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General Information

Chlorotriethylgermane (ABCR), chlorodimethylphenylgermane (Gelest); chlorodimethylsilane,
dichlorodimethylsilane (Alfa Aesar); allylmagnesium chloride (2 M in THF), vinylmagnesium
bromide (1 M in THF), tetrachlorosilane, trichlorosilane, triethylamine, Karstedt’s catalyst
[Pta(dvs)s], H,PtCls, [Rh(COD)CI];, PtO; toluene, dichloromethane, (Sigma-Aldrich);
Trisilanollsobutyl POSS, DiSilanollsobutyl POSS, TetraSilanolPhenyl POSS (Hybrid Plastics), CDCls
(Deutero), THF and diethyl ether (Fisher Chemical). THF and diethyl ether were distilled from
sodium/benzophenone ketyl. Silsesquioxane substrates, i.e. 2 (7,17-dimethyl-7,17-dihydro-
1,3,5,9,11,13,15,1-octaphenylhexacyclo[9.13.1%° 1315 1513 11119]decasiloxane),! 3 (mono-
decker silsesquioxane),? 4 [(hydro)heptaisobutylsilsesquioxane],® 5 (octahydrosilsesquioxane),*
6 [(dimethylsiloxy)hepta(isobutyl)octasilsesquioxane],® 7
[oktakis(dimethylsiloxy)silsesquioxane]® were prepared according to literature procedures. Allyl-
and vinylgermanes 1la—d were prepared from the respective chlorogermanes and allyl- and
vinylmagnesium Grignard reagents. The representative synthetic procedure is given below.

Allyltriethylgermane

A magnetic stirrer and approx. 30 mL of freshly distilled diethyl ether were placed in a 50-mL,
two-necked round-bottomed flask (previously dried under reduced pressure and filled with
argon, equipped with a reflux condenser and an argon plug and gas bubbler). Then, 1.5 g (1.28
mL, 7.68 mmol) of chlorotriethylgermane was added to the stirred solvent, followed by the
dropwise addition of 5 mL (9.99 mmol) of 2 M allyl magnesium chloride solution. The resulting
suspension was vigorously stirred for 24 h at room temperature. After this time, GC/MS analysis
was performed and full conversion of chlorogermanane to allyl derivative was confirmed. The
precipitate was partially filtered on a sintered funnel and washed with pentane. The resulting
milky suspension was filtered on a short celite column, rinsed with small portions of pentane.
The solvent was removed under reduced pressure on a rotary evaporator, and the obtained
crude product was subjected to a "trap to trap" distillation. Pure allyltriethylgermane was
obtained as a colorless liquid (1.36 g, 88% vield).
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Measurements
Nuclear magnetic resonance spectroscopy (NMR)

The 'H (300, 400 MHz), 3C (75, 101 MHz), 135DEPT and 2°Si NMR (79 MHz) spectra were
recorded with a Varian XL 300 MHz spectrometer and Varian VNMR-S 400 MHz spectrometer
with samples in CDCls solution. The chemical shifts are reported in ppm and were referenced to
the residual solvent signals (6H = 7.26 ppm, 6C = 77.36 ppm for CDCl3).

In situ FT-IR spectroscopy

Real-timeFT-IR measurements were performed on a Mettler Toledo ReactIR 15 equipped with a
DS 6.3 mm AgXDiComp Fiber Probe with a diamond sensor, and a Mercury Cadmium Telluride
detector. For all the spectra 256 scans were recorded with the resolution of 1 cmtin 1,5 and 10
min intervals.

Matrix-assisted laser desorption/ionization time-of-flight mass spectroscopy (MALDI-TOFMS)
and HRMS (ESI)

MALDI-TOF mass spectra were recorded on a UltrafleXtreme mass spectrometer (Bruker
Daltonics), equipped with a SmartBeam Il laser (355 nm) in 500-4000 m/z range. 2,5-
Dihydroxybenzoic acid (DHB) served as matrix. HRMS (ESI) mass spectra were recorded on QTOF
(Impact HD, Bruker).



General procedure for the synthesis of functionalized POSS derivatives.

To a 5 mL glass reactor equiped with in situ FT-IR probe SQ (100 mg, 1.0 eq.) of 2, 3, 5-7, vinylgermane,
allylgermane or vinylsilane (1.0/2.0 or 8.0 eq.) and toluene (1 mL) were added. The reaction mixture was
stirred at 100°C for few minutes. After this time, the catalyst 10 mol% (per SiH group was added). After
reaction, the mixture was filtered off by glass filter type G4 with silica-gel and Celite, solvent was
evaporated and excess was removed under reduced pressure to give corresponding products 2-3a-f and
5-7a-d.

Molar ratio [1]: [2] : [Pt]—=1:2:2x10% [1] : [3/6] : [Pt]—=1:1:10% [1]:[5/7] : [Pt]—1:8:8x 10*

(2-7)
General scheme for functionalized POSS synthesis.

Picture of reaction system



Hydrosilylation of vinyl- and allylgermanes with silsesquioxanes and spherosilicates and kinetic plots
for the formation of products 2a-2d, 3a-3d, 5a-5d, 6a-6d, 7a-7d.

Hydrosilylation of vinyl- and allylgermanes (1a—1d) with double-decker silsesquioxane (2).

Product Molar ratio Rea_lctlon Yield
[1):[21:[Pt] ; (%]
2a /\Gi\ lal 1:2:2x10* 73 90
2b (]\Gle,§ 1b| 1:2:2x104 15 89
|
2c \|:Ge ol 1:2:2x10% 1346 93
2d @ d~er 14| 1:2:2x10° 273 90
|

[a] Reaction monitored by FT-IR in situ and time measured for complete conversion of SQ. [b] Isolated
yield.

