Supporting Information

B(C¢Fs);-Catalyzed C-Si/Si—H Cross-Metathesis of Hydrosilanes

Yuanhong Ma,’ Liang Zhang*,™ Yong Luo,” Masayoshi Nishiura,”* and Zhaomin Hou*"*

TOrganometallic Chemistry Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan

*Advanced Catalysis Research Group, RIKEN Center for Sustainable Resource Science, 2-1
Hirosawa, Wako, Saitama 351-0198, Japan

E-mail: houz@riken.jp; Izhang@riken.jp

S1



10.

1.

Table of Contents

General Information

Substrates Synthesis

Screening of Functional Group

Optimization of Cross-Metathesis

Experimental Procedures

Spectral Data of Products

X-Ray Crystallographic Study of Compound 4a*HCIl
Chemical Transformations of Products 4a and 5i
Experiments for Mechanism Study

References

Copies of 'H and °C NMR spectra

S2

S3

S3

S10

S11

S12

S13

S34

S36

S39

S40

S42



1. General Information

All manipulations of air- and moisture-sensitive compounds were performed under a
nitrogen atmosphere by use of standard Schlenk techniques or a nitrogen atmosphere
in a mBRAUN Labmaster130 glovebox. Nitrogen gas was purified by being passed
through a Dry clean column (4A molecular sieves, Nikka Seiko Co.) and a Gas clean
GC-RX column (Nikka Seiko Co.). All '"H NMR and "*C NMR spectra were recorded
on a Bruker Avance (500 MHz) instrument. The "H NMR (500 MHz) chemical shifts
were measured relative to tetramethylsilane as an internal standard (TMS: 6 = 0 ppm).
The *C NMR (126 MHz) chemical shifts were given using CDCl; as the internal
standard (CDCls: 0 = 77.16 ppm). High-resolution mass spectra (HR-MS) were
obtained on a Bruker MicroTOF-QIIl (ESI) or a JEOL JMS-T100GCV (EI).
Chlorobenzene were obtained from Kanato Chemical Co., purified by an Mbraun
SPS-800 Solvent Purification System and dried over fresh 3A molecule sieves in a

glovebox. Chlorobenzene-ds was dried over 3A molecule sieves in a glovebox.

Unless otherwise noted, all reagents were obtained from commercial suppliers and
used without further purification. Most aniline derivatives and hydrosilanes were
purchased from TCI and Aldrich in Japan. Tris(pentafluorophenyl)borane was

purchased from TCI.

2. Synthesis of Substrates

As shows in following table, substrates 1a-n and 3b-n, p were prepared starting from
corresponding bromo-substituted compounds according to the literature procedures or
modified procedures.' Substrate 307, 3q” and 3r° were directly prepared starting from
corresponding heteroarenes according to the literature procedures. Substrates 3v* and

3w™® were prepared according to the literature procedures or modified procedures.
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3-(Dimethylsilyl)-V,N-dimethylaniline

Colorless oil. '"H NMR (500 MHz, CDCl3): § = 0.33 (d, J = 3.5 Hz, 6H), 2.95 (s, 6H),
4.39-4.42 (m, 1H), 6.76 (dd, J = 8.0 Hz, 2.0 Hz, 1H), 6.89-6.92 (m, 2H), 7.25 (t,J =
7.5 Hz, 1H) ppm. °C NMR (126 MHz, CDCl3): 6 = -3.5, 40.8, 113.9, 118.0, 122.3,

128.8, 138.1, 150.2 ppm. HRMS (ESI"): calcd for C;oHgNSi" [M+H]" 180.1203,
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found 180.1204.

N-Benzyl-3-(dimethylsilyl)-V-methylaniline

Colorless oil. '"H NMR (500 MHz, CDCl;): § = 0.30 (d, J = 3.5 Hz, 6H), 3.00 (s, 3H),
4.38 (m, 1H), 4.51 (m, 2H), 6.75 (d, J= 7.5 Hz, 1H), 6.88 (d, J= 7.0 Hz, 1H), 6.94 (s,
1H), 7.18-7.24 (m, 4H), 7.28-7.31 (m, 2H) ppm. >C NMR (126 MHz, CDCl;): § = -
3.57, 38.6, 56.9, 113.7, 117.8, 122.3, 126.96, 127.01, 128.7, 128.9, 138.2, 139.2,
149.3 ppm. HRMS (EST"): calcd for C¢H,NSi" [M+H]" 256.1516, found 256.1512.

Sy CFy

[:lH
si”

VAN
3-(Dimethylsilyl)-NV-methyl-N-(4,4,4-trifluorobutyl)aniline
Colorless oil. '"H NMR (500 MHz, CDCl;): § = 0.33 (d, J = 4.0 Hz, 6H), 1.83-1.89
(m, 2H), 2.08-2.18 (m, 2H), 2.94 (s, 3H), 3.39 (t, J = 7.5 Hz, 2H), 4.38-4.41 (m, 1H),
6.73 (d, J = 8.0 Hz, 1H), 6.88 (s, 1H), 6.90 (d, J = 7.5 Hz, 1H), 7.24 (d, J = 7.0 Hz,
1H) ppm. *C NMR (126 MHz, CDCl3): § =-3.6, 19.8 (q, J = 2.5 Hz, 1C), 31.5 (q, J =
29.0 Hz, 10), 38.4, 51.7, 113.6, 117.9, 122.5, 127.3 (q, J = 276.7 Hz, 1C), 129.0,
138.5, 148.7 ppm. HRMS (ESI"): caled for Ci3Hy F3NSi™ [M+H]" 276.1390, found
276.1388.

SN2

AN
3-(Dimethylsilyl)-V,N-diethylaniline

Colorless oil. '"H NMR (500 MHz, CDCls): 6 = 0.32-0.33 (m, 6H), 1.16 (t, J= 7.0 Hz,
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6H), 3.36 (q, J = 6.5 Hz, 4H), 4.39-4.40 (m, 1H), 6.70 (d, J = 6.0 Hz, 1H), 6.81 (d, J =
7.0 Hz, 1H), 6.85 (s, 1H), 7.20-7.23 (m, 1H) ppm. >C NMR (126 MHz, CDCl3): J = -
3.5,12.7,44.4,113.0, 117.3, 121.0, 129.0, 138.1, 147.3 ppm. HRMS (ESI"): calcd for
C1oH,,NSi" [M+H] " 208.1516, found 208.1518.

N,N-Dibenzyl-3-(dimethylsilyl)aniline

Colorless oil. '"H NMR (500 MHz, CDCl3): 6 = 0.22 (d, J = 3.5 Hz, 6H), 4.30-4.32
(m, 1H), 4.65 (s, 4H), 6.75 (d, J = 8.0 Hz, 1H), 6.87 (d, J = 7.0 Hz, 1H), 6.93 (s, 1H),
7.17 (t, J = 7.5 Hz, 1H), 7.24-7.26 (m, 6H), 7.30-7.33 (m, 4H) ppm. *C NMR (126
MHz, CDCl3): 6 = -3.7, 54.5, 113.8, 118.1, 122.5, 126.9, 127.0, 128.8, 128.9, 138.2,
138.8, 148.7 ppm. HRMS (ESI"): caled for CpHyeNSi™ [M+H]™ 332.1829, found
332.1830.

i ‘Si/H

VAN
1-(3-(Dimethylsilyl)phenyl)pyrrolidine
Colorless oil. '"H NMR (500 MHz, CDCl3): § = 0.33 (d, J = 3.5 Hz, 6H), 1.98-2.00
(m, 4H), 3.28-3.30 (m, 4H), 4.39-4.41 (m, 1H), 6.57-6.59 (m, 1H), 6.73 (d, J = 1.5
Hz, 1H), 6.83 (d, J = 7.0 Hz, 1H), 7.21-7.24 (m, 1H) ppm. °C NMR (126 MHz,
CDCls): 6 = -3.5, 25.6, 47.7, 112.8, 117.0, 121.0, 128.9, 138.1, 147.5 ppm. HRMS
(EST"): caled for C,HyoNSi™ [M+H]"206.1360, found 206.1360.
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1-(5-(Dimethylsilyl)-2-methylphenyl)pyrrolidine
Colorless oil. '"H NMR (500 MHz, CDCl3): ¢ = 0.32 (d, J = 4.0 Hz, 6H), 1.91-1.93
(m, 4H), 2.31 (s, 3H), 3.19-3.21 (m, 4H), 4.39-4.42 (m, 1H), 7.00 (d, J = 7.0 Hz, 1H),
7.04 (s, 1H), 7.12 (d, J = 7.5 Hz, 1H) ppm. °C NMR (126 MHz, CDCl;): § = -3.4,
20.7, 25.1, 51.1, 121.1, 126.0, 130.1, 131.5, 134.8, 149.0 ppm. HRMS (ESI"): calcd
for C13H,NSi™ [M+H]"220.1516, found 220.1521.

Q '
F si”

AN

1-(3-(Dimethylsilyl)-5-fluorophenyl)pyrrolidine

Colorless oil. '"H NMR (500 MHz, CDCls): 6 = 0.32 (d, J = 3.5 Hz, 6H), 2.00 (t, J =
6.0 Hz, 4H), 3.28 (t, J = 6.0 Hz, 4H), 4.36-4.38 (m, 1H), 6.23 (d, J = 12.0 Hz, 1H),
6.46 (s, 1H), 6.49 (d, J = 8.0 Hz, 1H) ppm. °C NMR (126 MHz, CDCls): 6 = -3.6,
25.6,47.8,99.5 (d, J=25.7 Hz, 1C), 106.7 (d, J = 19.4 Hz, 1C), 112.7 (d, J= 1.8 Hz,
1C), 140.3 (d, J=6.0 Hz, 1C), 149.4 (d,J=10.0 Hz, 1C), 164.0 (d, /= 245.4 Hz, 1C)
ppm. HRMS (EST"): calcd for C1,HoFNSi' [M+H]" 224.1265, found 224.1266.

H
Br Si/

/7N
1-(3-Bromo-5-(dimethylsilyl)phenyl)pyrrolidine
Colorless oil. "H NMR (500 MHz, CDCls): d = 0.32 (d, J = 4.0 Hz, 6H), 1.98 (m, 4H),
3.25 (m, 4H), 4.35-4.37 (m, 1H), 6.59 (s, 1H), 6.67 (s, 1H), 6.89 (s, 1H) ppm. °C
NMR (126 MHz, CDCl;): 6 = -3.6, 25.6, 47.7, 115.2, 115.5, 123.0, 123.9, 140.5,

148.7 ppm. HRMS (ESI"): calcd for C;,H;oBrNSi" [M+H]" 284.0465, found 284.0457.
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7-(Dimethylsilyl)-1-methyl-1,2,3,4-tetrahydroquinoline

Colorless oil. '"H NMR (500 MHz, CDCl3): 6 = 0.25 (d, J = 4.0 Hz, 6H), 1.88-1.93
(m, 2H), 2.69 (t, J= 6.5 Hz, 2H), 2.84 (s, 3H), 3.15 (t, J= 5.5 Hz, 2H), 4.30-4.32 (m,
1H), 6.68 (s, 1H), 6.71 (d, J = 7.0 Hz, 1H), 6.89 (d, J = 7.0 Hz, 1H) ppm. °C NMR
(126 MHz, CDCl3): § = -3.4, 22.5, 28.0, 39.2, 51.6, 116.3, 122.0, 124.4, 128.7, 135.7,

146.4 ppm. HRMS (EST"): calcd for C,H,oNSi" [M+H]"206.1360, found 206.1359.

: ‘s/H

/ i\
1-(4-(Dimethylsilyl)phenyl)piperidine
Colorless oil. '"H NMR (500 MHz, CDCl3): 6 = 0.30 (d, J = 3.5 Hz, 6H), 1.55-1.60
(m, 2H), 1.66-1.71 (m, 4H), 3.19 (t, J = 5.5 Hz, 4H), 4.37-4.40 (m, 1H), 6.92 (d, J =
8.5 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H) ppm. °C NMR (126 MHz, CDCl3): 6 = -3.4,
24.5,25.9, 50.0, 115.6, 125.5, 135.2, 152.8 ppm. HRMS (ESI"): calcd for C;3H2,NSi"
[M+H]"220.1516, found 220.1518.

6-(Dimethylsilyl)-1-methyl-1H-indole

Colorless oil. '"H NMR (500 MHz, CDCl;): 6 = 0.39 (d, J = 3.5 Hz, 6H), 3.77 (s, 3H),
4.54-4.56 (m, 1H), 6.46 (d, J= 3.0 Hz, 1H), 7.02 (d, J = 3.0 Hz, 1H), 7.26 (d, J= 8.0
Hz, 1H), 7.50 (s, 1H), 7.63 (d, J = 7.5 Hz, 1H) ppm. *C NMR (126 MHz, CDCLs): 6
=-3.0,32.9,101.0, 115.0, 120.7, 124.4, 129.2, 129.4, 129.5, 136.7 ppm. HRMS (EI"):
caled for C;H;sNSi'" [M]"189.0968, found 189.0976.
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2-(Dimethylsilyl)-1-methyl-1H-indole
Colorless oil. "H NMR (500 MHz, CDCl;): ¢ = 0.43 (d, J = 4.0 Hz, 6H), 3.83 (s, 3H),
4.61-4.64 (m, 1H), 6.73 (s, 1H), 7.07 (d, J = 7.0 Hz, 1H), 7.20-7.23 (m, 1H), 7.31 (d,
J=28.0 Hz, 1H), 7.60 (d, J= 8.0 Hz, 1H) ppm. >C NMR (126 MHz, CDCl;): d = -3.6,
32.7,109.2, 112.0, 119.3, 120.8, 122.3, 128.5, 138.5, 140.3 ppm. HRMS (EI"): calcd
for C;HsNSi" [M]"189.0968, found 189.0979.

H
-~ i “si”

VRN
(3,5-Dimethylphenyl)dimethylsilane
Colorless oil. "H NMR (500 MHz, CDCls): 6 = 0.32 (d, J = 4.0 Hz, 6H), 2.32 (s, 6H),
4.37-4.40 (m, 1H), 7.01 (s, 1H), 7.15 (s, 2H) ppm. °C NMR (126 MHz, CDCl3): 6 = -
3.6,21.4, 131.1, 131.9, 137.4 ppm. HRMS (EI"): calcd for C1oH6Si" [M]" 164.1016,
found 164.1023.

H
L,
VAN

Cl
(2-Chlorophenyl)dimethylsilane
Colorless oil. '"H NMR (500 MHz, CDCl3): 6 = 0.42 (d, J = 3.5 Hz, 6H), 4.50-4.53
(m, 1H), 7.22-7.25 (m, 1H), 7.29-7.34 (m, 2H), 7.49 (d, J = 7.0 Hz, 1H) ppm. °C
NMR (126 MHz, CDCl;): 6 = -3.7, 126.2, 129.1, 131.1, 136.4, 136.9, 141.2 ppm.
HRMS (EI"): caled for CgH;CISi" [M]"170.0313, found 170.0323.

o

S
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Dibenzo[b,d]|thiophen-4-yldimethylsilane
Colorless oil. '"H NMR (500 MHz, CDCl3): § = 0.50 (d, J = 4.0 Hz, 6H), 4.72-4.75
(m, 1H), 7.44-7.48 (m, 3H), 7.61 (d, J = 6.5 Hz, 1H), 7.85-7.88 (m, 1H), 8.15-8.19
(m, 2H) ppm. °C NMR (126 MHz, CDCL): 6 = -4.1, 121.7, 122.8, 124.1, 124.4,
126.8, 131.7, 133.0, 134.8, 135.6, 139.6, 1459 ppm. HRMS (EI'): calcd for
C14H,4SSi" [M]"242.0580, found 242.0623.

3. The Preliminary Screening of Functional Group for B(CgFs);-
Catalyzed Substituent Redistribution of Tertiary Hydrosilanes

In a glovebox, tertiary hydrosilane bearing functional group 1 (0.25 mmol) was added
to a solution (0.5 mL) of B(C¢Fs)s (6.4 mg, 5 mol%) in C¢DsCl in a 20-mL Schlenk
tube with a magnetic stir bar. The Schlenk tube was taken out of the glovebox and the
reaction mixture was stirred at 100 °C (oil) for 24 h. After completion of the reaction,
the mixture was cooled to room temperature. CH,Br, was used as internal standard
and the resulting mixture was subjected to "H NMR spectroscopy. The isolated yield
was obtained by column chromatography (hexane/CH,Cl, = 4/1-2/1, v/v) on silica gel

(1% Et3N was added to eluent).

