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1. General

All the reactions were performed under an inert N2 (g) atmosphere and in dry reaction tubes. 1, 4-
dioxane was purified using a two-column solid-state purification system (Innovative Technology,
NJ, USA) and transferred to a nitrogen filled glovebox without exposure to air. CDCls were
purchased from Cambridge Isotope Laboratories, Inc. and used directly. Unless otherwise noted,
all other reagents and starting materials were purchased from commercial sources and used
without further purification. *H and 3C NMR spectra were recorded at 293 K on Bruker
Advance 400 spectrometers. 'H NMR chemical shifts were referenced to residual solvent as
determined relative to Me4Si (5 = 0 ppm) or CHClI3 (8 = 7.26 ppm). The *C (CPD) chemical shifts
were reported in ppm relative to the carbon resonance of CDCI3 (77.16 ppm). The data for NMR
spectra were reported as follows: chemical shifts (3) were reported in ppm, and coupling constants
(J) were in Hertz (Hz). The following abbreviations were used to explain the multiplicities: s =
singlet, d = doublet, t = triplet, g = quartet, m = multiplet, brs = broad spectrum. GC and GC-MS
measurements were conducted on an Agilent Technologies 7890B GC system equipped with
a 5977B mass detector. High-resolution mass (HRMS) measurements were conducted at the
EPFL ISIC mass spectrometry service with a Micro Mass QTOF with Electrospray ionization
(ESI). Single X-ray diffraction measurements were carried out on CrysAlisPro 1.171.40.53
(Rigaku Oxford Diffraction, 2019) with CuK, radiation. Fluorescence quenching experiment was
conducted on Varian Cary Eclipse machine. Blue LED type is AL60WE Tuna Blue from Kessil
Company. The fan to control the reaction temperature is Sonnenkonig Vind (Table Fan, 35W).
The products were isolated with preparation thin-layer chromatography with TLC Silica gel 60
Fos4 from Merck KGaA, Darmstadt, Germany or column chromatography filled with silica gel
from SiliaFlash® P60 (40-60 pm, 230-400 mesh). Tris(trimethylsilyl)silane was from Fluorochem
Company and methyl acrylate was from TCI Chemical Company. Sodium carbonate was from
Sigma-Aldrich. Bis(1,5-cyclooctadiene)nickel(0) was from Strem Company.
[Ir(dF(Me)ppy)2(dtbbpy)]PFe was from Sigma-Aldrich.
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2. Preparation of substrates.

Substrates 1d,[* 1e?! and 1% were prepared according to related reported procedures.
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Scheme S1. Substrate preparation
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3. Screening of conditions

Table S1. Screen of ligands.[® b1

PC1 (0.5 mol%)
NiBr,DME (5.0 mol%)

\)L -R

0]

F3C \
— N W

0]
\O)j\/ + TMS3Si-H + ph—Br

Ligand (6 0 mol%)
o SITMS, = ’ \
NaZCO3 (2.0 equiv) S N

1a 2a 3a DME, R.T.
1.5 eq. 1.0 eq. 15eq. Blue LEDs

FsC /
[Ir(dF(CF3)ppy)2(dtbbpy)]PFg
PC1

L3

m \_ /7 \_ ¢\
L5 L6 L7

/ \
\ NI /
L4
(o) O
juanl
iPr N N iPr

Entry Ligand Yield (%)

1 L1 15
2 L2 <5
3 L3 8

4 L4 <5
5) L5 <5
6 L6 <5
7 L7 <5
8 L8 <5

[a] The reaction scale was 0.2 mmol. Loadings and substrate ratios were shown in the Table. VVolume of solvent was
2 mL. Reactions were conducted under nitrogen at room temperature for 12 hours. [b] Yields were determined by GC-
FID analysis with dodecane as internal standard. TMS = trimethylsilyl, DME = dimethoxyethane, dtbbpy = 4, 4'-di-

tert-butyl-2, 2'-dipyridyl, LED = light emitting diode, PC = photoredox catalyst.
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Table S2. Screen of bases.[® ®!

PC1 (0.5 mol%)
NiBr,"DME (5.0 mol%)

o 4, 4'-di-tert-butyl-2, 2"-dipyridyl o
+ TMS3Si-H + ph—Br (6.0 mol%) - )‘\|/\ :

\O)v Base (2.0 equiv) ° Ph SITMSs

1a 2a 3a DME, R.T. 4a p £

roes e teea Blue LEDs (I (dF (CF )ppy)a(ctbbpy)IPFe
PC1
Entry Base Yield (%)

1 LiOMe 10
2 Cs2CO4 <5
3 LiO'Bu <5
4 NaO'Bu <5
5 K>CO3 <5
6 K3POq4 <5
7 NaOMe <5
8 Na,CO3 15

[a] The reaction scale was 0.2 mmol. Loadings and substrate ratios were shown in the Table. Volume of solvent was
2 mL. Reactions were conducted under nitrogen at room temperature for 12 hours. [b] Yields were determined by GC-
FID analysis with dodecane as internal standard. TMS = trimethylsilyl, DME = dimethoxyethane, dtbbpy = 4, 4'-di-

tert-butyl-2, 2'-dipyridyl, LED = light emitting diode, PC = photoredox catalyst.

Table S3. Screening of solvents. ]

PC1 (0.5 mol%)
NiBr, DME (5.0 mol%)

o 4, 4'-di-tert-butyl-2, 2"-dipyridyl (o}
\O)j\/ + TMS3Si-H + Ph—Br Nazé%(;(r;gl‘:zuw) - \o)k'/\SiTMsg,

1a 2a 3a Solvent, R.T. Pza

1.5eq. 1.0 eq. 1.5eq. Blue LEDs
[Ir(dF (CF3)ppy)z(dtbbpy)IPFe
PC1
Entry Solvent Yield (%)

1 CH3CN 12
2 '‘BuOMe <5
3 Tetrahydrofuran 31
4 Dimethylacetamide 8
5 1, 4-Dioxane 54
6 Trifluorotoluene <5
7 Diethyl ether <5
8 Methyl cyclopentyl ether <5

[a] The reaction scale was 0.2 mmol. Loadings and substrate ratios were shown in the Table. VVolume of solvent was
2 mL. Reactions were conducted under nitrogen at room temperature for 12 hours. [b] Yields were determined by GC-
FID analysis with dodecane as internal standard. TMS = trimethylsilyl, DME = dimethoxyethane, dtbbpy = 4, 4'-di-

tert-butyl-2, 2'-dipyridyl, LED = light emitting diode, PC = photoredox catalyst.
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Table S4. Screen of nickel salts.[> "I

PC1 (0.5 mol%)
Ni cat. (5.0 mol%)

o 4, 4'-di—tertébsjtr)g;)?‘;/2)‘—dipyridy| 0
\OJ\/ * TMSSHH + PhBr Na2é63 (2.0 (:quiv) \O SITMS,

1a 2a 3a 1, 4-dioxane, R.T. Pza

1.5eq. 1.5eq. 1.0 eq. Blue LEDs
[Ir(dF(CF3)ppy)2(dtbbpy)IPFg
PC1
Entry Ni salt Yield (%)

1 NiCl;,DME 31
2 Ni(acac)2 35
3 Ni(COD), 65
4 NiClydiglyme 39
5 Ni(ClO4)26H,0 16
6 Ni(NOs)26H.0 27

[a] The reaction scale was 0.2 mmol. Loadings and substrate ratios were shown in the Table. VVolume of solvent was
2 mL. Reactions were conducted under nitrogen at room temperature for 12 hours. [b] Yields were determined by GC-
FID analysis with dodecane as internal standard. TMS = trimethylsilyl, DME = dimethoxyethane, dtbbpy = 4, 4'-di-
tert-butyl-2, 2'-dipyridyl, acac = acetylacetonate, COD = 1, 5-cyclooctadiene, diglyme = bis(2-methoxyethyl) ether,
LED = light emitting diode, PC = photocatalyst.

Table S5. Screen of substrate ratios.[® ®!

PC2 (0.5 mol%) Mo
Ni cat. (5.0 mol%) tBu_xy, N
4, 4"-di-tert-butyl-2, 2"-dipyridyl o) L_n,
j\/ + TMS;Si-H + Ph—Br (6.0 mol%) N . PR
Sor~F Na,CO3 (2.0 equiv) ° SiTMSs s )
1a 2a 3a 1, 4-dioxane, R.T. PZa re
X eq. y €q. zeq. Blue LEDs Me
[Ir(dF(Me)ppy).(dtbbpy)IPFe
PC2
Entry Ni cat. X:y:z Yield (%)
1 Ni(COD), 15:15:1.0 76
2 Ni(COD), 15:1.0:15 52
3 Ni(COD), 10:15:15 64
4 Ni(COD), 10:15:20 88 (80)
5¢ Ni(COD), 1.0:15:2.0 82

[a] The reaction scale was 0.2 mmol. Loadings and substrate ratios were shown in the Table. VVolume of solvent was
2 mL. Reactions were conducted under nitrogen at room temperature for 12 hours. [b] Yields were determined by GC-
FID analysis with dodecane as internal standard. [c] 2.5 mol% Ni and 3.0 mol% ligand were used. TMS =
trimethylsilyl, DME = dimethoxyethane, dtbbpy = 4, 4'-di-tert-butyl-2, 2'-dipyridyl, LED = light emitting diode, PC
= photoredox catalyst.
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Table S6. Control experiments. !

PC2 (0.5 mol%)

Ni(COD), (5.0 mol%) #Bu__
4, 4'-di-tert-butyl-2, 2'-dipyridyl o ‘ =N, | |
jj)\/ + TMS3Si-H + ph—Br (6.0 mol%) ~, )J\|/\ //'"‘.‘\ F
| : SN
S ~F Na,CO; (2.0 equiv) © SiTMS, g ,L
S
Y )

Ph t-Bu
1a 2a 3a 1, 4-dioxane, R.T.
1.0 eq. 1.5eq. 2.0 eq. Blue LEDs

[Ir(dF (Me)ppy),(dtbbpy)IPFg
PC2

Entry Variation Yield (%)
1 Without Ni cat. and ligand N.P.
2 Without photocatalyst and light N.P
3 Without photocatalyst, but with light N.P.
4 Replace Ph-Br with Ph-CI N.P.
5 Replace Ph-Br with Ph-I <5%
6 Without Na,COs 24%
7 With 1.0 equiv TBAB 77%

[a] The reaction scale was 0.2 mmol. Loadings and substrate ratios were shown in the Table. VVolume of solvent was
2 mL. Reactions were conducted under nitrogen at room temperature for 12 hours. [b] Yields were determined by GC-
FID analysis with dodecane as internal standard. TMS = trimethylsilyl, dtbbpy = 4, 4'-di-tert-butyl-2, 2'-dipyridyl,
LED = light emitting diode, PC = photoredox catalyst.

4. Substrate scope and further transformations

General procedures for exploration of substrate scope: In a glovebox, Ni(COD)2 (2.8 mg, 0.01
mmol, 5 mol%) and 4,4'-di-tert-butyl-2,2'-dipyridyl (3.2 mg, 0.012 mmol, 6 mol%) were added to
a dry vial with a magnetic stir, then 1, 4-dioxane (2.0 mL) was added to the above vial through a
syringe. The reaction mixture was stirred for 10 minutes until no solid remained and the solution
became dark purple. To another vial with a magnetic stir, Na,CO3 (42.4 mg, 0.40 mmol) and
[Ir(dF(Me)ppy)2(dtbbpy)]PFs (1.0 mg, 0.001 mmol, 0.5 mol%) were added in a glovebox. If a
substrate is solid, then it was added at this time. After that, the Ni (0) complex solution was add to
the vial containing the Ir photocatalyst, followed by addition of bromide (0.4 mmol, 2.0 equiv).
The reaction mixture turned in orange to wine red colour. Then TMS3SiH (93 pL, 0.3 mmol, 1.5
equiv) and alkene (0.2 mmol, 1.0 equiv) were added. The vial was capped and took out from the
glovebox. Electrical tape was used to seal the cap to make sure no air will get inside of the vial.
The vial was then irradiated with two blue LEDs in a distance of 5 cm on a reactor with a small
table fan to cool down the temperature. Normally, two reaction vials can share two blue LEDs. If
several reactions are run simultaneously, then a same nickel (0) complex solution can be used for
them.

After 12 hours, the reaction was stopped and quenched by 5.0 mL of ethyl acetate. The solution
was analyzed by GC-MS-FID with dodecane as internal standard. The mixture was filtered through
a pad of silica gel eluted by ethyl acetate. The solvent was removed using a rotary evaporator. The
arylsilylation product was isolated by column chromatography or preparation thin-layer
chromatography with silica gel.
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Procedures for 5.0 mmol scale synthesis of 4l: In a glovebox, Ni(COD)2 (70 mg, 0.25 mmol, 5
mol%) and 4,4'-di-tert-butyl-2,2'-dipyridyl (80 mg, 0.30 mmol, 6 mol%) were added to a dry vial
with a magnetic stir, then 1, 4-dioxane (10.0 mL) was added to the above vial through a syringe.
The mixture was stirred for 15 minutes until no solid remained and the solution became dark purple.
To a 200 mL Schlenk flask with a magnetic stir, methyl 4-bromobenzoate (3l, 2.15 g, 10 mmol,
2.0 equiv), Na2COs (1.06 g, 10 mmol, 2.0 equiv) and [Ir(dF(Me)ppy)2(dtbbpy)]PFs (25 mg, 0.025
mmol, 0.5 mol%) were added in a glovebox. 40 mL of 1 ,4-dioxane was then added to the Ir
solution. The Ni (0) complex solution was then add to the Schlenk flask with stirring. The reaction
mixture became orange after one minute. TMS3SiH (2a, 2.32 mL, 7.5 mmol, 1.5 equiv) and methyl
acrylate (1a, 0.45 mL, 5.0 mmol, 1.0 equiv) were added to the above mixture. The flask was capped
and took out from the glovebox. Electrical tape was used to seal the cap to make sure no air will
get inside of the flask. The flask was then irradiated with two blue LEDs in the distance of 5 cm
on a reactor with a small table fan to cool down the temperature

After 24 hours, the reaction was stopped and quenched by 20 mL of ethyl acetate. The solution
was analyzed by GC-MS-FID. The mixture was filtered through a pad of silica gel eluted by ethyl
acetate. The solvent was removed using a rotary evaporator. The arylsilylation product 4l was
isolated by column chromatography with silica gel. 1.70 g product was obtained with a yield of

73%.
LiAIH, TBAF, R.T., then H,0,,
_— S
i THF, 0 °C KHCO3, MeOH, 65°C
(TMS)sSi N (TMS);Si OH 8 HO OH

95% 88%
4a 0 6 7

Scheme S2. Synthesis of 2-phenyl-1, 3-propanediol from 4a
Procedures for further transformation to compound 6 and 7:

Synthesis of 6: An arylsilylation product (4a, 52.3 mg, 0.127 mmol) was dissolved in dry THF
(2.0 mL) under the protection of N2. 32 uLL of 4.0 M LiAlH4 solution in diethyl ether was added to
this solution at 0 °C. After the disappearing of substrate 4a through TLC monitor, the reaction was
quenched with drops of water at 0 °C. Then the mixture was filtered through a pad of silica gel
eluted by ethyl acetate. The solvent was removed using a rotary evaporator. 6 was isolated by
preparative thin-layer chromatography with silica gel. 46.2 mg product was obtained with a yield
of 95%.