Kinetic plots for the formation of 2a-2d products.
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Hydrosilylation of vinyl- and allylgermanes (1a—1d) with mono-decker silsesquioxane (3).

Reaction

Product Molar ratio time Yield

131 041kl

[1]:[3]:[Pt] [min]te! [%]

3a X Ge(* la| 1:1:10% 72 92
.1 .-104

3b @G:e,\ 1b| 1:1:10 48 95

3c \EGEA 1c| 1:1:10* 532 90

3d @ id| 1:1:10* 1222 90

G:e’\/

[a] Reaction monitored by FT-IR in situ and time measured for complete conversion of SQ. [b] Isolated
yield.

Kinetic plots for the formation of 3a-3d products.
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Hydrosilylation of vinyl- and allylgermanes (1a—1d) with cubic silsesquioxane (4 and 5).

sQ  Product Molar ratio Reaction ConSIeHrsion Yield
[11:[4/5):[Pt]  time [ [2%]t [%]te]
a | Not AGE 1a| 1:1:104H 30h 65 ;
isolated K
a Not @\G'e/\ 1b| 1:1:10° 14h 73 -

isolated |

5a 5a C la| 1:8:8x10* | 2min 98 94

5b 5b @GI(\ 1b| 1:8:8x10* | 1min 99 92
|

5¢c 5¢ \EGeA 1c| 1:8:8x10% 2 min 98 94

5d | 5d @gef\/ 1d| 1:8:8x10% | 3, 99 91

[a] Reaction monitored by FT-IR in situ. [b] Confirmed by *H NMR spectroscopy. [c] Isolated yield.

Kinetic plots for the formation of 5a-5d products.
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Hydrosilylation of vinyl- and allylgermanes (1a—1d) with spherosilicate (6).

Product Molar ratio Ret?::;on Yield
[1]:[6]:[Pt] [%]®!

[min]!

6a 6™ 1a] 1:1:10% 4 98

.1.104
6b @Gle% 1b 1:1:10 3 93

6c \|:Ge\/\ lc| 1:1:10° 203 91

.1-.104
6d ©\Gle’\/ 1d 1:1:10 333 97

[a] Reaction monitored by FT-IR in situ and time measured for complete conversion of SQ. [b] Isolated
yield.

Kinetic plots for the formation of 6a-6d products.
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Hydrosilylation of vinyl- and allylgermanes (1a—1d) with octaspherosilicate (7).

Reaction

Product Molar ratio time Yield
[1]:[7]:[Pt] — [%]®]
7a /\Gé la| 1:8:8x10* 6 94
7b ©\Gle’\ 1b| 1:8:8x10* 4 95
|
7c \EGeA 1c| 1:8:8x10* 405 92
. . -4
7d ©\G:e/\/ 1d| 1:8:8x10 140 91

[a] Reaction monitored by FT-IR in situ and time measured for complete conversion of SQ. [b] Isolated
yield.

Kinetic plots for the formation of 7a-7d products.
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Kinetic plots for the hydrosilylation of Et;SiCH=CH, with silsesquioxanes and spherosilicates.
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The *H NMR and *C NMR of germane substrates 1a-1d

(1a)

NI

Ge
S
Chemical Formula: CgHgGe

IH NMR (300 MHz, CDCls) 6 6.24 (dd, J = 20.1, 13.8 Hz, 1H), 5.99 (dd, J = 13.8, 3.6 Hz, 1H), 5.60 (dd, J =
20.1, 3.6 Hz, 1H), 1.03 (q, J = 7.8 Hz, 9H), 0.80 (t, J = 7.4 Hz, 6H).
13C NMR (101 MHz, CDCls) & 137.73, 130.69, 8.98, 4.20.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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(1b)

N -
Ge

S
Chemical Formula: CyH,Ge
'H NMR (300 MHz, Chloroform-d) & 7.54 — 7.45 (m, 2H), 7.43 — 7.31 (m, 3H), 6.42 (dd, J = 20.0, 13.5 Hz,
1H), 6.05 (dd, J = 13.5, 3.2 Hz, 1H), 5.69 (dd, J = 20.0, 3.1 Hz, 1H), 0.47 (s, 6H).
13C NMR (101 MHz, CDCl3) § 140.69, 138.80, 133.50, 131.02, 128.60, 128.16, -3.33.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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7.8, 1.1 Hz, 6H).
3C NMR (75 MHz, CDCl5) § 136.72, 111.71, 18.98, 9.03, 3.97.

'H NMR (300 MHz, Chloroform-d) 6 5.90 — 5.66 (m, 1H), 4.82 — 4.68 (m, 2H), 1.62 (d, J = 8.3 Hz, 2H),

Chemical Formula: CgH,,Ge
0.97 (t, 9H), 0.69 (q, J
'H NMR (300 MHz, CDCls)

(1c)
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13C NMR (101 MHz, CDCls)
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O
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13C NMR (101 MHz, CDCl3)
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The *H NMR, 3C NMR, #°Si NMR, MALDI TOF and ESI data of silsesquioxanes and spherosilicates 2-7

(2) cis/trans
Ph Ph

Ph . _\—0-—siZ
0-Si O pn
[ O-Si—p—y;
- (0]
\Me / \ y ‘0
O. S Sl e‘Sl-H

'\ \~Ph O’
H \° Yo

H-si

/
\S \ /Sl.
PH lo) Ph

Chemical Formula: C59Hyg014Siqq

'H NMR (400 MHz, CDCl;) 6§ 7.67 — 7.22 (m, 40H), 5.02 (d, 2H), 0.41 (d, J = 1.6 Hz, 6H).

13C NMR (101 MHz, CDCl3) 6 134.24, 134.20, 134.17, 134.07, 131.74, 130.90, 130.63, 130.55, 127.97,
127.83,127.79, 127.75, 0.77.