Table S1. The Screening of functional group for B(C¢Fs);-catalyzed substituent redistribution of
tertiary hydrosilanes “”

) FG@ g _BCFEmo%) e Q /O FG  +  Me,SiH,
A si” “CeDeC1, 100°C, 24 1 si(

i
/N

Hydrosilane Product Hydrosilane Product Hydrosilane Product

G B0 Qg O@QO T T

Trace

O @ Q | '
SO OO *@ Reaslen

&, 0, @

WICAECRPS

N.D.9

Trace
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“Reaction conditions: hydrosilane (0.25 mmol), B(C¢Fs); (5 mol%) and C¢DsCl (0.5 mL) under N, at
100 °C for 24 h. "NMR yield. “Isolated yield. In this case, chlorobenzene was used as solvent. “The
desilylation of starting material was observed and a large amount of N,N-dimethylaniline could be
detected. “The desilylation of starting material was observed and a large amount of 1-Phenylpiperidine

could be detected. FG = Fuctional group, N.D. = Not detected.

4. Optimization of B(C¢Fs);-Catalyzed Cross-Methathesis Reaction of

Two Different Hydrosilanes

In a glovebox, hydrosilane 1a (45 mg, 0.25 mmol) was added to a solution (0.5 mL)
of boron species (5.0 mol%) in solvent in a 20-mL Schlenk tube with a magnetic stir
bar. Dimethylphenylsilane 3a (68 mg, 0.50 mmol) was then added to resulting
mixture. The Schlenk tube was taken out of the glovebox and the reaction mixture
was stirred at the indicated temperature (oil) during indicated time. After completion
of the reaction, the mixture was cooled to room temperature. After removal of solvent,
the resulting mixture was subjected to 'H NMR spectroscopy to confirm the ratio of
product 4a and byproduct 2a using CDClI; as solvent. The isolated yield was obtained
by column chromatography (hexane/CH,Cl, = 4/1-2/1, v/v) on silica gel (1% Et;:N

was added to eluent).

Table S2.0Optimization of B(C¢Fs)s-catalyzed cross-metathesis of two hydrosilanes”

\N/ \N/ 3 \N/ \N/ 3 T ;
O+ %l == L0 0 - L0
+ H + ! I |
H N~ ' ' | X '
- Si Ho _H i ! i P Si 1
/SI\ VAN — ;Si: /SI\ e {?j\ 7777777 : ‘/\ 777777 i

1a 3a 4a 2a Trace

Entry (i?/t;(;) Catalyst Solvent Temp./Time  Yield (4a)b Ratio (4a/23)b

1 12 B(CgFs)3 THF 100 °C/24 h N.D. -

2 12 B(CgFs)3 Benzene 100 °C/24 h 83% 7.4:1
3 12 B(C¢Fs)s3 Toluene 100 °C/24 h 85% 9.8:1
4 172 B(C¢Fs)3 CHCl; 100 °C/24 h 86% 10:1
5 12 B(C4F5s) PhCI 100 °C/24 h 88% 18.3:1

6533 (79%) >

6 1/2 [Ph;C][B(CgFs)s]  PhCl 100 °C/24 h 75% 12.5:1
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7 1/2 BPh; PhCl 100 °C/24 h N.R. -

8¢ 1/2 B(C4Fs); PhCl 100 °C/24 h 58% 3.9:1
9 112 B(C4Fs)s PhCl 100 °C/24 h 70% 4.9:1
10 12 B(C4Fs); PhCl 80 °C/24 h 55% 2.5:1
11 2/1 B(C4Fs); PhCl 100 °C/24 h 51%! -
12 12 None PhCl 100 °C/24 h N.R. -

“Reaction conditions: 0.25 mmol scale, boron species (5.0 mol%) and solvent (0.5 mL) under N, at
100 °C for 24 h. "Determined by NMR using CH,Br, as an internal standard. Number in parenthesis is
isolated yield. 2.5 mol% B(CgFs); was used. “Isolated yield based on 3a. N.R. = No reaction, N.D. =

Not detected.

5. Experimental Procedures

Procedures A: In a glovebox, hydrosilane 1 (0.25 mmol) was added to a solution of

B(CsFs); (6.4 mg, 5.0 mol%) in chlorobenzene (0.5 mL) in a 20-mL Schlenk tube
with a magnetic stir bar. The Schlenk tube was taken out of the glovebox and the
reaction mixture was stirred at 100 °C (oil bath) for 24 h. After completion of the
reaction, the mixture was cooled to room temperature. The mixture was diluted with
10 mL of CH,Cl, and analyzed by TLC. Then, the combined organic phases were
concentrated and the resulting residue was purified by column chromatography on

silica gel (1% Et;N was added to eluent) to provide the desired product.

Procedures B: In a glovebox, hydrosilane 1 (0.25 mmol) was added to a solution of

B(CsFs); (6.4 mg, 5.0 mol%) in chlorobenzene (0.5 mL) in a 20-mL Schlenk tube
with a magnetic stir bar. Another hydrosilane 3 (0.50 mmol) was then added. The
Schlenk tube was taken out of the glovebox and the reaction mixture was stirred at
100 °C (oil bath) for 24 h. After completion of the reaction, the mixture was cooled to
room temperature. The mixture was diluted with 10 mL of CH,Cl, and analyzed by
TLC. Then, the combined organic phases were concentrated and the resulting residue
was purified by column chromatography on silica gel (1% Et;N was added to eluent)
to provide the desired product.
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Safety Note: In view of byproduct Me,SiH, as a flammable gas, please be very

careful in the process of using current catalytic method.

6. Spectral Data of Products

AN

3,3'-(Dimethylsilanediyl)bis(/V,/N-dimethylaniline) 2a

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 15/1, v/v) afforded 2a as colorless oil (30.3 mg, 81%
yield). '"H NMR (500 MHz, CDCl;): 0 = 0.53 (s, 6H), 2.91 (s, 12H), 6.75 (dd, J= 8.0
Hz, 2.0 Hz, 2H), 6.91 (d, J = 7.0 Hz, 2H), 6.93 (d, J = 2.5 Hz, 2H), 7.21-7.24 (m, 2H)
ppm. *C NMR (126 MHz, CDCls): § = -2.0, 40.8, 113.7, 118.5, 122.9, 128.6, 139.1,
150.1 ppm. HRMS (ESI"): calcd for CisH7N,Si™ [M+H]" 299.1938, found 299.1940.

\N/Bn \N/Bn

0

3,3'-(Dimethylsilanediyl)bis(/N-benzyl-NV-methylaniline) 2b

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 15/1, v/v) afforded 2b as colorless oil (36.6 mg, 65%
yield). '"H NMR (500 MHz, CDCls): § = 0.45 (s, 6H), 2.97 (s, 6H), 4.47 (s, 4H), 6.74
(d, J=8.0 Hz, 2H), 6.86 (d, J = 7.0 Hz, 2H), 6.93 (s, 2H), 7.16-7.23 (m, 8H), 7.27-
7.30 (m, 4H) ppm. >C NMR (126 MHz, CDCl3): = -2.2, 38.7, 57.0, 113.5, 118.2,
122.7, 126.96, 127.0, 128.6, 128.7, 139.1, 139.3, 149.2 ppm. HRMS (ESI"): calcd for
C30H35N,Si [M+H] " 451.2564, found 451.2568.
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3,3'-(Dimethylsilanediyl)bis(/V-methyl-/N-(4,4,4-trifluorobutyl)aniline) 2¢

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 15/1, v/v) afforded 2¢ as colorless oil (44.5 mg, 73%
yield). '"H NMR (500 MHz, CDCl3): § = 0.52 (s, 6H), 1.77-1.83 (m, 4H), 2.01-2.11
(m, 4H), 2.90 (s, 6H), 3.33 (t, /= 7.5 Hz, 4H), 6.71 (d, J = 8.0 Hz, 2H), 6.83 (s, 2H),
6.91 (d, J = 7.0 Hz, 2H), 7.24 (t, J = 8.0 Hz, 2H) ppm. *C NMR (126 MHz, CDCls):
0=-22,19.8(q,J=2.3 Hz, 1C), 31.5(q, J=29.0 Hz, 1C), 38.4,51.7, 113.4, 118.2,
122.8, 127.3 (q, J = 276.8 Hz, 1C), 128.9, 139.3, 148.6 ppm. HRMS (ESI"): calcd for
Ca4H33F6N,Si [M+H] 491.2312, found 491.2343.

Et< ,Et Et< ,Et

sV

3,3'-(Dimethylsilanediyl)bis(/V,/V-diethylaniline) 2d

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 25/1, v/v) afforded 2d as colorless oil (26.9 mg, 61%
yield). "H NMR (500 MHz, CDCl;): d = 0.51 (s, 6H), 1.12 (t, J = 7.0 Hz, 12H), 3.32
(q, J = 7.0 Hz, 8H), 6.69 (d, J = 7.0 Hz, 2H), 6.83 (d, J = 7.0 Hz, 2H), 6.85 (s, 2H),
7.20 (t, J = 8.0 Hz, 2H) ppm. °C NMR (126 MHz, CDCls): 6 = -2.1, 12.7, 44.5,
1129, 117.9, 121.6, 1288, 1392, 1472 ppm. HRMS (ESI'): caled for
CyH35N,Si [M+H]" 355.2564, found 355.2574.

n\ /Bn Bn\ .B

@@

3,3'-(Dimethylsilanediyl)bis(/V,/N-dibenzylaniline) 2e
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The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 20/1, v/v) afforded 2e as colorless oil (52.5 mg, 70%
yield). '"H NMR (500 MHz, CDCls): § = 0.28 (s, 6H), 4.58 (s, 8H), 6.70 (d, J = 8.5
Hz, 2H), 6.76 (d, J= 7.0 Hz, 2H), 6.88 (s, 2H), 7.08 (t, J = 8.0 Hz, 2H), 7.20-7.23 (m,
12H), 7.27-7.29 (m, 8H) ppm. *C NMR (126 MHz, CDCl;): 6 = -2.5, 54.6, 113.6,
118.4, 122.7, 126.96, 126.97, 128.7, 138.9, 139.1, 148.4 ppm. HRMS (ESI"): calcd
for C42H43N,Si™ [M+H]" 603.3190, found 603.3188.

0 Q
O,

Dimethylbis(3-(pyrrolidin-1-yl)phenyl)silane 2f

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 30/1, v/v) afforded 2f as colorless oil (33.4 mg, 76%
yield). '"H NMR (500 MHz, CDCl3): ¢ = 0.52 (s, 6H), 1.97-1.98 (m, 8H), 3.26-3.27
(m, 8H), 6.57 (d, J = 7.5 Hz, 2H), 6.76 (s, 2H), 6.84 (d, J = 7.0 Hz, 2H), 7.21 (t,J =
7.5 Hz, 2H) ppm. C NMR (126 MHz, CDCls): 6 = -2.0, 25.6, 47.7, 112.6, 117.3,
121.6, 128.6, 139.2, 147.4 ppm. HRMS (ESI"): calcd for CaH3N,Si'[M+H]"
351.2251, found 351.2253.

G4
O

Dimethylbis(4-methyl-3-(pyrrolidin-1-yl)phenyl)silane 2g

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 30/1, v/v) afforded 2g as colorless oil (34.6 mg, 73%
yield). '"H NMR (500 MHz, CDCl5): 6 = 0.50 (s, 6H), 1.89-1.91 (m, 8H), 2.31 (s, 6H),
3.15-3.17 (m, 8H), 7.00 (d, J = 7.5 Hz, 2H), 7.06 (s, 2H), 7.10 (d, J = 7.0 Hz, 2H)
ppm. *C NMR (126 MHz, CDCl;): § = -1.8, 20.7, 25.1, 51.1, 121.4, 126.5, 129.9,
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131.4, 136.0, 148.8 ppm. HRMS (ESI"): caled for CpH3sN,Si' [M+H]" 379.2564,
found 379.2560.

.
F/©>Si<©\ F

Bis(3-fluoro-5-(pyrrolidin-1-yl)phenyl)dimethylsilane 2h

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 6/1, v/v) afforded 2h as a white solid (30.8 mg, 64%
yield). '"H NMR (500 MHz, CDCls): '"H NMR (500 MHz, CDCl;): § = 0.50 (s, 6H),
1.98 (m, 8H), 3.25-3.26 (m, 8H), 6.23 (d, J = 12.0Hz, 2H), 6.45 (s, 2H), 6.48 (d, J =
8.5 Hz, 2H) ppm. °C NMR (126 MHz, CDCl3): d = -2.3, 25.6, 47.8, 99.5 (d, J = 25.7
Hz, 1C), 107.1 (d, J=19.4 Hz, 1C), 112.9 (d, J = 1.76 Hz, 1C), 140.9 (d, J = 6.0 Hz,
1C), 149.3 (d, J = 10.0 Hz, 1C), 164.0 (d, J = 245.2 Hz, 1C) ppm. HRMS (ESI'):
caled for CoHoF,N,Si™ [M+H]" 387.2063, found 387.2061.

A
Br/@S‘Q Br

Bis(3-bromo-5-(pyrrolidin-1-yl)phenyl)dimethylsilane 2i

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 15/1, v/v) afforded 2i as colorless oil (30.5 mg, 48%
yield). '"H NMR (500 MHz, CDCls): '"H NMR (500 MHz, CDCls): § = 0.50 (s, 6H),
1.96-1.99 (m, 8H), 3.22-3.25 (m, 8H), 6.57 (d, J = 2.5 Hz, 2H), 6.68 (d, J = 2.5 Hz,
2H), 6.87 (m, 2H) ppm. *C NMR (126 MHz, CDCly): ¢ = -2.3, 25.6, 47.7, 115.2,
115.7, 123.3, 123.9, 140.9, 148.6 ppm. HRMS (ESI"): caled for CaH,oBrN,Si"
[M+H]" 509.0441, found 509.0477.
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/N |
Dimethylbis(1-methyl-1,2,3,4-tetrahydroquinolin-7-yl)silane 2j

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/EtOAc = 20/1, v/v) afforded 2j as colorless oil (29.4 mg, 67%
yield). "H NMR (500 MHz, CDCl3): § = 0.49 (s, 6H), 1.94-1.99 (m, 4H), 2.75 (t, J =
6.0 Hz, 4H), 2.86 (s, 6H), 3.20 (t, J = 5.5 Hz, 4H), 6.78-6.80 (m, 4H), 6.93 (d, /= 7.0
Hz, 2H) ppm. *C NMR (126 MHz, CDCl;): § = -1.9, 22.6, 28.0, 39.3, 51.6, 116.7,
122.6, 124.1, 128.5, 136.9, 146.3 ppm. HRMS (ESI"): calcd for Co,H3N,Si' [M+H]"
351.2251, found 351.2251.

=
@/s(@ Feﬁ

Bis(ferrocenyl)dimethylsilane 2k

The general procedure A was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 10/1, v/v) afforded 2k as an orange solid (43.6 mg, 81%
yield). '"H NMR (500 MHz, CDCls): § = 0.49 (s, 6H), 4.09 (s, 10H), 4.12 (t, J = 2.0
Hz, 4H), 4.33 (t, J = 2.0 Hz, 4H) ppm. >C NMR (126 MHz, CDCl;): § = -0.7, 68.4,
70.8, 71.5, 73.2 ppm. HRMS (ESI"): calcd for CyH,sFe,Si'[M]" 428.0341, found
428.0351.

SN
VAN

3-(Dimethyl(phenyl)silyl)-V,N-dimethylaniline 4a
The general procedure B was followed. Purification via column chromatography on

silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded 4a as colorless oil (50.2 mg, 79%
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yield). "H NMR (500 MHz, CDCls): 6 = 0.54 (s, 6H), 2.91 (s, 6H), 6.76 (dd, J = 8.0
Hz, 2.0 Hz, 1H), 6.88-6.90 (m, 2H), 7.24 (t, J = 8.0 Hz, 1H), 7.33-7.34 (m, 3H), 7.53-
7.54 (m, 2H) ppm. °C NMR (126 MHz, CDCl;): § = -2.1, 40.8, 113.7, 118.4, 122.8,
127.9, 128.7, 129.1, 134.4, 138.7, 138.8, 150.1 ppm. HRMS (ESI'): calcd for
C16H»NSi [M+H]"256.1516, found 256.1518.

~ N _ Bn
AN

N-benzyl-3-(dimethyl(phenyl)silyl)-/V-methylaniline 4b

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 4b as colorless oil (58.8 mg, 71%
yield). "H NMR (500 MHz, CDCls): 6 = 0.49 (s, 6H), 2.98 (s, 3H), 4.48 (s, 2H), 6.75
(d, J = 8.5 Hz, 1H), 6.87 (d, J = 7.0 Hz, 1H), 6.90 (s, 1H), 7.19-7.23 (m, 4H), 7.27-
7.31 (m, 5H), 7.49 (d, J = 7.0 Hz, 2H) ppm. >C NMR (126 MHz, CDCl3): 6 = -2.2,
38.7,57.0, 113.5, 118.2, 122.6, 127.0, 127.8, 128.7, 128.8, 129.1, 134.3, 138.7, 138.8,
139.2, 149.2 ppm. HRMS (ESI): caled for CaHy6NSi [M+H]" 332.1829, found
332.1837.

