 ppe
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FrMODE  Echo-Antiecho
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Figure SI_57: 3C NMR spectrum of compound 10
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Figure SI_58: DEPT 135 spectrum of compound 10
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Figure SI_60: HSQC spectrum of compound 10
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Figure SI_63: HRMS spectrum of compound 10
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Figure SI_66: 3C NMR spectrum of compound 11
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Figure SI_67: DEPT 135 spectrum of compound 11
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Figure SI_69: HSQC spectrum of compound 11
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Figure SI_70: HMBC spectrum of compound 11
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Figure SI_73: 'H NMR spectrum of compound 12a
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Figure SI_74: 3C NMR spectrum of compound 12a
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Figure SI_75: DEPT 135 NMR spectrum of compound 12a
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Figure SI_76: H-1H COSY NMR spectrum of compound 12a
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Figure SI_77: HSQC spectrum of compound 12a
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Figure SI_78: HMBC spectrum of compound 12a
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Figure SI_81: 'H NMR spectrum of compound 12b
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Figure SI_82: 3C NMR spectrum of compound 12b



SI_83

XG2-118F3 DEPT135 CDC13

80 15 70 65 60 59 50 45 40 35 30 25 20 15 10 5

PRI ISV o ST A T AR [V RS (IR LD VA [ P08 ' [ S0 T Ul WIS (L L P 0 USRS YT S (15T P ST AT TN BT TR

Ds

RG

DE
TE

D1
D2

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 ppm

Figure SI_83: DEPT135 NMR spectrum of compound 12b
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Figure SI_84: 1H-1H NMR spectrum of compound 12b
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Figure SI_85: HSQC NMR spectrum of compound 12b
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Figure SI_86: HMIBC NMR spectrum of compound 12b
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Figure SI_87: HRMS spectrum of compound 12b
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Figure SI_89: 'H NMR spectrum of compound 12¢
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Figure SI_92: COSY NMR spectrum of compound 12c
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Figure SI_98: 13C NMR spectrum of compound 13a



SI_99

XG2-129F1 CDC13 DEPT90

3, -

75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
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Figure SI_100: DEPT 135 NMR spectrum of compound 13a
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Figure SI_106: *H NMR spectrum of compound 13b
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Figure SI_107: 3C NMR spectrum of compound 13b
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Figure SI_114: *H NMR spectrum of compound 13c
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Figure SI_115: 3C NMR spectrum of compound 13c
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Figure SI_122: 'H NMR spectrum of compound 14a
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Figure SI_123: 13C NMR spectrum of compound 14a
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Figure SI_124: *H-'H COSY NMR spectrum of compound 14a
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Figure SI_125: HSQC NMR spectrum of compound 14a



GG1-11F2 HMBC

13

b

SI_126

ppm

(=729

@ = =2

Current DAts Paranerers
HAME GaL-11F2C
EXPHO 14
PROCHD 1

¥2 -
"

—10

16
§125.000 Hz
0.762935 Hz
AQ 0.6553600 pec
3088

—15

20 %

o
m 1.73785601 Bec

-25 m 0.00344838 mec
D& 0.05005000 aec
D1e 0.00025000 wec
Mo 0.00002300 sec

PLIW 29.40261365 W

35 T

4001615466 MHz

A00.8303576 MHz
HADIENT CHANHEL =s===s
SINE.100
SIKE.100
SINE.100
50.00 ¥
10.00 ¥

40.10 ¥
1000.00 usec
tion paramecers
512
100.6304 MAz

44410069 Hz
2326.000 ppe
oF

F2 - Procesming parameters
4096

75

5T
BF 400.1600082 MHz
. 6 O WOW oM

558 o

Le =10.00 Hz

G 0.1

PC 1.40
65 Fl - Processing paramelers

B1 1024

T2 aF

&F 100,6202960 MHz

WO GSINE

=41 2
70 w 0 Hz

Ge ]

Figure SI_126: HMBC NMR spectrum of compound 14a

ppm



0S06E  OFOEE  OCDEE
zw !

