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1. General Information

All reagents were purchased from commercial sources and used without purification unless
otherwise mentioned. The products were purified by column chromatography over silica gel
(200-400 size). *H and 3C Nuclear Magnetic Resonance (NMR) spectra were recorded at 25 °C on
a Varian 500 MHz and 125 MHz or on a Bruker 400 MHz and 100 MHz, and TMS was used as
internal standard. Mass spectra were recorded on BRUKER Autoflexlll Smartbeam MS-
spectrometer. High resolution mass spectra (HRMS) were recorded on Bruck microTof by using

ESI method.

2. Synthesis and Analytical Data of N-Nosylhydrazones

O,N
Q__NHNH Q
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2
NBSH 1a-1s

N-nitrobenzenesulfonylhydrazide (NBSH) was prepared according to literature procedure.?

General procedure for converting carbonyl compounds to N-nosylhydrazones: To a stirred
solution of NBSH (2.0 mmol, 1 equiv) in methanol (2 mL) were added carbonyl compounds (2.2
mmol, 1.1 equiv) and the mixture was stirred for 1-2 h at room temperature. The mixture was
filtered and the resulting solid was washed with ice cold diethyl ether and dried under reduced

pressure to give pure N-nosylhydrazones. The yields were around 80% in general.

< N
©/\N’ *Ns

1a

(1a) White solid, m.p. 149-150 °C; *H-NMR (500 MHz, DMSO-dg) & 12.17 (s, 1H), 8.09-8.06 (m,
2H), 8.02-8.00 (m, 1H), 7.89-7.87 (m, 2H), 7.58-7.57 (m, 2H), 7.39-7.38 (m, 3H); 3C-NMR (125
MHz, DMSO-dg) & 148.4, 148.3, 135.3, 133.9, 133.1, 131.4, 131.0, 130.9, 129.3, 127.5, 125.1;

HRMS (ESI) m/z calcd. for C;3H11N30,SNa [M+Na]* 328.0362, found 328.0368.
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1b
(1b) White solid, m.p. 152-153 °C; *H-NMR (400 MHz, DMSO-dg) & 12.28 (s, 1H), 8.08-8.02 (m,
3H), 7.92-7.90 (m, 2H), 7.61 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H); 3C-NMR (125 MHz,
DMSO-dg) & 148.4, 144.4, 143.0, 131.4, 129.2, 128.8, 127.4, 127.0, 125.5, 125.1, 121.1; HRMS

(ESI) m/z calcd. for C13H,9CIN3O,SNa [M+Na]* 361.9973, found 361.9968.

N
/O/\N’ “Ns
NC

1c
(1c) White solid, m.p. 178-179 °C; *H-NMR (500 MHz, DMSO-dg) & 12.54 (s, 1H), 8.12 (s, 1H),
8.09-8.08 (m, 1H), 8.02-8.01 (m, 1H), 7.90-7.89 (m, 2H), 7.85 (d, J = 7.5 Hz, 2H), 7.76 (d, J = 7.5 Hz,
2H); 13C-NMR (125 MHz, DMSO-d) & 148.3, 146.1, 138.3, 135.5, 133.2, 131.2, 131.1, 130.4, 128.0,

125.1, 119.0, 112.7; HRMS (ESI) m/z calcd. for C14H10N40,SNa [M+Na]* 353.0314, found 353.0321.

H
N

\ ~
/©/\N‘ NS
MeOOC

1d
(1d) White solid, m.p. 107-108 °C; *H-NMR (600 MHz, DMSO-d¢) & 12.39 (s, 1H), 8.14 (s, 1H),
8.10-8.07 (m, 1H), 8.03-8.00 (m, 1H), 7.96 (d, J = 8.4 Hz, 2H), 7.91-7.88 (m, 2H), 7.72 (d, J = 8.4 Hz,
2H), 3.84 (s, 3H); 13C-NMR (151 MHz, DMSO-dg) & 166.2, 148.3, 146.8, 138.2, 135.3, 133.1, 131.4,
131.2, 130.9, 130.0, 127.5, 125.1, 52.7; HRMS (ESI) m/z calcd. for CysHisN3OgSNa [M+Na]*

386.0419, found 386.0438.
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1e
(1e) Yellow solid, m.p. 154-155 °C; *H-NMR (600 MHz, DMSO-dg) § 12.15 (s, 1H), 8.12 (s, 1H),
8.10-8.18 (m, 1H), 8.02-8.00 (m, 1H), 7.90-7.88 (m, 2H), 7.7-7.66 (m, 6H), 7.47 (t, J = 7.8 Hz, 2H),
7.38 (t, J = 7.8 Hz, 1H); 13C-NMR (151 MHz, DMSO-dg) 6 148.3, 147.8, 142.3, 139.7, 135.2, 133.0,
132.9, 131.4, 131.0, 129.4, 128.4, 128.0, 127.5, 127.1, 125.0; HRMS (ESI) m/z calcd. for

Ci9H15N30,SNa [M+Na]* 404.0677, found 404.0657.

N
S
S

Cl

1f
(1f) White solid, m.p. 166-167 °C; *H-NMR (500 MHz, DMSO-dg) & 12.41 (s, 1H), 8.44 (s, 1H), 8.10-
8.08 (m, 1H), 8.03-8.01 (m, 1H), 7.91-7.89 (m, 2H), 7.74 (d, J = 7.2 Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H),
7.41 (t, J = 7.2 Hz, 1H), 7.35 (t, J = 7.2 Hz, 1H); 3C-NMR (125 MHz, DMSO-d¢) & 148.3, 144.1,

135.5, 133.6, 133.3, 132.4, 131.3, 131.2, 131.1, 130.5, 128.2, 127.1, 125.2; HRMS (ESI) m/z calcd.

for C43H10CIN3O,SNa [M+Na]* 361.9972, found 361.9976.