SNTTC,
3,0
AN

3-(Dimethyl(phenyl)silyl)-V-methyl-/NV-(4,4,4-trifluorobutyl)aniline 4¢

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 5/1, v/v) afforded 4¢ as colorless oil (61.5 mg, 70%
yield). '"H NMR (500 MHz, CDCls): ¢ = 0.54 (s, 6H), 1.76-1.82 (m, 2H), 1.99-2.07
(m, 2H), 2.89 (s, 3H), 3.31 (t, /= 7.5 Hz, 2H), 6.71 (d, J = 8.0 Hz, 1H), 6.80 (d, J =
2.0 Hz, 1H), 6.89 (d, J = 7.0 Hz, 1H), 7.21-7.25 (m, 1H), 7.34-7.35 (m, 3H), 7.53-
7.55 (m, 2H) ppm. °C NMR (126 MHz, CDCls): § =-2.2, 19.7 (g, J = 2.52 Hz, 1C),

31.5(q,J/=29.0 Hz, 1C), 38.4, 51.7, 113.4, 118.2, 122.7, 127.3 (q, J = 276.8 Hz, 1C),
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127.9, 128.9, 129.2, 134.3, 138.6, 139.2, 148.5 ppm. HRMS (ESI"): calcd for
C9H,5F3NSi [M+H]" 352.1703, found 352.1713.

Et\N,Et
@S.O
2N

3-(Dimethyl(phenyl)silyl)-V,/V-diethylaniline 4d

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 4d as colorless oil (51.8 mg, 73%
yield). '"H NMR (500 MHz, CDCls): 6 = 0.53 (s, 6H), 1.11 (t, J= 7.0 Hz, 6H), 3.31 (q,
J=17.0 Hz, 4H), 6.68-6.70 (m, 1H), 6.80-6.81 (m, 2H), 7.21 (t,J= 7.5 Hz, 1H), 7.33-
7.34 (m, 3H), 7.54-7.55 (m, 2H) ppm. °C NMR (126 MHz, CDCl;): § = -2.2, 12.7,
44.5,112.9,117.7, 121.4, 127.8, 128.9, 129.1, 134.4, 138.7, 138.8, 147.2 ppm. HRMS
(EST"): caled for CgHysNSi [M+H]" 284.1829, found 284.1840.

Bn\N/B

n
Q0
AN
N,N-Dibenzyl-3-(dimethyl(phenyl)silyl)aniline 4e

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 5/1, v/v) afforded 4e as colorless oil (77.3 mg, 76%
yield). '"H NMR (500 MHz, CDCls): d = 0.42 (s, 6H), 4.61 (s, 4H), 6.73-6.75 (m, 1H),
6.85 (d, J= 7.0 Hz, 1H), 6.88 (s, 1H), 7.15 (t, J = 8.0 Hz, 1H), 7.21-7.31 (m, 13H),
7.41 (d, J = 7.0 Hz, 2H) ppm. C NMR (126 MHz, CDCLs): § = -2.4, 54.8, 113.7,
118.6, 122.6, 126.9, 127.0, 127.8, 128.7, 128.8, 129.0, 134.2, 138.5, 138.8, 138.9,
148.4 ppm. HRMS (EST"): calcd for CogH3oNSi [M+H]" 408.2142, found 408.2164.
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1-(3-(Dimethyl(phenyl)silyl)phenyl)pyrrolidine 4f

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 4f as colorless oil (56.6 mg, 81%
yield). '"H NMR (500 MHz, CDCls): § = 0.53 (s, 6H), 1.96 (t, J = 6.0 Hz, 4H), 3.25 (t,
J=6.0 Hz, 4H), 6.58 (d, J = 6.5 Hz, 1H), 6.70 (s, 1H), 6.82 (t, /= 7.0 Hz, 1H), 7.21-
7.24 (m, 1H), 7.32-7.33 (m, 3H), 7.53-7.55 (m, 2H) ppm. °C NMR (126 MHz,
CDCl3): 6 = -2.1, 25.6, 47.6, 112.7, 117.2, 121.5, 127.8, 128.8, 129.0, 134.4, 138.7,
138.9, 147.4 ppm. HRMS (ESI'): caled for C;sHyNSi' [M+H]" 282.1673, found
282.1682.

(P
¥

1-(5-(Dimethyl(phenyl)silyl)-2-methylphenyl)pyrrolidine 4g

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 4g as colorless oil (61.8 mg, 84%
yield). '"H NMR (500 MHz, CDCls): 0 = 0.52 (s, 6H), 1.89-1.91 (m, 4H), 2.32 (s, 3H),
3.15-3.18 (m, 4H), 6.98 (d, J = 7.5 Hz, 1H), 7.02 (s, 1H), 7.11 (d, J = 7.5 Hz, 1H),
7.21-7.24 (m, 1H), 7.32-7.34 (m, 3H), 7.52-7.54 (m, 2H) ppm. °C NMR (126 MHz,
CDCl;): 6 = -2.1, 20.8, 25.1, 51.1, 121.3, 126.4, 127.8, 129.0, 130.0, 131.5, 134.3,
135.5, 138.9, 148.9 ppm. HRMS (ESI"): calcd for CjoHysNSi [M+H]" 296.1829,
found 296.1830.
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B0

1-(3-(Dimethyl(phenyl)silyl)-5-fluorophenyl)pyrrolidine 4h

The general procedure B was followed, but reaction was carried out at 120 °C for 48 h
and 0.75 mmol PhMe,SiH, was used. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 5/1, v/v) afforded 4h as colorless oil (30.3 mg, 40%
yield). '"H NMR (500 MHz, CDCls): § = 0.53 (s, 6H), 1.98 (t, J= 6.0 Hz, 4H), 3.24 (t,
J=6.0 Hz, 4H), 6.23 (d, J = 12.5 Hz, 1H), 6.43 (s, 1H), 6.48 (t, J = 8.0 Hz, 1H), 7.34-
7.35 (m, 3H), 7.53 (d, J = 6.0 Hz, 2H) ppm. °C NMR (126 MHz, CDCl;): = -2.3,
25.6, 47.8, 99.4 (d, J = 25.7 Hz, 1C), 107.1 (d, J = 19.4 Hz, 1C), 1129 (d, J = 1.76
Hz, 1C), 127.9, 129.3, 134.3, 138.2, 141.1 (d, J= 5.9 Hz, 1C), 149.3 (d, J = 10.0 Hz,
1C), 164.0 (d, J = 245.4 Hz, 1C) ppm. HRMS (ESI"): calcd for CgH,3FNSi [M+H]"
300.1578, found 300.1585.

0
S0

1-(3-Bromo-5-(dimethyl(phenyl)silyl)phenyl)pyrrolidine 4i

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 10/1, v/v) afforded 4i as colorless oil (32.5 mg, 36%
yield). '"H NMR (500 MHz, CDCls): § = 0.52 (s, 6H), 1.97 (t, J = 6.0 Hz, 4H), 3.22 (t,
J=6.0 Hz, 4H), 6.56 (s, 1H), 6.68 (s, 1H), 6.88 (s, 1H), 7.34-7.35 (m, 3H), 7.52 (d, J
= 6.0 Hz, 2H) ppm. *C NMR (126 MHz, CDCl3): 6 = -2.3, 25.6, 47.7, 115.1, 115.8,
123.3, 123.9, 128.0, 129.3, 134.3, 138.1, 141.3, 148.6 ppm. HRMS (ESI"): calcd for
CsH,3BrNSi [M+H]" 360.0778, found 360.0771.
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B0

7-(Dimethyl(phenyl)silyl)-1-methyl-1,2,3,4-tetrahydroquinoline 4;j

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 4j as colorless oil (52.8 mg, 75%
yield). "H NMR (500 MHz, CDCl3): § = 0.45 (s, 6H), 1.87-1.92 (m, 2H), 2.68 (t, J =
6.0 Hz, 2H), 2.77 (s, 3H), 3.13 (t, J = 5.5 Hz, 2H), 6.65 (s, 1H), 6.69 (d, J = 7.0 Hz,
1H), 6.87 (d, J = 7.0 Hz, 1H), 7.25-7.26 (m, 3H), 7.47-7.48 (m, 2H) ppm. °C NMR
(126 MHz, CDCls): 6 =-2.1, 22.5, 28.0, 39.2, 51.6, 116.6, 122.5, 124.2, 127.8, 128.6,
129.0, 134.3, 136.3, 139.0, 146.4 ppm. HRMS (ESI"): caled for CigHp4NSi' [M+H]"
282.1673, found 282.1670.

Yoo

AN
1-(4-(Dimethyl(phenyl)silyl)phenyl)piperidine 4k
The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 4k as colorless oil (44.6 mg, 60%
yield). '"H NMR (500 MHz, CDCls): ¢ = 0.50 (s, 6H), 1.56-1.60 (m, 2H), 1.66-1.70
(m, 4H), 3.19 (t, J = 5.5 Hz, 4H), 6.90 (d, J = 8.5 Hz, 2H), 7.32-7.33 (m, 3H), 7.39 (d,
J=18.0 Hz, 2H), 7.50-7.52 (m, 2H) ppm. °C NMR (126 MHz, CDCls): 6 = -2.0, 24.5,
25.9,49.9, 115.4, 126.1, 127.8, 129.0, 134.3, 135.4, 139.3, 152.7 ppm. HRMS (ESI"):
caled for CjoHp6NSi [M+H]" 296.1829, found 296.1840.

/N/

L

/ N\
6-(Dimethyl(phenyl)silyl)-1-methyl-1H-indole 41
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The general procedure B was followed, but reaction was carried out at 120 °C for 36 h
and 0.75 mmol PhMe,SiH, was used in the presence of B(C¢Fs); (10 mol%).
Purification via column chromatography on silica gel (Hexane/CH,Cl, = 4/1, v/v)
afforded 41 as colorless oil (38.4 mg, 58% yield). '"H NMR (500 MHz, CDCl3): 6 =
0.60 (s, 6H), 3.77 (s, 3H), 6.46 (d, J=2.5 Hz, 1H), 7.04 (d, /= 3.0 Hz, 1H), 7.24 (d, J
= 6.5 Hz, 1H), 7.33-7.34 (m, 3H), 7.47 (s, 1H), 7.54-7.56 (m, 2H), 7.63 (d, /= 7.5 Hz,
1H) ppm. °C NMR (126 MHz, CDCL): ¢ = -1.7, 32.9, 101.0, 115.2, 120.6, 124.8,
127.9, 129.0, 129.4, 129.5, 129.8, 134.4, 136.8, 139.4 ppm. HRMS (EI"): caled for
C17HoNSi [M]"265.1281, found 265.1279.

Qo

2-(Dimethyl(phenyl)silyl)-1-methyl-1H-indole 4m

The general procedure was followed, but B(C¢Fs); (10 mol%) was used. Purification
via column chromatography on silica gel (Hexane/CH,Cl, = 5/1, v/v) afforded 4m as
colorless oil (42.5 mg, 64% yield). '"H NMR (500 MHz, CDCls): § = 0.64 (s, 6H),
3.62 (s, 3H), 6.79 (s, 1H), 7.08 (t, /= 7.0 Hz, 1H), 7.20-7.23 (m, 1H), 7.28 (d, J = 8.5
Hz, 1H), 7.33-7.39 (m, 3H), 7.52 (d, J = 6.0 Hz, 2H), 7.63 (d, J = 8.0 Hz, 1H) ppm.
BC NMR (126 MHz, CDCl3): 6 =-1.7, 33.1, 109.2, 113.2, 119.3, 120.9, 122.3, 128.2,
128.5, 129.5, 134.2, 137.7, 139.0, 140.5 ppm. HRMS (EI"): calcd for C;7H;oNSi' [M]"
265.1281, found 265.1281.

=
5y

(Dimethyl(phenyl)silyl)ferrocene 4n
The general procedure was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 10/1, v/v) afforded 4n as a yellow solid (57.5 mg, 72%

yield). "H NMR (500 MHz, CDCLy): & = 0.52 (s, 6H), 4.09 (s, SH), 4.14 (t, J = 1.5 Hz,
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2H), 4.36 (t, J = 1.5 Hz, 2H), 7.32-7.33 (m, 3H), 7.52-7.53 (m, 2H) ppm. °C NMR
(126 MHz, CDCl3): § = -1.6, 68.4, 69.9, 71.1, 73.5, 127.8, 128.9, 133.8, 139.9 ppm.
HRMS (ESI"): caled for CisHaFeSi' [M]"320.0678, found 320.0674.

\N/

O,

3-(Dimethyl(p-tolyl)silyl)-/V,N-dimethylaniline 5a

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5a as colorless oil (56.3 mg, 84%
yield). "H NMR (500 MHz, CDCl3): 6 = 0.52 (s, 6H), 2.34 (s, 3H), 2.91 (s, 6H), 6.76
(dd, J = 8.0 Hz, 2.0 Hz, 1H), 6.87-6.90 (m, 2H), 7.16 (d, J = 7.5 Hz, 2H), 7.22-7.25
(m, 1H), 7.43 (d, J = 7.5 Hz, 2H) ppm. °C NMR (126 MHz, CDCl): 6 = -2.0, 21.6,
40.8, 113.7, 118.4, 122.8, 128.67, 128.72, 134.4, 135.1, 138.93, 138.98, 150.1 ppm.
HRMS (ESI"): calcd for C;7H24NSi [M+H]"270.1673, found 270.1676.

) @X
DN

3-((4-tert-Butylphenyl)dimethylsilyl)-V,N-dimethylaniline Sb

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5b as colorless oil (56.8 mg, 73%
yield). "H NMR (500 MHz, CDCls): 6 = 0.53 (s, 6H), 1.31 (s, 9H), 2.92 (s, 6H), 6.76
(d, J = 8.0 Hz, 1H), 6.89-6.91 (m, 2H), 7.22-7.23 (m, 1H), 7.36 (d, J = 8.0 Hz, 2H),
7.48 (d, J= 7.5 Hz, 2H) ppm. °C NMR (126 MHz, CDCl3): 6 =-2.1, 31.4, 34.8, 40.8,
113.7, 118.4, 122.8, 124.8, 128.7, 134.2, 135.2, 139.0, 150.1, 152.0 ppm. HRMS
(EST"): caled for CaoH3oNSi [M+H]" 312.2142, found 312.2142.
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/N

3-((3,5-Dimethylphenyl)dimethylsilyl)-/V,N-dimethylaniline 5c

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded Sc as colorless oil (55.8 mg, 79%
yield). "H NMR (500 MHz, CDCl3): 6 = 0.52 (s, 6H), 2.29 (s, 6H), 2.92 (s, 6H), 6.76
(d, J= 8.0 Hz, 1H), 6.88-6.91 (m, 2H), 6.99 (s, 1H), 7.15 (s, 2H), 7.21-7.25 (m, 1H)
ppm. °C NMR (126 MHz, CDCls): 6 = -2.0, 21.5, 40.8, 113.7, 118.4, 122.8, 128.7,
1309, 132.0, 137.1, 138.4, 139.0, 150.1 ppm. HRMS (ESI): caled for
CsH,6NSi [M+H]" 284.1829, found 284.1830.

\N/
L™
Si
/.

3-((4-Methylthiophenyl)dimethylsilyl)-/V,N-dimethylaniline 5d

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 1.5/1, v/v) afforded 5d as colorless oil (61.6 mg, 82%
yield). '"H NMR (500 MHz, CDCls): § = 0.52 (s, 6H), 2.46 (s, 3H), 2.92 (s, 6H), 6.75-
6.77 (m, 1H), 6.86-6.88 (m, 2H), 7.21-7.24 (m, 3H), 7.43-7.45 (m, 2H) ppm. °C
NMR (126 MHz, CDCl;): 0 = -2.1, 15.5, 40.7, 113.7, 118.3, 122.7, 125.7, 128.7,
134.7, 138.6, 139.8, 150.1 ppm. HRMS (ESI'): caled for C;7H»4NSSi'[M+H]"
302.1393, found 302.1399.

\N/
LI
Si
N
3-((4-Fluorophenyl)dimethylsilyl)-V,N-dimethylaniline Se

The general procedure B was followed. Purification via column chromatography on
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silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded Se as colorless oil (45.6 mg, 67%
yield). '"H NMR (500 MHz, CDCl3): d = 0.53 (s, 6H), 2.92 (s, 6H), 6.76-6.78 (m, 1H),
6.86-6.87 (m, 2H), 7.03 (t, J = 9.0 Hz, 2H), 7.24 (t, J = 4.0 Hz, 1H), 7.48-7.51 (m,
2H) ppm. °C NMR (126 MHz, CDCl;): § = -2.0, 40.7, 113.8, 115.0 (d, J = 19.5 Hz,
1C), 118.2, 122.6, 128.8, 134.3 (d, J = 3.8 Hz, 1C), 136.3 (d, J= 7.3 Hz, 1C), 138.5,
150.1, 1639 (d, J = 2482 Hz, 1C) ppm. HRMS (ESI'): caled for
C16H, FNSi [M+H]" 274.1422, found 274.1423.