Synthesis of 7: This procedure was modified from a reported process.l®! Substrate 6 (76.5 mg, 0.2
mmol, 1.0 equiv) was dissolved in 5 mL THF, then 1.2 mL of 1.0 M BusNBr (TBAF) solution in
THF(1.2 mmol, 6.0 equiv) was added to this solution at room temperature. Some gas evolved.
After 5 minutes, 50% H>0> (342 uL, 30.0 equiv) was added to the reaction mixture, followed by
5 mL MeOH and KHCO3 (120 mg, 1.2 mmol, 6.0 equiv). After stirring at 60 °C for 12 hours, 10
mL 1.0 M sodium thiosulfate aqueous solution was added at room temperature to quench the
reaction. The reaction mixture was extracted with ethyl acetate (20 ml x 3). The combined organic
phase was dried by anhydrous Na,SOa, followed by evaporation of solvent and separation by
preparative thin-layer chromatography with silica gel. 26.6 mg 7 was obtained in 88% yield.

_ TBAF, Mel, m-CPBA
- THF, R.T. - DCM, R.T. :
TMS)sS o) s s 0 : T™MS. S 0
(TMS),Si > 43% ™S ~ 88% o™ ~

4a o 8 9

Scheme S3. Synthesis of disilane and siloxane from 4a
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Procedures for transformation of 4a to compounds 8 and 9:

Synthesis of disilane 8: Compound 4a (0.93 g, 2.27 mmol) was added to 20 mL THF, followed by
addition of Mel (6.45 g, 45.4 mmol, 20.0 equiv). A 1.0 M TBAF solution in THF (7.94 mL, 7.94
mmol, 3.5 equiv) was then added dropwise through syringe pump over 1.0 hour. After the
disappearing of 4a monitored by GC-MS, the mixture was diluted with 30 mL diethyl ether and
filtered through a pad of silica gel eluted by diethyl ether. Then the solvent was evaporated using
a rotary evaporator. 0.287 g 8 was isolated by column chromatography with silica gel; the yield
was 43%.

Synthesis of siloxane 9™ compound 8 (59.4 mg, 0.2 mmol) was dissolved in 5 mL
dichloromethane, then meta-chloroperoxybenzoic acid (77% purity, 180 mg) was added to the
above mixture, followed by reaction at room temperature for 12 hours. The mixture was diluted
with diethyl ether and filtered through a pad of silica gel eluted by diethyl ether. The solvent was
evaporated using a rotary evaporator, 54.5 mg product 9 was isolated by preparation thin-layer
chromatography with silica gel; the yield was 88%.

5. Mechanistic study

5.1. Control experiments

tandard condition
+ Ph—Br _S - N.P.
recovery of 4a and 3a

5a, 0.1 mmol 3a, 0.2 mmol

Scheme S4 Control experiment to exclude a-arylation 4'a.

Procedure: In a glovebox, Ni(COD), (2.8 mg, 0.01 mmol, 5 mol%) and 4,4'-di-tert-butyl-2,2'-
dipyridyl (3.2 mg, 0.012 mmol, 6 mol%) were added to a dry vial with a magnetic stir, then 1, 4-
dioxane (2.0 mL) was added to the above vial through a syringe, which was stirred for 10 minutes
until no solid remained and the solution became dark purple. To another vial with a magnetic stir,
Na>CO3 (21.2 mg, 0.20 mmol, 2.0 equiv) and [Ir(dF(Me)ppy)2(dtbbpy)]PFs (0.5 mg, 0.0005 mmol,
0.5 mol%) were added in a glovebox. Compound 5aP®! (0.1 mmol) was dissolved in 1.0 ml 1, 4-dioxane
in a glovebox in a vial. Then 1.0 ml Ni (0) complex solution and 1.0 ml solution of compound 5a was added
to the vial containing base and photoredox catalyst. After that, phenyl bromide 3a (0.2 mmol, 2.0 equiv)
was added and the vial was capped and took out from the glovebox. Electrical tape was used to
further seal the cap to make sure no air will get inside of the vial. The vial was irradiated with two
blue LEDs in the distance of 5 cm on a reactor with a small table fan to cool down the temperature.
After 12 hours, the reaction was stopped and quenched by 5.0 mL of ethyl acetate. The solution
was analyzed by GC-MS-FID with dodecane as internal standard. Only 5a and 3a observed in GC-
MS.
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(0] .
; tandard condtions
+ TMS3Si-H + ph—Br S > ~ )Kl/\ .
\O)v Quencher (x eq.) 0 Si

Ph
1a, (0.2 mmol) 2a,15eq. 3a,2.0eq.

Quencher = TEMPO, x =0.20, 57%; x = 0.80, 70%; x = 1.5, 0%.
Quencher = 1, 1-diphenylethene, x =0.20, 71%; x = 0.80, 51%; x = 1.5, 43%.

Scheme S5. Radical scavenger experiments

Procedure: the procedure is the same as the procedure for substrate scope, except that the addition of an
appropriate amount of TEMPO or 1, 1-diphenylethene in the last step. After 12 hours, the reactions were
quenched by ethyl acetate and analyzed by GC-MS-FID with dodecane as internal standard. The yields
were determined by GC-FID analysis with dodecane as internal standard.

5.2. Light-dark interval experiments

70

o [«2]
o o
1 " 1

GC yield (%)
8
1

Time (h)

Figure S1. Light—dark interval experiments.

Procedure: The reaction was run similar with the standard procedure, except that 20 pL. dodecane
was added in the beginning. During the first hour, the reaction was irradiated with light. After one
hour, 5 puL of the reaction mixture was extracted by micro syringe through the rubber on the cap.
The sample was analyzed by GC-MS-FID. Then the vial was covered with aluminium foil on a
normal reactor without light. After one hour, 5 pL reaction mixture was extracted by micro syringe
again and analyzed by GC-MS-FID. During the third hour, the reaction was exposed to light, and
5 uL reaction mixture was extracted for analysis. During the fourth hour, the reaction was stirred
under dark, and 5 pL reaction mixture was extracted for analysis again. During the fifth hour, the
reaction was stirred under light, and the mixture was analyzed with GC-MS-FID. Discussion: The
light—dark interval experiments cannot exclude the chain process totally, but from the above figure,
we can see the light is essential to the generation of product. If there is some chain propagation
after stopping of irradiation, its contribution to the product should be small.

5.3. Quantum yield measurement
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For this experiment, the light is from Kessil Company (Kessil blue LED, A160 WE, 40 W). The
incident photo flux was measured using a calibrated photodiode from Thorlabs (S120VC),
assuming the wavelength of all photons from the light are 465 nm to simplify calculation.®

The reaction conditions was carried out with PC1 and irradiated with one blue LED in the distance
of 10 cm. The reaction time was 120 min. The other conditions are the same as the standard
reaction. We chose PC1 so that some parameters from ref 6 could be applied. The light power in
the distance of 10 cm away is 119 mW (area: 3.14 cm?). After 120 min, the GC yield is 1.00%.

Calculation: According to the process showed in ref. 6, the quantum yield is 0.93.

Photo energy at 465 nm wavelength: E = h*c/A = 6.626*1034%2,998*108/(465*10°) = 4.27*107°
J, in which h is Planck constant, c is the velocity of light and A is the wavelength of LED.

Power density = light intensity measured/photodiode area = 0.119/(3.14*1%) = 3.790*102 J*s°
1*Cm-2;

Photon density = power density/photon energy of 465 nm wavelength = 3.790*10%/(4.27*10%) =
8.88*101¢;

® = (mol products)/(mol incident photos) = (mol  products)/(photo  density
*t*f*area/Na)=2.018*10-%6.022*10%%/(8.88*106*2*3600*0.9999*1.7*1.2) = 0.93

5.4. Fluorescence quenching experiments

Procedure: Fluorescence quenching experiments were conducted on a Varian Cary Eclipse
machine. All solutions and samples were prepared in an No-filled glovebox, then analyzed
immediately. Stork solution of [Ir(dF(Me)ppy)2(dtbbpy)]PFs (4.1 mg in volumetric flask of 20.0
mL with 1, 4-dioxane, 2.0x10*M). Stork solution of TMS3SiH (197.5 puL in 8.0 mL 1, 4-dioxane
solution), phenyl bromide (67.4 pL in 8.0 mL 1, 4-dioxane solution) and methyl acrylate (57.6 uL
in 8.0 mL 1, 4-dioxane solution) were all 0.08M. (dtbbpy)PhNiBr solution (1.0x102 M) was
prepare by mixing 0.1 mmol Ni(COD). with 0.1 mmol dtbbpy for 10 minutes in 5.0 mL1, 4-
dioxane. 0.1 mmol phenyl bromide was then added. After 10 minutes, the mixture was transferred
to a volumetric flask of 10.0 mL. Then 0.400 mL of the above (dtbbpy)PhNiBr solution (1.0x102
M) was diluted in a 20 mL volumetric flask to give a solution of 2.0x10* M solution. 0.400 mL
BusNBr (32.2 mg, 0.1 mmol in 10 mL 1, 4-dioxane solution) was diluted to 20.0 mL to give a
2.0x10* M solution.

With the above stork solutions, the samples for analysis were prepared as following.

TMS3SiH: To four volumetric flasks of 5.0 mL were added 0.25 mL, 1.0 mL, 1.75 mL and 2.5
mL TMSsSiH stork solution, followed by addition of 0.5 mL [Ir(dF(Me)ppy)2(dtbbpy)]PFs
(2.0x10* M) to each flask. The final concentration of [Ir(dF(Me)ppy)z(dtbbpy)]PFs was 2.0x10°
M, and the concentrations of TMS3SiH were 0.0040 M, 0.016 M, 0.028 M or 0.040 M.

Phenyl bromide: The process is the same as above. The final concentration of
[Ir(dF(Me)ppy)2(dtbbpy)]PFs was 2.0x10° M. The concentrations of phenyl bromide were 0.0040
M, 0.016 M, 0.028 M or 0.040 M.

Methyl acrylate: The process is the same as above. The final concentration for analysis of
[Ir(dF(Me)ppy)2(dtbbpy)]PFs was 2.0x10° M. The concentrations of methyl acrylate were 0.0040
M, 0.016 M, 0.028 M and 0.040 M.
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(dtbbpy)PhNiBr: To five volumetric flasks of 5.0 mL were added 0.25 mL, 0.5 mL, 1.0 mL, 1.5
and 2.0 mL (dtbbpy)PhNiBr solution (2.0x10*M). 0.5 mL [Ir(dF(Me)ppy)2(dtbbpy)]PFs (2.0x10"
4 M) was added to each flask. The final concentration of [Ir(dF(Me)ppy)2(dtbbpy)]PFs was 2.0x10°
® M. The concentrations of (dtbbpy)PhNiBr were 1.0x10° M, 2.0x10° M, 4.0x10° M, 6.0x10
or 8.0x10°M.

BusNBr: The process is the same as for (dtbbpy)PhNiBr. The final concentration of

[Ir(dF(Me)ppy)2(dtbbpy)]PFs was 2x10° M. The concentrations of BusNBr were 1.0x10° M,
2.0x10° M, 4.0x10° M, 6.0x10°° or 8.0x10°M.

The above solutions were transferred to cuvettes and sealed with parafilm in a glovebox before

being taken out for analysis. The solution was exited at 400 nm and the emission intensity was
recorded at 495 nm.

(g0 ] PC2 (2*10° M) (0540 PC2 (2°10° M) (©) 600 — PC2 (210° M)
— PC2 + MA (4.0*10° M) — PC2 + PhBr (4.0*10° M) A PC2 + TMS;SiH (4.010° M),
500 \ PC2 + MA (1.6*10% M) 500+ P&+%&MWQM) 5001 A\ PC2 + TMS,SiH (1.6102 M)
3 / \ PCZ+ MA 28410°M)| = — gg; : g:gf (i-g::gi m) 3 N PC2 + TMS,SiH (2.8"102 M)
3:400 PC2 + MA (4.0*102% M) 9; 400 r(4. ) \z 4004 | \— PC2+TMS,SiH (4.0"107 M)
300 3 300+ B 300 \
k5] 9 | 2
IS = £ ‘ \
200+ \ 2004 | 200+
\\ | \
100 \ 100 e 1001 | \,
/
S ...~ ) P ...~ ol S
450 500 550 600 650 700 750 450 500 550 600 650 700 450 500 550 600 650 700 750 800 850
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure S2. Quenching of excited Ir*(111) complex (PC2) with methyl acrylate (MA, Figure S2a), phenyl bromide
(PhBr, Figure S2b) and TMS;sSiH (Figure S2¢) at different concentrations.
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Figure S3. Quenching of excited Ir*(I11) complex (PC2) with BusNBr at different concentrations (Figure S2a) and
the corresponding Stern-Volmer linear fitting (Figure S2b).
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6. Single crystal X-ray diffraction

Experimental. Single clear pale colourless plate
crystals of 4p were obtained by recrystallization from
diethyl ether and hexane. Details of growth of single
crystals of 4p: a minimum amount of diethyl ether was
used to dissolve 4p, then the solution was filtered with
a 0.22 um pore size filter to a new 5 mL vial. An equal
amount of filtered hexane was put carefully on the top
of diethyl ethyl. Then, the cap was closed, but not very
tightly. The vial was put in a stable table for two days.
Clear needle-shaped crystals were formed. A suitable
crystal with dimensions 0.82 x 0.68 x 0.42 mm?® was
selected and mounted on a SuperNova, Dual, Cu at
home/near, Atlas diffractometer. The crystal was kept
at a steady T = 140.00(10) K during data collection.
The structure was solved with the ShelXT[ 2018/2
(Sheldrick, 2018) solution program using dual
methods and by using Mercury 4.1.3 (CCDC, 2019)!
as the graphical interface. The model was refined with
ShelXL-2018/3 (Sheldrick, 2018)[ using full matrix
least squares minimisation on F2.

Crystal Data. C20H4004SSis, My = 488.94, monoclinic,
P2i/c (No. 14), a = 22.0893(4) A, b = 9.47947(15) A,
c= 14.2315(3) A, = 107.915(2)', a= = 90", V=
2835.53(10) A3, T =140.00(10) K, Z=4,Z' =1, x(Cu
Ks) = 2.806, 19497 reflections measured, 5533 unique
(Rint =0.0400) which were used in all calculations. The
final wR2 was 0.1139 (all data) and R; was 0.0414 (I >

2(1)).

CCDC-1959278 contains  the  supplementary
crystallographic data for 4p. These data can be
obtained free of charge from The Cambridge
Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Compound 4p

Formula C20H4004SSi4

Dealc/ g cm 1.145

mm? 2.806

Formula Weight 488.94

Colour clear pale
colourless

Shape plate

Size/mm? 0.82x0.68x0.42

T/IK 140.00(10)

Crystal System  monoclinic

Space Group P2i/c

alA 22.0893(4)

b/A 9.47947(15)

c/A 14.2315(3)

a 90

i 107.915(2)

i 90

VIA3 2835.53(10)

Z 4

z' 1

Wavelength/A  1.54184

Radiation type CuKe

Ohinl” 4.207

Omaxl” 72.466

Measured Refl's. 19497

Ind't Refl's 5533

Refl'swith I > 5290

2(1)

Rint 0.0400

Parameters 274

Restraints 0

Is_argest Peak/e A-0.498

Deepest Hole/e -0.431

A—S

GooF 1.047

WR:> (all data) 0.1139

WR2 0.1124

R1 (all data) 0.0428

R1 0.0414
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Structure Quality Indicators

Reflections: drmcy  0.81f7 316" 4.00%[°™"* 100%
Refinement: Shift QOO FERE 5] FERE o)) EER 1.047

A clear pale colourless plate-shaped crystal with dimensions 0.82 x 0.68 x 0.42 mm® was
mounted. Data were collected using a SuperNova, Dual, Cu at home/near, Atlas diffractometer
operating at T = 140.00(10) K.

Data were measured using @ scans using Cu K radiation. The diffraction pattern was indexed
and the total number of runs and images was based on the strategy calculation from the program
CrysAlisPro (Rigaku, V1.171.40.53, 2019). The maximum resolution that was achieved was
©=72.466" (0.81A).