I
@&N\N’NS
H

19
(1g) White solid, m.p. 172-173 °C; *H-NMR (600 MHz, DMSO-d¢) 6 12.39 (s, 1H), 8.31 (s, 1H),
8.10-8.18 (m, 1H), 8.06-7.99 (m, 1H), 7.94-7.85 (m, 3H), 7.65 (dd, J = 7.9, 1.4 Hz, 1H), 7.39 (t, J =
7.5 Hz, 1H), 7.14 (td, J = 7.7, 1.5 Hz, 1H); 3C-NMR (151 MHz, DMSO-dg) 6 150.9, 148.2, 140.1,
135.4, 135.3, 133.1, 132.4, 131.3, 131.1, 129.0, 127.2, 125.1, 100.2; HRMS (ESI) m/z calcd. for

Ci3H10IN30,SNa [M+Na]* 453.9330, found 453.9360.
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1h

(1h) White solid, m.p. 152-153 °C; *H-NMR (400 MHz, DMSO-dg) & 12.15 (s, 1H), 8.08-8.00 (m,
3H), 7.90-7.88 (m, 2H), 7.30 (t, J = 8.0 Hz, 1H), 7.15-7.13 (m, 2H), 6.97 (d, J = 8.0 Hz, 1H), 3.75 (s,
3H; 13C-NMR (125 MHz, DMSO-dg) 6 160.0, 148.4, 148.1, 135.4, 135.3, 133.1, 131.3, 131.1, 130.5,
125.0, 120.1, 116.8, 112.0, 55.7; HRMS (ESI) m/z calcd. for C14H;3N;0sSNa [M+Na]* 358.0468,

found 358.0476.

S
F3C\©/\N¢ \NS

1i
(1i) White solid, m.p. 147-148 °C; H-NMR (600 MHz, DMSO-dg) & 12.39 (s, 1H), 8.17 (s, 1H), 8.10-
8.08 (m, 1H), 8.02-7.99 (m, 1H), 7.92 (s, 1H), 7.91-7.86 (m, 3H), 7.73 (d, J = 7.8 Hz, 1H), 7.62 (t, J =
7.8 Hz, 1H); 3C-NMR (151 MHz, DMSO-d¢) & 148.4, 146.5, 135.3, 135.0, 133.0, 131.3, 131.0
,130.9, 130.4, 130.1 (q, J = 32.0 Hz), 127.0 (g, J = 3.0 Hz), 125.0, 124.3 (q, J = 272.0 Hz), 123.7 (q, J

=3.6 Hz).

MeO s N
© \©\/\N' “Ns
Br

1j

(1j) White solid, m.p. 163-164 °C; H-NMR (400 MHz, DMSO-dg) & 12.39 (s, 1H), 8.32 (s, 1H), 8.11-
8.09 (m, 1H), 8.02-8.00 (m, 1H), 7.91-7.89 (m, 2H), 7.52 (d, J = 8.8 Hz, 1H), 7.22 (d, J = 2.8 Hz, 1H),
6.96-6.93 (m, 1H), 3.74 (s, 3H); 3C-NMR (125 MHz, DMSO-d) & 159.1, 148.4, 146.2, 135.6, 134.5,
133.3, 133.2, 131.3, 131.0, 125.0, 119.1, 114.5, 111.6, 56.0; HRMS (ESI) m/z calcd. for

C14H1,BrN30sSNa [M+Na]* 435.9573, found 435.9560.
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(1k) Brown solid, m.p. 148-149 °C; *H-NMR (500 MHz, DMSO-d¢) & 11.96 (s, 1H), 8.08 (s, 1H),
8.05-8.02 (m, 2H), 8.01-7.99 (m, 1H), 7.89-7.87 (m, 2H), 7.68 (s, 1H), 6.62 (s, 1H); 3C-NMR (125

MHz, DMSO-d¢) 6 148.4, 146.2, 145.4, 141.4, 135.2, 133.1, 131.4, 131.0, 125.0, 122.3, 107.4;

HRMS (ESI) m/z calcd. for C;1HgN30sSNa [M+Na]* 318.0155, found 318.0150.

N
(/]/\N’ “Ns
S

11

(11) Brown solid, m.p. 152-153 °C; *H-NMR (400 MHz, DMSO-dg) & 11.99 (s, 1H), 8.10 (s, 1H),
8.07-8.04 (m, 1H), 8.01-7.99 (m, 1H), 7.89-7.87 (m, 3H), 7.56-7.55 (m, 1H), 7.29 (d, J = 4.8 Hz, 1H);
13C-NMR (125 MHz, DMSO-dg) 6 148.4, 144.0, 137.0, 135.2, 133.1, 131.4, 131.1, 129.3, 128.3,

125.0, 124.8; HRMS (ESI) m/z calcd. for C11HgN30,4S,Na [M+Na]* 333.9926, found 333.9935.

1m
(1m) Yellow solid, m.p. 184-185 °C; *H-NMR (500 MHz, DMSO-dg) & 12.15 (s, 1H), 8.32 (s, 1H),
8.24 (s, 1H), 8.13-8.11 (m, 1H), 8.00-7.98 (m, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H),
7.88-7.85 (m, 4H), 7.39-7.37 (m, 3H), 7.30 (t, J = 7.5 Hz, 1H), 2.29 (s, 3H); 3C-NMR (125 MHz,
DMSO-d¢) 6 148.4, 146.5, 143.0, 135.4, 135.1, 134.1, 133.0, 131.3, 131.2, 131.1, 130.9, 127.4,
126.9, 126.3, 125.0, 124.8, 123.2, 117.6, 113.6, 21.6; HRMS (ESI) m/z calcd. for C,,H1sN406S;Na

[M+Na]* 521.0559, found 521.0567.
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(1n) White solid, m.p. 150-151 °C; *H-NMR (600 MHz, DMSO-dg) & 11.20 (s, 1H), 8.07-8.05 (m,
1H), 8.00-7.98 (m, 1H), 7.89-7.86 (m, 2H), 7.63-7.61 (m, 2H), 7.37-7.34 (m, 3H), 2.28 (s, 3H); 13C-
NMR (151 MHz, DMSO-d¢) 6 154.8, 148.7, 137.6, 135.0, 132.8, 131.6, 130.7, 130.1, 128.8, 126.6,

124.8, 15.1; HRMS (ESI) m/z calcd. for C;4H;3N30,SNa [M+Na]* 342.0520, found 342.0521.