29Si NMR (79 MHz, CDCl5) 6 -32.80, -77.83, -79.12, -79.31, -79.51.

MALDI-TOF MS (m/z): calcd. for CsoHas014SizoNa 1176,76; found 1176,08.

P

H NMR (400 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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MALDI-TOF

Intens. [a.u.]
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. O Si—iB
—1] i—iBu
BU™N=\07 Y, o/

~Simw~_—=Si
iBu” O *iBu

Chemical Formula: C33H;6043Siq

IH NMR (400 MHz, CDCl3) & 4.70 (s, 1H), 2.03 = 1.71 (m, 8H), 0.98 (dd, J = 6.6, 2.7 Hz, 48H), 0.68 — 0.53
(m, 16H), 0.21 (s, 3H).

13C NMR (101 MHz, CDCls) § 25.95, 25.92, 25.89, 25.85, 25.82, 24.19, 24.11, 24.04, 23.68, 23.24, 23.18,
22.64, 0.70.

29Si NMR (79 MHz, CDCl5) 6 -37.01, -66.96, -68.19, -68.90, -69.13.
MALDI-TOF MS (m/z): calcd. for C33H76013SisNa 955,31; found 955,33.

H NMR (400 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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256i NMR (79 MHz, CDCls)
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Chemical Formula: C,gHg,04,Sig

'H NMR (300 MHz, Chloroform-d) 6 4.13 (s, 1H), 1.92 — 1.79 (m, 7H), 0.96 (dd, J = 6.6, 1.8 Hz, 42H),
0.62 (t,) = 7.1 Hz, 14H).

13C NMR (75 MHz, CDCls) 6 25.85, 25.81, 23.99, 22.64, 22.48.

295i NMR (79 MHz, CDCls) & -67.55, -67.88, -85.02.

MALDI-TOF MS (m/z): calcd. for C2sHs1012Sis 816,26; found 817,26.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: HgO,Sig

IH NMR (400 MHz, CsDe) 6 4.21 (s, 1H).
295 NMR (79 MHz, C¢Dg) & -84.83
MALDI-TOF MS (m/z): calcd. for HgO1,Sis 423,82; found 426,34.

H NMR (400 MHz, CsD¢)
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256i NMR (79 MHz, CsDs)
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(6)
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Chemical Formula: C;oH;(045Sig

'H NMR (400 MHz, CDCls) & 4.74 — 4.66 (m, 1H), 1.95 - 1.78 (m, 7H), 0.96 (dd, J = 6.6, 3.3 Hz, 42H), 0.68
—0.56 (m, 14H), 0.22 (d, J = 2.8 Hz, 6H).

13C NMR (101 MHz, CDCl3) § 25.84, 25.83, 24.01, 23.97, 22.59, 22.50, 0.33.

29Si NMR (79 MHz, CDCls) & -2.97, -66.93, -67.86, -109.05.

MALDI-TOF MS (m/z): calcd. for C3oH70013SisNa 913,26; found 913,26.

H NMR (400 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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(7)

HMe,Si0, 5 ..,0SiMeH
HMeZSiO~Si/\ ~Sisg
| 0<Y;

HMe SiO/S‘ O=Si
2 O‘Si—o/ ~

Chemical Formula: C16H560208i16

H NMR (400 MHz, CDCls) 6 4.75 — 4.70 (m, 8H), 0.25 (d, J = 2.8 Hz, 48H).
13C NMR (101 MHz, CDCls) & 0.20.

29Si NMR (79 MHz, CDCls) & -1.40, -108.67.

MALDI-TOF MS (m/z): calcd. for C1Hs¢020Si1sNa 1040,95; found 1040,95.

H NMR (400 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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The *H NMR, 3C NMR, #°Si NMR, MALDI TOF and ESI data of products with germyl moiety 2a-d, 3a-d,
5a-d, 6a-d, 7a-d.

(2a-2d)

(2a)

O O—GQjuw== Rk

Ge Si —

r \/\Sil-Me/ (o] S'\ Me (
/I~

) (X4
N0 & Si/68
Ph-St=\-0~"\>Ph 0O )
O=sie )Si{
PH (o) Ph

Chemical Formula: Cg¢HgsGe,044Siqg
'H NMR (300 MHz, Chloroform-d) 6§ 7.61 —7.52 (m, 8H), 7.49 — 7.28 (m, 22H), 7.21 (td, J = 7.5, 7.0, 3.0
Hz, 10H), 1.04 (t,J = 7.9 Hz, 2H), 0.88 (t, ) = 7.9 Hz, 18H), 0.71 (d, J = 2.5 Hz, 6H), 0.60 (g, ) = 7.9 Hz,
12H), 0.31 (s, 6H).
13C NMR (101 MHz, CDCls) § 134.22, 134.12, 132.40, 131.33, 130.40, 129.19, 127.87, 127.77, 127.73,
127.68, 10.66, 9.04, 3.51, 2.56, -1.51.
29Si NMR (79 MHz, CDCls) 6 -17.81, -78.70, -79.67.
MALDI-TOF MS (m/z): calcd. for CesHgaGe,014SisoNa 1551,19; found 1551,19.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: C70H76Ge20143i10
'H NMR (300 MHz, Chloroform-d) 6 7.58 — 7.28 (m, 35H), 7.25 — 7.11 (m, 15H), 1.00 — 0.92 (m, 4H),

0.73-0.64 (m, 4H), 0.35 (s, 3H), 0.26 (s, 3H), 0.19 (s, 12H).