0Z'0£E

TS N S0 0EH T R/U
YO GSZH 022 e/

eTnuIOg II3-7

oLoee 00'0E€ 06'62¢ 08'62¢ 0628 09'62¢

PO0+261°1

§H0Z-ay-ClL

9081 °0£€

(2€:22) WD ‘(01 $7'00°0'82'955'0°004¥ "1 '00'08 'EL'UD) WV (255'0) £Z 241 1-LOD ELFOSLOZ

| ebed

0 £ bi= 09LT*HTE

58 Tz Lo- ESLT'6ZE  9FLI62E

3da Waa equ esel 07eD ssER
0001 0's 0's FUNWTXRR
§ 1- SurWTUTH

0F'62¢ 0€'62¢ 0z'62¢ 0L'6Ze 00'6ZE 06'8ZE

Potd v W Lo
L%
7 {
or.1L'62€ oot
+53 SW 0L L
#1831 HOSINHZOTHD 12411199
1
0SS 10BN S§0.0 02L0-H 00L-0:0

‘pesn sjuelwe|3

(ssew yoea Joj s)nsal 1S8s0j0 0g O} dn) spw Uiy SYNSa) Z LM pajenies (2)ejnuuo) gg

SU0| LOO3|T UBAT 'sseyy djdolosiouo

¥ = 1|4+ Joj pasn syead adojos! jo lequinn

HO uonoipaid Juawa|g

0700k =Xew '§°}- = Uiw :38Q / Wdd 0'§ = 3ouessjo)
sisfjeuy ssely ajbuig

Joday uopisodwio) ejuswely

Z/

€301

+S3SWJOL:L
§1L0Z-1dy-¢L
191

Emmh 00L S9 099 629 009 m_,nm 0SS 626 006 G/v 0S¥ GZy OOF G/E OSE G2 OOE G/ 0SZ GZZ 00T

™ T i -

z6ze

Gll 0SL Szl cnr

00z2 0pl

%

0oL

(18:85) WO (202 1) 09 241L-1OD ELYOSL0Z
+IS3 / HOW+ZIOZHO / 2411-199

ESI HRMS NMR spectrum of compound 14a

SI_127

Figure



Sl 128

O
=\ O~_~_ Si(OEt),(OPr),

14b



GG1-11F3 1H CDC13

15} I N
w [N
o oo

L )
~y //

Current Data Parameters

NAME GG1-11F3
(@) 0 2 EXPNO 10
% e 1.0 N PROCNO 1
O Si F2 - Acquisit
quisition Parameters
ab Rl S ok O 1 3 Date 20150408
c d 2 Time 120
INSTRUM spect
A PROBHD 5mm PABBO BB-
PULPROG zg30
D 6
B SOLVENT coci3
NS
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9B45889 sec
RG 203
DW 60.800 usec
DE 6.50 usec
TE
D1 1.00000000 sec
A OO 1
======== CHANNEL f{ ======
NUC1 1H
P1 11.20 usec
PL1 -4.00 dB
PL1W  29.40261269 W
SFO1  400.1624710 MHz
F2 - Processing parameters
I 131072
SF 400.1600079 MHz
1+c¢c WDW EM
SSB 0
LB 0.30 Hz
3 GB
2 PG 1.00
d a
i € b a e |
N M Jﬂ N ”' l
| . |
“—"f (- U : ﬂ“’l - - L J'h IJJ‘LL_..L.__JJ Vo k——___..._J’
[ I I I L] I I
3.5 3.0 2.5 2.0 1.5 1.0 Ppm
v} 0 ||~ —t o r~ © ™
o o of |- ) o o o €] — o
™ ™ IS EE] — - ™~ 3] ™ ™~

Figure SI_129: *H-'H NMR spectrum of compound 14b
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Figure SI_130: 3C NMR spectrum of compound 14b
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Figure SI_131: DEPT 135 NMR spectrum of compound 14b
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Figure SI_133: HMBC NMR spectrum of compound 14b
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Figure SI_136: *H NMR spectrum of compound 15
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Figure SI_137: 3C NMR spectrum of compound 15
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Figure SI_138: DEPT135 NMR spectrum of compound 15
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Figure SI_139: *H-'H NMR spectrum of compound 15
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Figure SI_140: HSQC NMR spectrum of compound 15



SI_141

GG1-12F1 HMBC CDC13

M \ J\ R I ppm

20

=25

30

35

- 40

-45

50

55

- 60

- 65

-70

:ﬁ:& ?