OO

1p
(1p) Yellow solid, m.p. 128-129 °C; 'H-NMR (600 MHz, DMSO-dg) & 11.29 (s, 1H), 8.18 (s, 1H),
8.13-8.10 (m, 1H), 8.02-7.99 (m, 1H), 7.95 (dd, J = 6.1, 3.4 Hz, 1H), 7.90-7.87 (m, 3H), 7.85-7.85
(m, 2H), 7.55-7.52 (m, 2H), 2.40 (s, 3H); 3C-NMR (151 MHz, DMSO-d¢) 6 154.5, 148.7, 135.1,
134.9, 133.8, 133.0, 132.8, 131.5, 130.8, 129.0, 128.2, 127.9, 127.5, 127.0, 126.9, 124.8, 123.6,

14.8; HRMS (ESI) m/z calcd. for C;1gH,5N304sNa [M+Na]* 392.0681, found 392.0676.

1q
(1g) White solid, m.p. 158-159 °C; H-NMR (600 MHz, DMSO-dg) 10.70 (s, 1H), 8.13-8.08 (m, 1H),
8.03 (dt, J = 7.5, 3.7 Hz, 1H), 7.94-7.89 (m, 2H), 7.60-7.55 (m, 3H), 7.39 (t, J = 7.2 Hz, 1H), 7.33 (t, J
= 7.6 Hz, 2H), 7.29 (dd, J = 6.1, 3.1 Hz, 4H); 3C-NMR (151 MHz, DMSO-d¢) 6 156.3, 148.8, 137.1,
135.2,133.0, 132.6, 131.4, 130.8, 130.5, 130.2, 129.5, 129.1, 128.8, 127.8, 124.9; HRMS (ESI) m/z

calcd. for C;gH15N30,SNa [M+Na]*404.41.0685, found 404.0671.
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(1r) Yellow solid, m.p. 148-149 °C; *H-NMR (400 MHz, DMSO-dg) & 12.10 (s, 1H), 8.03-7.98 (m,
2H), 7.90-7.88 (m, 3H), 7.56 (d, J = 7.2 Hz, 2H), 7.37-7.28 (m, 3H), 7.02 (d, J = 16.0 Hz, 1H), 6.89-
6.83 (m, 1H); 3C-NMR (125 MHz, DMSO-d¢) & 150.6, 148.4, 140.5, 136.1, 135.2, 133.2, 131.8,
130.8, 129.5, 129.3, 127.7, 125.2, 125.0; HRMS (ESI) m/z calcd. for CisHi3N;0,SNa [M+Na]*

354.0519, found 354.0525.

(1s) Yellow solid, m.p. 104-105 °C; *H-NMR (500 MHz, CDCl3) § 9.29 (s, 1H), 8.24-8.22 (m, 1H),
7.85-7.83 (m, 1H), 7.77-7.73 (m, 2H), 6.70 (s, 1H), 1.09-1.08 (m, 18H), 1.02-1.01 (m, 3H),; 13C-
NMR (125 MHz, CDCl3) & 148.1, 134.5, 132.8, 132.6, 131.6, 127.6, 125.3, 110.2, 93.5, 18.4, 10.9;

HRMS (ESI) m/z calcd. for CigH,7N30,SSiNa [M+Nal* 432.1384, found 432.1387.

3. Optimization of the Reaction Conditions

STable 1 Optimization of the Reaction Conditions®

NaH (1.5 equiv)

cat., solv. SiEty
PASNNHR + EtsSH ——m———— + Phigp, & PhaN @
1a RoT temp., Ny, 24 h Ph™ "H
a,R=Ts
1a, R = Ns 2a 3aa 4aa 5aa
Entry R Cat. Solvent Temp Yield (%)”
(30 mol %) .(°C) 3aa la/1a’ 4aa Saa
1 Ts AgOTf CH,Cl, 40 15 68 6 4
2 Ns AgOTf CH,Cl, 40 57 22 10 2
3 Ns AgOTf CH,Cl, 80 84 (81)¢ 0 8 2
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4 Ns AgOAc CH,Cl, 80 55 0 22 14

5 Ns AgOTAF CH,Cl, 80 60 0 16 4
6 Ns AgF CH,CL, 80 28 0 60 2
7 Ns AgyCO; CH,Cl, 80 34 0 48 6
8 Ns AgOTf 1,4-dioxane 80 20 0 26 18
9 Ns AgOTf PhCl 80 6 32 10 16
10 Ns AgOTf MeCN 80 <5 20 6 40
I1  Ns AgOTf CICH,CH,C1 80 32 0 42 18
12 Ns Cu(OT9), CH,CL, 80 7 0 26 44
13 Ns Cu(MeCN)4PFs CH,Cl, 80 10 0 26 20
14¢ Ns Rh,(OAc), CH,CL, 80 25 0 60 2

@ Reaction conditions: 1a (0.3 mmol), 2a (1.5 mmol). NaH (0.45 mmol). and the catalvst (30 mol
%) in solvent (6.0 mL) for 24 h under N--atmosphere. ? Yield calculated from 'H-NMR
spectroscopy with CH,Br; as the internal standard. ¢ Rhy(OAc)s (5 mol %) was used. ¢ Isolated

yield.

4. Synthesis and Analytical Data of compounds 3aa to 3sa, and 3bb-3bs

The synthesis of compounds 3aa-3sa and 3bb-3bs is performed according to the below given

procedure for the synthesis of compound 3aa.

NaH (1.5 equiv)
AgOTf (30 mol%) SiEt,
Ph"SNNHNs + EtsSiH >

CH,Cl,, N,, 80 °C, 24 h

Ph”™ "H

1a 2a 3aa

General procedure (with 3aa as an example): To a flame-dried sealed tube were added N-
nosylhydrazone 1a (91.5 mg, 0.3 mmol, 1.0 equiv), NaH (18 mg, 60 wt%, 0.45 mmol, 1.5 equiv)
and dry CH,Cl, (6.0 mL, 0.05 M) inside a glove box. The resulting mixture was stirred at room
temperature for 1 h. Then, triethylsilane 2a (240 pl, 1.5 mmol, 5.0 equiv) and AgOTf (23.1 mg,

0.09 mmol, 30 mol %) were added and the tube was sealed and heated at 80 °C for additional 24
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h.The reaction was monitored by TLC. When the reaction was completed, the crude reaction
mixture was allowed to reach room temperature, and filtered through a short pad of silica gel
with EtOAc as an eluent. The filtrate was evaporated under reduced pressure to leave a crude
mixture, which was purified by column chromatography on silica gel (eluting with petroleum

ether) to afford 3aa as a colorless oil (50.1 mg, 81% yield).