~

\
(0]

\ -
thsl
13C NMR (101 MHz, CDCl3) 6 134.20, 134.09, 133.46, 133.39, 132.27, 130.44, 128.24, 127.98, 127.91,

127.79, 10.55, 7.17, -1.34, -4.35.
MALDI-TOF MS (m/z): calcd. for CsoH76Ge,014Si10Na 1591,12; found 1591,12.

295i NMR (79 MHz, CDCl;) & -17.89, -78.68, -79.66.

H NMR (300 MHz, CDCls)

SOTTEGT 0
¢LT9T9T0
06PTESE™0
P¥92$59°0 §
875v€89°0 1
€84520L°0
€00EPTL0

-0.5

0.0

9/180€6°0
90182460 |
9222£56°0
090€296°0
902590604
9090660
89€SE9T"L 1
S6v2L9T"L A
bSLOT6T L |
STOLb0T'L
STH1S0T'L
2TES80T'L |
8869€TTL 1
£T9061TL ]
065T92T"L 1
88€6TETL |
89/99€7°/ 1
2865 L ]
€122 0000092°Z 1
02S64£T°L 1
921558¢°L 1
££18467°L
9T90£0E"L 1
0£680€"L 1
98€6€TEL 1
TS/881€L 1
80TLTTE L 1
0ST862E"L 1
81T6EE’L ]
£EPSOPEL
8690T9E"L 1
897£99€"L 1
6YEPTLE L T
£ETSLLELA
9£00b8E "L |
OETTT6EL |
T85/86€°L 1
STCLYO'L
801480b°L |
L669ETH L
£L64T21"L 1
£960TEH"L
69954/
PEZSObY L
£586vbb'L
Sv8T6EY
£25£105°L
£6£5905°L
bYELTIS L
90vTS'L
1£09825'L
857TEES'L
8509/€S'L

—

N

E(§)
0.3p

0.5

D (m)|| G (s)
0.69 || 0.19

/

0.97

/

D UL S L R A

1.0

C (m)

40 35 30 25 20 15

4.5

6.0 55 5.0

6.5

7.0

B (m)
7.21

At

7.48
7.5

A (m)

8.0

8.5



13C NMR (101 MHz, CDCl3)
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(2¢)

Ph. O—
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/ \ Q 'Me Ge
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‘Sl\ /SI.
PH (o) Ph

Chemical Formula: C63H830e20148i10

IH NMR (300 MHz, Chloroform-d) & 7.58 — 7.51 (m, 8H), 7.46 — 7.30 (m, 20H), 7.25 — 7.14 (m, 12H),
1.52 - 1.41 (m, 4H), 1.01 (t, J = 7.9 Hz, 4H), 0.87 (t, J = 7.9 Hz, 18H), 0.75 — 0.66 (m, 4H), 0.55 (q, J = 8.0
Hz, 12H), 0.29 (s, 6H).

13C NMR (101 MHz, CDCls) & 134.21, 134.09, 132.35, 130.40, 127.88, 127.78, 127.74, 127.70, 21.53,
18.86, 15.87, 9.07, 3.96, -0.71.

25Si NMR (79 MHz, CDCls) 6 -17.79, -78.73, -79.68.
MALDI-TOF MS (m/z): calcd. for ngHggGe2014Si10Na 1579,22, found 1579,32

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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(2d) cis/trans
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Chemical Formula: C72H80Ge20143i10

'H NMR (300 MHz, Chloroform-d) § 7.65 — 7.28 (m, 38H), 7.26 — 7.14 (m, 12H), 1.60 — 1.48 (m, 6H),
1.06 —0.90 (m, 4H), 0.88 — 0.78 (m, 2H), 0.35 (s, 6H), 0.28 (s, 4H), 0.20 (s, 8H).

13C NMR (101 MHz, CDCl3) § 142.03, 134.22, 134.20, 134.18, 134.16, 134.14, 134.12, 134.09, 134.07,
134.05, 133.35, 133.28, 130.55, 130.45, 128.21, 128.04, 128.01, 127.97, 127.95, 127.91, 127.88,
127.86, 127.83, 127.81, 127.78, 21.01, 19.94, 18.70, -0.72, -3.45, -3.75.

29Si NMR (79 MHz, CDCl5) 6 -66.82, -67.04, -67.09, -67.32, -84.60, -84.66, -84.74, -84.81.
MALDI-TOF MS (m/z): calcd. for C72HgoGe,014Si10Na 1619,16; found 1619,15.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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(3a-d)

(3a)

iBu\iBiE /O~Si/lBu

0 iBu
\
/ O_Si——b\\Si/ \]
o .

o) GeT\
0
\ ) o/ \ . Me~‘§iI 7
iBu’S'\\~o/S|\\iBu/0

\O\S. O\S.
iBu’ I~o=°'~iBu

Chemical Formula: C41H94G9013Si9

IH NMR (300 MHz, CDCl5) § 1.92 — 1.77 (m, 8H), 1.04 — 0.90 (m, 57H), 0.70 (q, J = 8.0 Hz, 8H), 0.61 —
0.50 (m, 18H), 0.09 (s, 3H).

13C NMR (101 MHz, CDCls) & 25.96, 25.95, 25.89, 25.87, 25.82, 24.25, 24.12, 24.04, 23.91, 23.25, 22.66,
10.67, 9.14, 3.59, 2.57, -1.74.