-75

- 80

Figure SI_141: HMBC NMR spectrum of compound 15
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E. Reference '"H NMR (CDCI3) spectra of GPTMS, GPTES and PECS
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Figure SI_143: *H NMR spectrum of GPTMS
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Figure SI_144: 'H NMR spectrum of GPTES
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E. COMPLEMENTARY SPECTRA CITED IN THE MAIN TEXT
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Figure SI_147: *H NMR spectrum of the crude mixture of the reaction between n-butylamine and GPTMS in THF (60 °C, 48h). (Scheme 8 (a.) in article)
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Figure SI_148: *H NMR spectrum of the dissolved crude material of the reaction between n-butylamine and GPTMS in solvent-free conditions (70 °C, 48h).
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Figure SI_149:. 'H NMR spectrum of the mixture of 4 & 5 issued of the reaction between cyclam and GPTMS in toluene (reflux, 5.5h). (Scheme 3 (b.) in article)
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Figure SI_150: 3C NMR spectrum of the mixture of 4 & 5 issued of the reaction between cyclam and GPTMS in toluene (reflux, 5.5h). (Scheme 3 (b.) in article)
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Figure SI_163: Complementary MS-ESI spectra (with zoom) of the crude mixture after 5h of reaction between NaN3; and GPTMS in refluxing methanol. (Figure 6. in article)
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Figure SI_164: HRMS-ESI spectra of the molecular peaks ([M+H*]) of compounds C (left) & D (right).
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Figure SI_165: HRMS-ESI spectra of the molecular peaks ([M+H*]) of compounds F (left) & G (right).
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Figure SI_166: HRMS-ESI spectrum of the molecular peaks ([M+H*]) of compounds I.
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Figure SI_167: MS-ESI spectra (with zoom) of the crude mixture after 5h of reaction between NaN; and GPTES in refluxing methanol.
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Figure SI_168: MS-ESI spectra (with zoom) of the crude mixture after 5h of reaction between NaN; and PECS in refluxing methanol.
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Figure SI_169: MS-ESI zoom spectra (left) and proposed structures for the specie at 275.1286 m/z.
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Figure SI_170: Proposed structures for the species at 286.1194 m/z (left) and 492.2172 m/z (right).

Elemental compositicn s

m/z=
n/z

492.2172

487.22-

Theo.

Mass
492.2174
492.2174
492.2174
192.2168
192.2168
492.2177
492.2177
492.2177
492.2177
192.
492.2165
192.2165
492.2164
492.2164
492.2163
492.2181
492.2181
492.2161
492.2161
492.2161

07/05/2015 12:32:48

RT. 0.00 AV: 1 NL: 2.26E7

4922172
f
|
|
493.2194
492.0814
482.3772 494.2120
491.7420 D 493.0067 | 493.3461
4915 492.0 492.5 493.0 493.5 494.0 494.5
m/z
on mass 492
Delta RDE Composition
{ppm) equiv.
14.5 3N751
9.0
6.0 6
1.5/C17 N <
7.0 Ci6H33C3
16.0 C25HzaNpeNa 8d
10.5 C26 H3sC0sNNa 81
7.5 C19H3 7 Na
2.0
5.0
0.0
. 5.5
1: 2.5
1. g.0
1.75 11.0
=1.90 6.5
-1.91 1.0
2.20 1.0
2.21 6.
2531 9

__495.2?4? 496.1661
495.0 4955 496.0 496.5
OH I\Ille
MeO O Si-OMe
~ N |

OH

(0]
N3J\/O\/\/8:i—OMe

Me

Chemical Formula: C47H39N30gSi,
Exact Mass: 469.23

or
OH I\Ille
N3 O~ Si~Ng
OH (I)
N3 O._~_Si-OMe

Me

Chemical Formula: C45H33NqOgSiy
Exact Mass: 491.21



C:\Xcalibur\Data\20150507_GG1-39

20150607_GG1-39#1 RT: 0.00 AV: 1 NL: 4.40E7

T: FTMS +p ESI Full ms [150.00-2000.00]

100
95

Relative Abundance
@
2

Elemental compesiticn search on mass 503.21

m/z= 498.21-508.21
Theo.
Mass

mrz

503.2079

503.
503.
503.
503.
503.
503,
503.
503.
503.
503.
503.
503.
503.
503.
503.
503,
503.
503.
503.
503.