O/\SiEt3

3aa
(3aa) Colourless oil; tH-NMR (500 MHz, CDCl5) & 7.19 (t, J = 7.5 Hz, 2H), 7.05 (t, J = 7.5 Hz, 1H),
7.01 (d, J = 7.5 Hz, 2H), 2.09 (s, 2H), 0.91 (t, J = 8.0 Hz, 9H), 0.51 (qg, J = 8.0 Hz, 6H); 13C-NMR
(CDCls, 125 MHz) 6 140.6, 128.11, 128.07, 123.7, 21.6, 7.3, 3.0; HRMS (ESI) m/z calcd. for

Cy6H4sSi; [2M+H]*: 413.3058, found: 413.3054.

Cl

3ba

(3ba) Colourless oil; *H-NMR (500 MHz, CDCl) & 7.18 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H),
2.08 (s, 2H), 0.93 (t, J = 8.0 Hz, 9H), 0.52 (q, J = 8.0 Hz, 6H); 3C-NMR (125 MHz, CDCl5) & 139.2,

129.4,129.3,128.2,21.1,7.3, 2.9.

/O/\SiEt3
NC

3ca
(3ca) Colourless oil; *H-NMR (500 MHz, CDCl5) 6 7.48 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H),
2.19 (s, 2H), 0.91 (t, J = 8.0 Hz, 9H), 0.51 (g, J = 8.0 Hz, 6H); 3C-NMR (125 MHz, CDCl5) & 147.4,
132.0, 128.6, 119.4, 107.4, 23.1, 7.2, 2.9; HRMS (ESI) m/z calcd. for Ci4H,1NNaSi [M+Na]*:

254.1335, found: 254.1337.
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/©/\SiEt3
MeOOC

3da
(3da) Colourless oil; *tH-NMR (500 MHz, CDCl5) & 7.88 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H),
3.88 (s, 3H), 2.18 (s, 2H), 0.91 (t, J = 8.0 Hz, 9H), 0.51 (g, J = 8.0 Hz, 6H); 3C-NMR (125 MHz,
CDCl3) 6 167.3, 147.1, 129.6, 127.9, 125.8, 51.8, 22.6, 7.2, 2.9; HRMS (ESI) m/z calculated for

CisH24NaO,Si [M+Na]*: 287.1438, found: 287.1424.

/©/\SiEt3
Ph

3ea
(3ea) Colourless oil; tH-NMR (500 MHz, CDCl3) & 7.58 (d, J = 8.5 Hz, 2H), 7.44 (d, J = 8.5 Hz, 2H),
7.41 (t, J = 8.0 Hz, 2H), 7.29 (t, J = 8.0 Hz, 1H), 7.08 (d, J = 8.0 Hz, 2H), 2.14 (s, 2H), 0.94 (t, J = 8.0
Hz, 9H), 0.54 (g, J = 8.0 Hz, 6H); 3C-NMR (125 MHz, CDCl;) 6 141.2, 139.9, 136.6, 128.6, 128.5,
126.8, 126.74, 126.70, 21.3, 7.3, 3.0; HRMS (ESI) m/z calculated for CigH,gNaSi [M+Na]+:

282.1877, found: 282.1884.

©:\SiEt3
Cl

3fa
(3fa) Colourless oil; *tH-NMR (500 MHz, CDCl5) & 7.28 (d, J = 8.0 Hz, 1H), 7.15-7.03 (m, 2H), 6.98-
7.00 (m, 1H), 2.28 (s, 2H), 0.91 (t, J = 8.0 Hz, 9H), 0.56 (g, J = 8.0 Hz, 6H); 3C-NMR (125 MHz,

CDCl3) 6 139.1, 132.7, 129.9, 129.3, 126.4, 125.2, 19.4, 7.2, 3.4.

©:\SiEt3
|

3ga

(3ga) Colourless oil; tH-NMR (500 MHz, CDCl3) 6 7.76 (dd, J = 8.0 Hz, J = 1.0 Hz, 1H), 7.18 (td, J =

7.5, 1.0 Hz, 1H), 7.08-7.06 (m, 1H), 6.75-6.72 (m, 1H), 2.37 (s, 2H), 0.91 (t, J = 8.0 Hz, 9H), 0.59 (q,
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J = 8.0 Hz, 6H); 3C-NMR (125 MHz, CDCl5) 6 144.6, 139.4, 128.4, 127.9, 125.6, 100.4, 27.1, 7.3,

3.6.

M

3ha
(3ha) Colourless oil; *tH-NMR (500 MHz, CDCl;) 6 7.11 (t, J = 7.5 Hz, 1H), 6.61 (d, J = 7.5 Hz, 2H),
6.57 (s, 1H), 3.77 (s, 3H), 2.08 (s, 2H), 0.92 (t, J = 8.0 Hz, 9H), 0.51 (q, J = 8.0 Hz, 6H); 13C-NMR

(125 MHz, CDCl5) 6 159.5, 142.3, 129.0, 120.8, 113.9, 109.0, 55.0, 21.8, 7.3, 3.0.

Fs;C
3 \©/\SiEt3

3ia

(3ia) Colourless oil; tH-NMR (500 MHz, CDCls) & 7.32-7.28 (m, 2H), 7.26-7.24 (m, 1H), 7.19-7.17
(m, 1H), 2.16 (s, 2H), 0.91 (t, J = 8.0 Hz, 9H), 0.51 (g, J = 8.0 Hz, 6H); 3C-NMR (125 MHz, CDCl;) &
141.8, 131.3 (d, J = 1 Hz), 130.4 (d, J = 31.6 Hz), 128.5, 124.5 (q, J = 3.8 Hz), 124.0 (q, J = 270.0

Hz), 120.6 (q, J = 3.8 Hz), 21.9, 7.2, 2.9.