The diffraction pattern was indexed and the total number of runs and images was based on the
strategy calculation from the program CrysAlisPro (Rigaku, V1.171.40.53, 2019)(*%. The unit
cell was refined using CrysAlisPro (Rigaku, VV1.171.40.53, 2019) on 11230 reflections, 58%
of the observed reflections.

Data reduction, scaling and absorption corrections were performed using CrysAlisPro (Rigaku,
V1.171.40.53, 2019). The final completeness is 100.00 % out to 72.466° in @. A Gaussian
absorption correction was performed using CrysAlisPro 1.171.40.53 (Rigaku Oxford
Diffraction, 2019) Numerical absorption correction based on Gaussian integration over a
multifaceted crystal model. Empirical absorption correction using spherical harmonics as
implemented in SCALE3 ABSPACK. The absorption coefficient 4 of this material is
2.806 mm™ at this wavelength (A4 = 1.54184A) and the minimum and maximum transmissions
are 0.068 and 0.997.

The structure was solved and the space group P2i/c (# 14) determined by the ShelXT 2018/2
(Sheldrick, 2018) structure solution program using dual methods and refined by full matrix
least squares minimisation on F? using version 2018/3 of ShelXL-2018/3 (Sheldrick, 2018).
All non-hydrogen atoms were refined anisotropically. Hydrogen atom positions were
calculated geometrically and refined using the riding model.

There is a single molecule in the asymmetric unit, which is represented by the reported sum
formula. In other words: Zis4 and Z'is 1.
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7. Spectral data

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-Phenylpropanoate
(4a)

Yield: 64.5 mg, 80%, colorless oil; Rf=0.31 (hexane : ethyl acetate
=30 : 1); 'H NMR (CDCls, 400 MHz) & 7.34-7.29 (m, 4H), 7.28-
7.22 (m, 1H), 3.68 (dd, J = 8.9, 5.3 Hz, 1H), 3.63 (s, 3H), 1.82 (dd,
(TMS);Si Ol | J=146,8.9Hz 1H), 1.26 (dd, J = 14.6, 5.3 Hz, 1H), 0.15 (s, 27H);

4a o) 13C NMR (CDCls, 100 MHz) & 175.1, 142.2, 128.9, 127.7, 127.4,
52.1,50.7, 12.9, 1.3.; 2°Si NMR (CDCls, 79 MHz) § 29Si NMR (79
MHz, CDCI3) § -12.5, -81.2.; HRMS (ESI, m/z): [M+Na]" calcd for CigH3sNaOzSis" =
433.1841, found 433.1843.

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(P-
Tolyl)Propanoate (4b)

Yield: 60.8 mg, 72%, colorless oil; Rf=0.31 (hexane : ethyl acetate
=30 : 1); *H NMR (CDCls, 400 MHz) § 7.20 (d, J = 8.1 Hz, 2H),
7.12 (d, J = 7.9 Hz, 2H), 3.64 (dd, J = 9.2, 5.0 Hz, 1H), 3.62 (s, 3H),
2.32 (s, 3H), 1.81 (dd, J = 14.6, 9.2 Hz, 1H), 1.22 (dd, J = 14.6, 5.0
(TMS)3Si o._| Hz, 1H),0.15 (s, 27H); **C NMR (CDCls, 100 MHz) § 175.2, 139.4,

4b o 137.0, 129.5, 127.5, 52.1, 50.3, 21.2, 13.0, 1.3; 2°Si NMR (CDCls,
79 MHz) & -12.6, -81.3; HRMS (ESI, m/z): [M+H]" calcd for
[M+Na]" calcd for C20H40NaO2Sis" = 447.1998, found 447.1992.

Methyl 2-(4-(Tert-Butyl)Phenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
YI)Propanoate (4c)

‘Bu Yield: 66.6 mg, 71%, colorless oil; R¢=0.28 (hexane : ethyl acetate
=30 : 1); 'H NMR (CDCls, 400 MHz) § 7.34-7.31 (m, 2H), 7.25-
7.21 (m, 2H), 3.65 (dd, J = 8.6, 6.0 Hz, 1H), 3.62 (s, 3H), 1.77 (dd,
J =146, 8.5 Hz, 1H), 1.32-1.27 (m, 10H), 0.14(s, 27H); 3C NMR
(TMS);Si O | (CDCIs, 100 MHz) 6 175.4, 150.2, 138.9, 127.3, 125.8, 52.1, 50.2,
4c 0 34.6, 31.5, 13.0, 1.3; °Si NMR (CDCls, 79 MHz) & -12.6, -81.5.;
"~ HRMS (ESI, m/z): [M+Na]* calcd for calcd for CasHasNaO2Sis* =

489.2467, found 489.2479.

Methyl 2-([1,1'-Biphenyl]-4-Y1)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
YI)Propanoate (4d)
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Ph 1 Yield: 80.5 mg, 83%, colorless oil; Rf=0.26 (hexane : ethyl acetate
=30 : 1); H NMR (CDCls, 400 MHz) & 7.58-7.54 (m, 4H), 7.45-
7.32 (m, 5H), 3.76 — 3.69 (m, 1H), 3.65 (s, 3H), 1.85 (dd, J = 14.4,
9.0 Hz, 1H), 1.30 (dd, J = 15.3, 5.7 Hz, 1H), 0.17 (s, 27H); 3C NMR
(TMS);Si O (CDCl3, 100 MHz) 6 175.1, 141.2, 140.9, 140.4, 128.9, 128.1, 127.6,
4d S 127.4, 127.2, 52.2, 50.4, 13.0, 1.3; °Si NMR (CDCls, 79 MHz) & -
/12,5, -81.2. ; HRMS (ESI, m/z): [M+Na]* calcd for C2sHa2NaO,Sis*

=509.2154, found 509.2156.

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(Naphthalen-2-
YI)Propanoate (4e)

Yield: 64.5 mg, 73%, colorless oil; Rf=0.26 (hexane : ethyl acetate
l =30 1); 'H NMR (CDCls, 400 MHz) § 7.83-7.81 (m, 3H), 7.75 (s,

1H), 7.51-7.44 (m, 3H), 3.87 (dd, J = 9.2, 4.9 Hz, 1H), 3.64 (s, 3H),
1.95 (dd, J = 14.6, 9.2 Hz, 1H), 1.34 (dd, J = 14.6, 4.9 Hz, 1H), 0.18
(TMS)3Si O | (27H); C NMR (CDClIs, 100 MHz) & 175.0, 139.8, 133.6, 132.8,

4e o 128.7,128.0,127.8, 126.3, 126.2, 125.9, 125.8, 52.2, 50.9, 13.0, 1.3,;
295i NMR (CDCls, 79 MHz) § -12.5, -81.1.; HRMS (ESI, m/z):
[M+H]" calcd for calcd for C23HaoNaO2Sis* = 483.1998, found 483.2001.

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(4-
Methoxyphenyl)Propanoate (4f)

OMe Yield: 55.3 mg, 63%, colorless oil; Rf=0.25 (hexane : ethyl acetate
=30 : 1); *H NMR (CDCls, 400 MHz) § 7.24-7.21 (m, 2H), 6.87-
6.83 (m, 2H), 3.79 (s, 3H), 3.64-3.61 (m, 4H), 1.78 (dd, J = 14.6, 8.8
Hz, 1H), 1.23 (dd, J = 14.6, 5.5 Hz, 1H), 0.14 (s, 27H); **C NMR
(TMS),Si O | (CDCls, 100 MHz) 5 175.4, 158.9, 134.4, 128.7, 114.2, 55.4, 52.1,
af o 49.8,12.9, 1.3.;%°Si NMR (CDCls, 79 MHz) §-12.6, -81.5.; HRMS

" (ESI, m/z): [M+Na]* calcd for calcd for CaoHaoNaOsSis* = 463.1947,

found 463.1945.

Methyl 2-(4-Fluorophenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
YI)Propanoate (49)
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(TMS)Si
49

)

0]

~

Yield: 58.3 mg, 68%, colorless oil; Rf=0.28 (hexane : ethyl acetate
=30 : 1); H NMR (CDCls, 400 MHz)  7.33-7.28 (m, 2H), 7.05-
6.99 (m, 2H), 3.68 (dd, J = 8.8, 5.5 Hz, 1H), 3.65 (s, 3H), 1.82 (dd,
J=14.6,8.8 Hz, 1H), 1.23 (dd, J = 14.6, 5.5 Hz, 1H), 0.17 (s, 27H);
13C NMR (CDCls, 100 MHz) & 175.0, 162.19 (d, J = 245.8 Hz),
137.91 (d, J = 3.1 Hz), 129.22 (d, J = 8.1 Hz), 115.69 (d, J = 21.3
Hz), 52.2, 50.0, 13.0, 1.3.; 1°%F NMR (376 MHz, CDCI3) § -115.5.

295i NMR (79 MHz, CDCI3) § -12.6, -81.3.; HRMS (ESI, m/z): [M+Na]* calcd for calcd for
Ci19H37FNaO2Sis" = 451.1747, found 451.1737.

Methyl

2-(4-Chlorophenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
YI)Propanoate (4h)

(TMS)3Si
4h

Cl

(0]

SN

Methyl

Yield: 61.7 mg, 69%, colorless oil; Rf= 0.28 (hexane : ethyl acetate
=30 : 1); 'H NMR (CDCls, 400 MHz) § 7.32-7.26 (m, 4H), 3.68-
3.65 (m, 4H), 1.82 (dd, J = 14.7, 9.1 Hz, 1H), 1.21 (dd, J = 14.6, 5.1
Hz, 1H), 0.17 (s, 27H); 3C NMR (CDCl3, 100 MHz) 5 174.7, 140.8,
133.2, 129.0, 129.0, 52.3, 50.1, 12.9, 1.3.; °Si NMR (79 MHz,
CDCI3) & -12.6, -81.1; HRMS (ESI, m/z): [M+Na]* calcd for calcd
for C19H37CINaO-Sis™ = 467.1451, found 467.1450.

3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(4-

(Trifluoromethoxy)Phenyl)Propanoate (4i)

OCF4
(TMS);Si O
4i o)
81.2'; HRMS (ESI, m/z):
517.1647.
Methyl

Yield: 69.6 mg, 70%, colorless oil; Rf=0.28 (hexane : ethyl acetate
=30 : 1); *H NMR (CDCls, 400 MHz) & 7.35-7.32 (m, 2H), 7.17-
7.15 (m, 2H), 3.68 (dd, J = 8.7, 5.5 Hz, 1H), 3.63 (s, 3H), 1.80 (dd,
J=14.6,8.7 Hz, 1H), 1.23 (dd, J = 14.6, 5.6 Hz, 1H), 0.14 (s, 27H);
13C NMR (CDClz, 100 MHz) § 174.8, 148.5 (g, J = 1.6 Hz) 140.8,
129.1,121.4,120.6 (9, J = 257.1 Hz), 52.3,50.1, 13.1, 1.3.; °F NMR

" (376 MHz, CDCI3) § -57.9. Si NMR (79 MHz, CDCI3) & -12.6, -

[M+Na]* calcd for calcd for CooHz7F3sNaOsSis* = 517.1664, found

3-(1,1,1,3,3,3-Hexamethyl-2-(TrimethylsilyD) Trisilan-2-Y1)-2-(4-

(Trifluoromethyl)Phenyl)Propanoate (4j)
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CF;

4j

(TMS)Si N

Yield: 57.7 mg, 60%, colorless oil; Rf= 0.28 (hexane : ethyl acetate
=30 : 1); 'H NMR (CDCls, 400 MHz) 6 7.58 (d, J = 8.1 Hz, 2H),
7.43(d, J = 8.1 Hz, 2H), 3.73 (dd, J = 9.4, 4.7 Hz, 1H), 3.64 (s, 3H),
1.85(dd, J=14.6,9.4 Hz, 1H), 1.20 (dd, J = 14.6, 4.8 Hz, 1H), 0.15
(s, 27H); 13C NMR (CDCls, 100 MHz) § 174.3, 146.3, 129.7 (q, J =
32.5 Hz), 128.0, 125.9 (q, J = 3.8 Hz), 124.2 (q, J = 272.0 Hz), 52.4,
50.7, 13.1, 1.3.; 1% NMR (376 MHz, CDCI3) & -62.5.; 2°Si NMR

(CDCls, 79 MHz) & -12.6, -80.9.; HRMS (ESI, m/z): [M+Na]* calcd for calcd for
C20H37F3sNa02Sis" = 501.1715, found 501.1691.

Methyl
YI)Propanoate (4Kk)
( o)
(TMS);Si O
4k S

2-(4-Acetylphenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-

Yield: 61.6 mg, 68%, colorless oil; Rf=0.44 (hexane : ethyl acetate
=10 : 1); *H NMR (CDCls, 400 MHz) § 7.91 (d, J = 8.3 Hz, 2H),
7.40 (d, J = 8.3 Hz, 2H), 3.72 (dd, J = 9.3, 4.7 Hz, 1H), 3.63 (s, 3H),
2.58 (s, 3H), 1.84 (dd, J = 14.6, 9.3 Hz, 1H), 1.19 (dd, J = 14.6, 4.7
Hz, 1H), 0.15 (s, 27H); **C NMR (CDCls, 100 MHz) § 197.7, 174.3,
147.7, 136.3, 129.0, 127.9, 52.4, 50.8, 26.8, 13.0, 1.3; °Si NMR
(CDCls, 79 MHz) & -12.6, -80.8.; HRMS (ESI, m/z): [M+H]" calcd

for calcd for C21H4103Sis™ = 453.2127, found 453.2116.

4-(3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-1-Methoxy-1-

Yield: 69.4 mg, 74%, colorless oil; Rf= 0.56 (hexane : ethyl acetate
=10 : 1); 'H NMR (CDCls, 400 MHz) & 7.98 (d, J = 8.4 Hz, 2H),
7.37(d, J = 8.3 Hz, 2H), 3.89 (s, 3H), 3.72 (dd, J = 9.2, 4.9 Hz, 1H),
3.62 (s, 3H), 1.83 (dd, J = 14.6, 9.2 Hz, 1H), 1.20 (dd, J = 14.6, 4.9
Hz, 1H), 0.14 (s, 27H); 3C NMR (CDCls, 100 MHz) § 174.4, 166.9,
147.4,130.2,129.3,127.7,52.3,52.2,50.8, 12.9, 1.3.; °Si NMR (79

Methyl
Oxopropan-2-Yl)Benzoate (4l)
Os_OMe
(TMS);Si O

4] )

Methyl
YI)Propanoate (4m)

MHz, CDCl3) & -12.6, -80.9; HRMS (ESI, m/z): [M+Na]" calcd for
calcd for C21H40NaO4Sis™ = 491.1896, found 491.1882.

2-(4-Cyanophenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
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TMS)3S|\ ; 0

Yield: 54.9 mg, 63%, colorless oil; Rf=0.56 (hexane : ethyl acetate
=10 : 1); *H NMR (CDCls, 400 MHz) § 7.62-7.60 (m, 2H), 7.42-
7.40 (m, 2H), 3.70 (dd, J = 9.3, 4.7 Hz, 1H), 3.63 (s, 3H), 1.82 (dd,
J=14.6,9.3 Hz, 1H), 1.15 (dd, J = 14.6, 4.8 Hz, 1H), 0.14 (s, 27H);
13C NMR (CDCls, 100 MHz) & 173.9, 147.5, 132.8, 128.5, 118.8,
111.4, 52.5, 50.9, 13.0, 1.3.; ?°Si NMR (79 MHz, CDCl3) § -12.6, -
80.7.; HRMS (ESI, m/z): [M+Na]® calcd for calcd for
C20H37NNaO2Sis™ = 458.1794, found 458.1772.