2082
2082
2082
2083
2076
2083
2085
2085
2073
2088
2087
2072
2087
2072
2072
2071
2090
2069
2090
2090

500

Delta

(ppm)

-0.
-0.
-0.
-0.
0.
-0.
-1.
-1.
1.
-1.
-1.
1.
-1.
1.
1.
1.
-2,
2.
-2.
=2

SI_171

07/05/2015 12:32:48 CiXcalibur\Data\20150507_GG1-39 07/05/2015 12:32:48

20150507_GG1-39 #1 RT: 0.00 AV- 1 NL: 34166
T: FTMS + p ESI Full ms [150.00-2000.00]

503.2078 100 720.2961
E|
503.3732 95 |
90— |
85~ i
80
| 75
; 707 ‘
| 65—
8 e04
2 805
£
B 55
2
2 509
LS8
2 45
5
& 402
353 721.2084
30 !
504.2097 257 |
‘ 504.3736 20~
‘ | 153 722.2960
10 |
502.7171 | 505,|2025 5° 719.6987 | ! 723.3189
501.2464 502.0473 | 506.2065 508.1873 . ] \ 721.0285 | [
ot M A | VD, (SN USSR e i | | ‘ A o 4 S
501 502 503 504 505 506 507 508 500 7195 7200 7205 7210 7215 7220 7225  723.0 7235 7240 7245 7250 7255
miz miz
iental compositicn
. 715.30-725.30
R]E Composition z Theo. Delta RDB Composition
equiv. Mass (ppm) equiv.
19.5 C3pH31Ng Siz 720.2961 720.2956 0.74 3.5 -
C23He702Np81 720.2956 0.80 325
11.0 C2¢H3307N351 720.2970 =113 3.5
8.0 C17H23 05N 720.2951 1.43  16.5
3.5 C16H3607NgNa 512w - 720.2943 2,59 4.5 C20H50012N11 813
2.5 C1aH3s 01Nz 720.2942 2.66 7.5 C27Hs4 O10 N5 81y
12.5 C25H3204 NsNa 81 720.2982  -2.93  11.5 CazHs4OgH3 OH Me
9.5 C1aH2s OgN1pNa OH |\|/|e 720.2983  -2.9% 5 CesHsgO10Ng5is N o SI'—N
2.0/C15H37010Ns Siz N \/K/O Si-OMe 720.2991  -4.15 5 CasHsgOsNSia 3 NN I
4.0 C13H34011N3Na 3 ~ N 1 720.2929 4.52 5 CzsHs Q14N Sig OH (o) N OH
7.0 C16H3306Ng 512 OH 720.2996 -4.85 5 C26H4506N13 513 | .3
4.5 C17H32010 N6 Na i i
. C Ng_A_O_~_8i-0-8i_~_0_L_N
}.5 :7 H39011 N2 51z N3 o\/\/S|—oMe | |
_;.2H4H3503Na51 I\lll Me Me
13. e
e ) . ) Chemical Formula: C»4H4gN1505Si3
- Chemical Formula: C4gH36NgO7Sis .
3.0 Exact Mass: 720.30
3.0 Exact Mass: 480.22
0.0 C

Figure SI_171: Proposed structures for the species at 503.2079 m/z (left) and 720.2961 m/z (right).
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Figure SI_172: 'H NMR spectrum of the crude mixture of the reaction between sodium ethoxide and GPTMS in THF (rt, 5h). (Scheme 8 (a.) in article)
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Figure SI_173: 'H NMR spectrum of the crude mixture of the reaction between sodium methoxide and GPTES in THF (rt, 8h). (Scheme 8 (b.) in article)
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Figure SI_174: *H NMR spectrum of the crude mixture of the reaction between sodium methoxide and GPTMS in methanol (reflux, 3.5h). (Scheme 8 (c.) in article)
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Figure SI_175: 'H NMR spectrum of the crude mixture of the reaction of GPTMS with n-propanol in presence of 3 mol% of BF3*Et,0 (DCM, rt, 1.5h). (Scheme 9. in article)
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Figure SI_176: Comparison of the 'H NMR spectra of the crude mixture (blue) obtained after the reaction of GRTMS with n-propanol in presence of 20mol% of BFs.Et,0 with the spectra of compound
13a (red).
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G. Annex of the article gathering objections and misinterpretations of the literature