\N/

@ cl

o~

3-((4-Chlorophenyl)dimethylsilyl)-V,N-dimethylaniline 5f

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5f as colorless oil (50.6 mg, 70%
yield). '"H NMR (500 MHz, CDCl3): § = 0.52 (s, 6H), 2.92 (s, 6H), 6.76-6.78 (m, 1H),
6.85-6.86 (m, 2H), 7.23-7.24 (m, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 8.0 Hz,
2H) ppm. *C NMR (126 MHz, CDCl3): 6 = -2.2, 40.7, 113.9, 118.2, 122.6, 128.1,
128.8, 1354, 1357, 137.2, 138.1, 150.1 ppm. HRMS (ESI'): caled for
C6H, CINSi [M+H]"290.1126, found 290.1125.

\N/
OO
N

3-((4-Bromophenyl)dimethylsilyl)-/V,N-dimethylaniline Sg

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5g as colorless oil (54.3 mg, 65%
yield). '"H NMR (500 MHz, CDCls): 6 = 0.52 (s, 6H), 2.92 (s, 6H), 6.77 (dd, J = 8.0
Hz, 2.0 Hz, 1H), 6.84-6.86 (m, 2H), 7.23-7.24 (m, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.46
(d, J = 8.0 Hz, 2H) ppm. °C NMR (126 MHz, CDCl;): § = -2.2, 40.7, 113.9, 118.1,

S26



122.6, 124.0, 128.8, 131.0, 136.0, 137.7, 138.0, 150.1 ppm. HRMS (ESI"): calcd for
C6H, BrNSi [M+H]" 334.0621, found 334.0634.

~N
@\ /©/CF3
Si
/ N\

3-(Dimethyl(4-(trifluoromethyl)phenyl)silyl)-/V,N-dimethylaniline Sh

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5h as colorless oil (58.2 mg, 72%
yield). '"H NMR (500 MHz, CDCls): § = 0.56 (s, 6H), 2.93 (s, 6H), 6.78 (d, J = 8.0
Hz, 1H), 6.86 (m, 2H), 7.24-7.26 (m, 1H), 7.56 (d, J = 7.5 Hz, 2H), 7.64 (d, J = 7.5
Hz, 2H) ppm. “C NMR (126 MHz, CDClL): § = -2.4, 40.7, 114.0, 118.1, 122.6,
124.36 (q, J=3.8 Hz, 1C), 124.42 (q, J = 272.7 Hz, 1C), 128.9, 131.0 (q, /= 32.1 Hz,
10), 134.6, 137.6, 144.0, 150.2 ppm. HRMS (ESI"): calcd for C7H, F3NSi' [M+H]"
324.1390, found 324.1392.

\N/
Lo
AN

3-(Biphenyl-4-yldimethylsilyl)-/V,N-dimethylaniline 5i

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded 5i as a white solid (60.6 mg, 73%
yield). '"H NMR (500 MHz, CDCls): § = 0.57 (s, 6H), 2.92 (s, 6H), 6.77 (d, J = 7.5
Hz, 1H), 6.92-6.93 (m, 2H), 7.26 (t, J = 8.0 Hz, 1H), 7.32 (d, J = 7.5 Hz, 1H), 7.42 (t,
J=1.5Hz, 2H), 7.56-7.62 (m, 6H) ppm. >C NMR (126 MHz, CDCls): § = -2.1, 40.8,
113.8, 118.3, 122.8, 126.6, 127.3, 127.5, 128.8, 128.9, 134.8, 137.6, 138.6, 141.3,
141.8, 150.1 ppm. HRMS (ESI"): caled for C,HNSi' [M+H]" 332.1829, found
332.1836.
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\N/
SN

3-(Dimethyl(o-tolyl)silyl)-V,/N-dimethylaniline 5j

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded 5j as colorless oil (38.6 mg, 57%
yield). "H NMR (500 MHz, CDCls): 6 = 0.57 (s, 6H), 2.31 (s, 3H), 2.90 (s, 6H), 6.75
(d, J = 8.5 Hz, 1H), 6.84-6.87 (m, 2H), 7.13-7.18 (m, 2H), 7.20-7.24 (m, 1H), 7.26-
7.29 (m, 1H), 7.48 (d, J = 7.0 Hz, 1H) ppm. >C NMR (126 MHz, CDCl3): 6 = -1.2,
23.4,40.8, 113.6, 118.2, 122.7, 125.0, 128.7, 129.6, 129.9, 135.6, 136.7, 139.5, 144.3,
150.1 ppm. HRMS (EST"): calcd for C7H24NSi [M+H]"270.1673, found 270.1671.

\N/

O,

7N g

3-((2-Chlorophenyl)dimethylsilyl)-V,N-dimethylaniline Sk

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded 5k as colorless oil (32.6 mg, 45%
yield). '"H NMR (500 MHz, CDCls): 6 = 0.65 (s, 6H), 2.93 (s, 6H), 6.79 (dd, J = 8.5
Hz, 2.5 Hz, 1H), 6.90 (d, J= 7.0 Hz, 1H), 6.93 (d, /= 2.5 Hz, 1H), 7.15-7.18 (m, 1H),
7.24-7.27 (m, 2H), 7.31-7.33 (m, 2H) ppm. >C NMR (126 MHz, CDCl;): 6 = -1.7,
40.8, 113.8, 118.5, 122.8, 126.0, 128.7, 129.4, 130.9, 137.2, 137.6, 138.1, 141.4,
150.1 ppm. HRMS (ESI"): calcd for C¢H, CINSi [M+H]" 290.1126, found 290.1127.

SN
/Si\ Br

3-((3-Bromophenyl)dimethylsilyl)-/V,/N-dimethylaniline 51

The general procedure B was followed. Purification via column chromatography on
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silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded Sl as colorless oil (62.5 mg, 75%
yield). '"H NMR (500 MHz, CDCl;): § = 0.53 (s, 6H), 2.92 (s, 6H), 6.77 (d, J = 7.5
Hz, 1H), 6.85 (m, 2H), 7.19 (t, J = 7.5 Hz, 1H), 7.24 (d, J = 7.5 Hz, 1H), 7.42 (d, J =
7.0 Hz, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.64 (s, 1H) ppm. °C NMR (126 MHz,
CDCls): 6 =-2.3,40.7, 113.9, 118.1, 122.6, 123.0, 128.9, 129.7, 132.1, 132.7, 136.8,
137.8, 142.2, 150.1 ppm. HRMS (ESI"): caled for CisHaBrNSi [M+H]" 334.0621,
found 334.0612.

\N/
/Si

3-(Dimethyl(naphthalen-1-yl)silyl)-V,N-dimethylaniline Sm

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded Sm as colorless oil (30.8 mg, 40%
yield). '"H NMR (500 MHz, CDCls): 6 = 0.70 (s, 6H), 2.87 (s, 6H), 6.75 (dd, J = 8.0
Hz, 2.0 Hz, 1H), 6.89-6.93 (m, 2H), 7.20-7.23 (m, 1H), 7.35-7.38 (m, 1H), 7.42-7.46
(m, 2H), 7.71 (d, J = 6.0 Hz, 1H), 7.83-7.88 (m, 2H), 8.01 (d, J = 8.5 Hz, 1H) ppm.
BC NMR (126 MHz, CDCl3): 6 = -0.7, 40.7, 113.7, 118.4, 122.8, 125.2, 125.4, 125.7,
128.8, 128.9, 129.0, 130.2, 133.5, 134.8, 136.3, 137.2, 139.4, 150.1 ppm. HRMS
(EST"): caled for CaoH24NSi [M+H]" 306.1673, found 306.1684.

SN
@ 2
~
Si
/ N\

3-(Furan-2-yldimethylsilyl)-/V,N-dimethylaniline Sn

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded 5n as colorless oil (40.7 mg, 66%
yield). "H NMR (500 MHz, CDCl3): 6 = 0.53 (s, 6H), 2.93 (s, 6H), 6.38 (s, 1H), 6.67
(d, J=3.0 Hz, 1H), 6.76-6.78 (m, 1H), 6.91-6.92 (m, 2H), 7.23-7.25 (m, 1H), 7.67 (s,
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1H) ppm. *C NMR (126 MHz, CDCl;): 6 = -2.7, 40.7, 109.5, 114.0, 118.1, 121.0,
122.4, 128.8, 137.6, 147.1, 150.2, 158.7 ppm. HRMS (EI'): caled for
C14H1oNOSi [M]" 245.1230, found 245.1220.

SN
@D
Si\
/N

3-(Dimethyl(thiophen-2-yl)silyl)-V,N-dimethylaniline So

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded 50 as colorless oil (37.2 mg, 57%
yield). "H NMR (500 MHz, CDCl;): d = 0.58 (s, 6H), 2.93 (s, 6H), 6.77 (d, J = 8.0
Hz, 1H), 6.91-6.93 (m, 2H), 7.18-7.29 (m, 3H), 7.61 (d, J = 4.5 Hz, 1H) ppm. °C
NMR (126 MHz, CDCl;): ¢ = -1.0, 40.7, 114.0, 118.1, 122.4, 128.3, 128.8, 131.1,
135.4, 138.3, 138.4, 150.1 ppm. HRMS (ESI"): caled for C;4HyoNSSi' [M+H]"
262.1080, found 262.1080.

\N/

QI

s
3-(Benzofuran-2-yldimethylsilyl)-/V,N-dimethylaniline Sp
The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded 5p as colorless oil (48.5 mg, 66%
yield). '"H NMR (500 MHz, CDCls): 6 = 0.61 (s, 6H), 2.94 (s, 6H), 6.79 (dd, J = 8.0
Hz, 2.0 Hz, 1H), 6.96-6.99 (m, 3H), 7.18 (t, J = 7.0 Hz, 1H), 7.24-7.28 (m, 2H), 7.49
(d, J=8.0 Hz, 1H), 7.55 (d, J = 7.5 Hz, 1H) ppm. °C NMR (126 MHz, CDCl3): ¢ = -
2.8,40.7, 111.5, 114.2, 117.6, 118.1, 121.2, 122.4, 122.5, 124.5, 128.1, 128.9, 136.7,
150.2, 158.5, 162.2 ppm. HRMS (ESI"): calcd for C;sH,yNOSi' [M+H]" 296.1465,
found 296.1466.
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Sy

3-(Dibenzo[b,d]thiophen-4-yldimethylsilyl)-V,/N-dimethylaniline Sq

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 3/1, v/v) afforded 5q as colorless oil (68.3 mg, 76%
yield). '"H NMR (500 MHz, CDCls): d = 0.74 (s, 6H), 2.91 (s, 6H), 6.78-6.80 (m, 1H),
6.96 (d, J = 7.0 Hz, 1H), 6.99 (s, 1H), 7.24-7.26 (m, 1H), 7.41-7.44 (m, 3H), 7.56-
7.58 (m, 1H), 7.78-7.80 (m, 1H), 8.13-8.17 (m, 2H) ppm. “C NMR (126 MHz,
CDCl): 0 =-2.2, 40.8, 114.0, 118.6, 121.5, 122.7, 123.0, 123.9, 124.2, 126.6, 128.8,
132.7, 133.9, 134.9, 135.4, 137.5, 139.7, 145.8, 150.1 ppm. HRMS (EI"): caled for
C»H»NSSi [M]"361.1315, found 361.1296.

N,N-dimethyl-3-(methyl(phenyl)silyl)aniline Sr

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded Sr as colorless oil (41.3 mg, 69%
yield). '"H NMR (500 MHz, CDCls): 0 = 0.61 (d, J = 4.0 Hz, 3H), 2.93 (s, 6H), 4.91
(q, J/=4.0 Hz, 1H), 6.78 (dd, J = 8.0 Hz, 2.0 Hz, 1H), 6.91 (d, J = 7.0 Hz, 1H), 6.93
(d, J = 2.5 Hz, 1H), 7.23-7.25 (m, 1H), 7.33-7.37 (m, 3H), 7.56-7.58 (m, 2H) ppm.
C NMR (126 MHz, CDCls): § = -4.7, 40.7, 114.1, 118.9, 123.2, 128.0, 128.9, 129.5,
135.0, 135.8, 135.9, 150.2 ppm. HRMS (ESI'): calcd for C;sHyNSi' [M+H]"
242.1360, found 242.1361.
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3-(Diphenylsilyl)-/V,N-dimethylaniline 5s

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5s as colorless oil (46.5 mg, 61%
yield). '"H NMR (500 MHz, CDCls): 6 = 2.90 (s, 6H), 5.44 (s, 1H), 6.80 (dd, J = 8.0
Hz, 2.0 Hz, 1H), 6.91 (d, J= 7.0 Hz, 1H), 6.96 (d, /= 2.5 Hz, 1H), 7.24-7.25 (m, 1H),
7.34-7.40 (m, 6H), 7.58-7.60 (m, 4H) ppm. >C NMR (126 MHz, CDCl;): 6 = 40.7,
114.3, 119.8, 124.2, 128.1, 128.9, 129.8, 133.8, 133.9, 136.0, 150.2 ppm. HRMS
(EST"): caled for CaoH»NSi [M+H]" 304.1516, found 304.1516.

\N/
o0
/ Ph

N,N-Dimethyl-3-(methyldiphenylsilyl)aniline 5t

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5t as colorless oil (44.5 mg, 56%
yield). '"H NMR (500 MHz, CDCls): § = 0.82 (s, 3H), 2.88 (s, 6H), 6.79 (d, J = 8.5
Hz, 1H), 6.85-6.88 (m, 2H), 7.23 (d, J = 8.0 Hz, 1H), 7.32-7.39 (m, 6H), 7.53 (d, J =
6.5 Hz, 4H) ppm. °C NMR (126 MHz, CDCl): § = -3.1, 40.7, 113.9, 119.5, 123.9,
127.9, 128.7, 129.4, 135.5, 136.6, 136.7, 150.1 ppm. HRMS (ESI"): calcd for
C»HxNSi [M+H]" 318.1673, found 318.1679.

\N/
@\ /O
Si
/ N\

3-(Dimethyl(phenylethynyl)silyl)-/V,/V-dimethylaniline Su

The general procedure B was followed. Purification via column chromatography on
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silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5u as colorless oil (32.5 mg, 47%
yield). '"H NMR (500 MHz, CDCl;): § = 0.48 (s, 6H), 2.97 (s, 6H), 6.79 (d, J = 8.0
Hz, 1H), 7.03 (d, J= 7.0 Hz, 1H), 7.10 (s, 1H), 7.26-7.31 (m, 4H), 7.49 (d, J = 6.5 Hz,
2H) ppm. “C NMR (126 MHz, CDCl;): § = -0.6, 40.8, 92.6, 106.7, 114.1, 117.9,
122.1, 123.3, 128.3, 128.7, 128.8, 132.2, 137.6, 150.2 ppm. HRMS (ESI"): calcd for
CsH,,NSi [M+H]"280.1516, found 280.1515.

\N/
/ N\

(E)-3-(Dimethyl(styryl)silyl)-V,N-dimethylaniline Sv

The general procedure B was followed. Purification via column chromatography on
silica gel (Hexane/CH,Cl, = 4/1, v/v) afforded 5v as colorless oil (57.8 mg, 82%
yield). '"H NMR (500 MHz, CDCls): 6 = 0.42 (s, 6H), 2.94 (s, 6H), 6.59 (d, J=19.5
Hz, 1H), 6.76-6.78 (m, 1H), 6.93-6.97 (m, 3H), 7.23-7.26 (m, 2H), 7.31 (t,J = 7.5 Hz,
2H), 7.44 (d, J = 7.5 Hz, 2H) ppm. C NMR (126 MHz, CDCl;): 6 = -2.3, 40.8,
113.8, 118.0, 122.5, 126.6, 127.7, 128.2, 128.6, 128.7, 138.5, 139.1, 145.2, 150.2
ppm. HRMS (EST"): calced for CgH24NSi' [M+H]" 282.1673, found 282.1676.