295i NMR (79 MHz, CDCl;) & -22.07, -67.06, -69.18.
MALDI-TOF MS (m/z): calcd. for CaiHssGeO13SisNa 1143,37; found 1143,37.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: C43H90G3013Si9

H NMR (300 MHz, CDCl3) & 7.50 — 7.40 (m, 2H), 7.34 (m, 3H), 1.94 — 1.75 (m, 8H), 1.02 — 0.87 (m, 50H),
0.62-0.52 (m, 18H), 0.35 (s, 6H), 0.09 (s, 3H).
13C NMR (75 MHz, CDCls) & 141.87, 133.44, 128.34, 128.04, 25.95, 24.11, 23.87, 23.24, 22.64, 10.57,
7.40, -1.63, -4.27.
255§ NMR (79 MHz, CDCls) 6 -22.19, -67.04, overlapping signals from silsesquioxane core (-69.11, -69.16,
-69.20).
MALDI-TOF MS (m/z): calcd. for C43He0GeO13SisNa 1163,34; found 1163,34.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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. ~a!
iBu'SI\O/SI.iBu

Chemical Formula: C4,HggGe0,3Sig
'H NMR (300 MHz, CDCls) 6 1.92 — 1.75 (m, 8H), 1.48 — 1.39 (m, 2H), 1.01 (t, J = 8.0 Hz, 9H), 0.95 (dd, J
=6.6, 2.2 Hz, 48H), 0.78 (d, J = 8.7 Hz, 2H), 0.72 (q, 6H), 0.64 (d, J = 8.5 Hz, 2H), 0.61 — 0.52 (m, 16H),
0.09 (s, 3H).
13C NMR (101 MHz, CDCls) § 25.96, 25.92, 25.88, 25.82, 24.26, 24.11, 24.04, 23.92, 23.27, 22.66, 21.72,
18.94, 15.99, 9.17, 4.08, -0.92.

29Si NMR (79 MHz, CDCl5) 6 -22.17, -67.06, -69.16, -69.22, -69.25.
MALDI-TOF MS (m/z): calcd. for C42He6GeO13SisNa 1157,39; found 1157,39.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: C44H92G3013Si9

IH NMR (300 MHz, CDCls) & 7.52 — 7.41 (m, 2H), 7.39 — 7.30 (m, 3H), 1.95 — 1.75 (m, 8H), 1.59 — 1.44
(m, 2H), 0.97 (dt, J = 6.6, 2.4 Hz, 50H), 0.65 — 0.51 (m, 18H), 0.36 (d, J = 7.3 Hz, 6H), 0.09 (s, 3H).
13C NMR (75 MHz, CDCls) 6 142.15, 133.35, 128.32, 128.05, 25.99, 25.95, 25.90, 25.85, 24.27, 24.14,

24.07, 23.90, 23.27, 21.24, 20.19, 18.82, -0.89, -3.54.
Si NMR (79 MHz, CDCls) & -22.25, -67.03, -69.21.

MALDI-TOF MS (m/z): calcd. for CasHs,GeO13SisNa 1177,36; found 1177,36.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: CG4H152G930128i8

'H NMR (300 MHz, Chloroform-d) 6 1.01 (td, J = 8.1, 2.7 Hz, 72H), 0.90 — 0.76 (m, 18H), 0.76 — 0.66 (m,
48H), 0.66 —0.52 (m, 14H), 0.42 — 0.18 (m, 2H).

13C NMR (101 MHz, CDCls) 6 9.19, 9.11, 5.48, 4.02, 3.59, 3.55, 1.17.

29Si NMR (119 MHz, CDCls) 6 -66.82.

HRMS (ESI): m/z calculated for CesH152GesO1,Sis 1928,31; found 1929,09.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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2%6i NMR (79 MHz, CDCl;)
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Chemical Formula: CgoH120Gego128i8

'H NMR (300 MHz, Chloroform-d) 6 7.50 — 7.37 (m, 16H), 7.36 — 7.27 (m, 24H), 1.14 — 1.03 (m, 6H),
0.97 (s, 10H), 0.80 — 0.48 (m, 16H), 0.36 (s, 48H).

13C NMR (101 MHz, CDCls) & 141.73, 134.27, 133.46, 133.39, 128.37, 128.05, 127.97, 10.21, -4.23.
295i NMR (119 MHz, CDCls) & -66.64.

HRMS (ESI): m/z calculated for CgoH120Ges01,Sis 2088,06; found 2093.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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HRMS (ESI)

IFlefes,
[ta]

L]

0.3

02

2R3 3T5T

20503778

2061.2058

2082 2222

0942172

20957185

20962242

2092

20734 2098

1097, 2141

B_15.12.10_1.0: +M5, 0.0-0, 3min #3-15]

2100.3666
30953631

20883711

20688 2100 FUE



Ol

Si”

| \SiIO‘FSi’\/\Ge/

o) (0] \ _/
N Vd 40 o

Si\o /S\I\I/\/Ge
‘/ SI~0/

// Ge/\

Ge \ " 7

Chemical Formula: C72H16BGGSO128i8

IH NMR (300 MHz, Chloroform-d) 6 1.82 (d, J = 6.2 Hz, 4H), 1.65 — 1.37 (m, 16H), 1.01 (t, J = 7.9 Hz,
72H), 0.87 — 0.59 (m, 76H).

13C NMR (101 MHz, CDCl5) & 22.22, 21.10, 18.71, 16.36, 16.21, 15.04, 9.02, 8.99, 4.01, 3.95, 3.92, 3.90.
295i NMR (79 MHz, CDCl3) § -67.11, -67.35.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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2.9 Hz, 40H), 0.15 — -0.05 (m, 8H).

Chemical Formula: CggH436GegO15Sig
'H NMR (300 MHz, Chloroform-d) 6 7.75 —7.27 (m, 40H), 1.68 — 1.32 (m, 16H), 1.13 — 0.84 (m, 16H),

0.82-0.53 (m, 16H), 0.35 (d, J
13C NMR (101 MHz, CDCl3) § 142.06, 134.15, 133.78, 133.35, 133.32, 128.71, 128.31, 128.21, 128.04,

127.86, 20.91, 20.12, 19.53, 18.71, 16.08, -3.45.