This article aims at exploring the dual reactivity of functional alkoxysilanes and their sensitivity towards
reaction conditions. These investigations revealed results that could bring questioning about published work.
In our sense, the reactivity of the silicon moiety of functional alkoxysilanes versus the epoxide function has
been widely underestimated in various articles describing the reactivity of alkoxysilanes. In fact, such
reactions in sol—gel hybrid synthesis using nucleophiles are not well characterized in the literature and can
suggest some misinterpretations in some published results. So that, we can contest that some data at the
molecular level (NMR for instance) are missing in papers, but these data are clearly essential to conclude to
epoxide opening of the glycidyl moiety within glycidylalkoxysilanes. As general statement we can dispute that
several misinterpretations are commonly made in the literature. This section is dedicated to describe few of
these collected examples from the literature.

> It appeared in the literature that the reaction schemes describing the reactivity of alkoxysilanes with
varied nucleophiles give no alteration of the silicon moiety. In the view of our results, it seems
complicated to describe selective modification of the epoxide moiety by using alcohols or thiols
reactive species.
Based on our results, these data remain unclear and there is no spectral evidence in these papers
showing that the epoxide function and/or the alkoxysilane moiety have/has been modified.

¢ B. Yan, X.-L. Wang, K. Qian, H.-F. Lu Journal of Photochemistry and Photobiology A: Chemistry
212 (2010) 75-80

(A) COOH
toluene.triethylamine
+ CHy=C(CH;)COOCH,CH,CH,Si(OCH, ) — >
reflux,4h,60°C §-CH,-CH(CH:)COOCH,CH,CH,Si(0CH; )
SH o Py
COOH
vridine HOQG
+ CH,(0)CHCH,0CH,CH,CH,Si(OCH;);  —o—
reflux.4h,80°C
S, $-CH,CH(OH)CH,0CH,CH,CH,Si(0CH;3);
SH

P,

e M. A. Melo Jr., F.J.V.E. Oliveira, C. Airoldi Applied Clay Science 42 (2008) 130-136

OCHz
HNCH3CHa0H
& CHBG—QIMB/\J\/\}‘T’/\/
]
(a) OCH H H
OCHy

IR (g g The silylating agents were synthesized by adding, with stirring under a dry

208 /\\? + . " 3 - - . 3

nitrogen atmosphere, .10 em” (35.0 mmol) of ethanolamine or 3.36 cm

ox  (35.0 mmol) of diethanolamine to 7.74 em® (35.0 mmol), of 3-glycidoxypro-

30—t N and pylirimethoxysilane dissolved in 100 ¢cm® of dry ethanol. To complete the

HHN(CH;CH;0H), n’m-:; /jﬂ/\ \_\ incorporation of these molecules into the epoxide three membered ring, the
(6) “%  mixture was left under reflux for 72 h at 323 K.

OH

OCH3z

0CH3 H

e H.M. Tan, S.F. Soh, J. Zhao, E.L. Yong, Y. Gong Chirality 23 (2011) E91-E97

(MeORSI(CHyOCHAIGH,

NMP

(Me0),Si(CH,);0CH,CHOH)CH,0 OH
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e \W. Tang, J. Zhao, B. Sha, H. Liu J. Appl. Polym. Sci. 127, (2013), 2803-2808.

HO (—OH), NaO (—OH),
] [ NaOH/H,0 _ ; ; KH-560

| g | DMF
(()“}H [OH)H
p-CD
(CH,O)‘SiN\U/jj_((UHL’ 51N\° ik
oY W . & ol
(OH]E-I (OH]H
B-CD-g-HA

At first, this paper did not write properly the resulting product arising from ring-opening reaction. Only ring
opening reaction is described which is not in accordance with the reactivity of alcoolates in presence of
GPTMS.