Methyl 2-(4-Formylphenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-

YI)Propanoate (4n)

(TMS);Si ; 0

Yield: 62.3 mg, 71%, colorless oil; Rf=0.51 (hexane : ethyl acetate
=10:1); *H NMR (CDCls, 400 MHz) § 9.99 (s, 1H), 7.84 (d, J = 8.2
Hz, 2H), 7.47 (d, J = 8.2 Hz, 2H), 3.74 (dd, J = 9.3, 4.8 Hz, 1H), 3.63
(s, 3H), 1.85 (dd, J = 14.7, 9.3 Hz, 1H), 1.20 (dd, J = 14.6, 4.8 Hz,
1H), 0.15 (s, 27H); *C NMR (CDCls, 100 MHz) & 191.9, 174.2,
149.1, 135.6, 130.4, 128.4, 52.4, 51.0, 13.0, 1.3.; 2°Si NMR (79 MHz,
CDCl3) 4 -12.6, -80.7.;HRMS (ESI, m/z): [M+H]" calcd for calcd for

C20H3903Sis" = 439.1971, found 439.1955.

Methyl

2-(4-(Dimethylcarbamoyl)Phenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-

(Trimethylsilyl)Trisilan-2-Yl)Propanoate (40)

TMS 3S|\ ;E .0

Methyl

Yield: 57.7 mg, 60%, colorless oil; Rt = 0.33 (hexane : ethyl
acetate : TEA=5:1:1); *H NMR (CDCls, 400 MHz) § 7.35-7.31
(m, 4H), 3.67 (dd, J =8.5, 4.9 Hz, 1H), 3.61 (s, 3H), 3.04 (brs, 6H),
1.80 (dd, J = 14.3, 9.5 Hz, 1H), 1.20 (dd, J = 14.7, 4.2 Hz, 1H),
0.14 (s, 27H); 3C NMR (CDCl3, 100 MHz) § 174.5, 171.3, 143.6,
135.3,127.6, 127.6, 52.1, 50.5, 39.5 (brs, very low), 35.6 (brs, very
low), 12.7, 1.2.; °Si NMR (79 MHz, CDCls3) § -12.6, -81.2.;HRMS
(ESI, m/z): [M+H]" calcd for calcd for C22H4sNO3Sis™ = 482.2393,
found 482.2379.

3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(4-

(Methylsulfonyl)Phenyl)Propanoate (4p)

(TMS) 3s|~ i 0

Yield: 55.9 mg, 57%, white solid; Rf= 0.31 (hexane : ethyl acetate
=10 : 1); *H NMR (CDCls, 400 MHz) & 7.88 (d, J = 7.5 Hz, 2H),
7.50 (d, J =7.5 Hz, 2H), 3.79 - 3.72 (m, 1H), 3.63 (s, 3H), 3.03 (s,
3H), 1.89-1.81 (m, 1H), 1.17 (dd, J = 14.6, 4.1 Hz, 1H), 0.14 (s,
27H); 13C NMR (CDCls, 100 MHz) § 173.9, 148.5, 139.6, 128.6,
128.1,52.4,50.7, 44.6, 13.1, 1.2.; *Si NMR (79 MHz, CDCls) § -
12.6, -80.7.;HRMS (ESI, m/z): [M+Na]* calcd for calcd for
C20H40NaSO,Sis* = 511.1617, found 511.1598.
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Methyl 2-(3-Formylphenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-(TrimethylsilyD) Trisilan-2-
YI)Propanoate (4q)

Yield: 42.9 mg, 49%, colorless oil; Rf= 0.55(hexane : ethyl acetate
CHO| =10:1); *H NMR (CDCls, 400 MHz) & 0.98 (s, 1H), 7.82-7.82 (m,
1H), 7.77 (dt, J = 7.5, 1.4 Hz, 1H), 7.59 (dt, J = 7.7, 1.6 Hz, 1H),
7.49 (t, J = 7.6 Hz, 1H), 3.76 (dd, J = 9.0, 5.2 Hz, 1H), 3.63 (s, 3H),
1.85(dd, J=14.6,9.0 Hz, 1H), 1.24 (dd, J=14.7,5.1 Hz, 1H), 0.14
(s, 27H); 3C NMR (CDCls, 100 MHz) § 192.2, 174.5, 143.4, 137.0,
4q 0O 133.8, 129.6, 128.9, 128.8, 52.3, 50.5, 12.9, 1.3.; Si NMR (79

MHz, CDCls3) 6 -12.6, -81.0.;HRMS (ESI, m/z): [M+Na]" calcd for
calcd for CooHzsNaOsSis™ = 461.1790, found 461.1787.

(TMS),Si N

Methyl 3-(3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-1-Methoxy-1-Oxopropan-
2-YI)Benzoate (4r)

co,Me| Yield: 51.7 mg, 55%, colorless oil; Rf= 0.62 (hexane : ethyl
acetate = 10 : 1); *H NMR (CDCls, 400 MHz) § 7.97-7.97 (m, 1H),
7.93 (dt, J = 7.7, 1.4 Hz, 1H), 7.51 (dt, J = 7.7, 1.6 Hz, 1H), 7.39
(t, 3 =7.7 Hz, 1H), 3.92 (s, 3H), 3.72 (dd, J = 8.8, 5.4 Hz, 1H),
3.62 (m, 3H), 1.83 (dd, J = 14.6, 8.9 Hz, 1H), 1.24 (dd, J = 14.6,
4r O 5.4 Hz, 1H), 0.14 (s, 27H); 3C NMR (CDCls, 100 MHz) § 174.7,

167.0, 142.5, 132.3, 130.8, 129.0, 128.9, 128.7, 52.3, 52.3, 50.6,
12.8, 1.3.; Si NMR (79 MHz, CDCl3) § -12.6, -81.1.;HRMS (ESI, m/z): [M+Na]* calcd for
calcd for Co1HaoNaO4Sis™ = 491.1896, found 491.1889.

(TMS)5Si O

Methyl 2-(3-Fluorophenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
YI)Propanoate (4s)

v Yield: 60.5mg, 71%, colorless oil; Rf= 0.45 (hexane : ethyl acetate
F =30 : 1); *H NMR (CDCls, 400 MHz) § 7.32-7.27 (m, 1H), 7.10
(dt,J=7.7,1.3 Hz, 1H), 7.05 (dt, J = 9.9, 2.1 Hz, 1H), 6.96 (tdd, J
=8.4, 2.6, 1.0 Hz, 1H), 3.70-3.67 (m, 1H), 3.66 (s, 3H), 1.82 (dd, J
(TMS)3Si O | =14.6,9.0 Hz, 1H), 1.24 (dd, J = 14.6, 5.2 Hz, 1H), 0.17 (s, 27H);

4s 0 13C NMR (CDCls, 100 MHz) & 174.6, 163.11 (d, J = 246.4 Hz),
144.61 (d, J = 7.1 Hz), 130.28 (d, J = 8.4 Hz), 123.45 (d, J = 2.9
Hz), 114.63 (d,J = 218Hz) 114.33 (d, J=21.1 Hz), 52.3,50.48 (d, J = 1.8 Hz), 12.9, 1.3; 1°F
NMR (376 MHz, CDCls) § -112.6.; 2°Si NMR (79 MHz, CDCls) § -12.6, -81.1.; HRMS (ESI,
m/z): [M+Na]" calcd for calcd for C19H37FNa02Si4+ =451.1747, found 451.1745.

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(4-(4,4,5,5-
Tetramethyl-1,3,2-Dioxaborolan-2-YI)Phenyl)Propanoate (4t)
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o._ O

(TMS)5Si o)
4t o)

Yield: 79.8 mg, 74%, colorless oil; Rf=0.61 (hexane : ethyl acetate
=10 : 1); 'H NMR (CDCls, 400 MHz) & 7.77 (d, J = 8.0 Hz, 2H),
7.31(d, J=8.0 Hz, 2H), 3.69 (dd, J = 9.8, 4.2 Hz, 1H), 3.61 (s, 3H),
1.86 (dd, J =14.6, 9.8 Hz, 1H), 1.33 (s, 12H), 1.18 (dd, J = 14.6, 4.2
Hz, 1H), 0.16 (s, 27H); **C NMR (CDCls, 100 MHz) § 174.7, 145.7,
135.4, 126.9, 83.9, 52.1, 51.0, 25.0, 12.9, 1.3.; °Si NMR (79 MHz,
CDCl3) 6 -12.6, -81.0.; HRMS (ESI, m/z): [M+Na]" calcd for calcd
for CasH19BNaO4Sis* = 559.2693, found 559.2676.

3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(4-

Yield: 22.2 mg, 25%, colorless oil; Rf=0.41 (hexane : ethyl acetate
=30 : 1); *H NMR (CDCls, 400 MHz) § 7.36 (d, J = 8.3 Hz, 2H),
7.26 (d, J = 8.2 Hz, 2H), 6.69 (dd, J = 17.6, 10.9 Hz, 1H), 5.72 (dd,
J=17.6,0.9 Hz, 1H), 5.22 (dd, J = 10.9, 0.9 Hz, 1H), 3.66 (dd, J =
9.2, 5.0 Hz, 1H), 3.62 (s, 3H), 1.82 (dd, J = 14.6, 9.2 Hz, 1H), 1.22
(dd, J = 14.6, 5.0 Hz, 1H), 0.15 (s, 27H); **C NMR (CDCls, 100
MHz) 6 175.0, 141.9, 136.8, 136.5, 127.8, 126.7, 113.9, 52.2, 50.5,
12.9, 1.3.; ?°Si NMR (79 MHz, CDCls) § -12.6, -81.2.; HRMS (ESI,
m/z): [M+Na]* calcd for calcd for C21HaoNaO-Sis" = 459.1998, found

3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(4-

((Trimethylsilyl)Ethynyl)Phenyl)Propanoate (4v)

Yield: 17.6 mg, 17%, colorless oil; Rt = 0.49 (hexane : ethyl
acetate = 30 : 1); *H NMR (CDCls, 400 MHz) & 7.40 (d, J = 7.6
Hz, 2H), 7.23 (d, J = 7.4 Hz, 2H), 3.64 (dd, J = 8.6, 5.6 Hz, 1H),
3.61 (s, 3H), 1.79 (dd, J = 14.0, 9.6 Hz, 1H), 1.18 (dd, J = 14.6, 3.6
Hz, 1H), 0.24 (s, 9H), 0.14 (s, 27H); *C NMR (CDCls, 100 MHz)
0 174.7, 142.7, 132.5, 127.6, 122.3, 104.9, 94.5, 52.2, 50.7, 12.7,
1.3,0.1.;Si NMR (79 MHz, CDCl3) § -12.6, -17.8, -81.0.; HRMS
(ESI, m/z): [M+H]* calcd for calcd for C24H470,Sis* = 507.2417,

Methyl
Vinylphenyl)Propanoate (4u)
X
(TMS)3Si O
4u 0
459.1993.
Methyl
TMS
(TMS);Si 0
4v o)

found 507.2412.
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Methyl 2-(4-Bromo-3-Methylphenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-
(Trimethylsilyl) Trisilan-2-YI)Propanoate (4w)

Yield: 52.2 mg, 52%, colorless oil; Rf= 0.56 (hexane : ethyl acetate

=30 : 1); 'H NMR (CDCls, 400 MHz) & 7.46 (d, J = 8.2 Hz, 1H),

7.16 (d, J = 2.3 Hz, 1H), 6.99 (dd, J = 8.2, 2.3 Hz, 1H), 3.62 (s, 3H),

3.59 (dd, J = 9.1, 5.1 Hz, 1H), 2.38 (s, 3H), 1.78 (dd, J = 14.6, 9.1
(TMS),Si

Hz, 1H), 1.18 (dd, J = 14.6, 5.2 Hz, 1H), 0.15 (s, 27H); *C NMR
(CDCl3, 100 MHz) 6 174.7,141.5, 138.3, 132.7, 130.0, 126.7, 123.7,
52.2,50.2, 23.1, 12.9, 1.3.; °Si NMR (79 MHz, CDCls) § -12.6, -
81.2.; HRMS (ESI, m/z): [M+Na]* calcd for calcd for
C20H39BrNaO2Sis* = 525.1103, found 525.1097.

Methyl 2-(4-Cyano-3-Methylphenyl)-3-(1,1,1,3,3,3-Hexamethyl-2-
(Trimethylsilyl)Trisilan-2-Yl)Propanoate (4x)

Yield: 45.2 mg, 50%, colorless oil; Rf=0.63 (hexane : ethyl acetate

=10 : 1); 'H NMR (CDCls, 400 MHz) & 7.54 (d, J = 7.9 Hz, 1H),

7.23 (s, 1H), 7.20 (d, J = 8.0 Hz, 1H), 3.69-3.60 (m, 4H), 2.53 (s,

3H), 1.80 (dd, J = 14.2, 9.6 Hz, 1H), 1.15 (dd, J = 14.5, 3.7 Hz, 1H),
(TMS);Si

0.14 (s, 27H); 3C NMR (CDCls, 100 MHz) & 174.0, 147.2, 142.6,
133.1, 129.4, 125.7, 118.1, 111.8, 52.4, 50.8, 20.7, 12.9, 1.3.; 2°Sj
NMR (79 MHz, CDCls) § -12.6, -80.8.; HRMS (ESI, m/z): [M+Na]*
calcd for calcd for C21H3sNNaO2Sis™ = 472.1950, found 472.1945.

Dimethyl  5-(3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-1-Methoxy-1-
Oxopropan-2-Yl)Isophthalate (4y)

Yield: 62.8 mg, 60%, white solid; R¢r= 0.57 (hexane : ethyl acetate
MeO,C CO,Me| =5:1); 'H NMR (CDCls, 400 MHz) & 8.57 (s, 1H), 8.16 (d, J =
1.7 Hz, 2H), 3.94 (s, 6H), 3.78 (dd, J = 9.0, 5.3 Hz, 1H), 3.62 (s,
3H), 1.87 (dd, J = 14.6, 9.0 Hz, 1H), 1.22 (dd, J = 14.6, 5.3 Hz,
1H), 0.14 (s, 27H); 3C NMR (CDCls, 100 MHz) & 174.2, 166.2,
143.2, 133.1, 131.2, 129.9, 52.5, 52.4, 50.5, 12.8, 1.3.; °Si NMR
(79 MHz, CDCl3) & -12.6, -80.8.; HRMS (ESI, m/z): [M+Na]*
~ calcd for calcd for C23H42NaOeSis™ = 549.1951, found 549.1966.
Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(Quinolin-6-
YI)Propanoate (4z)

NI | Yield: 58.8 mg, 64%, colorless oil; Rf=0.58 (hexane : ethyl acetate :
TEA=5:1:1); 'HNMR (CDCls, 400 MHz) 5 8.90 — 8.80 (m, 1H),
8.32 —8.11 (m, 1H), 8.08 (d, J = 8.5 Hz, 1H), 7.73 — 7.67 (m, 2H),

TMS 3S|

(TMS),Si

7.39 (dd, J = 8.3, 4.2 Hz, 1H), 3.86 (dd, J = 9.2, 4.9 Hz, 1H), 3.63

(s, 3H), 1.92 (dd, J = 14.6, 9.2 Hz, 1H), 1.31 (dd, J = 14.6, 4.9 Hz,

1H), 0.15 (s, 27H); 3C NMR (CDCls, 100 MHz) & 174.7, 150.4,

147.7, 140.6, 136.1, 130.1, 129.6, 128.4, 126.0, 121.5, 52.3, 50.7,
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13.1, 1.3.; ®Si NMR (79 MHz, CDCls) & -12.5, -81.0.; HRMS (ESI, m/z): [M+H]* calcd for
calcd for CooH4oNO2Sis™ = 462.2131, found 462.2134.