Br
/@L/SiEt?,
MeO

3ja

(3ja) Colourless oil; TH-NMR (500 MHz, CDCl3) & 7.28 (d, J = 8.5 Hz, 1H), 6.55 (d, J = 3.0 Hz, 1H),
6.43 (dd, J = 9.0, 3.0 Hz, 1H), 3.68 (s, 3H), 2.21 (s, 2H), 0.84 (t, J = 8.0 Hz, 9H), 0.51 (q, J = 8.0 Hz,

6H); 13C-NMR (125 MHz, CDCls) 6 158.6, 142.0, 133.1, 115.0, 114.4, 111.3, 55.3, 22.4, 7.3, 3.5.

(/E/\SiEt3
)

3ka
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(3n) Colourless oil; tH-NMR (500 MHz, CDCls) & 7.30-7.29 (m, 1H), 7.09 (s, 1H), 6.15-6.14 (m, 1H),
1.79 (s, 2H), 0.93 (t, J = 8.0 Hz, 9H), 0.52 (g, J = 8.0 Hz, 6H); 13C-NMR (125 MHz, CDCl3) § 142.3,

137.8,121.6, 112.2, 8.5, 7.3, 3.1.

S
3la
(30) Colourless oil; *H-NMR (500 MHz, CDCls) & 7.19-7.17 (m, 1H), 6.79-6.78 (m, 1H), 6.69-6.68

(m, 1H), 2.11 (s, 2H), 0.92 (t, J = 8.0 Hz, 9H), 0.52 (q, J = 7.5 Hz, 6H); 3CNMR (125 MHz, CDCl3) &

139.6,129.0, 124.7, 117.6, 15.5, 7.3, 3.1.

(3ma) Colourless oil; tH-NMR (500 MHz, CDCl5) 6 8.00 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H),
739 (d, J = 7.5 Hz, 1H), 7.28 (t, J = 7.5 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H), 7.15-7.13 (m, 3H), 2.28 (s,
3H), 2.02 (s, 2H), 0.85 (t, J = 8.0 Hz, 9H), 0.45 (q, J = 8.0 Hz, 6H); 3C-NMR (125 MHz, CDCl3) &
144.4, 135.3, 135.1, 132.0, 129.5, 126.6, 124.4, 122.9, 121.4, 121.2, 119.5, 113.9, 21.4, 8.6, 7.2,

3.2; HRMS (ESI) m/z calculated for C,,H,NNaO,SSi [M+Nal*: 422.1578, found: 422.1582.

SiEt,

3na
(3na) Colourless oil; TH-NMR (500 MHz, CDCl3) 6 7.24-7.21 (m, 2H), 7.08-7.06 (m, 3H), 2.30 (q, J =
7.5 Hz, 1H), 1.37 (d, J = 7.5 Hz, 3H), 0.89 (t, J = 8.0 Hz, 9H), 0.51 (q, / = 8.0 Hz, 6H); 13C-NMR (CDCls,

125 MHz) 6 146.3, 128.0, 127.1, 124.2, 26.8, 15.4, 7.5, 2.0.
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SiEt,

CF3

4o0a
(30a) Colourless oil; tH-NMR (500 MHz, CDCl5) 6 7.32 (t, J = 7.5 Hz, 2H), 7.25 (t, J = 7.5 Hz, 1H),
7.21(d, J = 7.5 Hz, 2H), 3.07-3.00 (m, 1H), 0.93 (t, J = 8.0 Hz, 9H), 0.69-0.60 (m, 6H); 3C-NMR (125
MHz, CDCl3) & 134.3 (q, J = 3.4 Hz), 129.0, 128.5, 128.4 (q, J = 276.0 Hz), 126.6, 40.9 (q, J = 11 Hz),

7.0, 2.9.

SiEt,

99

3pa
(3pa) Colourless oil; tH-NMR (500 MHz, CDCl3) & 7.80-7.66 (m, 3H), 7.48 (s, 1H), 7.41 (t, J = 7.5 Hz,
1H), 7.35 (t, J = 7.5 Hz, 1H), 7.24 (dd, J = 8.0, 1.0 Hz, 1H), 2.47 (q, J = 7.5 Hz, 1H), 1.47 (d, J = 7.5 Hz,
3H), 0.90 (t, J = 8.0 Hz, 9H), 0.54 (q, J = 8.0 Hz, 6H); 3C-NMR (125 MHz, CDCl;) & 144.1, 133.7,
131.2,127.5,127.23,127.17,127.0, 125.7, 124.4, 124.3,27.1, 15.5, 7.5, 2.1; HRMS (ESI) m/z

calculated for CigHp¢NaSi [M+Na]*: 293.1797, found: 293.1784.

SiEt,

J ¢

3ga
(3ga) Colourless oil; *H-NMR (500 MHz, CDCl;) § 7.27-7.21 (m, 8H), 7.14-7.09 (m, 2H), 3.65 (s, 1H),
0.84 (t, J = 8.0 Hz, 9H), 0.60 (q, J = 8.0 Hz, 6H); 3C-NMR (125 MHz, CDCl;) & 142.9, 128.8, 128.2,
125.0, 43.0, 7.5, 3.4; HRMS (ESI) m/z calculated for CygH,gNaSi [M+Na]*: 305.1697, found:

305.1684.

3ra
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(3ra) Colourless oil; *H-NMR (500 MHz, CDCl) & 7.31-7.23 (m, 4H), 7.18-7.10 (m, 1H), 6.28-6.20
(m, 2H), 1.70 (dd, J = 5.0, J = 2.0 Hz, 2H), 0.96 (t, J = 8.0 Hz, 9H), 0.57 (g, J = 8.0 Hz, 6H); 13C-NMR

(125 MHz, CDCl3) & 138.5, 128.4, 128.1, 128.0, 126.1, 125.4, 18.8, 7.4, 3.3.

/\SiEt3

TIPS
3sa

(3sa) Colourless oil; tH-NMR (500 MHz, CDCl5) 6 1.59 (s, 2H), 1.05-1.03 (m, 18H), 1.02-1.00 (m,
3H), 0.96 (t, J = 8.0 Hz, 9H), 0.63 (g, J = 8.0 Hz, 6H); 13C-NMR (125 MHz, CDCl;) 6 106.6, 78.4, 18.6,

11.5,7.3,3.4,3.1, 1.0.