» After exploring intensively the reactivity of alkoxysilanes (GPTMS, GPTES) using various simple
nucleophiles, we discuss in our article that the *H NMR chemical shift relative to the ring opening of
the epoxide function of glycidyl moiety is very significant in comparison to the native epoxide. In fact,
the 'H NMR chemical shift of C-H epoxide are located at 3.1-3.2ppm whereas the chemical shift of
CH for the ring opened compounds are located at 3.8-4.2ppm. In the course of our studies, these
information are crucial in order to conclude whether the epoxide is still remaining.

Nu= R'-NH- or R'S- or R'O-

R = Me, Et or Si OH
o) Nu O._~_Si(OR);
L\\VO\/\/Si(ORk \)w
H \348-4ppm

3.1-3.2 ppm /
In our model studies, these observations were relatively clear since our resulting compounds displayed NMR
data more simple than some of the more sophisticated structures that appear in the literature. Nevertheless,
it appeared a collection of published examples where the native epoxide is clearly present in the NMR spectra
(when these spectra are available). In our point of view, the following articles revealed misinterpretations
regarding the reactivity of the epoxide in presence of nucleophiles. These following examples have been
selected because NMR data analysis were provided and could suggest eventual misinterpretations from the
authors. In many cases of the literature, the analytical information are not fully provided, so that it is hard to
conclude on the ring opening of the epoxide without these NMR data.

e M. Das, D. Bandyopadhyay, R.P. Singh, H. Harde, S. Kumara, S.J. J. Mater. Chem., 2012,
22, 24652

2212 Synthesis of azido-terminated PEG silane. For

o synthesis of azido-terminated PEG silane, a-amino, w-azido

- }\/N: PEG-600 (0.1 mmol) was added to an ethanolic solution of

3-glycidoxypropyltriethoxy-silane  (0.09 mmol). Et;N (0.14

mmol, 20 pl) was added to the solution and the reaction mixture
was left to stirring for 12 h.
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At first, the authors did not describe properly the chemical structures of the GPTES and the proposed
resulting compound. As previously mentioned, the chemical shift of the CH(5) resulting from ring opening of
the epoxide should be located around 3.8-4.2 ppm. The authors have described this proton-CH(5) at 1.6ppm
which could be actually more assigned to the missing protons of the structure as represented as the CH2(d)
in the below-described H-NMR of GPTES that we provide. After comparison of these *H-NMR spectra
between their structure and the starting material GPTES, the signals H-11, H-12 and H-7 look very similar to
the native glycidyl part of the GPTES starting material. So that, these observations could bring questioning
about the ring opening of the epoxide function.
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'H-NMR of assigned GPTES in CDCl;

GPTES CDCL3 EMN 1H
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M.M. Wan, L. Gao, Z. Chen, Y.K. Wang, Y. Wang, J. H. Zhu Microporous and Mesoporous
Materials 155 (2012) 24-33.

\_O‘f"i\/\/sxc/ﬁ\ Onsi—O~

H,C \

(o] Ha : o« To prepare the M-G bridge molecule, GPTMS (4.72 g, 20 mmol)
]/ was firstly dissolved in toluene with stirring, and then MPTES

Scheme 1. The structure of the 1-0-[trimethoxysilypropyl]-3-S-[triethoxysily pro- (4.76 g, 20 mmol) was added into the solution by drops. The mix-
pyl]-2-propanol (M-G). ture was refluxed at 85°C under nitrogen atmosphere for 24 h.
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Firstly, the attribution for the protons H-21, H-22 and H-23 should be more located at 3.5ppm,
whereas this signal at 3.38ppm would fit better with both protons H-13 (as similar as the GPTMS signals
labelled He— see below). In this cited article, the authors have also assigned the proton (H-10) at 3.1ppm.
However, this signal related to the ring opened product should be more shifted at 3.8-4ppm. Actually, in this
region (3.8-4.2ppm), there is no evidence of ring-opened product. In consequence, it seems that the *H NMR
signals at 3.1ppm, 2.7ppm and 2.6ppm are more representative of the unmodified glycidyl moiety of
GPTMS(Hs, Hg, Hh) (see below for the *H NMR of the GPTMS in DMSO).
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'H-NMR of assigned GPTMS in DMSO