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(1-Methyl-1H-
Benzo[d]Imidazol-6-YI)Propanoate (4aa)

N=\ Yield: 42.5mg, 46%, colorless oil; Rf=0.23 (hexane : ethyl acetate :

N TEA=5:1:1); 'H NMR (CDCls, 400 MHz) & 7.86 (s, 1H), 7.67
(d, J =8.9 Hz, 1H), 7.55 (s, 1H), 7.28 (d, J = 7.9 Hz, 1H), 4.22 (s,
3H), 3.75 (td, J = 6.4, 5.6, 3.2 Hz, 1H), 3.64 (s, 3H), 1.87 (ddd, J =
14.3,9.5, 1.9 Hz, 1H), 1.41 — 1.14 (m, 1H), 0.16 (s, 27H); **C NMR
(CDCls, 100 MHz) 6 175.3, 148.6, 135.5,126.5, 123.7,122.3, 118.1,
117.9, 52.1, 50.7, 40.5, 12.8, 1.3.; °Si NMR (79 MHz, CDCls) & -
12.6, -81.3.; HRMS (ESI, m/z): [M+H]" calcd for calcd for C21H41N2O2Sis* = 465.2240, found
465.2244.

—

(TMS);Si
4aa

o<

)

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(Pyridin-3-
Yl)Propanoate (4ab)

N Yield: 40.4 mg, 49%, colorless oil; Rf=0.67 (hexane : ethyl acetate :

| N TEA=5:1:1);'"H NMR (CDCls, 400 MHz) & 8.56 (d, J = 2.3 Hz,

/ 1H), 8.52 (dd, J = 4.9, 1.6 Hz, 1H), 7.68 (dt, J = 7.9, 2.0 Hz, 1H),

(TMS),Si O 7.40 — 7.22 (m, 1H), 3.69 (dd, J = 8.9, 5.3 Hz, 1H), 3.65 (s, 3H),

1.84 (dd, J = 14.6, 8.9 Hz, 1H), 1.22 (dd, J = 14.6, 5.3 Hz, 1H), 0.16

4ab O (s, 27H); **C NMR (CDCls, 100 MHz) § 174.3, 149.3, 148.7, 137.8,

134.9, 123.9,52.4, 48.2,12.9, 1.3.; °Si NMR (79 MHz, CDCls) § -
12.6, -80.9.; HRMS (ESI, m/z): [M+H]* calcd for calcd for C1sH3sNO2Sis™ = 412.1974, found
412.1980.

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(6-Methoxypyridin-
3-YI)Propanoate (4ac)

vy Yield: 36.1 mg, 41%, colorless oil; Rf=0.74 (hexane : ethyl acetate :

OMe TEA=10:1:1); '"H NMR (CDCls, 400 MHz) & 8.06 (s, 1H), 7.56
N (d, J = 8.6 Hz, 1H), 6.71 (d, J = 8.6 Hz, 1H), 3.91 (s, 3H), 3.66 —
| P 3.53 (m, 4H), 1.78 (dd, J = 14.2, 8.8 Hz, 1H), 1.17 (dd, J = 14.8, 4.3
Hz, 1H), 0.13 (s, 27H); 3C NMR (CDCls, 100 MHz) & 174.9, 163.7,
(TMS)3Si O | 145.9, 137.7, 130.5, 111.3, 53.6, 52.2, 47.3, 12.9, 1.3.; 2Si NMR
4ac o (79 MHz, CDCl3) 6 -12.6, -81.2.; HRMS (ESI, m/z): [M+H]" calcd
. for calcd for C19H40NO3Sis* = 442.2080, found 442.2084.
Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(6-

(Trifluoromethyl)Pyridin-3-YIl)Propanoate (4ad)
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CF4 1 VYield: 56.2 mg, 59%, colorless oil; Rf=0.74 (hexane : ethyl acetate :
TEA=10:1:1); *H NMR (CDCls, 400 MHz) & 8.64 (s, 1H), 7.83

| N (d, J=8.1 Hz, 1H), 7.65 (d, J = 2.4 Hz, 1H), 3.76 (dd, J = 8.7, 3.9

% Hz, 1H), 3.65 (s, 3H), 1.87 (dd, J = 14.2, 9.8 Hz, 1H), 1.16 (dd, J =

(TMS).Si o. | 144,33 Hz, 1H), 0.15 (s, 27H); **C NMR (CDCls, 100 MHz) 5
39l N

173.6, 149.5, 147.3 (q, J = 34.8 Hz), 141.2, 136.1, 121.6 (g, J =
273.9 Hz), 120.74 (g, J = 2.4 Hz), 52.6, 48.2, 13.2, 1.2.; F NMR
(376 MHz, CDCls) § -67.9; 2°Si NMR (79 MHz, CDCl3) & -12.6, -
80.5; HRMS (ESI, m/z): [M+H]" calcd for calcd for CigH37FsNO2Sis™ = 480.1848, found
480.1853.

4ad o

Methyl 2-(5-Fluoropyridin-3-Y1)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
YI)Propanoate (4ae)

Yield: 28.1 mg, 33%, colorless oil; Rf=0.71 (hexane : ethyl acetate :
| SN TEA=10:1:1); *H NMR (CDCls, 400 MHz) & 8.36 (s, 2H), 7.41

% (d, J=9.0Hz, 1H), 3.72 (dd, J = 8.7, 4.8 Hz, 1H), 3.65 (s, 3H), 1.82
(dd, J = 14.5, 9.3 Hz, 1H), 1.16 (dd, J = 14.3, 4.2 Hz, 1H), 0.15 (s,
~ | 27H);3C NMR (CDCls, 100 MHz) § 173.8, 159.8 (d, J = 258.4 Hz),
4ae o 144.9 (d, J = 3.8 Hz); 139.7, 137.1 (d, J = 23.3 Hz), 121.8 (d, J =
18.3 Hz), 52.5, 47.7, 13.1, 1.2.; °F NMR (376 MHz, CDCls) § -
125.9.; °Si NMR (79 MHz, CDCl3) § -12.6, -80.7.; HRMS (ESI, m/z): [M+H]" calcd for calcd
for C18H37NFO2Sis" = 430.1880, found 430.1879.

(TMS)3Si o)

Methyl 4-(3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-1-Methoxy-1-
Oxopropan-2-Yl)Picolinate (4af)

Yield: 55.3 mg, 59%, white solid; Rf = 0.48 (hexane : ethyl

N -CO:Me| gcetate: TEA=5:1:1); *H NMR (CDCls, 400 MHz) & 8.65 (d,

| P J = 4.6 Hz, 1H), 8.04 (s, 1H), 7.46 — 7.30 (m, 1H), 3.98 (s, 3H),

3.70 (dd, J = 9.4, 3.4 Hz, 1H), 3.62 (s, 3H), 1.83 (dd, J = 14.1,

(TMS),Si O 10.1 Hz, 1H), 1.13 (dd, J = 14.5, 3.0 Hz, 1H), 0.13 (s, 27H); 13C

daf o NMR (CDCls, 100 MHz) 6 173.1, 165.6, 152.4, 150.3, 148.5,

125.9, 124.3, 53.0, 52.5, 50.3, 12.6, 1.2.; 2°Si NMR (79 MHz

CDCI3) 5 -12.6, -80.4.; HRMS (ESI, m/z): [M+H]" calcd for calcd for CaoHaoNO4Sis™ =
470.2029, found 470.2031.

Methyl 2-(2-Cyanopyridin-4-Y1)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
YI)Propanoate (4ag)
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Yield: 31.7 mg, 36%, white solid; Rs = 0.50 (hexane : ethyl
acetate : TEA=10:1:1); *H NMR (CDCls, 400 MHz) § 8.64
(d, J=5.0 Hz, 1H), 7.63 (s, 1H), 7.44 (d, J = 4.3 Hz, 1H), 3.72 -
3.61 (m, 4H), 1.88—1.75 (m, 1H), 1.09 (dd, J = 14.4, 3.5 Hz, 1H),
(TMS) 3SI 0.16 (s, 27H); 3C NMR (CDCls, 100 MHz) § 172.7, 152.6, 151.5,
134.5, 127.6, 125.9, 117.2, 52.8, 50.1, 12.9, 1.2.; 2°Si NMR (79

MHz, CDCls) § -12.6, -80.2.; HRMS (ESI, m/z): [M+H]" calcd for
calcd for C19H37N2028I4 =437.1927, found 437.1922.

Methyl 2-(2-Fluoropyridin-4-Y1)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-
YI)Propanoate (4ah)

Yield: 53.6 mg, 62%, colorless oil; Rf= 0.68 (hexane : ethyl acetate :
TEA=10:1:1);'"HNMR (CDCls, 400 MHz) § 8.14 (d, J = 4.9 Hz,

1H), 7.11 (d, J = 4.1 Hz, 1H), 6.85 (s, 1H), 3.73 — 3.60 (m, 4H), 1.80
(dd, J = 14.3, 10.0 Hz, 1H), 1.13 (dd, J = 14.5, 3.2 Hz, 1H), 0.15 (s,
(TMS)3Si

27H); 3C NMR (CDCls, 100 MHz) § 173.1, 164.2 (d, J = 239.3 Hz),
156.7 (d, J = 7.6 Hz), 148.1 (d, J = 15.3 Hz), 120.6 (d, J = 4.1 Hz),
108.5 (d, J=37.8 Hz), 52.6,50.2 (d, J = 2.7 Hz), 12.7, 1.2; ) F NMR
(376 MHz, CDCIg) d 675 29Si NMR (79 MHz, CDCls) & -12.6, -80.5.; HRMS (ESI, m/z):
[M+H]" calcd for calcd for C1gH37NFO2Sis™ = 430.1880, found 430.1872.

Methyl 3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(2-Methylpyridin-
4-YI)Propanoate (4ai)

Yield: 64.9 mg, 76%, colorless oil; Rr=0.50 (hexane : ethyl acetate :
TEA =10:1:1); 'H NMR (CDCls, 400 MHz) & 8.44 — 8.32 (m,
1H), 7.05 (s, 1H), 7.01 (d, J = 5.2 Hz, 1H), 3.62 (s, 3H), 3.57 (dd, J
= 8.7, 4.5 Hz, 1H), 2.52 (s, 3H), 1.82-1.69 (m, 1H), 1.14 (dd, J =
(TMS);Si 14.6, 3.3 Hz, 1H), 0.13 (s, 27H); *C NMR (CDCl3, 100 MHz) &
173.8, 158.9, 151.2, 149.5, 122.2, 120.0, 52.4, 50.2, 24.5,12.5, 1.2;

2%Si NMR (79 MHz, CDCls) § -12.6, -80.8.; HRMS (ESI, m/z):
[M+H]+ calcd for calcd for C1gHaoNO2Sis* = 426.2131, found 426.2133.

Methyl 4-(3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-1-Oxo-1-
Phenoxypropan-Z-YI)Benzoate (4a))

M _ :
0:Me Yield: 77.9 mg, 73%, colorless oil; Rf=0.57 (hexane : ethyl acetate
=10: 1); *H NMR (CDCls, 400 MHz) § 8.06 (dd, J = 8.3, 2.1 Hz,
(TMS) 3S|

2H), 7.55 -7.44 (m, 2H), 7.38 — 7.26 (m, 2H), 7.17 (dd, J = 8.5, 6.5
Hz, 1H), 6.91 (d, J = 8.5 Hz, 2H), 4.01 — 3.94 (m, 1H), 3.92 (s, 3H),
1.94 (dd, J=14.6,8.7 Hz, 1H), 1.32 (dd, J = 14.7, 4.8 Hz, 1H), 0.18
(s, 27H); *3C NMR (CDCls, 100 MHz) § 172.5, 166.9, 151.0, 146.8,
130.4, 129.5, 129.4, 127.9, 125.9, 121.3, 52.3, 51.1, 12.4, 1.3.; Si
NMR (79 MHz, CDClz) 8 -12.6, -80.7.; HRMS (ESI, m/z): [M+Na]" calcd for calcd for
Co6H42NaO4Sis™ = 553.2052, found 553.2055.
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Methyl 4-(1-(Benzyloxy)-3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-1-
Oxopropan-2-Yl)Benzoate (4ak)

Yield: 81.0 mg, 74%, colorless oil; Rf= 0.60 (hexane : ethyl acetate
=5:1:1); 'H NMR (CDCls, 400 MHz)  8.02 — 7.97 (m, 2H), 7.45
—7.36 (M, 2H), 7.32 - 7.26 (m, 3H), 7.24 — 7.14 (m, 2H), 5.20 — 5.00
(m, 2H), 3.94 (s, 3H), 3.85 — 3.75 (m, 1H), 1.88 (dd, J = 14.4, 8.7
_ Hz, 1H), 1.46 — 1.12 (m, 1H), 0.17 (s, 27H); 1*C NMR (CDCls, 100
(TMS)sSi Osgnl MHz)§173.7, 166.9, 147.0, 135.7, 130.2, 129.3, 128.5, 128.2, 128.0,

4ak 127.8, 66.9, 52.2, 50.9, 12.6, 1.3.: 2°Si NMR (79 MHz, CDCl3) § -
12.6,-80.8.; HRMS (ESI, m/z): [M+Na]" calcd for calcd for C27H44NaO4Sis™ = 567.2209, found
567.2222.

CO,Me

Methyl 4-(3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-1-Oxo-1-(3-
Oxobutoxy)Propan-2-YI)Benzoate (4al)

CO,Me Yield: 70.2 mg, 67%, colorless oil; Rf= 0.34 (hexane : ethyl

acetate = 5 : 1); 'H NMR (CDCls, 400 MHz) § 7.97 (d, J =

7.9 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 4.28 (ddq, J = 17.8,

11.6, 6.4 Hz, 2H), 3.89 (s, 3H), 3.66 (dd, J = 8.6, 5.4 Hz, 1H),
TMS 3S| W

2.58 (td, J = 6.4, 2.1 Hz, 2H), 1.99 (s, 3H), 1.78 (dd, J = 14.7,
8.6 Hz, 1H), 1.20 (dd, J = 14.7, 5.3 Hz, 1H), 0.12 (s, 27H);
4al 13C NMR (CDCls, 100 MHz) § 205.3, 173.7, 166.9, 147.0,
130.2, 129.3, 127.7, 60.0, 52.2, 50.8, 42.0, 30.2, 12.5, 1.2,;
29Si NMR (79 MHz, CDCls) & -12.6, -80.9; HRMS (ESI, m/z): [M+Na]* calcd for calcd for
C24H44NaOsSis* = 547.2158, found 547.2167.

Tert-Butyl 4-((3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-(4-
(Methoxycarbonyl)Phenyl)Propanoyl)Oxy)Piperidine-1-Carboxylate (4am)

CO;Me Yield: 85 mg, 67%, colorless oil; Ri=0.60 (hexane : ethyl
acetate : TEA=10:1:1); 'HNMR (CDCls, 400 MHz) §
7.97 (d,J = 7.8 Hz, 2H), 7.34 (d, J = 7.9 Hz, 2H), 4.87 (dt,
J=7.7,3.9 Hz, 1H), 3.89 (s, 3H), 3.68 (dd, J = 8.8, 5.2 Hz,
(TMS),Si o) 1H), 3.57 — 3.37 (m, 1H), 3.24 (dt, J = 13.3, 4.0 Hz, 2H),
I U 3.17 - 3.04 (m, 1H), 1.93 — 1.70 (m, 2H), 1.65 — 1.51 (m,
m “Boc| 2H), 1.40 (s, 9H), 1.33 — 1.23 (m, 1H), 1.18 (dd, J = 14.7,
5.1 Hz, 1H), 0.12 (s, 27H): 3C NMR (CDCls, 100 MHz)
0173.1, 166.8, 154.7, 147.3, 130.2, 129.3, 127.6, 79.7, 70.0, 52.2, 51.0, 40.7 (brs), 30.5, 30.0,
28.5,12.1, 1.2.; 2Si NMR (79 MHz, CDCl3) § -12.6, -80.8.; HRMS (ESI, m/z): [M+Na]" calcd
for calcd for C3oHssNaNOgSis* = 660.2999, found 660.2995.