\N/
i ST
/

3-(Ethyldimethylsilyl)-V,N-dimethylaniline Sw

The general procedure B was followed, but EtMe,SiH (1.25 mmol) was used.
Purification via column chromatography on silica gel (Hexane/CH,Cl, = 4/1, v/v)
afforded 5w as colorless oil (41.8 mg, 81% yield). '"H NMR (500 MHz, CDCl3): d =
0.24 (s, 6H), 0.73 (q, J = 8.0 Hz, 2H), 0.97 (t, J = 8.0 Hz, 3H), 2.95 (s, 6H), 6.75 (d, J
= 7.5 Hz, 1H), 6.87-6.89 (m, 2H), 7.22-7.25 (m, 1H) ppm. °C NMR (126 MHz,
CDClh): ¢ = -3.3, 7.61, 7.64, 40.8, 113.5, 117.8, 122.2, 128.6, 140.1, 150.1 ppm.
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HRMS (ESI"): caled for C;,H,NSi [M+H]"208.1516, found 208.1518.
7. X-ray Crystallographic Study of compound 4a-HCl

Under air atomsphere, to a stirred solution of 4a (100 mg, 0.39 mmol) in Et,O (3 mL)
was added hydrogen chloride solution in ethyl ether (1.5 mL, 1.0 mol/L). The reaction
was stirred for 10 min at r.t. The mixture was concentrated in vaccuo to afford 4a-HCl
as white solid. The crude product was washed with hexane (5 mL). Then, in a glove
box, obtained white solid was dissolved in a mixture of CH,Cl, and hexane. Single
crystals suitable for X-ray crystallography were grown by slow evaporation of the

prepared solution in a refrigerator (—30 °C).

X-ray diffraction data collections were performed on a Bruker D8 QUEST
diffractometer equipped with a CMOS area detector, using a IuS (Incoatec
Microfocus Source) microfocus sealed tube with Mo Ko radiation (A = 0.71073 A) at
173 K. The Bravais lattice and the unit cell parameters were determined by the Bruker
APEX2 software package.'” The raw frame data were processed, and absorption
corrections were done using SAINT and SADABS embedded in Bruker APEX2 to
yield the reflection data (hkl) file.'? All of the structures were solved using SHELXS-
2013." Structural refinement was performed using the WINGX-Version 2014.1
system,'* on F? anisotropically for all of the non-hydrogen atoms by the fullmatrix
least-squares method. Analytical scattering factors for neutral atoms were used
throughout the analysis. The hydrogen atoms were placed at calculated positions,
which were then refined using a riding model. The residual electron densities in all of
the structures were of no chemical significance. The crystallographic figure was
drawn by using ORTEP-III software.'”” CCDC number 1565171 (for 4a-HCI) contain
the supplementary crystallographic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

X-ray structure of compound 4a*HCI

S34



Figure S1. Crystal structure of compound 4a*HCL.

Crystal data and structure refinement for compound 4a-HCI.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.141°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]

shelx

C16 H22 CIN Si
291.88

173(2) K
0.71073 A
Monoclinic

P21/C

a=12.7816(11) A o= 90°.
b=11.3525(9) A B=106.203(3)°.
c=11.9115(11) A ¥ = 90°.

1659.7(2) A

4

1.168 Mg/m?

0.290 mm'!

624

0.300 x 0.200 x 0.200 mm3
2.444 to0 25.141°.

-15<=h<=15, -13<=k<=13, -14<=I<=14

20206

2958 [R(int) = 0.1084]

99.5 %

Semi-empirical from equivalents
0.745 and 0.543

Full-matrix least-squares on F2
2958/0/176

1.061

R1=0.0447, wR2 = 0.1060
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R indices (all data) R1=0.0715, wR2 =0.1232
Extinction coefficient n/a

Largest diff. peak and hole 0.325 and -0.359 e.A-3

8. Chemical Transformations of Products 4a and 5i

8.1 Suzuki-type cross-coupling starting from product 4a with arylboronic acids 7

O (0]
~, \
N SNE OTF 4@5(0&1) O
OO e @ s
s TtooM 4n Ni(COD),, IMes.HCI O O
Dioxane, 80 °C, 12 h Si
4a 6a, not isolated /N
Simple work-up 8, 65%

1-(3'-(Dimethyl(phenyl)silyl)biphenyl-3-yl)ethanone 8 According to the literature
procedures,”® to a dry 20-mL Schlenk tube equipped with a magnetic stir bar was
charged product 4a (63.8 mg, 0.25 mmol) and CH,Cl, (2 mL). To the resultant
stirring solution was added dropwise methyl trifluoromethanesulfonate (49.5 mg, 1.2
equiv) at r.t. The solution was stirred at r.t. for 4 h, at which time TLC analysis
indicated complete consumption of 4a. The reaction mixture was concentrated to
remove CH,Cl, and the residue was washed with MTBE and hexanes, and dried under

vacuum to give product 6 as thick oil, which was used directly for the next step.

In a glovebox, obtained product 6a, Ni(COD), (6.9 mg, 0.025 mmol), IMes-HCI (8.5
mg, 0.025 mmmol), arylboronic acid 7 (83.3 mg, 0.50 mmol, 2 equiv), CsF (116.5 mg,
0.75 mmol, 3 equiv) and dioxane (2.0 mL) were combined in a 20-mL Schlenk tube
equipped with a magnetic stir bar. The Schlenk tube was taken out of the glovebox
and was heated to 80 °C and stirred for 12 h. Upon cooling to r.t., the mixture was
filtered through a plug of silica, washing with ethyl acetate. The solvent was removed
in vacuo and the residue was purified by silica gel chromatography (hexanes/EtOAc =
10/1) to afford the desired products 8 (53.5 mg, 65% yield). 'H NMR (500 MHz,
CDCl): 6 = 0.60 (s, 6H), 2.64 (s, 3H), 7.35-7.37 (m, 3H), 7.45 (t, J = 7.5 Hz, 1H),
7.51-7.56 (m, 4H), 7.61 (d, J = 7.5 Hz, 1H), 7.73-7.76 (m, 2H), 7.92 (d, J = 8.0 Hz,
1H), 8.13 (s, 1H) ppm. *C NMR (126 MHz, CDCl3): & = -2.2, 26.9, 127.2, 127.3,
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128.0, 128.2, 128.5, 129.2, 129.4, 132.0, 133.0, 133.9, 134.3, 137.8, 138.1, 1394,
139.8, 142.2, 198.2 ppm. HRMS (ESI"): caled for C,H2,NaOSi™ [M+Na]" 353.1332,
found 353.1331.

8.2 Kumada-type cross-coupling starting from product 4a with aryl Grignard

reagents 9

N, <
N NT OTf @MQBF p
L0 = (L0
>siC TLDCM, 4h PA(PhsP),Cly, r.t. 4 h MeO

4a 6a, not isolated

0,
Simple work-up 10, 70%

(4'-Methoxybiphenyl-3-yl)dimethyl(phenyl)silane 10 According to the literature
procedures,’ to a dry 20-mL Schlenk tube equipped with a magnetic stir bar was
charged product 4a (63.8 mg, 0.25 mmol) and CH,Cl, (2 mL). To the resultant
stirring solution was added dropwise methyl trifluoromethanesulfonate (49.5 mg, 1.2
equiv) at r.t. The solution was stirred at r.t. for 4 h, at which time TLC analysis
indicated complete consumption of 4a. The reaction mixture was concentrated to
remove CH,Cl, and the residue was washed with MTBE and hexanes, and dried under

vacuum to give product 8 as thick oil, which was used directly for the next step.

In a glovebox, to a dry 20-mL Schlenk tube equipped with a magnetic stir bar was
charged obtained product 6a, PdCIl,(PPhs), (3.5 mg, 0.005 mmol) and THF (1.5 mL),
and the resultant slurry was stirred for 5 minutes. Then 4-methoxyphenylmagnesium
bromide (0.5M solution in THF, 0.55 mL, 0.275 mmol, 1.1 equiv) was added
dropwise at r.t. The solution was stirred at r.t for 4 h. The reaction mixture was
quenched by the addition of water (5 mL) and 2N HCI (1 mL), and extracted with
MTBE. The organic extract was dried (MgSQO,), filtered, and concentrated, and the
crude product was purified by silica gel chromatography (hexanes/CH,Cl, = 2/1) to
afford the desired products 10 (55.6 mg, 70% yield). '"H NMR (500 MHz, CDCl;): &
=0.58 (s, 6H), 3.82 (s, 3H), 6.96 (d, J = 9.0 Hz, 2H), 7.34-7.36 (m, 3H), 7.39 (t, J =
7.5 Hz, 1H), 7.46 (d, J = 7.5 Hz, 1H), 7.49 (d, J = 8.5 Hz, 2H), 7.53-7.56 (m, 3H),
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7.69 (s, 1H) ppm. >C NMR (126 MHz, CDCls): § = -2.2, 55.5, 114.3, 127.8, 128.0,
128.3, 128.4, 129.3, 132.66, 132.73, 134.2, 134.3, 138.3, 138.8, 140.3, 159.3 ppm.
HRMS (EI"): caled for C2;H»0Si™ [M]" 318.1434, found 318.1435.

8.3 Removal of dialkyl amino group in product 5i

\,L{ oTf H ‘
@\ /@/ _ MeOTf i-PrONa @\ ‘
rt. DCM 4h Q/ Ni(COD),, SIMeseHCI, Si
/ N\

Dioxane, 100 °C, 3 h

6b, not isolated 11, 66%

Si simple work-up

Biphenyl-4-yldimethyl(phenyl)silane 11 According to the literature procedures,” to
a dry 20-mL Schlenk tube equipped with a magnetic stir bar was charged product Si
(167 mg, 0.50 mmol) and CH,Cl, (4 mL). To the resultant stirring solution was added
dropwise methyl trifluoromethanesulfonate (100 mg, 1.2 equiv) at r.t. The solution
was stirred at r.t. for 4 h, at which time TLC analysis indicated complete consumption
of 5i. The reaction mixture was concentrated to remove CH,Cl, and the residue was
washed with MTBE and hexanes, and dried under vacuum to give product 6b as thick

oil, which was used directly for the next step.

In a glovebox, a dry 20-mL Schlenk tube equipped with a magnetic stir bar was
charged with obtained product 11, Ni(COD), (13.8 mg, 0.05 mmol, 10 mol%),
SIMes-HCI (18.4 mg, 0.05 mmol, 10 mol%), i-PrONa (125 mg, 1.5 mmol, 3 equiv)
and dioxane (2 mL). The Schlenk tube was taken out of the glovebox and was heated
to 100 °C and stirred for 3 h. The solvent was removed in vacuo and the residue was
purified by silica gel chromatography (hexanes) to afford the desired products 11
(95.2 mg, 66% yield). '"H NMR (500 MHz, CDCls): & = 0.58 (s, 6H), 7.31-7.36 (m,
4H), 7.42 (t,J = 7.5 Hz, 2H), 7.54-7.59 (m, 8H) ppm. °C NMR (126 MHz, CDCl;): &
=-2.2, 126.7, 127.3, 127.5, 128.0, 128.9, 129.3, 134.3, 134.8, 137.1, 138.3, 141.2,
142.0 ppm. Spectroscopic data for 11 match those previously reported in the

. 10
literature.
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9. Control Experiments for Mechanism Study

9.1 Reaction of hydrosilane 1a with Ph(CD3),SiH (3a-d)

@ @ @ L4
S|\
S' PhCI, 100 °c 24h H

D3 D.C / D,

1a, 0.25 mmol 3a-d, 2.0 equiv 4a-d, 84%

In a glovebox, hydrosilane 1a (45 mg, 0.25 mmol) was added to a solution of
B(CsFs); (6.4 mg, 5.0 mol%) in chlorobenzene (0.5 mL) in a 20-mL Schlenk tube
with a magnetic stir bar. Ph(CD3),SiH (3a-d) (71 mg, 0.5 mmol), which was prepared
from reaction of phenyldichlorosilane with methyl-D;-magnesium iodide solution,"
was then added. The Schlenk tube was taken out of the glovebox and the reaction
mixture was stirred at 100 °C (oil bath) for 24 h. After completion of the reaction, the
mixture was cooled to room temperature. The mixture was diluted with 10 mL of
CH,Cl; and analyzed by TLC. The combined organic phases were concentrated and
the resulting residue was purified by column chromatography on silica gel to provide
the product 4a-d in 84% yield (54.8 mg). 'H NMR (500 MHz, CDCls): & = 2.91 (s,
6H), 6.75-6.77 (m, 1H), 6.88-6.89 (m, 2H), 7.21-7.25 (m, 1H), 7.33-7.34 (m, 3H),
7.53-7.54 (m, 2H) ppm. >C NMR (126 MHz, CDCls): § = 40.7, 113.7, 118.4, 122.8,
127.9, 128.7, 129.1, 134.4, 138.7, 138.8, 150.1 ppm. HRMS (ESI"): calcd for
C16H16DeNSi™ [M+H]" 262.1893, found 262.1895.

9.2 Reaction of (m-Me,NCgH4)Me;Si (1a-Me) with PhMe,SiH 3a

\N/
O, - O —rmem (j Q-
H /
./ + e S <
si; PN PhCI, 100 °C, 24 h
1a-Me, 0.25 mmol 3a, 2.0 equiv 4a, 81%

In a glovebox, hydrosilane 1a-Me (48.3 mg, 0.25 mmol) was added to a solution of
B(CsFs); (6.4 mg, 5.0 mol%) in chlorobenzene (0.5 mL) in a 20-mL Schlenk tube
with a magnetic stir bar. Hydrosilane 3a (68 mg, 0.5 mmol) was then added. The

Schlenk tube was taken out of the glovebox and the reaction mixture was stirred at
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100 °C (oil bath) for 24 h. After completion of the reaction, the mixture was cooled to
room temperature. The mixture was diluted with 10 mL of CH,Cl, and analyzed by
TLC. The combined organic phases were concentrated and the resulting residue was
purified by column chromatography on silica gel to provide the product 4a in 81%

yield (51.5 mg).

9.3 Reaction of hydrosilane 1a with PhMe;Si (3a-Me)

\N/ \N/ \N/

@ H O+ ©\ - S(Ceels (5 mof) /@ + + sli’H
si’ Si PhCI, 100 °C, 24 h Si Si— -
/N 7N ’ ’ / N\ \

3a-Me
(recovered)

1a, 0.25 mmol 3a-Me, 2.0 equiv 2a, 78%

In a glovebox, hydrosilane 1a (45 mg, 0.25 mmol) was added to a solution of
B(CsFs); (6.4 mg, 5.0 mol%) in chlorobenzene (0.5 mL) in a 20-mL Schlenk tube
with a magnetic stir bar. PhMesSi (3a-Me) (75 mg, 0.5 mmol) was then added. The
Schlenk tube was taken out of the glovebox and the reaction mixture was stirred at
100 °C (oil bath) for 24 h. After completion of the reaction, the mixture was cooled to
room temperature. The mixture was diluted with 10 mL of CH,Cl, and analyzed by
TLC. The combined organic phases were concentrated and the resulting residue was
purified by column chromatography on silica gel to provide the product 2a in 78%

yield (29.1 mg).
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11. Copies of 'H and *C NMR spectra

1§6'2—

LEE'Y
SGE'Y
coF'y
Olyy
LIF'F

£5L9
LSL9
69L'9
€LLY
0689
#06'9
FLE'9
8169
£ET°L
8Pl
F9E°L

=Ll'9

=519

=690

=10']
o6t
=50']

00 05

05

1.0

35 30 25 20

40

55 50

85 4 ?ﬁ?’m)

125 120 115 110 105 100 %5 90 85 80 75 70

10

rlSe—

ELLOP—

coo,wh
of ,Fhw.
PLFLL

£S8€1
ZR0°811"
87€'721-"
908'8Z [~

9118eEl—

PaLOSL—

-10

10

110 _j00 . 90
1 }DDm)

120

200

210

S42



96C'0
£0E'0

£00'E—

9LEY
EREP
Em,v\.

EpL'Y
LPLY
09L'9
LLRY
1689
LEG'D
O8L'L
Fal'L
602°L
PET'L
GET'L
Z8T'L
96E'L
1eL

Bn
\N’

=009

=SlE

=680
~ELT

660
Mum,o
L6'0
66'E
€61

-05 -

00

55 50 45 40 35 30 25 20

m)

120 115 110 105 100 85 90 85 80 75 70 65 ?0
1 (pp!