255§ NMR (79 MHz, CDCls) 6 -67.22.
HRMS (ES|)Z m/z calculated f0rC38H135G680125i8K 2239,15, found 2239,64.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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HRMS (ESI)
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Chemical Formula: C38H88G9013Si9

IH NMR (300 MHz, Chloroform-d) § 1.92 — 1.80 (m, 7H), 1.02 (d, 9H), 0.96 (dd, J = 6.6, 2.1 Hz, 42H),
0.84—0.77 (m, 2H), 0.71 (dg, J = 7.8, 1.1 Hz, 6H), 0.60 (dq, J = 7.1, 4.8, 4.0 Hz, 14H), 0.56 — 0.48 (m,

2H), 0.10 (s, 6H).

13C NMR (75 MHz, CDCls) § 25.85, 24.00, 22.58, 22.54, 11.50, 9.19, 3.56, 2.65, -0.89.

255 NMR (79 MHz, CDCls) 6 11.35, -67.09, -67.88, -109.58.
MALDI-TOF MS (m/z): calcd. for C3sHgsGeO13SisNa 1101,33; found 1101,33.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: C40H84GGO13Si9
IH NMR (300 MHz, Chloroform-d) & 7.48 — 7.42 (m, 2H), 7.33 (m, 3H), 1.94 — 1.77 (m, 7H), 0.95 (dd, J =
6.6, 2.2 Hz, 42H), 0.60 (d, J = 7.1 Hz, 18H), 0.35 (s, 6H), 0.09 (s, 6H).
13C NMR (75 MHz, CDCls) 6 141.84, 133.45, 128.33, 128.04, 25.85, 23.99, 22.58, 11.39, 7.64, -0.82, -
4.24,
2955 NMR (79 MHz, CDCls) 6 11.40, -67.07, -67.87, -109.60.

MALDI-TOF MS (m/z): calcd. for C4oHgsGeO13SisNa 1121,29; found 1121,30.

iBu

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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2%6i NMR (79 MHz, CDCl;)
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Chemical Formula: C3gHgoGe0O43Siq

H NMR (400 MHz, Chloroform-d) § 1.93 — 1.79 (m, 7H), 1.48 — 1.39 (m, 2H), 1.01 (t, J = 7.9 Hz, 9H),
0.96 (dd, J = 6.6, 3.2 Hz, 42H), 0.81 — 0.75 (m, 2H), 0.70 (q, J = 7.9 Hz, 6H), 0.66 — 0.63 (m, 2H), 0.61 (t, J
= 6.5 Hz, 14H), 0.09 (s, 6H).

13C NMR (101 MHz, CDCls) & 25.84, 24.01, 23.98, 22.62, 22.56, 19.00, 16.08, 9.17, 4.10, -0.04.

2955 NMR (79 MHz, CDCls) 6 10.76, -67.09, -67.88, -109.69.

MALDI-TOF MS (m/z): calcd. C3sHs0GeO13SisNa 1115,34; found 1115,34.

H NMR (400 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: C44HggGeO43Sig

IH NMR (300 MHz, Chloroform-d) § 7.46 — 7.41 (m, 2H), 7.35 — 7.27 (m, 3H), 1.91 - 1.77 (m, 7H), 1.53 —

1.41 (m, 2H), 0.94 (d, J = 6.6 Hz, 44H), 0.59 (dd, J = 7.0, 2.5 Hz, 16H), 0.35 (s, 6H), 0.06 (s, 6H).

13C NMR (75 MHz, CDCls3) 6 142.21, 138.01, 133.36, 129.20, 128.40, 128.31, 128.06, 125.47, 25.87,
24.05, 24.01, 22.67, 22.62, 22.58, 22.09, 20.30, 18.87, -0.03, -0.05, -3.42, -3.45.
29Si NMR (79 MHz, CDCl5) § 10.76, -67.05, -67.84, -109.63.
MALDI-TOF MS (m/z): calcd. for C41HgeGeO13SisNa 1135,31; found 1135,31.

H NMR (300 MHz, CDCls)
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3C NMR (101MHz, CDCls)
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Chemical Formula: CggHo9gGegOooSig
'H NMR (300 MHz, Chloroform-d) 6 1.01 (t, J = 7.9 Hz, 72H), 0.72 (q, 48H), 0.65 —0.48 (m, 32H), 0.12 (s,
48H).
13C NMR (75 MHz, CDCls) 6 11.36, 9.16, 3.55, 2.59, -0.94.
29Si NMR (79 MHz, CDCl5) 6 12.29, -108.81.
MALDI-TOF MS (m/z): calcd. for CgoH200Ges020SiisNa 2535,85;found 2535,56.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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(7b)

Chemical Formula: CgsH13GegO50Sig
'H NMR (300 MHz, Chloroform-d) 6 7.46 — 7.40 (m, 16H), 7.36 — 7.28 (m, 24H), 0.92 — 0.81 (m, 15H),
0.74-0.68 (m, 1H), 0.63 —0.51 (m, 16H), 0.34 (t, 48H), 0.09 (s, 48H).
13C NMR (75 MHz, CDCl5) 6 141.71, 133.45, 128.33, 128.04, 11.27, 7.59, -0.80, -4.22.
29Si NMR (79 MHz, CDCl5) 6 12.68, -108.77.
MALDI-TOF MS (m/z): calcd. for CosH166Ges0205i16 2666,20;found 2663,35.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: CggH»16GegO50Si4g
'H NMR (300 MHz, CDCl5) 6 1.50 — 1.37 (m, 16H), 1.01 (t, J = 7.9 Hz, 72H), 0.81 — 0.64 (m, 80H), 0.13 (s,
48H).
13C NMR (101 MHz, CDCl3) § 22.39, 19.00, 16.08, 9.17, 4.12, -0.06.
29Si NMR (79 MHz, CDCl5) 6 11.90, -108.94.
MALDI-TOF MS (m/z): calcd. for CssH216Ges020SiisNa 2655,58;found 2647,58.