4a

Methyl (S)-4-(1-((6-Ethoxy-6-Oxohexyl)Oxy)-3-(1,1,1,3,3,3-Hexamethyl-2-
(Trimethylsilyl) Trisilan-2-Y1)-1-Oxopropan-2-Yl)Benzoate (4an)
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(TMS),Si

4an

CO,Me

Yield: 84.5 mg, 71%, colorless oil; Rt = 0.57
(hexane : ethyl acetate =5 : 1); *H NMR (CDCls,
400 MHz) 6 7.97 (d, J = 7.9 Hz, 2H), 7.36 (d, J =
8.0 Hz, 2H), 4.09 (q, J = 7.2 Hz, 2H), 4.05 — 3.95

O._~_-~_-COEt| (m,2H), 3.89 (s, 3H), 3.68 (dd, J=8.9, 5.1 Hz, 1H),

o)

2.18 (t,J = 7.5 Hz, 2H), 1.81 (dd, J = 14.6, 8.9 Hz,
1H), 1.51 (dp, J = 11.1, 6.9 Hz, 4H), 1.29 — 1.14 (m,

6H), 0.12 (s, 27H); 3C NMR (CDCls, 100 MHz) §

173.9, 173.5, 166.9, 147.4, 130.1, 129.2, 127.7, 64.8, 60.3, 52.2, 50.9, 34.2, 28.2, 25.4, 24.5,
14.3,12.5,1.2.; °Si NMR (79 MHz, CDCls) 6 -12.6, -80.9.; HRMS (ESI, m/z): [M+Na]* calcd
for calcd for C2sHs2NaOeSis™ = 619.2733, found 619.2749.

Methyl  4-(1-Cyano-2-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-YI)Ethyl)Benzoate

(4a0)
COZMe
(TMS);Si N
4ao
Methyl

YI)Ethyl)Benzoate (4ap)

Yield: 73.6 mg, 84%, colorless oil; Rf = 0.54 (hexane : ethyl
acetate =10 :1); 'H NMR (CDCls, 400 MHz) 6 8.05 (d, J=7.5
Hz, 2H), 7.40 (d, J = 7.6 Hz, 2H), 3.92 (s, 3H), 3.78 (d, J = 11.5
Hz, 1H), 1.60 (t, J = 13.1 Hz, 1H), 1.33 (d, J = 14.6 Hz, 1H), 0.24
(s, 27H); *°C NMR (CDCls, 100 MHz) § 166.5, 144.7,130.7, 130.1,
126.8, 121.6, 52.4, 37.0, 17.6, 1.4.; °Si NMR (79 MHz, CDCl3) &
-12.4, -80.9.; HRMS (ESI, m/z): [M+Na]* calcd for calcd for
C20H37NaNOSis™ = 458.1794, found 458.1794.

4-(1-Acetoxy-2-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-

COzMe

O
4ap
491.1896.

Yield: 13.2 mg, 14%, colorless oil; Rr=0.51 (hexane : ethyl acetate
=10: 1); 'H NMR (CDCls, 400 MHz) & 8.00 (d, J = 8.0 Hz, 2H),
7.38 (d, J = 8.0 Hz, 2H), 5.70 (dd, J = 9.7, 5.0 Hz, 1H), 3.90 (s,
3H), 2.03 (s, 3H), 1.51 (dd, J = 14.7, 9.8 Hz, 1H), 1.33 (dd, J =
14.7, 4.9 Hz, 1H), 0.16 (s, 27H); 3C NMR (CDCls, 100 MHz)
6170.4, 166.9, 148.9, 130.2, 129.7, 126.1, 77.0, 52.3, 21.8, 17.4,
1.3.;°Si NMR (79 MHz, CDCl3) § -12.5, -84.1; HRMS (ESI, m/z):
[M+Na]* calcd for calcd for C21H4oNaO4Sis"™ = 491.1896, found

3-(1,1,1,3,3,3-Hexamethyl-2-(Trimethylsilyl) Trisilan-2-Y1)-2-Phenylpropan-1-Ol (6)
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(TMS)3Si« i OH
6

1 VYield: 46.2 mg, 95%, white solid; Rf= 0.50 (hexane : ethyl

acetate =5 : 1); *H NMR (CDCls, 400 MHz) § 7.38-7.34 (m,
2H), 7.28-7.24 (m, 3H), 3.75-3.70 (m, 1H), 3.60-3.55 (m, 1H),
2.89 (p, J = 6.4 Hz, 1H), 1.35 (s, 1H), 1.21 (d, J = 6.8 Hz, 2H),
0.14 (s, 27H): 3C NMR (CDCls, 100 MHz) § 144.2, 128.9,
128.2,127.1, 70.2, 47.8, 10.8, 1.4; 2°Si NMR (79 MHz, CDCls)

3 -12.6, -81.9; HRMS (ESI, m/z): [M+Na]* calcd for calcd for

C18H3sNaOSis" = 405.1892, found 405.1898.

2-phenylpropane-1,3-diol (7)!

HO. ; .OH
7

Yield: 26.6 mg, %, white solid; Rf= 0.27 (hexane : ethyl acetate
=1:4); 'H NMR (CDCls, 400 MHz) & 7.37-7.33 (m, 2H), 7.29-
7.27 (m, 1H), 7.24-7.22 (m, 2H), 4.00-3.90 (m, 4H), 3.11-3.05 (m,
1H), 2.88 (s, 2H); 3C NMR (CDCls, 100 MHz) § 139.5, 128.9,
128.1, 127.3, 66.0, 49.8. The spectrum is the same as that of
commercial available compound 7.

Methyl 3-(1,1,2,2,2-Pentamethyldisilaneyl)-2-Phenylpropanoate (8)

Yield: 287.0 mg, 43%, light yellow oil; Rf= 0.27 (hexane : ethyl
acetate = 30 : 1); 'H NMR (CDCls, 400 MHz) & 7.37-7.31 (m,
4H), 7.28-7.25 (m, 1H), 3.70 (t, J = 7.9 Hz, 1H), 3.66 (s, 3H), 1.55
(dd, J =14.3, 8.3 Hz, 1H), 1.21 (dd, J = 14.2, 7.2 Hz, 1H), 0.06
(s, 9H), 0.00 (s, 3H), -0.09 (s, 3H); 13C NMR (CDCls, 100 MHz)
0 175.6, 141.5, 128.7, 127.9, 127.3, 52.2, 47.8, 19.6, -2.1, -4.1, -
4.2.;%Si NMR (79 MHz, CDCl3) 8 -17.9, -19.6; HRMS (ESI, m/z):

[M+Na]* calcd for calcd for C1sH26NaO,Si>" = 317.1364, found 317.1361.

Methyl 3-(1,1,3,3,3-Pentamethyldisiloxaneyl)-2-Phenylpropanoate (9)

N/
TMS. . Si O
9 (0]

Yield: 54.5 mg, 88%, colorless oil; Rf = 0.24 (hexane : ethyl
acetate =30 : 1); 'H NMR (CDCls, 400 MHz) § 7.36-7.31 (m,
4H), 7.29-7.24 (m, 1H), 3.74 (t, J = 7.7 Hz, 1H), 3.66 (s, 3H), 1.48
(dd, J=14.8, 7.8 Hz, 1H), 1.16 (dd, J = 14.7, 7.7 Hz, 1H), 0.08 (s,
9H), -0.01 (s, 3H), -0.06 (s, 3H); 1*C NMR (CDCls, 100 MHz) &
175.5, 141.3, 128.7, 128.0, 127.2, 52.1, 46.8, 23.1, 2.0, 1.0, 0.8;
2%Si NMR (79 MHz, CDCl3) & 8.1, 6.1; HRMS (ESI, m/z):

[M+Na]" calcd for calcd for C1sH26NaOsSi>" = 333.1313, found 333.1313.

S28



8. References

1. Mukherjee, S.; Bapat, A. P.; Hill, M. R.; Sumerlin, B. S. Oximes as Reversible Links in Polymer Chemistry:

Dynamic Macromolecular Stars. Polym. Chem. 2014, 5, 6923-6931.

2. Garcia-Dominguez, A.; Mondal, R.;Nevado, C. Dual Photoredox/Nickel-Catalyzed Three-Component

Carbofunctionalization of Alkenes. Angew. Chem., Int. Ed. 2019, 58, 12286-12290.

3. Suginome, M.; Matsunaga, S.; Ito, Y. Disilanyl Group as a Synthetic Equivalent of the Hydroxyl Group. Synlett

1995, 941-942.

4. Dixon, T. A.; Steele, K. P.; Weber, W. P. Oxidation of Alkenyldisilanes by m-Chloroperbenzoic

Acid. J. Organomet. Chem.1982, 231,299-305.

5. Tayama, O.; Iwahama, T.; Sakaguchi, S.; Ishii, Y. The First Hydroxysilylation of Alkenes with Triethylsilane

under Dioxygen Catalyzed by N-Hydroxyphthalimide. Eur. J. Org. Chem. 2003, 2286-2289.

6. Le Vaillant, F.; Wodrich, M. D.; Waser, J. Room Temperature Decarboxylative Cyanation of Carboxylic Acids
Using Photoredox Catalysis and Cyanobenziodoxolones: A Divergent Mechanism Compared to Alkynylation.

Chem. Sci. 2017, 8, 1790-1800.

7. Sheldrick, G.M. SHELXT-Integrated Space-Group and Crystal-Structure Determination. Acta Cryst. 2015, 471,

3-8.

8. Macrae, C. F.; Bruno, I. J.; Chisholm, J. A.; Edgington, P. R.; McCabe, P.; Pidcock, E.; Rodriguez-Monge, L.;
Taylor, R.; van de Streek J.; Wood, P. A. Mercury CSD 2.0—New Features for the Visualization and Investigation

of Crystal Structures. J. Appl. Cryst. 2008, 41, 466-470.

9. (a) Sheldrick, G. M. Crystal structure refinement with SHELXL. Acta Cryst. 2015, C71, 3-8; (b) Dolomanov
O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. J. OLEX2: A Complete Structure Solution,

Refinement and Analysis Program. Appl. Cryst. 2009, 42, 339-341.

10. CrysAlis™™ Software System, Rigaku Oxford Diffraction, (2019).

S29



tra

i spec

9.1H, 13C and S

€T

6°¢T —

£70S~
|42

v/t
£°LTT W
6'8¢T

T —

T°SLT —

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220

ST0—
€T'T
ST'T
[TT
8717
64T~
18'T
€8'T
s8'T

€9°¢
99°€
L9°€
89°¢
69°€

——

2T LA
€T
v LA
YT LA
ST LA
9T LA
9T/
LT LA
87°L
62,
60,
o'z
12
TEL
$EL
ves?

gvoa.mm

~ == LTT

s
]

=0T

00°€
0T

7T
0y

-2.5

-2.0

-1.5

-1.0

1.0 0.5 0.0 -0.5

1.5

2.0

50 45 4.0 35 3.0 25

.2.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 6.5 6.0 55

f1 (ppm)

S30



-12.5
—-81.2

T T T T T T T T T T T T T T T T T
.2.0 11.5 11.0 10.5 10.0 95 9.0 85 80 75 7.0 65 6.0 55 50 45 4.0

f1 (ppm)

S31

.
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)
— M~ omnmTanNNTN—TOTFTM—AO N
N A YOUOUOVOM®ONNNANN -
NNNN nmmmMmNAN "S- O
N T =Y SNe— |
I ) [
|
|
o Jl l [ ] L
A AN f T b o
T o N o © M v o
©oQ Qe e e < N
NN — M ™ — — o
T T T T T T T T T T T T T
30 25 20 1.5 1.0 05 0.0 -0.5 -1.0 -1.5 -2.0 -2.5



S32

N T eunn
5 AN QN -0 NS .
~N mmMm AN N (o =] — ™M H
— o - n n o~ — —
[ NN N/ lo [
T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10  -20
f1 (ppm)
© 0
o~ —
i *®
[ [
(TME)5i 0.
4b Is)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)



¥1°0—

[T1
8C'1
€T
e’
bLTN
LT
8L'T
08'T

9'e
mm.m/

S9°¢
mw.mw

VAR

1L
L
L
vaL
vaL
ST'L
€L
€L
cEL
XN
€€,
veL

=€T1°/LC
*69°0T

40T

00°€
% SO'T

~ §0°C
N zoe

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

€T —

0°€T — -

STE~

9'vE T

0S N
1287

CETARN _
I rand

6'8ET — —

<°0ST — ]

Y'SLT— —

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

220

S33



S'18-—

9¢CT-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

LT°0—

LCT
mN.ﬂ/
TETN

€e'T
78T

P81 T
S8°T

88T

S9°¢
ﬂm.m/
e
e
YL €

€L
beL
9€° LA
8E€"L
b A
L
A
T
bG s
9572
957/

o=

/[

1/

.

=€bLT

=ECT

F 860

~ 00°€
R 00T

Foos
> G50p

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

4.5
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
S34

10.0



- Nt o~ YT A
n — OO WOWNINIMN
~N T TFTFTANANANANN
~— ™ -
| e SN

,52.2
~50.4

—13.0

—1.3

S35

220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10 -20
f1 (ppm)
n N
o —
— [o]
) T
|
TMS)Si
4ad
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140 -160  -180  -200 -220  -240 -280
f1 (ppm)



810~ ———

[45"
mmé/
9€'T >

hm.ﬂ\
Nm.H/

v6'T A =
96T N
86'T

!

¥9'€
mw.m/ —
98'€

A

88'¢

b L
b L
Sh'LA
9L
e
bl
8L )f

8v'L N

(o))
<
~N
N
==
/ I
[

om.m“
18°L

=+0°LC

=0T

o007

=00€
=00T

¥ 00°€E
s 00T
" 00€

0.0 -0.5  -1.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

€T —

0°€ET —

6'0S .
zes”

8'S¢T
6'GCT
9ct
€9¢T
8°LCT
0°8¢T
£L°8CT
8'¢CET
9'€ET
8'6€T

0°'SLT —

-20

-10

210 200 1950 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



T18-—

SCT-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

P10 —

0T
T /
PCT N

sz1/
ST

8L'T
64T

18'T

19°€
9
€9°€

vo.m\
6L'¢

€89
+¥8'9
+¥8'9
589
989
£8°9
1L
L
L
va<L
vaL

=3

=3

- TaAd

=80T

=0T

= 10
= 00°¢

= 00'¢C

= €0'¢

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1.0 -1.5

10.0

f1 (ppm)

S37



S38

< R N N
A ) < < N N o
~N n Mm N — n o o [a\} H
~— ~— —~ ~— n wn <+ ~— ~—
\ \ [ \ NA \ \
T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)
© 1
[a\] i
— (o]
) T
| |
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140 -160 -180 -200 -220  -240  -260  -280  -3(
f1 (ppm)



LT0—
12T
W
sT'T
91’
64T~
18'T
438
v8'T
S9'€
oo.m/
L9°€
wo.mw
0L'€
6691
00°Z+
00°Z1
10721
20721
20°LA
€0°LA
€07,
$0"2 A
v0'L
S0°L
8z,
8L
672
o€z
1€/
1€°2
ze ]
g

=6b'LC
= 60T

60T

00°€
wA 80°'T

E66'T
= 0T'¢

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

1.0 0.5

1.5

70 65 6.0 55 50 45 40 35 3.0 25 2.0

7.5

9.0 85 8.0

12.0 11.5 11.0 10.5 10.0 9.5

f1 (ppm)

€T

0°€T —

0°0S ~
zes

9'STT
8'STT V

'6CT
£'6¢T
6'LET
6°LET

0°T9T ~
P'E9T

0°'SLT —

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



-115.5

T T T T T T T T T
10 .10 -20 -30 -40 -50 -60 -70 -80 -90 -100 ~-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)
© m
[a\] ~—
— [co)
| |
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T
80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