125

£LS'E
£95°e"

T09'8E—

GLE9S—

906'9L
QEHPW
SLP'LL

1L9ell
Em_h:/
ma,mﬁ/
mm@ﬁ/
910°LZ1
269821
868871
£OLREL~
912'6¢17"

peE okl —

Bn
\N’

~

| : H
s
s

-10

10

o
=1

200 190 180 170 160 150 140 130

210

S43



000~
6Zel
e
ph&Y
GSE'L
PLE'L
G881
£01°g
vele
SELE
PLe
9s1g

0762~
sLe's
omm.mW
rob'e

PRER
L6EF
B6E't
SOP'P

BLL9
PELS

9L89
ﬁmm.wv
9069

LETL
SPTL
192°L

| I\I .‘[

=009

=80T
FElg

=Ilt

=rle

=ra'l

660
96'0
£6'0

A0l

05 00 -05 -1

10

55 50 45 40 35 30 25 20

m)

0
pp

% g

125 120 115 110 105 100 95 980 &5 80 75

10

8LS'E—

88L'61
LOR'6L
LER'6L
9FR'61
GhL'LE
08E'LE
0L9'LE

LPRLE
omv.mm.\‘

8RO'LS—

wom.w_ﬁ
QEHPW
FlELL

€19°¢lL
mwm.h:/
0S¥zl
Eo,vﬁ#
19Tl —
80F'8Z1
8l0'6ZL
090l
Wmv,mmﬁ\

10L8p1—

-10

10

110 00 90
i }ppm)

120

190

210

S44



SEEE
8FE'E
(£33
SLEE

Zaey
66EP

PG99
90L'9
PO8'9
8189
€589
661°L
plz'L
SITL
62T'L

=009

=TT

F=al'k

=060

0L
56°0
0T
At

-05

00

55 50 45 40 35 30 25 20

m)

0
pp

% g

125 120 115 110 105 100 95 980 &5 80 75

10

LES'E—

STLTI—

0bF' P —

wom.w_ﬁ
QEHPW
FlELL

ar0Ell
SleLll
860121
200671~

0118el—

GEE'LPL—

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S45



0zzn
LZT0

FOE'y
ey
8lEY
ey

6ELD
S5L9
S98'9
6LR'9
6269
Zsl'L
LAL'L
Z8l'L
Pz
65T'L
86T'L
el
LIE'L

[

e e LT
I
Wi

Bn\N,Bn
t e
s

=009

=£6'0
=1l'F

Lol
M«?oa
90°L
3901

Jmm,u
6Lk

T 9oL’ —

o LOF'FS—

wom.w_ﬁ
QEHPW
FlELL

6

1 (ppm}

06LEL1
Nmo.m:/

- omvﬂﬁ/
Emmﬁ/
9€0°LEL

w 65L'8TI
S06'8Z1
ZO1'8E 1~
lessel"

O1L8pl—

10

12

13

Bn\N,Bn

N

: H
si”
/

-10

10

200 190 180 170 160 150 140 130 120 110 }00 %0
1 {ppm}

210

S46



9zen

EEED

SLa'l
mmm,ﬁv
a00'g

8LT'E
omm,mv
£0E'E
SRE'P
[
66ER
Bl
Elp'y

ELSY
S8EY
6G8SY
LZLY
0ELY
0Z89
PER'D
gLzl
0zl
LTT'L
Zre'L

=009

=El'r

=0Tk

FRE0

=201
=201
uu_,._nm,o
=601

05 00 -05 -1

10

55 50 45 40 35 30 25 20

m)

0
pp

% g

125 120 115 110 105 100 95 980 &5 80 75

10

Log'e-—

POS'SE—

FO9' L —

906"9L
QEHPW

FLP'LL

vaLzil
896'91 1
900°1z1+"
POR'RTL~,

1Zrsel—

Far Ll —

-10

10

140 130 120 110 00 90
i }ppm)

150

200

210

S47



2669
@oo,hk
Pro'L—
601 ,h*
rZl'L

i
|

[f

=009

=Fl¥

=5lE

=SlF

=LR'0

LG6'0
Lot
m:o,ﬁ

05 00 05 -1

10

50 45 40 35 30 25 20

m)

5
pp

g

65

115 110 105 100 95 90 85 80

]

Leye—

8PL0Z—
GlLLSE—

960'LS—

S06'9L
QEHPW
FLP'LL

SOLTEL~
[RAUCTARN
STLOEL~
LES'IEL—
FE8PEL-"

FrOarl—

-10

10

20

S48

=]
&

160 150 140

170

200

210



61E0
9ze0

886'1
ooo,mv
£1e

vow,m
mbw,mv
88Z'E
6SEP
99E'F
rLEY
LRER

6le'9
EFC'9

mmv,m
mmq,ww
1089

0sT'L—

—

=009

=8l'F

=91'F

=960

Lot

960
60

05 00 -05 -1

10

55 50 45 40 35 30 25

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 ?0
1 (pp!

10

LE9'e—

68'se—

LE8Lh—

wom.cﬁ./

oot
Ev.hh.\

Z6L'60

96566
z099nl
95L'901
9LOTLL
omu.m:N

Zae okl
OrE'orl
SEE'akl
FlEarl

1TLOET~
61091

-10

10

00 90 80
i }ppm)

110

190

210

S49



Sieo0
€280

0861 —

wTe—

2659~
€L99
9889

e
.
AN

Br

=y

Z€0'1
2660
260

1 (ppm)

LT9E-—

YSS'ST—

699°LY —

€10dD 906'9L /
€10Aad 091°LL W
€OAD vIV'LL

€811~
vorsil 7
096'TT1 ~
Tsgec 7

ool —

€L9°8Y1 —

Br

=10

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

210

S50



=009

=1e

=7lg
Mot
=20T

=760

860
oo
o0t

45 40 35 30 25 20 15 10 05 00 -05 -

m)

100 95 90 85 80 75 70 65 6.0 55 ?0
1 (pp!

105

EpE—

GLSTE—
1E0'8—

ELT6E—

098'15—

wom.cﬁ/

oot
Ev.hh.\

oLz ot
110221 —
SSEPTLY”
1Lo8zl”
£0L'SEL,

TP 9IrPl—

-10

10

110 00 90
i }ppm)

120

190

210

S51



mmm,ov. _

Lk

fre?
685'1
9Ll
9891
L69'L

O8L'E
Lol ,mv
[AVa
ey
GLE'Y
LBE'Y
PoE'?
10%

8069
§Za'9
96E'L
eyl

=009

0T
b

=0l'F

=L80

=50°C
=p6'l

6
1 {pp

~

10

12

13

4

15

16

69E'E—

GTEFE~
LSE'GT~"

GZO0S—

wom.w_ﬁ
QEHPW
FlELL

T9ST—
88FSIl—

29Lsel—

8F8ZS1—

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S52



68ED
96E'0

PLLE—
SESP
Zrs'y
6FS'P
LSC'F
oSy

£5F9
65%'9
L10°L
£Z0'L
8FC'L
PIT'L
£0S'L
FZ9'L
6E9'L

1

W

J

N

=009

=f0'E

=L8'0

=160

=>£6'0
=960
=560
G660

-05 -

00

35 30 25 20

40

55 50

m)

0
pp

% g

125 120 115 110 105 100 95 980 &5 80 75

10

Se0'er

QLR'TE—

906'9L
QEHPW
FLP'LL

Loo'LoL—

EF0°SLL~
699'0Z1
Ew,vmﬁﬁ
LLLGEL
omm,mﬁW
Frs'azl
1zLoer-"

-10

S53




Al
ZeEPD

ZERE—
909
L9
0z9'y
8I9'%
SEO'F

STL'Y
650°L
ELOL
880'L
10z'L
90g'L
gle'L
0ET'L
£0E'L
6lEL
S6E'L
1oL

. -

=009

=00t

=060

~€6°0

86'0
mwi
960
=p6'0

-05

00

55 50 45 40 35 30 25 20

m)

0
pp

% g

70

125 120 115 110 105 100 95 80 &5 680

10

019'e-—

269'TE—

906"9L
QEHPW

FLP'LL

8ET'G01—~
866111~
PREGTIN
Zr8'0Zl—
ﬁwm,mmﬁ.\r
606'8Z1—

SLPBEL~
ssTiorl-"

-10

10

140 130 120 110 00 90
i }ppm)

150

200

210

S54



81€0
9ze0

glee—

OLE'Y
LLEY
PRER
Zaey
86EP

8004,
051~
el

)

=009

=109

=060

660
g6l

05 00 -05 -1

10

55 50 45 40 35 30 25 20

m)

0
pp

% g

125 120 115 110 105 100 95 980 &5 80 75

10

S68'E—

GPP'LE—

wom.w_ﬁ
QEHPW
FlELL

100 1€1~
css1el”
8SELEL~

-10

10

110 00 90
i }ppm)

120

200

210

S55



£lp0
0zZF'o

oSy
15 4
8lS'F
9ISy
£ESR

8lT'L
Zel'L
0sg'L
G8Z'L
S0E'L
LIEL
6lEL
LTE'L
Zre'L
8LP'L
lap'L
EGP'L

V.‘

[o]]

L

S

=009

=060

960
2961
RL60

05 00 -05 -1

10

35 30 25 20

40

55 50

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 ?0
1 (pp!

10

SLYE—

wom.w_ﬁ
QEHPW
FlELL

L6191~
£60'6T 1~
£60'1E1—
88E'9E L~
989517
oz v

Cl

~Lo

S

-10

10

00 90 80
i }ppm)

110

190

210

S56



a00'0-—

hmwdv. _

S08°0

1L
6TLY
9Ly
Py
ISt
9pz'Ly
Lop'ed
LI
5k Lo
65k L
SLb'LA
£09°Ly
919°Ly
L19'EA
068°L

Rm.pu
7o8't )
#98°L
698 L4
ERE
L1184
€518
L5181
651
89181

vmai
¢RI

H
VatN

=009

=160

=7EE
01
gl
=602

05 00 -05 -1

10

55 50 45 40 35 30 25 20

m)

0
pp

% g

70

125 120 115 110 105 100 95 80 &5 680

10

290 —

906'9L
OEHPW
SLP'LL

m%,E
DE,NSW
oLzl
Lerpel
seeoztd
£99'1€1/7
£567€1
S6LPEL
§Ls'sel

mum,mmﬁ\
988'S¥l

H
VatN

10

60 40

120 110 F“I](ggm) 90 80
S57

130

200

0



§TS0—

clec—

— )

=109

00Tl

v 661
w1

Ny

-0.5

0.0

1.0 10.5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 30 25 20 1.5 1.0
1 (ppm)

1.5

LI0E—

FOS'0F—

906"9L
om:._?_uwv

FLP'LL

zoLell "
lak'8Ll-~
08RZTl—
GO9REL~

Pe0'GEl—

LBO0SL—

-10

10

140 130 120 110 00 90
i }ppm)

150

200

210

S58



6FF0—

696'T—

PLyr—

6TL'Y
SPL'Y
0589
PoR'g
976’9
oL
8LL'L
Lal'L
A
LZT'L
lec'L
99g'L
08T'L
SGE'L

=009

=£0'9

=I0'F

961
mmf
6l
86°L
08¢

05 00 -05 -1

10

35 30 25 20

40

55 50

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 ?0
1 (pp!

10

PLLE—

6O99'8E—

SLE9S—

uoo.cﬁ
om:._?_uv
FlELL

L8PELL
00Z'811
mmc,mm—/
mm@,mm—./
SZOLEl
PPIECL
FOLBEL
S
90£'6El

9916kl —

N/

-10

10

120 110 00 90
i }ppm)

130

200

210

S59



/AU B
S8L'L

008l

SI8'L

DES'L

600°T

0e0T —_—
1502 _—

€907

890°Z

F80'T

LeRg— —————
flee
mwm,mv _—
tres

2049

W:.Lk

VES 9 —
2069 ==
916

0ZT'L T e
9e'L
0se'L

=009

E0'F
Fo0'y

=209

el

=061
366"l
y_rhm,ﬁ
=plC

45 40 35 30 25 20 15 10

EFE“I (ppﬂso

100 95 9.0 85 80 75 70 65 60

105

€0 —

LeLal
GeL'Gl
GsLal
LLLGl
a0l'le
9eL’lE
LOS'LE

Lal'le
ohm.mm.\‘

8OL'LS—

wom.w_ﬁ
QEHPW
FlELL

zLeell””
€028~
69L2T1—
GLR'BTL~,

EEEGEL—

8SS'8Fl—

-10

10

200 190 180 170 160 150 140 130 120 110 }00 %0
1 {ppm}

210

S60



Fae'E
80E'E
zie'e
SEE'E

0899
699
44
@mm,mw
£58'9
6LL'L
Sol'L
01zl
LPT'L

=009

R0zl

I

=" = {()'Y]

1
LR
o i o— o
23z

T T T T T T T
50 45 40 35 30 25 20 15 10 05 00

aFql (ppms)s

T T T T T T
110 105 100 95 a0 85 80 75 7.0 6.5

15

]

Lorg—

BLLTI—

GOF' P —

wom.w_ﬁ
QEHPW
FlELL

sogzil”
088'LLL~
996121~
SLLRT1A_

E8lGEl—

80T'LPl—

-10

10

110 00 90
i }ppm)

120

190

210

S61



FRZ0—

88—

LBO'D
POL'G
1SL'Y
S9L9
0889
990°L
mmo,h.w
L60'L
66LL
£1TL
LIT'L
§92°L
6LT'L
PaT'L

=009

= [y

90°g
k 581
= 95']
= 0£g
oLzl
#6°d

-05 -

00

55 50 45 40 35 30 25 20

m)

0
pp

g

120 115 110 105 100 85 90 B85 &0 75

125

96FE—

BEQPS—

906"9L
om:._?_uW
FLPLL

£65°ELI
0eF8LL
POL'ZT TM
SE69Z1

S969Z1

90821
b6 8El
bSO 61

LEF'8FL—

O~
o]
s

\_/

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S62



9l1s0— - —

E@,,.v. _ J

6La'l

L92'€
ZLee

£95'9
8LE'Y

[
I

J

SSL9

mmm,cw -

lal'L — .

a0z'L

LZz'L
PeET'L

&

=009

=018

=918

202
2661
el
ooz

-3

LE6'—

-1

PRS'SE—

1LYt —

- 906"9L
09L°LL
FlELL

1 {pp

295211~
9lELIL"
® 909121~
EPORTL,

8ETGEL—

10

L8E'Lrl—

12

13

14

16

&

-10

10

130 120 110 00 90
fl }ppm)

140

200

210

S63



66F0— — —

£66'9
moo,hk
850'L~x =

Zo0'L
co_.,h\'
6ET'L

=009

=08

=r0'9

=E0'8

6l
L.mma
6l

-05 -

00

50 45 40 35 30 25

m)

5
pp

g

65

115 110 105 100 95 90 85 80 75

]

0Z8'1-—

LLL0E—
L90'§E—

860'LS—

uom.cﬁ
om:._?_uv
FlELL

A FA R
908 9T~ _
Rt AR
Fog' 11"
Zen9el-—"

LP8'8rl—

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S64



£050—

186’ [—

SPC'E
9sz'e

F1z9
8T
£5F9
mhv,cw
6¥9
9rT'L—

1

20

=009

=608

=508

961
88'1
881

05 00 -05 -1

10

55 50 45 40 35 30 25

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 ?0
1 (pp!