H NMR (300 MHz, CDCl3)
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13C NMR (101 MHz, CDCl3)
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(7d)

Chemical Formula: C1gsH1g6Geg020Sits
'H NMR (300 MHz, Chloroform-d) 6 7.49 — 7.40 (m, 15H), 7.36 — 7.28 (m, 25H), 1.53 — 1.40 (m, 16H),
1.07 - 0.95 (m, 15H), 0.66 (m, 17H), 0.35 (d, J = 3.6 Hz, 48H), 0.15 — 0.02 (m, 48H).
13C NMR (75 MHz, CDCls) § 142.11, 133.33, 128.30, 128.03, 21.90, 20.26, 18.81, -0.04, -3.43.
29Si NMR (79 MHz, CDCl5) 6 12.06, -108.88.
MALDI-TOF MS (m/z): calcd. for CiosH186Ges020Si1s 2806,35;found 2807,36.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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The 'H NMR and *C NMR, 2°Si NMR and MALDI TOF or ESI data of products with silyl moiety 2e-f, 3e-
f, 5e-f, 6e-f, 7e-f.

(2e)
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Chemical Formula: C66H84014Si12

'H NMR (300 MHz, Chloroform-d) 6 7.59 — 7.50 (m, 8H), 7.48 — 7.29 (m, 19H), 7.25 - 7.15 (m, 13H),
0.77 (t,J=7.9 Hz, 18H), 0.63 — 0.55 (m, 4H), 0.53 — 0.45 (m, 4H), 0.37 (q, / = 7.9 Hz, 12H), 0.28 (s, 6H).
13C NMR (101 MHz, CDCls) & 134.22, 134.11, 132.39, 131.31, 130.39, 127.87, 127.77, 127.72, 127.67,
8.93,7.50, 2.90, 2.15, -1.59.

29Si NMR (79 MHz, CDCls) 6 8.39, -17.29, -78.72, -79.69.
MALDI-TOF MS (m/z): calcd. for CesHg4014Si1oNa 1459,30; found 1460,30.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)

NOARABRRNG moond
FHERARNRNAN ana~n
o o o o e WM~ NN
N = NENC
|
T T T T T T T T T T T T T T
110 100 90 80 70 60 50 40 30 20 10 0 -10

T
210 200 190 180 170 160 150 140 130 120

256 NMR (79 MHz, CDCls)

-17.29

8.39
7872
X -79.69

T T T T T T I S B B T
-240 -260 -280 -3(

T T T T T T T T
-140 -160 -180 -200 -220

T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120



MALDI-TOF
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(2f)
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Chemical Formula: C;4H76044Si,,

1H NMR (400 MHz, Chloroform-d) & 7.56 — 7.49 (m, 7H), 7.46 — 7.32 (m, 26H), 7.25 — 7.14 (m, 17H),
0.81—0.72 (m, 4H), 0.64 — 0.56 (m, 4H), 0.26 (s, 4H), 0.25 (s, 2H), 0.09 (s, 12H).
13C NMR (101 MHz, CDCls) 6 139.30, 134.23, 134.21, 134.19, 134.10, 133.71, 132.31, 131.27, 130.43,

128.80, 127.90, 127.78, 9.05, 6.55, -1.42, -3.58.
29Si NMR (79 MHz, CDCls) & -1.24, -17.41, -78.70, -79.68.

HRMS (ESI): m/z calcd. for C7oH76014Si12 1476,25; found 1476,70.

H NMR (400 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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HRMS (ESI)
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Chemical Formula: C41H94013Si10

'H NMR (300 MHz, Chloroform-d) 6 1.93 — 1.75 (m, 8H), 1.00 — 0.89 (m, 57H), 0.63 — 0.53 (m, 14H),

0.53 -0.38 (m, 12H), 0.09 (s, 3H).

13C NMR (101 MHz, CDCls) § 25.97, 25.90, 25.88, 25.83, 24.26, 24.13, 24.06, 23.92, 23.27, 22.67, 8.96,

7.61,3.04, 2.14, -1.80.

23S NMR (79 MHz, CDCls) 6 8.37, -21.58, -67.05, -69.18, -69.23.
MALDI-TOF MS (m/z): calcd. for C41H94013Si;oNa 1097,43; found 1097,42.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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MALDI-TOF
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Chemical Formula: C43H90013Si10

'H NMR (300 MHz, Chloroform-d) § 7.53 — 7.44 (m, 2H), 7.38 — 7.31 (m, 3H), 1.93 — 1.73 (m, 8H), 0.95

(ddd, J=6.7, 3.0, 1.6 Hz, 48H), 0.78 — 0.68 (m, 2H), 0.63 — 0.52 (m, 16H), 0.50 — 0.40 (m, 2H), 0.25 (s,

6H), 0.08 (s, 3H).

13C NMR (101 MHz, CDCl3) § 139.63, 133.75, 128.89, 127.83, 25.98, 25.95, 25.88, 25.87, 25.82, 24.24,

24.11, 24.04, 23.89, 23.25, 22.66, 9.06, 6.70, -1.69, -3.44.
295 NMR (79 MHz, CDCl3) & -1.27, -21.72, -67.05, -69.14, -69.17, -69.22.
MALDI-TOF MS (m/2): calcd. for CasHsoO13SizoNa 1117,40; found 1117,39.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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MALDI-TOF
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(5e)

Chemical Formula: Cg4H5,04,Si6
'H NMR (400 MHz, Chloroform-d) 6 0.93 (t, J = 7.9 Hz, 72H), 0.65 — 0.40 (m, 80H).