S40



LT0—

8T'T
mH.H/
T

€T
ow.H/

8T
€8°T
S8'T

S9°€
99°¢

89°¢€

oN.hg
9T L
LTLA
8¢,
8T/
mN.n+
6L
oeL
162
Nmi
(4302

- 0 0@

=

=1/l

=0T

10T

E00P

E 70y

1.5 1.0 0.5 0.0 -0.5 -1.0

2.0

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25
f1 (ppm)

10.0

€T

6'¢CT —

T°08 ~
€87

0'6¢T
0'6¢T
CEET /
8'0vT

LYLT—

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



f1 (ppm)

S42

0 —
N -
— ©
' T
[ [

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 80 60 40 20 0 -20 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)

NMINTOMOANANNNOLWMLWNLWDM O 0 WOV M MO ONWLT O <
MMM oA ROO©OoWw ©0aNNNNNA —
NNNNNNNNNNNNDN MM MmO M AR B B B B B B B e ]

e ————— —_— — N |

) A s

U i [ I L

4R AN T i A

m o o o ™M 0 <

e Qe eQe e < ~N

o — M — — o~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0 -1.5 -2.0 -2.5



© QNN O Lo Y M@
< BOBBBSAY G a7 - “
N SITTTNNNN A~ INE=] ) )
— o A n un — -~
[ T~ SN\ N4 [
|
| |
! |
| ' [

T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 ~-20
f1 (ppm)

4

N

n

0

[
T T T T T T T T T T T T T T T T T T T T T T
10 -0 -20 -30 40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 ~-160 ~-170 -180 -190 -200 -210

f1 (ppm)

S43



18-—

9¢CT-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

ST'0—

LT'T
mH.ﬂ/
1T

T
8T \

¥8'T
mw.ﬁ\

88'T

¥9°€

L

byl V
LS LT
65/ \

/7

9v'/LC

e

= 90'T

= 20T

—_Joo€
=~ 00T

== €0°C
10T

-1.0

-0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
S44

10.0



M MANRANANMS QXY NN
< O OG0 WXL LWL N O N - ot
N TOANANNNANNNNNNNAN N O (32} -
~— iR e B B e B B B e IR i B e B B n wn -~ hadl
[ | Tee—————— N/
|

I |

[ "

T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

n
o
©
[
T T T T T T T T T T T T T T T T T T T T T T
10 <10 -20 -30 40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 ~-160 -170 -180 -190 -200 -210
f1 (ppm)

S45



6°08-—

9¢T-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

ST'0—

LT'T
mﬁ.H/
0C'T

1T s
8T
€8'7T A
mw.ﬁN
/(8T

85'C—

£€9°¢
e
€L’¢e
vL'€E

AN
w7

06°L~\
6L’

|

={

=€£6°9¢

=LTT

EITT

= $0'€

¥ 00°S
10T

=20'¢

= 10'¢C

T T
00 -05 -1.0

0.5

1.5 1.0

2.0

2.5

3.5

4.0

4.5
f1 (ppm)

S46

5.0

5.5

7.0

7.5

8.0

8.5

9.5

T
10.0




0 M N mea
< N G aN N ® e .
N T oAaN [NE=} © ) )
— — o n wn o~ — i
[ [ VN N/ [ [ [
(TMS)25i 0.

4k

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

f1 (ppm)
© @
o o
— [
| T
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

S47



P1°0—
LT'T
6T'T
1T
T
08T\
Z8'T
¥8'T
98'T
9'€
0L'€
TL°€
cLe
mm.m\

68°€

9E/~\
I

L6°L,
6627

BldWA4

N = $0'T

. == €0'T

r 00°€

I 00°€

- = €0°¢

- -= 86'T

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

1.0 0.5

1.5

3.0 25 2.0

6.0 55 50 45 4.0 35

80 75 7.0 6.5

9.0 85

.2.0 11.5 11.0 10.5 10.0 9.5

f1 (ppm)

€T

6'CT —

m.om/

£'¢s

L1421
€6¢T =
C'0€T

YLYT —

6'99T —
YPLT —

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



6°08-—

9°¢CT-—

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (p|

-20

80 60 40 20

.00

£
a

+1°0

€T'T
vT'T
LT'T
8T'T
64T
8T
€8'T
S8'T

€9°¢
€9°¢
69°€
0s°€
TL°€
e

ov'L
L
WL
WL
09
09/
192
QL
Q'L

\

\

/

{
/

1 ‘A

i

i

0b'LC

FOoT'T

VAV

s 00°€
N 00T

£ v0'C
 10°¢C

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)

10.0

S49



o in @ o
™ N o~ 0 0 n o o .
N < ™M N — (o=} ™M
— — — - — n n — —
[ [ Vol [ N [
I |
| | I
voucal
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10  -20
f1 (ppm)
© ~
(] o
— [*9)
' T
[ [
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)

S50



ST'0—

8T'T
mﬁ.ﬁw
T

€z1/
78T~

¥8°T
S8'T
88'T
€9°€
€L°¢
VN.MV

mh.mx

9L°€

L

w¢.hV
€8°L~
mw.n\

/
I}

“VT'/LT

=IT'T

60T

 00°€
00T

= /0°C
= 20'¢

= 00T

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

1.0 0.5

1.5

3.0 25 2.0

6.0 55 50 45 4.0 35

80 75 7.0 6.5

9.0 85

.2.0 11.5 11.0 10.5 10.0 9.5

f1 (ppm)

€T

0°€T —

0TS~
vz

82T ~
'0ET
9'6eT

T'6bT —

CYLT —

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
220




£°08-—

9¢T-—

Ll

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

P10 —

8T'T
mH.H/
T

€21
LLTN

08T
18'T
€8'1T

bO'E —
19°€
S9'€\

L9°€E
89°¢€
69°€

€L
€€,

LEL

Pl

)

==

=Le

=601

E0CT

LK

00°€
00°T

F 0y

-1.0

T
-0.5

T
0.0

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0

4.5
f1 (ppm)

S52

T
5.0

9.5

T
10.0

T
10.5



n ™ ©mYY
< - 0NN =i ne ™~ ~
NN T MmMANAN N O N o~ H
— — o n n Mm ™M — —
\ fN N/ o [ [
|
| |
| |
| |
Li L “ "
T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)
© ~
o~ —
— 0
' T
[ [
‘ |
L TP " 0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)

S53



AN = O ONIFTMmMANMM NYTY T OO0V T
BN NN CYS QXN A=
NININN MmMmmMmMm Mmoo VA A A A A HH O
~/ " T SN
/ / /[ ! e 7
A WM .
o H b s i ,i
N o ® O (o)) N < (a\]}
e < ae e < N
NN o m (a2} — — o~
T T T T T T T T T T T T T T T T T
2.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1.0 -1.5 -2.0 -2.5
f1 (ppm)
o n o o=
9 © @ B®D BRI - ~
N < ™ NN N O (a2} -
— — — — - nwmn ~— —
[ [ [ N NS [
Il
I
! |
‘ k.
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10  -20
f1 (ppm)

S54



£°08-—

9¢T-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

10—
121
€TT
ST
9T'1T
[4: N
S8'T
98°'T
88'T

€9°¢
YL €
SL'€E
9/°€
LL°€

YLy
6b°L
18°29
8G°/
89/
657/
09°/Z
09°Z
19/
CYA\

[YAVA
YAV
8/°L]

8L L]
607,
8L
28,1
z8°L’
10°0T —

~

rA A4

" 6T°T

90°'T

—— 00°€

00T

r ¢0'T

= €07

= 860

oot

-1.5 -2.0 -2.5

-1.0

1.0 0.5 0.0 -0.5

1.5

2.0

2.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25

f1 (ppm)

S55



N n YT QXYoo ®
I < M N M g0 M a "
o)} ~ T MMM ANANAN N O [a\] H
— i o - n wn ~— ~—
\ \ S N \ \
|
| |
| J
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)
[} o
[a\] —
— [oe]
| T
| |
T T T T T T T T T T T T T T T T T T T T T T T
100 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140 -160 -180 -200 -220  -240  -260  -280  -3(
f1 (ppm)

S56



PT°0—
1T
€Tt
ST
ST'T
9’1
08'T~
[4: 3 i
vwé\

98T

Q9'e

on.m/
[
€L°¢
YL €
(4R

—

LEL7
6€°/L1
5L 1
0521
0§°£A
1572
252
2572
€5,
162
Nm.nq
6L
€6'L]
46, ]
b6'L ]
16°L ]
L6'2”

s

N

=CC LT

= LTT

= v0'T

s 00°€
™ 66°0
™ zog

= 00°T
86°0
660
96°0

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0 -
f1 (ppm)

10.5

€T

8'¢T —

w.om/

£'¢s

N.wﬁ
m.wﬁw
0'62T
8'0ET 7
€T

STHT —

0°49T —
LYLT —

20

0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



T'18-—

9¢T-—

e

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

LT°0—

T
€T /
STT~:

A
64T

18'T
8T
S8°T

99°€

L9°€E

89°€

69°€

os€

69

69

69

569 1
96'9 1
9691
96'9 1
1691
8691
8691
6691
66'9 |
€0°27
b0
$0°
90°2
90°2
1072
602
602 1
otz
11°2 ]
112
z1s]
L]
8z ]

(1194
€L
L

-
1

s
"

(TZ)55i

=€£G°/L¢C

=80T

E €0t

00°€
T

£6°0
’ 00°'T
€0'T
1 PTT

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 -1.0

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
1 (ppm)

10.0



© mo COoMANL NN YN
¢ < TYooMMTE T T M o ™
N ©vo TTMONN N oo o ?
~ ~— - Al e B e B e B e B e B e B e N n wn wn — —
\ N/ TN Y SN ~\ \ \

(TMS),Si

4s

Lo

T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

-112.6

T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

S59



m
—-12.6
—-81.1

TWZ)L50 0.
4s
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)

0 OV N O OCQOON—- OOVl MM—ON OO

NN ®® ROOLOL Qo®@MmAN~— -~

NININN mmnmmnmmnmn A A A A A A A0

~ T e SN

/ / J s ’

| I \‘

y PR |

o~ ~ - O < N o~

S o o9 S NS N

(a\] o — M — = o~

T T

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05 -1.0 -1.5 -2.0 -2.5
f1 (ppm)

S60



—174.7
1457
—135.4
—126.9
—83.9
521
\51.0
—25.0
—12.9
1.3

T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10  -20

f1 (ppm)
© o
o~ —
— [c)
' T
[ [
T -
b OO
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)

S61



ST'0—

6T°T
om.ﬁ/
€T ¢

vl
64T

18°T
8T

¥8°'T

¢9°€
vo.m/
S9€—F
ow.mx
89°¢€
TS
1S
ve's
ve's
0/'S
on.m/
vL'S
vL'S

59'9

mo.o/
0£'9~%
29
STLA
Ly
mm.m\
LEL

/1

]
M

=10°LC

=LTT

=601

00°€
v0'T

F00T

F oot

-2,

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0 -15
f1 (ppm)

9.5

).0

€1

6°CT —

G'0S~\
[arid

6'€TT —

L9TT~
8'/21”
G9ET~
89eT
6'TvT 7

0'SLT —

i

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



18- —

9¢T-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

PT°0~
v2 0~

9Tt
mﬁ.ﬂk
6T°'T

0zt
9T \

6/4'T
ow.ﬁN

8T

19°€
No.m/
¥9°€ ¢
mo.m\
99°€

L
vaL
6€ LT
vL \

<

n

re

| o

M*VM.NN °

90°'6 in

ro

L e
= 80°'T

L

=E 10T o

Fa

n

e~

<

™

n

\i L0°E[ o
90°'T

<

r

n

F<

<

[

n

Fs

5

re

n

re

<

r~
\\Mwo.N

= 00z

<

re

n

re

<

ro

bt}

ro

=

rs

f1 (ppm)

S63



S64

~ ~ nem N
< A aANd + N~ N
~ < M NN o < [o\ =] o~ i
— — — = — (o)} n n — — O
[ [ [ [ [ N/ [ N
| |
I |
| ] “
— ,
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

© e

NN —

— [c)

v T

N/ [

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)



ST0—

or'T
D.ﬁ/
121
9T
8T
6T
18'T
ger’

LS'E
mm.m/

09°¢
Hw.m\
9

869
869
00°Z
002
oT’L
oT’L
SvL
VAN

SN

_J

i
.

=E'LT

= Ee0'T

=0T

= /0'€

90°'T
00°€

= €0'T
~zoT
= 00T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

10.0

€T
6'CT —

T'ee—

0S5~
s

L€2T
L9TT~
0'0ET —
reer”
€'8ET
S THT

LYLT—

-20

-10

210 200 1950 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220

S65



I8 —

9°¢T-—

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)

-20

80 60 40 20

.00

v1'0—

€T'T
¢H.ﬁ/
IT'T

ha.ﬁ\
NN.H/
6L'T
ow.HN
€8T
€5°C—

€9°€
S9'€
99'¢
VAR

61°L
1L
€L
€S,
SS'/

”

F8ELT

FzoT

Feor

=00°¢

= e0dy

00'T
Z0°1
R 660

00 -05 -1.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

10.0

f1 (ppm)

S66



S67

e NeaT~N—~®
< NaogLwo - N N "
~N TTETMANAN A N O o ] H
— oA A - n n N —
[ <N NS N/ b [
;o I | !
] L
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10  -20
f1 (ppm)
© @
o~ o
— [«
' T
[ [
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)



P10 —

0c'T
HN.ﬁ/
€T >

ST
vw.ﬁ/

98T
hw.HN
06T

¢9°€
oh.m/

¥6'€

91'8
91'8
(58

s

=TT

Tme.o

=40'T
4]

—6'T

LO.H

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
f1 (ppm)

10.5

€T

8¢T —

m.om/
¢.NmW
S¢S

6627\
TTET
reer”/
TEpT —

99T —

PLT —

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
220




tleCl

—-12.6
—-80.8

(TMS) 45

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)
ON VLM nmnmaoN MmN O 0 n
CRCRCER a00® mmMmNAN —
MmMnmMmmnm - o o o
| —— — |
- [ - -
i 1 1 . L
T T i T &
o o <+ o <
< < Q - ~N
— ™ — — o
T T T T T T T T T T T T T T T T

T T
38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08 06 04 02 00 -02 -04

f1 (ppm)

S69



S70

™~ ThNe— oY am
< SNS GBS BY - MmN - .
N ATTMOANAN AN NI =) ™ )
~— AR B N e N B B ] n wn ~— ~—
[ B Yt N/ [
o !
|
| | ] “ ' | ' [\
AN A
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -0 -20
f1 (ppm)
n <
o~ —
i P
[
‘ o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)



910
87T
62T 1
0€°T {
€T
€E'T
pE'T ;
PET

vw.:
v8'T 1
98°T

98T ;ﬂ
£8'T A
88T
881
om.ﬁk
06'T
1R
vLE
vLE
SL'E
9/L'€
9/L'€
LL°E
8L°E€
Ty

S

(L
6C'L
QS
S9°LT
wo.h*

98,

A

=b'LC

=81

FE0T

= o00€
00°T
= 60°€

IRAR:
00T
= 86°0
660

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

1.0 0.5

1.5

70 65 6.0 55 50 45 40 35 3.0 25 2.0

7.5

9.0 85 8.0

12.0 11.5 11.0 10.5 10.0 9.5

f1 (ppm)

€T —

8¢l —

S'0b —

10§~
1257

€SLT—

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



€18-—

9¢CT-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

9T0—
6T°T
12T
€T
A
18T~
v8'T
S8'1
(8T

S9'¢
89°€
69°¢
0s°€
T2°€
9L
9T°L
8T/
8CL1
6C°L
6C°L
0€'/L Y
L9°L
£9°LA
89/
69"/
mo.mu.