10

68T —

698'S2—

FL8'Lr—

uoo.cﬁ
om:._?_uv
FlELL

FSE'60

mmm.mmu.
S86'90L
mm_.,ho—V
PSRTLL
S98°TLL

SLBORL
£T6'0FL
LFT 6kl
9zEGkl

SEOENT~
18691~

-10

10

110 00 90
i }ppm)

120

200

210

S65



Sov'0 — e —

=08

661
6l
"og°|

T
-0.5

T
0.0

0.5

15 1.0

20

5.0

T
6.0

75

8.0

1.0

1.5

1 (ppm)

89TCT-—

wILY —

LO6'9L
oo_.hhw
vIv'LL

10TST1~
siLsits
0STETI ~
9sg€cl 7

v6'ovl —

119°8%1 —

-10

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

210

S66



wayl—

LLa'l

1PLT
mmh,NW

99LT — S —

6587

Lsle _
mz,mw

802'€

Z8LY

S6L'Y T

§6'9
6EG'D
mvm,h\

Fea'l
@umav e

|| T

=009

=L0'%

A
.m(qo,@
=L0'F

FR6E
0T

0S8 1-—

10

15

SLSTE—
0lo8g—

Lgae—

25

LO9'LS—

30

35

40

wom.w_ﬁ
QEHPW
FlELL

45

EFE“I (ppﬂso

60

LG9 9LL—
N A RN
6S0¥CL—
Pob BTL—

65

70

LLR9EL—

75

£0E9Pl—

100 95 9.0 85 80

105

-10

10

120 110 00 90
fl }ppm)

130

200

210

S67



oo —

L8O
260y
ey
L1y
ocly
LTEY
ogey
14304

L6
1y
ooy

L69°0- —

£5£'89
628°0L

8€s” :%
15T EL~
L06'9L ~

cc_.hh\
SIVLL

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

00

S68



LES0—

1eZ—

6L 9
£5L9
5949
89L'97
61891
26897
am,i
el

mmm,hw
FSTL

97€ L4
sze Al
LE€ L
6E€ 'L
825L ]
€65
PES L]
£PSL

=810

=€

=00'1
Aal
SO
=15'T
=0L'l

00

45 40 35 30 25 20 15 10

EFE“I (ppﬂso

60

65

100 95 9.0 85 80

105

0ple-—

sLor—

wom.w_ﬁ
QEHPW
FlELL

OpLELL
SLE'SLL S
8eLZCL
Pmm,hmﬁ/.
Eh,mmﬁw
S60'6Zl
GSEPEL—
LEL'BEL
E6LREL

LHost—

-10

10

120 110 00 90
i }ppm)

130

200

210

S69



For'0—

086'T—

SLPP—

Pl 97
95L'9

19£'97
198'91
SLRO
106'9+
1614y
POz LA
91Z'L,
822 L4
cor e
182'L4
662 'L
1ed
L8PL

667 'L
108'L

=

=

=

S

00'9

G0'E

90°'e

00t
[DRE
€60
co'r
8'F
68’1

T
1185

-2

-15

00 05 -10

20 15 10 05

25

50 45 40 35

m)

5
pp

g

6.5

105 100 95 @0 85 80

1.0

125 120

10

Plee—

GILBE—

Pea'9s—

906'9L
QEHPW
FLP'LL

SFeEll
Sal'sLll
686TTL
186921
BPR'LZL
Z99'8T1
96L'8ZL
§s0'6zl
66T P~
169'8€1
Eh,wmﬁw
STTGEL
olarl—

-10

10

160 150 140 130 120 110 }00 90
1 {ppm}

170

200

210

S70



gtz ¢
06L'1
co8'l
0z8'L
ploz
se0z
b0z
z50z
8907

LERT~,

66Z'E
Em,mw
8IL'E

6699
SLLY
96L9
0089
9889
069
eL
Lee'L
9ET'L
Zst'L
9eE'L
LPE'L
LES'L
9eC'L
9ps'L

=009

50T
Feoe

1 T

=r0'E

i

=80T

/860
- 3960
60

- =50'L
0

18t
(8]

20 15 10

25

50 45 40 35

aFql (ppms)s

6.5

7.0

115 110 105 100 95 a0 85 80

]

6leT—

696l
ZiLal
LELal
0sLal
FOLLE
SeE’lE
SOS'LE

SaL'le
mum.mm.\‘

LROL5—

906"9L
QEHPW

SLP'LL

SOPELL
0RL'8LL
60LTT1
886671
BRL9Z1
Z06'LT1
L18€'8EL
SP6'ST1
OLL6ZI
LLS0EL
LEEPELS
P95 REL
991'6€1
ke8Pl —

MN/

FiC

-10

10

140 130 120 110 00 90
i }ppm)

150

200

210

S71



6280
860'1
[
9zl

LBT'E
Loe'e
Slee
6ZE'E

7809
LBO'G
£0LY
96L'Y
G089
0al'L
S0Z'L
£ZT'L
0gE'L
LEE'L
Ope'L
GES'L
9ps'L
£5E°L

W -

‘a0

-

=009

=809

L0F

66D
081
ZELT
8T
eyl

7

-15

00 05 -10 =

50 45 40 35 30 25 20 15 10 05

m)

5
pp

g

6.5

125 120 115 110 105 100 95 @0 85 80

10

SLLE—

£69T1—

PRP P —

wom.w_ﬁ
QEHPW
FlELL

006°TLL
MOPFZ/
86E'1T1
ﬁmm,hmﬁ/
mom,mmﬁ/
0s0'agl
SSEPEL—~
LELBEL
LER'BEL
2Ll —

I~

‘a0

-10

10

130 120 110 00 90
i }ppm)

140

200

210

S72



3

=009

= LO'H

[~ — 00 0 W)W
;O e O
e o

T
1185

-15 -2

00 05 -10

50 45 40 35 30 25 20 15 10 05

m)

105 100 95 90 85 80 75 70 65 60 ?5
1 (pp!

1.0

125 120

10

09e°g-—

FLLPS—

uom.cﬁ
om:._?_uv
FlELL

LoLell
FL98LL
6TOTTL
aLa9zl
LBAITL
918'LEl
8ZLBLL
E0R'BTL
G86'RTL
O1ZPEL~
zTeRel
owm,mm—W
TLRBEL
GRPErPL—

-10

10

120 110 00 90
i }ppm)

130

200

210

S73



£ESD

156l
muo,ﬁw
SLa'l

GET'E
—mm,mw
P9TE

LS9
LBE'Y
FOL'D
olg'e
PR
S0T'L
kA
oge'l
SET'L
PTeL
Le€'L
PES'L
GES'L
8FS'L

| T A

N

009

=00'F

EROF

860
Zis0
60
Sl
Mmhm

L8l

7

-15

00 05 -10 =

50 45 40 35 30 25 20 15 10 05

m)

5
pp

g

125 120 115 110 105 100 95 &0 85 80 75

10

GELE—

SRS'SE—

99" L —

906"9L
om:._?_uv

FLP'LL

69711
vﬁ.p:w
L8 1ZL
68 LZL
mF,mSW
SE0'6ZL
LSEPEL~
SILBEL
LE6BEL
807'LEl—

-10

10

140 130 120 110 00 90
i }ppm)

150

200

210

S74



res0—

SER'L
Zas'l
8681
£06'l
aLa'l
SIET

ﬁmﬁm
mf,mv (
9LLE

9L6'9
1669
8lOL
e
all'L
£ZE'L
STEL
FeE'L
9eE'L
(449
8ZC'L
1E6°L
LES'L
OFS'L

Si,

=009

=00

=f0'E

=E0'p

£6°0

960
J.mm,o
H/Nm,m
M/.

L8]

05 00 05 -1

10

50 45 40 35 30 25 20

m)

5
pp

g

65

115 110 105 100 95 90 85 80

]

Lo0g-—

LRLOE—
O80'SE—

SSO'LS—

906"9L
QEHPW

FLP'LL

E?S
mpm,mﬁ/
EPRLEL
06zl

596 '6Z1-E
9LF1EL
R:m@‘
605 €L

6h6'SE

P26 8Pl—

-10

10

130 120 110 00 90
i }ppm)

140

200

210

S75



000'0—
§ZS0—

996'1
mgév
066'L

§ITE
hmm,mw
8FC'E

8lC'9
EFT'Y

1£59
@EW
5809
£ L
BEE'L
156°L
2zs'L
PES'L

=009

=60'%

=01k

ool
n\.um,o
860

=L8'T
=6l

-3

-1

1 {pp

10

15 14 13 12

16

08—

0LS'SE—

008'Lh—

coo.cﬁ./

091
w_.v.hh.\

6lE'6n

mmm.mmu.
810°L01
Ll ,ho—V
£16°CLL
LTE'TLL

9g6'LT1
cmw,om—ﬁ
ez FEl
mﬁm,mm—”
PLO'lrL
Lelirt
6eC'arl
8le'arl

LO0EDT~
600'91-"

-10

10

00 90 80
fl }ppm)

110

190

210

S76



Z2isn—

856l
oE\:W
86l

—wm,mv
EET'E

9559
_%,c/
LIS
mmm,h/
OpE'L
£
£1S'L
SIS'L

Br

=009

=1t

=01'F

660
=Z0'l
2660
»€6'T
=861

-05

00

55 50 45 40 35 30 25

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 ?0
1 (pp!

10

8LET—

Pes'se—

999'Lp—

uoo.cﬁ
om:._?_uwv
FlELL

GPLSLL~
96L 5117
DEEETL,
L68'ET1-
mm@hm_w
00€ 6217
gm,qm_\
SO0BELY
81€'171

529'8FL~"

Br

-10

10

110 00 90
i }ppm)

120

190

210

S77



Skp0— ——

698
088'L

681

06’ E—
SI6'T
19
m%,mw .
O%,Q

80LZ —
sig

@E,m%

Lele

7599
m%,ok -
L9809~ —
8Tl

192L —
LLr'L .
8LY'L

=209

=T0'e

107
Nesz
=007

06°0

60
e
88T
06'L

05 00 -05 -1

10

55 50 45 40 35 30 25 20

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 ?0
1 (pp!

10

980°E-—

LISTE—
800'8E—

elgeE—

65815 —

906"9L
QEHPW

FLP'LL

185911
ﬁiﬁ”
SETPTLL
128071,
$65°871

800'6Z1

mwmeﬂ%
%m,wﬁ\
£66'861

1sgos1”

|

||

0

-10

10

130 120 110 00 90
i }ppm)

140

200

210

S78



1080—
298’1
ELS']
£8S°1
8591
0L9'1
0891
0691

LLL'E
mmﬁ,mv
86l'E

SGRY
e
8ET'L
0Ze'L
6ZE'L
LEEL
LLE'L
E6E'L
£0S'L
80E'L
LIS'L
0zl

=009

80T
80

=L0F

SP0'T
9LZ
96'1

Aoy

7

-15

00 05 -10 =

50 45 40 35 30 25 20 15 10 05

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 60 ?5
1 (pp!

10

Lene—

STE P~
96862~

Lla'ab—

wom.w_ﬁ
QEHPW
FlELL

GEFSLL—

82191
mmm,EM
168zl
PLEPEL—F
mmm,mm&..
91E6EL

669251—

-10

10

120 110 00 90
i }ppm)

130

200

210

S79



000'0—

1090—

LLLeE—

19%9
@@V@v.
GEO'L
SPO'L
LET'L
0sZ'L
§9T°L
6TE'L
are'L
OLy'L
Zps'L
aps'L
LES'L
6L9°L
PEOL

JIHII

Si

=009

=0L'e

=0l

660
so'l

Jire
=501

60'T
80°1

05 00 05 -1

10

50 45 40 35 30 25 20

m)

5
pp

115 110 105 100 95 90 85 80 75 70 65 60 Fl?

]

SHLl-—

Ll6'TE—

wom.w_ﬁ
QEHPW
FlELL

L6600T—
SEESLL

mmnoﬁ/
v&,vﬁ/
Em,hﬁ/
8E0'6T1
LIPEEL
D8P6ZL
LPR6T1
1Zrpel %
5L9E] \.

eLe'oel

-10

10

90

1 by
S80

110

190

210




Er90—

0z9e—

68L'9

§90'L

Z80°L1
L60'L

66147
SIZ'L
822 'L
e |
06E LA
26 LA
88 L
zse L
19¢ 'L
SLe'L
o3¢ 'L )

£ZS'L
619°L7
SE9'L

=
iy

/
/[l
/1

=

=

|

i

809

00'e

S6'0
€0l
00l
[1IRE
00'e

€0'l

05 00 -05 -1

10

45 40 35 30 25 20

50

125 120 115 110 105 100 95 80 &5

10

9oL —

irl'ee—

uom.cﬁ
om:._?_uv
FlELL

£EZ'601
mh—.m:/
zoe'all
elancl
6ZETTL
mm_.,mm—./
ESPRTL
6ps'6zL~"
PIEPEL-
L0L'LE1-T
@oo,mm—.\\

88F'0F1

-10

10

130 120 110 00 90
i }ppm)

140

200

210

S81



€S0 —

260y
vel'y
LET'Y
orly
8SEY
19€'y
Poey

LIEL
0ze'L
€TEL
9TE'L
6CEL
ceeL
61S°L
ws'L
STS'L
LTS'L
6CS’L
(433
YES'L

s18%

“66°1

=86'C
=00'C

16671- —

830
io.%/
© 0zI'1L V
SLYEL~

S06'9L —F
o
rs Om_,hb\‘
€IVLL

1 (ppm)

o T6LLT —
1€6'8T1

voLeel 7
€16°6E1 —

-10

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

210

S82



LIS0—

9eET—

Flee—

kLY
GRL'Y
L9L'9
9L
ELR'Y
LER'Y
68D
£06'9
asi'L
SoL'L
9lz'L
0EgT'L
SIv'L
OFp'L

=L09

=00t

=109

F6'0
W\.mma
Za'l
(AN
HJromq.

T
1185

-2

-15

00 05 -10

20 15 10 05

25

50 45 40 35

m)

5
pp

g

6.5

105 100 95 @0 85 80

1.0

125 120

10

9P0E—

Loge—

FLLOP—

wom.w_ﬁ
QEHPW
FlELL

6e9'ELL
mmm.mz./.
LBLTTL
ZLO'8TL
LIL'STL
0lFPel
£60'SEL~=
Ze6'sel
mhm,mmﬁw

860051—

-10

10

130 120 110 00 90
i }ppm)

140

200

210

S83



9z8'0—

L0E'l—

6l6T—

1SLY
LI9LY
1689
0169
LZz'L
Vmw,hw
LsZ'L
SSE'L
LLE'L
89F'L
E8F'L

=009

=FL'6

=Z09

SL0'1
=661
STl
=861
gl

-05 -

00

50 45 40 35 30 25 20

m)

5
pp

g

65

115 110 105 100 95 90 85 80

]

GR0E—

£6L' e
PaLpE"
oL 0~

uoo.cﬁ
om:._?_uv
FlELL

ZLLEL~
LIPSLLI~,
LOBETLA
LERPTI—
799'8Z1—
BLZPEL
S02'€¢1-"
9LE'RELY

LOLOS T~
986'[S1-"

-10

10

120 110 00 90
i }ppm)

130

200

210

S84



S16'0—

l6Z'e—

gleae—

0SL'9
99L'9
8L8'9
7689
8069
886'9—
1SLLF
S0Z'L
81Z'L
£5T'L
6VE'L

A_-A_.L_,\Jl‘,-.__\—

-

€09

=009

=109

%mmd
o6l
Mﬁm,o
la'l
1

-05 -

00

20

25

55 50 45 40 35

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 ?0
1 (pp!

10

8E0E—

LOS'LE—

8L 0F—

906"9L
om:._?_uv

SLP'LL

SRO'ELL
m_mv.m:./.
8FRTTL
Z99'8T1
mwm,om—/
ZROZEL~L
OLLLELS
SEF'8EL—F
Eo,om_.\

Z800sl—

-10

10

140 130 120 110 00 90
i }ppm)

150

200

210

S85



915'0—

6hL'97
£5L9
pSLo
F9L'D
99L'91
69£'91
1LL'O
1989+
LLR'O
2889
60T'L

z R,L__
1z
gz 'L
622 'L
562 L]
LET'L
152'L
0Eb'L
£Ep'L
£pb'LA
Ibb'L

L

SMe

=009

=60t

=L09

=£0']
oz
—CP'E
=107

-05 -

00

55 50 45 40 35 30 25 20

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 ?0
1 (pp!