13C NMR (101 MHz, CDCls3) § 7.60, 4.62, 2.99, 2.45.
29Si NMR (79 MHz, CDCls) & 8.44, -66.34.

H NMR (400 MHz, CDCls)
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13C NMR (101 MHz, CDCls)

@0

Q

[a)

O

o

o Mm o N

o N[O M n

o OO T NN

o oM ¥ ¥

O QDN O T

— QD= O N

~ 0|5 o

~ N NN
" A oy

120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 O -5 -10

296i NMR (79 MHz, CDCls)

66-.3413680

8.4432546

T
.00 80 60 40 20 0 -20 40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3I



(5f)

Chemical Formula: CggH129012Si1g
'H NMR (400 MHz, Chloroform-d) 6 7.53 — 7.45 (m, 17H), 7.38 — 7.27 (m, 23H), 1.10 — 0.95 (m, 8H),
0.82-0.71 (m, 10H), 0.60 — 0.40 (m, 14H), 0.26 (s, 48H).
13C NMR (101 MHz, CDCl3) 6 139.52, 139.24, 133.92, 133.79, 133.73, 128.98, 128.92, 127.90, 127.84,

127.73,8.98, 8.81,7.94, 7.22,4.63, 3.95, -3.45
295i NMR (79 MHz, CDCl5) & -1.20, -1.37, -66.02, -66.14, -66.18, -66.23, -66.43, -66.74, -66.98, -67.02.

MALDI-TOF MS (m/z): calcd. for CgoH12001,Si16Na 1743,50; found 1745,50.

H NMR (400 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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MALDI-TOF

x104 |

a.u]

1745.5041

1.0

Intens. [

1744.5027

0.8

06 1743.4989 ‘ 1747.5056

‘ ]




Chemical Formula: C;gHgg043Si4q

'H NMR (300 MHz, Chloroform-d) 6 1.93 — 1.80 (m, 7H), 1.00 — 0.90 (m, 51H), 0.61 (dd, /= 7.1, 4.8 Hz,
14H), 0.51 (q, J = 7.9 Hz, 6H), 0.44 (s, 4H), 0.10 (s, 6H).

13C NMR (101 MHz, CDCl3) &6 25.85, 24.01, 23.99, 22.66, 22.61, 22.57, 22.50, 21.61, 9.79, 7.64, 3.03,
2.24,-0.94.

29Si NMR (79 MHz, CDCl3) 6 11.87, 8.42, -67.09, -67.88, -109.58.
MALDI-TOF MS (m/z): calcd. for C3sHgsO13SizoNa 1055,38; found 1055,38.

H NMR (300 MHz, CDCls)
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Chemical Formula: C4qHg4045Si4g

'H NMR (300 MHz, Chloroform-d) 6 7.55 — 7.45 (m, 2H), 7.39 — 7.32 (m, 3H), 1.95 — 1.77 (m, 7H), 0.95
(dd, J = 6.6, 2.5 Hz, 42H), 0.74 — 0.64 (m, 2H), 0.60 (d, J = 7.0 Hz, 14H), 0.53 — 0.44 (m, 2H), 0.25 (s, 6H),
0.08 (s, 6H).

13C NMR (101 MHz, CDCl3) 6 139.61, 133.78, 128.89, 127.85, 25.85, 24.01, 22.62, 9.92, 6.95, -0.88, -
3.43.

29Si NMR (79 MHz, CDCl5) 6 11.87, -1.29, -67.08, -67.87, -109.61.

MALDI-TOF MS (m/z): calcd. for C4oHgs013SizoNa 1075,35; found 1075,35.

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCls)
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Chemical Formula: CggHy0002¢Siz4
IH NMR (300 MHz, Chloroform-d) & 0.92 (t, J = 7.9 Hz, 72H), 0.52 (t, J = 8.0 Hz, 48H), 0.46 — 0.41 (m,
32H), 0.12 (s, 48H).
13C NMR (101 MHz, CDCls) § 9.64, 7.62, 2.99, 2.18, -1.00.

23S NMR (79 MHz, CDCls) 6 12.79, 8.44, -108.82.
MALDI-TOF MS (m/z): calcd. for CgonooOzoSiz4Na 2175,90, found 2178,89

H NMR (300 MHz, CDCls)
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13C NMR (101 MHz, CDCl3)
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(71)

Chemical Formula: Cg5H158020Sio4

'H NMR (300 MHz, Chloroform-d) & 7.55 — 7.48 (m, 17H), 7.37 — 7.32 (m, 23H), 0.74 - 0.63 (m, 16H),

0.55 — 0.47 (m, 16H), 0.26 (s, 48H), 0.10 (s, 48H).

13C NMR (101 MHz, CDCls) & 139.48, 133.78, 128.89, 127.85, 9.79, 6.91, -0.85, -3.38.
295 NMR (79 MHz, CDCls) 6 13.11, -1.28, -108.74.
MALDI-TOF MS (m/z): calcd. for CosH163020Si24K 2339,62; found 2338,64.

H NMR (300 MHz, CDCls)

2600000 CDCI3

5340473
5278292
5219247
5164197
5122498
5042073
4961832
4859034
3571844
3455878
3360005

7
7
7
7
7
7
7
7
7
7
7
7

%

—
—_—

B (m)
7.35

A (m)
7.51

0.
0.
0.

|

7120926
7076058
6959790
6881979
6776946
6622409
6524874
5313388
5212934

0.
0
0.
0.
0.
0

)
N @
o N
o ©
n O

4879375
4756685
4710874

0.
0.
0
0.
0

—
T

D (m
0.50

C(m) | A(s)
0.68| | d.10

2594923
0988339




13C NMR (101 MHz, CDCls)
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MALDI-TOF
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