GPTMS-DMSO
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e M. Arslan, S. Sayin, M. YilmazTetrahedron: Asymmetry 24 (2013) 982-989

(ii) [3-(2,3-epoxypropoxy )propyl|timethoxysilane, DMF, 50 °C, 3 h;

5.3.3. Synthesis of alcohol functionalized p-cyclodextrin
(AI-CD) 3

Yield 71.8%, 'H NMR (400 MHz, DMSO): & (ppm) 2.70 (br, 14H),
2.86 (br, 14H), 3.34-3.26 (m, 42H), 3.70-3.42 (m, 119H), 4.81 (d,
21H, J=5.48 Hz). 13C NMR (400 MHz, DMSO): & (ppm) 31.23,
36.24, 60.39, 72.50, 72.89, 73.52, 81.99, 102.40. Anal. Calcd for
Ci26H252070Si7: C, 49.07; H, 8.24. Found: C, 49.18; H, 8.08.

(AI-CD) (3)
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In this cited article, even if NMR data are provided, the assighment seem incomplete by comparison with the expected

structure.
e J.-T. Hu, A. Gu, G. Liang, D. Zhuo, L. Yuan Journal of Applied Polymer Science, 126, (2012) 205-
215.
2 4 6 8
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N OH +  CHyCHCH,0—CH,CH,CH, —Si(OCH;); a4 oy @ c‘
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(“JH - __|"\ N __-2—1
L N—@OQ [,CHCI I;o—m [,CH,CH;—Si(OCH3)3 5 ls I } ' 8
Chemical shift (ppm)

TH-NMR (I\f—dimeth_vlsulfoxide as solvent, ppm):
0.66 (Si—CH,—); 1.5, 34 (—CHy,—CH,—CH,—); 3.2
(—O—CH,); 6.75(—CH=CH— of maleimide ring);
7.02 (aromatic protons).
In this cited article, the NMR assignments are once again incomplete by comparison with the expected structure. Some
misinterpretations are also disclosed: the methoxy group He should be assigned at 3.3ppm. There is no clear evidence
of the C-H proton resulting from ring opening reaction which should be expected at 3.8-4.2 ppm. The unlabeled signals

at 2.5; 2.7 and 3.1 ppm could fit with the starting glycidyl moiety of GPTMS.
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H. Annex of the article: References of the literature being disputed when using BF3e¢Et20 for
functionalization of glycidylalkoxysilanes.

As discussed in the article, the use of BFs.Et,0 as activator is very common in order to facilitate the ring opening of
epoxide function. However, our results strongly suggest that the addition of alcohols nucleophiles in presence of such
activator and GPTMS or GPTES reagents results only in trans-etherification reaction on the silicon group. Here are few
examples of the literature disclosing ring-opening reaction of glycidylalkoxysilanes:

e S.Tang, T. Ikai, M. Tsuji, Y. Okamoto J. Sep. Sci. 33, (2010),1255-1263
H

o

m
O‘(/J\/OWSH OEt},

8]

\(/( o~ SI{OEt);
Q
') O

r

7/BF4-OEt,
in toluene, BD°C,12 h

OH

EtOHM,0/(CH4),SiCI

Silica ga

110 °C, 10 min

e Y. Xin, Z. Rui, L. Guoquan Journal of Liquid Chromatography & Related Technologies 23, (2000)
1821-1830.
/0

) N BF; s Tolene
(MeO);Si~C Hy)-O —CHy—CH—C Hy + Cy5Hs7 OH —

90°C ,8h

OH
. |
(Me0), Sl—(CH;},—O —CH—CH—CH,;—0—C;sH;7 + H,O

Bonding of the terminal C,; chain onto y-glyeidoxypropyltrimethoxysilane
was through ring opening reaction then followed by silanization with silica gel
as follows:

OH

) ) |
=S+—O0H + (MI‘.‘!O); Si+CH, }3—0 —CHs-—CH—CH;—0—C3Hsi7 Tolione

109°C
MeQ OH
l [
ESi—O—T%i—GCHz}J—o —CH;—CH—CH;—0Q—C 3Hs7 + MeQH
MeO