10

lere—

PLEP'S1—

epLO0F—

906"9L
om:._?_uv

FLP'LL

PRLELL~
8SETRLI~
GLAZTL~
OLLST~
8LLBIL—
SELPEL~
SLOBEL~,
8LLGEL"

Za0nsl—

SMe

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S86



STS'0—

916'T—

s5L9
85101
09L'9
1129
SLL
5589
0989
L9807
8004
L20°LA

L
LzeL
sezdl
v L
852 L7
8L
9811
pov'L
66t'L]
8051
115"

=009

=109

00l
=6l
061
Lot
A6l

T
1185

-2

-15

00 05 -10

20 15 10 05

25

50 45 40 35

m)

6.5 ﬁﬁﬁa}ﬁp

7.0

105 100 95 @0 85 80

1.0

125 120

10

LP0E—

GLLOp—

wom.w_ﬁ
QEHPW
FlELL

mom.mz
wﬁm.v:W
£LOGLL
PLT8II—
OL9ZTl~
SELBTL
@vm,vmﬁ./.
9Lz pel
oezocl
mmm,umﬁx\w
GLPREL
9zZL0sl—

OLBZ91~
0P8 P91

120

I\

-10

10

filoom %

110

130

200

210

S87



£L5'0—

616'T—

1909
ELL9
LLL'D
0589
LER'D
LIT'L
Ire'L
85T'L
L6T'L
ele'L
BEP'L
SSF'L

=009

=£0'9

u\.mo,ﬁ
=081
6Ll

BR'L
Jmma

10

12

13

oal'g-—

GLLOp—

wom.w_ﬁ
QEHPW
FlELL

GSR'ELL
POLELL
Z65TTL
mmo,wmﬁ/
818'8T1
6FFSEL
£TLSEL
S8LLEL-F
mwﬁmmﬁ.\

9el0sl—

-10

10

120 110 _j00 . 90
il }me)

130

200

210

S88



pgso— ——m8M8M

6l6T— —

LSL'D
19L'9
ELL'D
LLL'
EF8D
6F8'9 E—
S5R'9
BET'L ——
WL
ELE'L
68E'L
FSP'L
OLy'L

Br

=009

=209

o't
Leg
S60

8L

8L

7

-15

00 05 -10 =

50 45 40 35 30 25 20 15 10 05

m)

5
pp

g

6.5

125 120 115 110 105 100 95 @0 85 80

10

9ETT—

GLLOp—

wom.w_ﬁ
QEHPW
FlELL

PLE'ELL
GrLSLL
mmm,mﬁ/
ELO'ETINE
£T8'8TL
mﬁoamﬁM
S96'SEL~
91LLEl
Ze0'sel

SeEL0Sl—

Br

™~

\N/

-10

10

filoom %

120 110

130

200

210

S89



1960—

LEG'T—

SLLY
06L'9
16L9
FOR'9
OFg'L
8FC'L
SST'L
0LT'L
LSS'L
ZLE'L
Ze9'L
LPOL

'\Nf

CF;

TN

=

3

=
=

-

e

€0'9

00'9

F6'0
GR'L
€0l
881
0a'l

T
1185

-2

-15

00 05 -10

20 15 10 05

25

50 45 40 35

m)

6.5 ﬁﬁﬁa}ﬁp

7.0

105 100 95 @0 85 80

1.0

125 120

10

S9EE—

oL op—

wom.cﬁ./

Ev.hh.\

L66°E 1L
LOLSLL
FLLLZL
995221
LECETI
FLEPEL
PRE T
FLEPTI
POPHTI
Lossz1
§99°LT1)
S06'8T1
£99'0¢1
8160E1
[ARGE
6erLElL
865 PE1
295 LEL

ST

-

[

Poo,vvJ
LELOST

CF,

\N/

-10

10

il %

110

190

210

S90



0Ls0—

616'T—

9L
6LL'O7
5169
82691
€0z L
652 LT
$57'L
oz g
OLE L

bEe g
68807
sopcf
8it'L
ZEr L
855L ]
bES'L
76511
S09°L
0z9'L

—

Ph

=009

609

960
Jpel
160
160
D6l
€6’

7

-15

00 05 -10 =

50 45 40 35 30 25 20 15 10 05

m)

5
pp

g

6.5

125 120 115 110 105 100 95 &0 85 80 75

10

€608 —

SSL0F—

S06'9L
QEHPW
FLP'LL

lelell
EFERLL
PSLTTL
019'9z1
68T'LTL
69%'LTL
65L'8T1
SER'8TL
EFSFEL
Sm,hmﬁy
EE9'BEL~
BT YL
LFR'IPL
£EL'0SL—

Ph

-10

10

150 140 130 120 110 00 90
i }ppm)

160

200

210

S91



695'0—

60EE—

P06 e—

L'
5L
19L9
LER 97
1589
F98 0
8989
Lzl ,T,
£l L
£91'L]
€02 L
iz
pez L
AR
F9Z 'L
LT L]
PLb 'L
88y

=

==

=

019

00'e

e

-05 -

00

55 50 45 40 35 30 25 20

m)

0
pp

% g

125 120 115 110 105 100 95 80 &5 680

10

SOUl—

69EEE—

SLLOF—

wom.w_ﬁ
QEHPW
FlELL

895°€11
€781l
599721
@m?m%
169821~
6556zl
116621
mmm,mmin
v%,uﬁ\
ps6el
10€br1
ZE10s1

¥e

-10

10

110 00 90
i }ppm)

120

200

210

S92



8F90—

lea'e—

L
6LLD
16L9
$6L97
689
60691
626'9
Fe6'9
251t
Fol Lo
991 Lo W
6LL LA
08l
e 'L
62 L
85T L
€7 L]
S8T'L
88T 'L
£lEL
LIg L
1zg'L
0EE L
ZeeL

=009

=609

F0'L
“To,ﬁ
Sa6'0
=90'L

La'l

05 00 05 -1

10

40 35 30 25 20

45

115 110 105 100 95 90 85 80

]

Lel'l—

SLLOP—

uoo.cﬁ
om:._?_uwv
FlELL

Z8LELL
mmv.m:/
mom,Nm—/
9 ﬁo,mm—‘/
ooh,mm—/
4 ,.v,om—%
LLBOEL~S
8SL'LEL
998°LE]
Pm_.,mm—.w
£Thirl
£0L0S1—

~u

-10

10

110 00 90
i }ppm)

120

190

210

S93



|

L —

Peee— —————

S9L9

O8L9

ESR'Y

LLL'L

Zal'l

LOT'L =
£ET'L
8FC'L
£92'L 3
LIp'L

1Ep'L

GSPL

SLP'L

LEQ'L

.‘I ‘II’ |‘:'r ‘|J|

Br

I~

=09

=009

60'1
%mhe
La'o

Lot

L8O
80
80

L oes

88LT—

gLL0p—

wom.w_ﬁ
QEHPW
FlELL

£E6'ELL
arLsLL
£65°2T1
LO0'ETL
Z58'8T1
ﬁbm,mmﬁw
Fe0'ZEL

9eLzEl
Em,umﬁ&m
mmh,hmﬁx
garAdl
FrLOST

Br

-10

10

130 120 110 00 90
fl }ppm)

140

200

210

S94



S69'0—

SO8T—

=009

=209

Mmo,ﬁ
oL'e
m%\.m— 1

Sa6'0

90°'g
€60
.quo,m
S6'0

7

-15

00 05 -10 =

50 45 40 35 30 25 20 15 10 05

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 60 ?5
1 (pp!

10

£69°0-—

GELOF—

wom.w_ﬁ
QEHPW
FlELL

£99°¢1L
9TF'ELL
1182TL
FLT'sTL
STF'STL
269'sT1
SLL'8TL
Or6'8Z1L
6l0'6ZL
LEL0EL
LPSEEL
omh,vQW
LEE'OEL
:m,hmﬁ.\‘
9zZF'GEL
SPL0SL—

i

|

-10

10

130 120 110 00 90
i }ppm)

140

200

210

S95



LIS'0—

0E6's—

£8E'9
0Ly
9L99
8SL'Y
9L
SLL'G
mom,u%’
€269
LETL
6FT'L
192'L
0L9'L

=009

=L18

=880
560
wmoe

<6l
Mg
+08'0

7

-15

00 05 -10 =

40 35 30 25 20 15 10 05

45

125 120 115 110 105 100 95 &0 85 80 75

10

0s9°¢—

Lyl Op—

wom.w_ﬁ
QEHPW
FlELL

£ES601~
050 L1~
L0 LL~
820'171—
9sezzl
SLLsTL—

Z5S'LEl—

LZLLpl~
FSL0S1—

SPL8SI—

-10

10

00 90 80
i }ppm)

110

190

210

S96



a000—

RS 0—

9T6'T—

65L9
SLLY
Pl6o
8269
281 i,

EET'L
Ere'L
L6g'L

S09°L
FLoL

=009

=909

=001
el
Mg
=260

T
1185

-2

-15

00 05 -10

20 15 10 05

25

50 45 40 35

m)

5
pp

g

6.5

105 100 95 &0 85 80 75

1.0

125 120

10

86’0 —

GEL'OF—

wom.w_ﬁ
QEHPW
FlELL

LSGELL
PROBLL
mum,mmﬁ./.
[t
LLL'BZL
ELLTEL~
98ESEL~
E6ZHEL
SREBEL

8ZL0S1—

[

|

-10

10

110 00 90
i }ppm)

120

200

210

S97



£190—

SE6T—

6LL'9T
£8L'91
S6LD

66L'91
1969

9L6'91
8869
SLL'LA
€61 Lo
PrZ LA
KT L
8521
09z 'L
£97'L
2L
PLZ'L

6LT'L
98p'L

20s'L
1PS'L

955°L-

lJl__Ju]

I

=£09
=009
Lot
%mm,m
Lot

££7

Lot

-2 -

-1

1 {pp

~

10

12

13

4

15

16

1Z8'¢—

9eL 0 —

wom.w_ﬁ
QEHPW
FlELL

m—m,ﬁ:
:m.vz/
mmm.h:/
GO0'8LL

GLLTE~
81Tl
mmv,NE%
60SFTL
9ZL8Ll
mhm,mmﬁ.\»
[ArAsAN
£02051—

B8P BEI—
L9LZ9l—

IW

i

L

L

-10

10

110 00 90
fl }ppm)

120

200

210

S98



SELO—

az—

18£'9
p8L'D

L6191
£56'0

£96'9
6869

e
§ST'L]
1z

90541
ElbL

075'L
€T5'L
SZh'Lo|
Eb5 L
FOS'L
9151
8Ls'L
009'L
109
€80
L8LL

68211
008'L

6218
s

opl'8]
6518

£L1'8]
pLL'g]

e

- =

3

009

e

oLl
0oL
€60
STl
1z'e
860
£6°0
81T

T

5

1 (ppm}

10

12

SETT—

0sL'0r—

906"9L
QEHPW

FLP'LL

010'p1l
£LS'8LL
prSizL
759°7T1
§S6'TTL
GEG'ETL
[laza
£09'9Z1-7
mm;mﬁ%
sLLEZEL
F68'€EL
916 FEL
1LEsEL
9Lp'LEL
569'6EL
6P8'ShL
LPLOSL

‘-.Nz

<
C =0

Si,
[

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S99



S09'0
mG,ov

ST6'T—

0067
LOG P
Sl6%
€26
69L'9
€LL9
$8L9
68L'9
6689
€169
0E6'9
€69
e L]
£be L
bz 'L
R
ZEcL
g L]
E
PLE'L
195L
POS 'L
9L

CH.Ch

=00'€

=109

=L80

€01
%hm,o
La'0
2Tl
m_rom,m
wE'1

7

-15

00 05 -10 =

50 45 40 35 30 25 20 15 10 05

m)

125 120 115 110 105 100 95 90 85 80 75 70 65 60 ?5
1 (pp!

10

SPLY—

SLLOp—

wom.w_ﬁ
QEHPW
FlELL

8B0FLL
006'8LL
8LL'ETL
£C0'8T1
Em,mmﬁkn
605'6Z1~=
Fo6' e~
Ops'sel
806'SEL

=

LOg0S1—

-10

10

110 00 90
i }ppm)

120

200

210

S100



000°0- —

868°C —

T
-0.5

5.0
1 (ppm)

£99°0p—

wom.w_ﬁ
QEHPW
FlELL

o_nm.vz
MVm.m:./.
£9LrCl
Pmo,mmﬁ/
mvm,mmﬁk
E08'GTL—~
£9LEE]
e06'Eel
hmm,mmﬁ\

01z'081—

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S101



LI80—
LLR'E—

6LLOT
96L9
6891
L9839
0889
889
mNNsJW
1P L
§5TL
€081
mmmskﬁ
z5¢ 'L
pog 'L
6L8L]
06€'L
6L
¥2s'L]
LES'L

=f0't

=009

0L
0z
50T
68'S
Tgg'e

-2

-15

00 05 -10

20 15 10 05

25

50 45 40 35

m)

5
pp

g

6.5

125 120 115 110 105 100 95 @0 85 80

10

LPle—

La9'0p—

uoo.cﬁ
om:._?_uv
FlELL

Lleell
hom.m:./.
owm,mw—./
mom,hm—/
Eh,mm—uﬂ

£699¢1

690051 —

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S102



000'0-—

e 0—

0L6e— —

£8L9
GGL9
LT0L
LFOL
LOLL
LFTL
PoTL
GLTL
PaTL
90E"L
S8PL
6F'L

e

=509

=009

00T
660
2860
68 'C
T

-05 -

00

20

25

50 45 40 35

m)

5
pp

g

65

115 110 105 100 95 90 85 80

]

€650 —

FRLO0F—

uoo.cﬁ
om:._?_uv
FlELL

6L9T6—

0£9'901,
18071
0peLLL
sorzzl
SN,MSW
cresel
REEW
1e8'871
sirzel]
slocel”

a0z0sl—

-10

10

200 190 180 170 160 150 140 130 120 110 }00 %0
1 {ppm}

210

S103



eIp0—

Zpae—

5159
199
LsLy
19691
£LL97
9£'97
6LL9]
FEG 07
Zh6 9
P69
2L69—
$TT L
mmm,hkﬂ
v L
bz L
857'L]
662°L
PIE L]
62E'L
6 L
8rpL

L

\N/

=

=

o
=
v

g

009

L9

0o0't
0o0'L
L6'T
9a'l
L&'l
66l

05 00 -05 -1

10

55 50 45 40 35 30 25 20

m)

0
pp

% g

125 120 115 110 105 100 95 80 &5 680

10

88LT—

908'0F—

906"9L
QEHPW

FLP'LL

1SLElL
omo.mz./
mmw,mmﬁ/
;u,umﬁ‘/
Q0L'LEL
98L'8El
GEIRTL
LPL'8TL
9SFREL—=
El,mmﬁ.\
SLL'SPL"
LOL0ST—

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S104



9ez0—
SOL'D
LZLD
9EL'D
ZsLn
286
L9G'0
E8G'D

8k6'T—

PRLY
mmh,u/
ohm,u.V

SER'G
Em,w\
FZT'L
1we'L
PST'L

=009

=0T
=C0'E

—£p9

TRLL

g
€61

05 00 05 -1

10

50 45 40 35 30 25 20

m)

5
pp

g

65

1o 105 100 95 90 85 80 75

115

Llge—

PL9°L
LP9'L

LTS OF—

wom.w_ﬁ
QEHPW
FlELL

slsell”
8€8°LIL-
L0z'TT1-
P8S'8T1~

IFLorl—

860051—

-10

10

200 190 180 170 160 150 140 130 120 110 }00 %0
1 {ppm}

210

S105



a00'0—

209’0

LLS'[—

6£9T— —_

8KT'L7
6hE'L

65€'LT
0LE'L

ZLe'Ld
LEP'L

25t
Lot L]
905 'L
125'LA|
955" L] _ —
8k L4 —
055 —
195" —
o5 L4
865'L 1
£19°L

LIl
ObL'L

95L'L
€16'L

626'LA
gersd

H,0

=009

=r0'E

08'C
Lot
06'¢
001

8a'l
860
00l

-05 -

00

55 50 45 40 35 30 25 20

m)

0
pp

% g

70

125 120 115 110 105 100 95 80 &5

10

£€0ge—

688'0T—

uoo.cﬁ
om:._?_uv
FlELL

neg'Lzl
S9T'LTL
1E0'8T1
FET'RTL
00S'8Z1
Fslazl
LLe'azl
FrOZEL 7
Logel
SEREEL
8TEPEL
Z6L'LEl
6L0°8EL
9se'6El
LLL'GEL
n8Lerl

6ZT'861—

-10

10

110 00 90
i }ppm)

120

200

210

S106



80— ——

PIRE— DE—

61697
L96'D
€121
ThE'L
£pE'L
ZsEL
$SE'LT
9LE 'L
s | .
90% L
8bb' L] —
£9b'L] —
8% L
L6b'Ld
1£6°L
pes ']
6ES'L
SrS'L
pSs'L
L56'LA
£69°L

r
| leH‘l

(|

~

QL

=009

=S0'E

L6l
MFE
Lol
€01
961

Teeo

50 45 40 35 30 25 20 15 10 05 00

aFql (ppms)s

115 110 105 100 95 a0 85 80 75 7.0 6.5

]

€8T —

SLP'SS—

906"9L
QEHPW

FLP'LL

gty
S86 LTl
R1ERTL
01581
eizszisy
850€L
62LTEL
SoLEL
€EEPEL
Lz£ 0rl

98Z'651—

QL

-10

10

140 130 120 110 00 90
i }ppm)

150

200

210

S107



6L5'0—

ZigL
LT L
0SE'L
£5€'L
09€ 'L
£9¢ 'L
£0F'LA
S1p L
€Ep'L
b L
0ss L
€56
6554
Z95'L
LS L
S8S'L

e

=909

Mqh,m
00'g
W:m,h

05 00 05 -1

10

50 45 40 35 30 25 20

m)

65 60 ﬁ?pﬁp

70

115 110 105 100 95 90 85 80

]

Fole—

906'9L
QEHPW
FLP'LL

FOL9TL
FOELEL
0Es'LEL
€00°8T1
606'8Z1-7
PQN,QNT\
GEEPEL
FIRPEL
SkLLEL
SLEBEL
81T1rl
zeoerl

-10

10

200 190 180 170 160 150 140 130 120 110 }00 90
1 {ppm}

210

S108



606'T—

kL9
2549
£9L°9
99294
69L'99
LLR O
06897
£68'9
gL

RN,L.
STeL-T
Lze Ll
segd
8E€'L
75

p—

zesid
pES'L
bS]
pr'L

=009

S0l
=161
SOL'L
2987
Al

05 00 -05 -1

10

55 50 45 40 35 30 25 20

m)

0
pp

% g

125 120 115 110 105 100 95 80 &5 680

10

ShLOF—

906"9L
om:._?_uv

FLP'LL

£ELELL
hhm.m:./.
L9LEZTL
LEBLTL
moh,wm—k
8LO'GTL-
OsEpEl—
G0L8EL
E9LREL

aoLosl—

'\.N/

DEC, CDy

-10

10

140 130 120 110 00 90
i }ppm)

150

200

210

S109




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