/©/\Si(n-Bu)3
cl

3bb
(3bb) Colourless oil; tH-NMR (500 MHz, CDCls) § 7.15 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H),
2.05 (s, 2H), 1.32-1.20 (m, 12H), 0.87 (t, J = 7.5 Hz, 9H), 0.50-0.44 (m, 6H); 3C-NMR (125 MHz,

CDCl3) 6 139.3,129.4, 129.3, 128.1, 26.7, 25.9, 22.2, 13.7, 11.6;

/©/\Si(i-Pr)3
cl

3bc
(3bc) Colourless oil; tH-NMR (500 MHz, CDCl;) & 7.15 (d, J = 8.5 Hz, 2H), 7.01 (d, J = 8.5 Hz, 2H),
2.15 (s, 2H), 1.08-1.03 (m, 3H), 1.01-1.00 (m, 18H); 3C-NMR (125 MHz, CDCl;) & 139.6, 129.8,
129.4, 128.1, 18.6, 18.5, 10.9; HRMS (ESI) m/z calculated for C;¢H,;CINaSi [M+Na]*:305.1464,

found: 305.1456.

3bd
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(3bd) Colourless oil; *H NMR (500 MHz, CDCl3) & 7.16 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H),
2.05 (s, 2H), 0.92 (t, J = 8.0 Hz, 3H), 049 (q, J = 8.0 Hz, 2H), 0.05 (s, 6H); 13C-NMR (125 MHz, CDCl,)

6139.1,129.5,129.3,128.2,24.7,7.2,6.4,-4.2.

(3be) Colourless oil; tH NMR (500 MHz, CDCl3) & 7.17 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H),
2.07 (s, 2H), 0.92 (s, 9H), 0.10 (s, 6H); 3C-NMR (125 MHz, CDCl3) 6 139.2, 129.5, 128.2, 26.5, 22.1,

16.7, -6.6.

CF;

Si CF,
/\
cl

3bf
(3bf) Colourless oil; *H NMR (500 MHz, CDCl3) § 7.87 (s, 1H), 7.77 (s, 2H), 7.16 (d, J = 8.0 Hz, 2H),

6.81 (d, J = 8.0 Hz, 2H), 2.31 (s, 2H), 0.35 (s, 6H); 3C-NMR (125 MHz, CDCl5) § 141.5, 136.8, 133.4,

130.7 (q, J = 33.4 Hz), 130.4, 129.4, 128.5, 123.9 (q, J = 272.0 Hz), 123.0 (q, J = 3.6 Hz), 25.2, -3.8.

(3bg) Colourless oil; H-NMR (500 MHz, CDCls) & 7.45-7.43 (m, 4H), 7.40-7.36 (m, 2H), 7.35-7.31
(m, 4H), 7.07 (d, J = 8.5 Hz, 2H), 6.77 (d, J = 8.5 Hz, 2H), 2.58 (s, 2H), 0.46 (s, 3H); 3C-NMR (125
MHz, CDCls) § 137.4, 135.9, 134.6, 129.9, 129.8, 129.4, 128.1, 127.8, 24.0, -4.9; HRMS (ESI) m/z

calculated for C,gH1oCINaSi [M+Na]+: 345.0838, found: 345.0867.
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ot
Cl Ph
3bh
(3bh) White solid, m.p. 166-167 °C; 'H-NMR (500 MHz, CDCl3) & 7.41-7.38 (m, 9H), 7.33-7.31 (m,
6H), 7.01 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 8.5 Hz, 2H), 2.87 (s, 2H); 3C-NMR (125 MHz, CDCls) &

136.8, 135.9, 133.8, 130.4, 130.1, 129.7, 128.0, 127.8, 23.0; HRMS (ESI) m/z calculated for

CysH,1CINaSi [M+Na]+: 407.0995, found: 407.0972.

/©/\Si(TMS)3
cl

3bi

(3bi) Colourless oil; tH-NMR (500 MHz, CDCl3) & 7.16 (d, J = 8.0 Hz, 2H), 6.99 (d, J = 8.0 Hz, 2H),
2.30 (s, 2H), 0.12 (s, 27H); 3C-NMR (125 MHz, CDCls,) & 141.8, 129.6, 129.4, 128.3, 16.1, 1.1;

HRMS (ESI) m/z calculated for Ci¢H33CINa Siy [M+Na]+: 395.1246, found: 395.1254.

/©/\Sn(n-su)3
cl

3bj

(3bj) Colourless oil; tH-NMR (500 MHz, CDCl) & 7.11 (d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H),
2.26 (t, Jsnyt = 56 Hz, 2H), 1.47-1.35 (m, 6H), 1.29-1.22 (m, 6H), 0.87 (t, J = 8.0 Hz, 9H), 0.80 (t, J =
8.0 Hz, 6H); 3C-NMR (125 MHz, CDCI3) & 142.4, 128.22 (128.27, 128.18), 128.13, 128.05, 29.00
(29.08, 29.02), 27.30 (27.52, 27.09), 17.7, 13.7, 9.3 (10.60, 10.54, 8.11, 8.06); (The spliting peaks

generated from J-coupling of 11°5n/119Sn with 13C ).

(3bk) Colourless oil; tH-NMR (500 MHz, CDCl3) & 7.41-7.33 (m, 15H), 7.06 (d, J = 8.5 Hz, 2H), 6.93
(d, J = 8.5 Hz, 2H), 2.91 (t, Jso.nu = 66 Hz, 2H); 3C-NMR (125 MHz, CDCl3) & 139.5, 139.3, 137.0

(137.1, 136.9), 129.11 (129.15, 129.06), 129.0, 128.7, 128.6, 128.37 (128.42, 128.31),
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19.5(20.78,20.72, 18.25, 18.19). (The spliting peaks generated from J-coupling of 11°Sn/19Sn with

13C )

/@ASn(n-Bu)g,
Me

3bl
(3bl) Colourless oil; H-NMR (600 MHz, CDCl5) & 6.96 (d, J = 7.8 Hz, 2H), 6.89 (d, J = 7.8 Hz, 2H),
2.26 (s, 3H), 2.25 (t, Jsny = 28 Hz, 2H), 1.44-1.39 (m, 6H), 1.29-1.23 (m, 6H), 0.86 (t, J = 7.8 Hz, 9H),
0.79 (t, J = 7.8 Hz, 6H); 3C-NMR (150 MHz, CDCI3) & 140.3, 132.0, 128.90 (128.93, 128.86),
126.87 (126.94, 126.80), 29.03 (29.10, 28.97), 27.33 (27.50, 27.15), 20.8, 17.5, 13.7, 9.23 (10.28,

10.23, 8.23, 8.18); (The spliting peaks generated from J-coupling of 11°Sn/11%Sn with 13C ).