0L,

=

N

=2

=1

=1€LC

= L0'T

= E0'T

00°€
T

=ETT
= 10T

0T
0T

-2.5

-2.0

-1.5

-1.0

1.0 0.5 0.0 -0.5

1.5

2.0

70 65 6.0 55 50 45 40 35 3.0 25

12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 8.0 7.5

f1 (ppm)

S72



S73

“ N Qa g
< QO NY © N o "
N T Mmoo~ N B N )
~— — — ~— n < ~— i
I N 4 I Vol I I
! |
I ' |
" i
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)
© [
N =)
— o]
; g
| |
‘ i " A
R, " TY "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)



€1°0—
bTT
ST'T
8T'1
6117
QLT
LT
8,1
18°1
65°€
09°€
09°€

T19°€
No.m\
T16°€

049~
2o’

SS'L~
hm.n\

908 —~

s
[}

=SbLT

=901

40T

F10%
= 00°¢

F /60

= 10T

F00T

-2.5

-2.0

-1.5

-1.0

1.0 0.5 0.0 -0.5

1.5

3.0 25 2.0

50 45 4.0 35

5.5

6.0

7.0 6.5

2.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5

f1 (ppm)

€1

6'CT —

AN
TS~
9'es”

€111 —

S'0€T
LLeT—
6'SHT\

L7€9T —

6’ VLT —

W

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



—-12.6
—-81.2

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140 -160 -180 -200 -220 -240  -260  -280  -3(
f1 (ppm)

< T N O LWm N OWmSLWm ONWOSTO®0LWmS 1N
L QWYY NN W QO
o) NNNDN MmmMmmMmon o™ A A A - O
| ~ = " Se— |
(TMS) 45
dad
p s/ / p .
|
A A_}\ }l\JL i |
T [ o T ki &
~ oo N o — ™ ™M
7 Qo a Qe Q Q ~N
o - O om — — o~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5 -1.0 -1.5 -2.0 -2.5

f1 (ppm)

S75



© NN NOAN—NQ®RQ®ONNML
™ ANNNUOUHOINMOOOOON oo N ~
N TETTTTTMANNNNNNN — N 0 ™ {
— o o A n <+ ~— ~—
I =7 N\ = | I I
| | |
| | |
b LAl
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 O -0 -20
f1 (ppm)
o
N
©
|
(THS)3Si
dad
T T T T T T T T T T T T T T T T T T T T T T
10 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 ~-140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

S76



S°08-—

9'CT-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

ST'0—

4
mH.H/
LT'T

mH.ﬂ\
mh.ﬂ/

18'T
Nw.ﬂN

S8'T

S9°¢
0s°€
TL°€
e
€L’¢e

—_—

ob' L~
WL’

9€'8 —

)

==

LT

=107

Fzot

TT°€
00°'T

E 107

F1oe

2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

2.5

10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

10.5



@ whn aanNnNGe O
© =0 TEANN o N e ~
~N on T mMmmMmMmMm NN o ™M .
~— — o o - - —~ - n < ~— —
\ N NN [ \
| |
|

|

[ [ i ‘ .

T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

a

n

[aV]

-~

\
T T T T T T T T T T T T T T T T T T T T T T
10 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

f1 (ppm)

S78



£°08-—

9¢T-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

€T°0—

TT°T
ﬂﬁ.ﬂ/
ST'T
om.ﬁ/

8T
€8T N
98T

9'e
89°¢
mo.m/
om.m\
ﬂh.m\

86°€

6€L
mm.mv
ot

¥0'8 —

$9'8~
59’87

—
N

<
n
e
) -3
o
A
wn
=}
u o
=F660| ~
e
=007 o
re
w0
M~
Q
™
L w
- 10| ™
01|
- ~orelr+
€
Y8 R
N J5)
Q
[ wn
n
[m
<
o
©n
"o
<
r~
—ET107T| =
~
o
-—F00T[ %
wn
" o
—=E 50T
=1
o
n
o
=
re
0
re




S80

- © Y mn ™M
) N o ® N <+ QM ©° ~
N © In 0 < NN ma o N !
— ~— — - — - n wnuwm i —
(. e N ~/ \ \
I
|
il |
| Il A
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -10  -20
f1 (ppm)
© <
~ o
— (e}
' T
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
L00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)



9T'0 —

L0°T
wo.ﬁ/
It

TT'T
08'T~

8T
€8'1T

98T

99°¢
89°¢€
69°€

€L
vb'L
€97

€9°8~
+9'87

FELT

=101

FE0T

=e0'P

¥ ¢0'T
00T

oot

-2.5

20 15 1.0 05 0.0 -05 -1.0 -1.5 -2.0

2.5

50 45 4.0 35 3.0

5.5

7.0 6.5 6.0

7.5

8.0

2.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5

f1 (ppm)

STT—

06'CT —

0T°0S ~
08'¢s

124117
$6°S2T
19°/21 —
PSHET ~

€5 TIST
$9°2517

89°¢/LT —

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



08-—

9¢T-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

ST0—

oT'T
HH.H/
bT'T

ST'T
mm.ﬁ/

08T
ﬂm.ﬁ\

€8'1T

S9'€
mo.mw
89°¢

S8°9
(V) 4v4
112

T8\
s1'87

J

.

-—

© FTELT

Foot

FerT

= 00'%

=007
=007

=007

-1.0

T T
3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

4.0

4.5
f1 (ppm)

S82

T
5.0

9.5

T
10.0

T
10.5



TTaennNANGS omn wvmn
M MGG 0D ©SC ©W® onNnN ™~ ~
N © WS T AN OO N oo o !
o o - - — - nwmuwm — —
NN YN NN ~V \ \
| ‘ | il |
Lol L.

T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 O -10 -20
f1 (ppm)

L
N
©
¢
|
T T T T T T T T T T T T
10 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

S83



S°08-—

9¢T-—

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

€T°0
.:.H/
AN
ST'T
9T'T
9€'T
mm.ﬂ/
YT
9T
6/4'T

¢S’ —

SS'€
hm.mw
85°€

mm.m\
9'e

00°Z
HONW

j/

-

Fer/e

E 107

F o007

= 00°¢

€0'T
€0°€

00°'T
00'T

= €01

2.0 1.5 1.0 0.5 0.0 -05 -1.0

2.5

3.0

4.0

5.5 5.0 4.5
1 (ppm)
S84

6.0

6.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0

0.5



S85

@ N N Q
™ ® = o INE=] N 0 n ~
N N < NN o o < ~ !
~— = o o n un (o] ~— i
\ [N N/ N/ \ \ \
|
| |
N — ‘ .
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10  -20
f1 (ppm)
© @
~ o
— [~}
' T
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T
L00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)



810 —
67T
€T
€T
peT/
16T~
€6'T
S6'T
16T

¢6’€
S6°€

86'€

069
26'9 ]
ST
LT°L
L1727
61°L 1
87°LA
67°L7

T

4WA

©
<
~N
N
e

L0'8?

i

~

=0b’LC

= 60T

=107

61°¢
80°T

o 66T
7 660
=407
" 907

= 00°¢

-2.5

-1.5 -2.0

-1.0

1.0 05 0.0 -05

20 15

2.5

3.0

50 45 4.0 35

6.0 5.5

7.0 6.5

8.0 7.5

2.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5

€T —

ber—

IS~
€57

f1 (ppm)

€121
m.mmﬁ%
A
pepmstal
m.mﬁ\
b 0T

8'9bT —
0'IST —

6991 —
S¢UT—

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

220



£°08-—

9°¢CT-—

-40 -60 -80  -100 -120 -140 -160 -180  -200 -220 -240  -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

L00

/-

-
—
<

1

o/

=601

Foor

¥ 00'T
" o00€

Foote

¢ 00°¢C

10°€
W T0°¢C

Fg61

4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 -1.0

f1 (ppm)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
S87

10.5



S88

N oo ONNMIN O
0 O NS oo ls N A N o o .
N O TOMANNNNN o N O o~ H
- o o o o O n n — —
I | = [ N [
|
|
I |
I
T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10  -20
f1 (ppm)
© @
o o
— =%
' T
[ [
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(
f1 (ppm)



2107
L1
61T
12T
T
SLTH
8/'T1
64T
181 ;
66T ]

2521
$5'Z ]
x4l
£5'T
wm.NgW
6sc\
09°C
092

S9°¢

S9°¢
99°¢
L9°€
mc.m\

68°€ ﬁ
12¢

€T
vTb ]
9Tt |
8T |
62 ]
1€t ]
ey
bep
L~
vEL
96°L
8627

COMe

_

0

(TMS)Si

4al

s

=9G°/¢C

=Ee0'T

¥ 90'T
g6

F 10
=660

Nere
F ooz

= 00'¢C

=90'¢

-2.5

-1.5 -2.0

-1.0

-0.5

0.0

1.0 0.5

1.5

25 20

3.0

3.5

5.0 4.5 4.0

7.0 65 6.0 55

8.0 7.5

9.0 8.5

.2.0 11.5 11.0 10.5 10.0 9.5

f1 (ppm)

cT—

SCT—

c0E—

ozy
8'05\
s
0°09~\

L4
£°6¢T >
C'0eT

0 LbT —

6'99T —

LELT—

€'50C —

COMe

0

(TMS),Si

4al

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

220



6'08- —

9'¢T-—

COMe

0

(TMS)Si

4al

-40 -60 -80  -100 -120 -140 -160 -180  -200 -220 -240  -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

L00

z1'0]
9r'T|
LT
0T
12T
9T'T
8T'T
0€'T ]
TET]
0b'T
b1
95°T |
85°T 1
65T 1
09'T Y

19T
€T
SLT
LT
64T
18T
€8'T
60°€
orT'e
11°¢]
e
£1°¢
PT°E ]
ST°E]
17e ]
zze]
v2E
sz ]
oTe |
(T€
15°€
bS'E
L9°€E
89°€
69°€
0L'€
68'€
s8'p
98'p
/8
88'p
68"
€e'L
ses
96,

e

86°L

COzhle

//{//

(ThS)Si

[ s

Boc

dam

=9g'LC

k oi
Y201
w%.m

H/ T1°¢C

ST'C

10°T
W T0°¢C

90°T
1 00°€

=201

=20'¢C

= 00C

-2.5

-1.5 -2.0

-1.0

1.0 0.5 0.0 -0.5

1.5

25 20

55 50 45 40 35 3.0

75 7.0 6.5 6.0

.2.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0

f1 (ppm)

S90



- N ® NMQ

M O < N o N NoQ NO N mnouwn — ~
N © n < MmN d o N+ © 0oo® o] 1
— - - — = - ~ ~N n wn T mm AN — —
[ (. ~I~ [ [ N I N~ [ [

COzhle

(ThIS)Si o]
A
dam “Bac

T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

© %
o o
— [~}
; ;
| |
COshle
(TMS),Si 0
4am Y \Q‘J-EUC
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 80 60 40 20 0 20 40 -60  -80  -100 -120 -140 -160 -180 -200 -220  -240 -260  -280  -3(

f1 (ppm)

S91



CLU
LT
8T'T |
6T°T 1
12T
T
HTT
65T |
0S'T1
0S°T
Nm.jﬁ

e

PS'T
8,1
08T Uﬁ

9T~
81°¢C
6T°¢C

SELN

96°L~\
8627

COaMe

S s / /

(TMS)4Si

1.

O 0 OzEY

4an

A TaVAd

" 609
R eoy
= 60T
661

/10T
J 00°€

{44
W €0°C

F 10

Frer

2.5 2.0 1.5 1.0 0.5 0.0 -05 -1.0

3.0

3.5

4.5
f1 (ppm)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.5

cT—

STI~
Iaed
b
[T
'8t
e’

6'0S —
ces /
€09 —
8'v9 —

L1142
6CT >
T°0€T

Y LPT —

6'99T ~
SELTA
6'€LT

COMe

(TMS)4Si

O 0 OEY

4an

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

220



—-12.6
—-80.9

COgMe
(TS 0. e _COREL
dan 0O
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 80 60 40 20 0 -20 -40 -60 -80  -100 -120 -140 -160 -180  -200 -220 -240 -260 -280  -3(
f1 (ppm)
O T = N O N MO O <
Qe ¥M o N Qlinnmm N
0o NN MmN m o o o - o
NN ~A\- —~/ I
[Thi=);Si
4ao
/ / [, ;.
I I J
L % e L
O o ™M © oN ™M —
a Q e a Qo N
— [a\] ™m o — - o
T T T T T T
5 1.0 05 00 -05 -1.0 -1.5 -2.0 -2.5

T T T T T T T T T T T T T T T T T
.2.0 11,5 11.0 10.5 10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 2.0 1.
1 (ppm)

S93



—166.5
—144.7

,130.7
1 130.1
\126.8
N\121.6

—52.4

—37.0

—17.6

—1.4

T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

—-12.4
—-80.9

T
.00 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160

f1 (ppm)

S94

-220



910
€T
45"
SE'T
9€'T
8v'T
Hm.H%
ST
bS'T \
€0'c—

06°c —

89°'S
69°'S

LS

L1~
6L/

66°L~
1087

}\?\Hd

==

+

€/LT

SO'T
4!

00°€

y 80°€

r 00°T

y 10°¢C

1 L0°C

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -10
f1 (ppm)

10.5

€T—

VLT —
8'T¢—

€78 —

04—

1921~
L6TT
zoct”/

6'8YT —

6'99T ~
P 0LT —

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



T'¥8-—

S¢T-—

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(

-20

80 60 40 20

L00

yro— —————————

17T\
(44 B
SE'T

S8°¢

(TMS)Si

s/

s s

=

LT

v 80°C
80T

FzoT

¥ 90T
00T

v 9T°€E
10°¢C

b

-0.5 -1.0

0.0

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5

f1 (ppm)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
S96

10.5



N a AN -
< 0 0 N N @ -
< N NN o N o .
— — - ~N < — —
\ ~I— \ \ \ \
(TMS)5S1
6
|
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)
© a
(o] i
— [co)
| i
| |
TWS):Si H
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 80 60 40 20 0 -20 -40 -60 -80 -100  -120 -140 -160 -180  -200 -220 -240  -260  -280  -3(
f1 (ppm)

S97



88°C
S0'€
90°€
80°€
oT'e7
IT°€
06'€
6'EN
€6'€
96'€
86'€
00’

L
YL
LL
8¢,
6¢ L%
€€,
€€,
S€L
LE°L

HO

90'c
kot

Foov

10°C
%Nm.o

¢6'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -05 -1.0

4.5
f1 (ppm)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.5

86t —

099 —

€21 \
1°8¢T M
6'8¢CT

S6ET —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00



60°0-

000-—
900/
81’1
0z’
et
VT
ST
bS'T
95'T
8S'T

99°€
89°¢€

[

S¢'L
9¢'L
(L
8¢,
1€Y1
€€,
SEYL
LEL

:

m\ww.m
¢0°€
/'8

0T
o't

T0°€
0'T

WMO.H
0t

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
f1 (ppm)

10.5

96T —

8Ly —
s —

€/
m.hNﬂW
£'8CT

S TPT —

9'SLT —

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
220




9'6T- .
6'L1-7

-40 -60 -80  -100 -120 -140  -160 -180  -200 -220 -240 -260  -280  -3(
f1 (ppm)

-20

80 60 40 20

.00

90°0-
T0°0-
800
€T'T
ST'T
LT'T
6T°T
SH'T
YT
6v'T
18T

99°¢
cLe
vL'E
SL'E

vaL
9¢'L
L
8¢,
8¢,
6C°L
€L
€L
(45904
veL
9€L

A

\

/

J

8LC
568°C
0’6

£96°0
=TT

TT°T
T0'v

-1.0

-0.5

0.0

10.0 95

10.5

S100



n m ~aed - -
5 IR N !
~ < N NN N Y ™ ee®
— — — = n < o~ N — O
I I ~I~ (. I ——

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

— -
0 ©

T T T T T T T T T T T T T T T T T T T T T T T T T
-100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3(

f1 (ppm)

S101

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