/@ASn(n-Buk
Ph

3bm

(3bm) Colourless oil; *H-NMR (600 MHz, CDCl5) § 7.56 (d, J = 7.8 Hz, 2H), 7.42-7.39 (m, 4H), 7.28
(d, J = 7.2 Hz, 1H), 7.05 (d, J = 7.8 Hz, 2H), 2.34 (t, Js,.y = 28 Hz, 2H), 1.46-1.40 (m, 6H), 1.29-1.24
(m, 6H), 0.88-0.81 (m, 15H); *3C-NMR (150 MHz, CDCI3) 6 143.1, 141.3, 135.7, 128.6, 127.33
(127.40, 127.26), 126.92 (126.96, 126.88), 126.7, 126.5, 29.03 (29.10, 28.96), 27.32 (27.50,
27.14), 17.9, 13.7, 9.38 (10.43, 10.39, 9.38, 8.38, 8.33); (The spliting peaks generated from J-

coupling of 115Sn/113Sn with 13C ).

@(\Sn(n-Bu)3
Cl

3bn
(3bn) Colourless oil; tH-NMR (600 MHz, CDCl) § 7.26-7.24 (m, 1H), 7.07-7.04 (m, 2H), 6.92-6.90
(m, 1H), 2.40 (t, Jsp.yy = 28 Hz, 2H), 1.45-1.39 (m, 6H), 1.27-1.22 (m, 6H), 0.87-0.81 (m, 15H); 13C-
NMR (150 MHz, CDCI3) & 142.2, 131.6, 129.06 (129.10, 129.02), 128.57 (128.63, 128.50), 126.56

(126.60, 126.52), 124.21 (124, 124.17), 28.94 (29.01, 28.87), 27.30 (27.48, 27.12), 17.2, 13.7,
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10.04 (11.09, 11.05, 9.02, 8.98); (The spliting peaks generated from J-coupling of 11°Sn/19Sn with

13C )

MeO
\©/\Sn(n-Bu)3

3bo
(3bo) Colourless oil; *H-NMR (600 MHz, CDCls) § 7.07 (t, J = 7.8 Hz, 1H), 6.57 (d, J = 7.8 Hz, 1H),
6.54-6.51 (m, 2H), 3.76 (s, 3H), 2.28 (t, Js,.u = 28 Hz, 2H), 1.45-1.40 (m, 6H), 1.29-1.23 (m, 6H),
0.86 (t, J = 7.8 Hz, 9H), 0.81 (t, J = 7.8 Hz, 6H); *3C-NMR (150 MHz, CDCI3) 6 159.6, 145.4, 129.1,
119.6, 112.4, 108.4, 55.0, 29.02 (29.09, 28.95), 27.31 (27.49, 27.13), 18.36 (19.14, 19.11, 17.61,
17.58), 13.7, 9.35 (10.41, 10.36, 8.35, 8.30); (The spliting peaks generated from J-coupling of

1155 /11950 with 13C ).

Sn(n-Bu);

3bp
(3bp) Colourless oil; *H-NMR (600 MHz, CDCl5) 6 7.20 (t, J = 7.2 Hz, 2H), 7.02 (d, J = 7.2 Hz, 2H),
6.98 (t, J = 7.2 Hz, 1H), 2.70 (q, J = 7.8 Hz, 1H), 1.57 (d, J = 7.8 Hz, 3H), 1.40-1.35 (m, 6H), 1.27-
1.22 (m, 6H), 0.85 (t, J = 7.8 Hz, 9H), 0.79-0.76 (m, 6H); 3C-NMR (150 MHz, CDCI3) & 149.0,
128.16 (128.20, 128.12), 125.51 (125.58, 125.44), 123.2, 29.05 (29.11, 28.98), 27.45 (27.62,
27.27), 26.8, 17.4, 13.7, 8.72 (9.73, 9.68, 7.76, 7.71); (The spliting peaks generated from J-

coupling of 115Sn/119Sn with 13C ).

Sn(n-Bu)j

¢

3bq
(3bq) Colourless oil; tH-NMR (600 MHz, CDCl;) & 7.74-7.66 (m, 3H), 7.41-7.39 (m, 2H), 7.33-7.30
(m, 1H), 7.19-7.18 (m, 1H), 2.86 (q, J = 7.8 Hz, 1H), 1.67 (d, J = 7.8 Hz, 3H), 1.41-1.35 (m, 6H),

1.26-1.20 (m, 6H), 0.83-0.78 (m, 15H); 3C-NMR (150 MHz, CDCI3) 6 146.7, 134.1, 130.8, 127.5,
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127.4,127.0, 126.31 (126.36, 126.26), 125.7, 124.0, 121.71 (121.79, 121.62), 29.08 (29.04, 29.01),
27.44 (27.62, 27.28), 27.3, 17.31, 13.6, 8.88 (9.88, 9.84, 7.91, 7.87); (The spliting peaks generated

from J-coupling of 11°Sn/11°Sn with 13C ).

Sn(n-Bu);

J T

3br
(3br) Colourless oil; *H-NMR (600 MHz, CDCl3) § 7.23 (t, J = 7.2 Hz, 4H), 7.17 (d, J = 7.2 Hz, 4H),
7.06 (t, J = 7.2 Hz, 2H), 4.04 (s, 1H), 1.35-1.30 (m, 6H), 1.23-1.17 (m, 6H), 0.82-0.79 (m, 15H); 3C-
NMR (150 MHz, CDCI3) 6 144.5, 128.3, 127.83 (127.91, 127.75), 124.3, 42.4, 28.86 (28.92, 28.79),
27.30 (27.49, 27.12), 13.6, 10.49 (11.52, 11.47, 9.51, 9.47); (The spliting peaks generated from J-

coupling of 115Sn/113Sn with 13C ).

/©/\Ge(n-Bu)3
cl

3bs
(3bs) Colourless oil; TH-NMR (500 MHz, CDCl5) 6 7.15 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H),
2.17 (s, 2H), 1.33-1.25 (m, 12H), 0.87 (t, J = 7.0 Hz, 9H), 0.70-0.66 (m, 6H); 3C-NMR (125 MHz,

CDCI3) 6 140.4, 129.1, 128.9, 128.1, 27.2, 26.5, 21.6, 13.7, 12.2.

SiEt,

4

(4) Colourless oil; 'H-NMR (500 MHz, CDCl3) 6 7.81 (d, J = 7.5 Hz, 2H), 7.53 (t, J = 7.5 Hz, 1H), 7.47
(t,J = 7.5 Hz, 2H), 0.99 (t, J = 7.5 Hz, 9H), 0.93-0.89 (m, 6H); 3C-NMR (125 MHz, CDCl;) & 236.1,
142.4, 132.6, 128.6, 127.1, 7.4, 3.7; HRMS (ESI) m/z calculated for Ci3H,;0Si [2M+H]*: 221.1358,

found: 221.1354.
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T™MS

SiEt,

5
(5) Colourless oil; *H NMR (500 MHz, CDCl3) 6 7.18 (t, J = 7.5 Hz, 2H), 7.04 (t, J = 7.5 Hz, 1H), 6.97
(d, J = 7.5 Hz, 2H), 1.65 (s, 1H), 0.92 (t, J = 8.0 Hz, 9H), 0.61 (g, J = 8.0 Hz, 6H), 0.04 (s, 9H); 13C-
NMR (125 MHz, CDCl) & 142.8, 129.0, 127.9, 123.2, 25.8, 7.8, 4.8, 0.2; HRMS (ESI) m/z calculated

for CygH31Si; [M+H]*: 279.1964, found: 279.1954.

5. 1Hand 3C NMR Spectral Copies

S21



186/
268°L]
595 /1
2.5 /]
086/
8 /1
€18/
08g L1}
588 /-
268/
666'L
9008
10’8
8108
1908
080’

omm.\.#

£91°2L—

rlo'e
100'T
[ —
= 16°0
'66°1

‘Ns

TZ
€60

0.0

4.5 3.0 1.5

6.0

11.0 9.0
f1 (ppm)

13.0

50°6Z)
v izl
ye6zL
98081
YO'LEL
erLel
ZLEEL~
gcel)
62°GEL

8C'8¥L
6E8¥L

‘Ns

=z

1a

| hﬂ“ |

20 10

80 70 60 50 40 30

170 150 130 110 20

190

S22



oYL
€8y L
609°L
629'L
1684
mom.hw
9l6'L
1208
ce0's
crog|
¥80'8

€8C¢Cl—

‘Ns

Iz

Cl

1b

L

007z |
mhm.v [
~66°) |
ez |

0.0

4.5 3.0 1.5

6.0

9.0

1.0

13.0

L2
:.mN;
9r'SZLy
rAPEAR |
68 /21
b2'gzL
L6z
e el
1BZhL—
mm.if\\
ge'gpl

‘Ns

I=

Cl

1b

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S23



0§44
59/
Zve'L
858/
1882
v68 L
0062
0L0'8
zz0'8
8.0'8
Z60'8
0zL'g’

LvSel—

‘Ns

=z

NC

1c

~62°0

0.0

1.5

3.0

4.5

7.5

9.0

11.0

13.0

f1 (ppm)

0LZL—
YO6LL—
0L'SZL—
wm.hm_‘w
9coclL

LLgr L~
6C°8¥L"

90'LEL~ IM“

¥TLEL”

€Cceel— L

ay'sel—

SC9eElL—

1f

NC

136 134 132

138

0

90 80 70 60 50 40 30 20 10

170 150 130 110

190

S24



rr8e—

b2y
Cr AN
18811
168 L1
568'L 1
006
Z06'L

€06 L

1562
GO6 L]
8008
L8]
91081
6108

NS.L

S6ECE—

‘Ns

EZ

M802C

1d

Foo't

729 6.0 4.5 3.0 1.5 0.0

9.0

1.0

13.0

89°¢5—

505zl
¥ Izl
£0°0E 41
¥B0E
9L IEl
8elel
zveel
08°5EL)
1LEEl
6.°9%L—
oz gL’

91'991—

‘Ns

I=

1d

MGOZC

10

20

70 60 350 40 30

90 80

170 150 130 110

190

S25



99¢/
B8LT L
1B LT
Z5¥ 1
SO L
8l¥ 1~
1992 —
888/
6814
868/
062
L6 2
G008
o8]
sl08]
1zoe]
€808
6808
£60°8
6608
zz18

srich—

‘Ns

Tz

—

Ph

1e

=80'¢
£ =129

=0T
—201

Teo
90'

—, 7001

120 115 1.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

125

(39724 S
icL—

168421
9e'8¢1—
¥60cl—
[4: 5% T

€6°CC L~
20'eel”

6Ccrl—

961l —
6Tl —
0z sel—
99681~
e YAd
veapl/

128

"Ns

=z

L

|

Ph

1e

132

142

I JMl

30

110

130

150

170

S26



62€'L
L
59€'/
1682
oLz
sz L
99F'L
o'/
i
5612
999’/
668'L
6062
600°8
5108
120’8
1£0'8]
11087
980°9+

0018~
444

So¥clL—

‘Ns

I=

NE

1f

J

AN
001
90|
E S0'c
—

—=0'L

.ﬁmo. L

o

1.5 10.0 8.5 7.0 5.5 4.0 255 1.0
f1 (ppm)

13.0

LLSTL
vlizl
818211
9r0E H
WLEL]
SL'LEL]
62 LEL
5eZELY
LTSS LY
19'EE LA
8r'geL—

90 P¥L—
0e8yrlL—

0

10

90 80 70 60 50 40 30 20

170 150 130 110

190

S27



905¢

T4 YA
oglLs
orL'L
erls
€51'L
951
9/¢l

mwm.hW
O¥ L
9L
8r9 L
659/
1991
9/8/7
68
9681
668'L

goce)

s8ecl—

005¢C
nom.NW

‘Ns

TZ

Y/

N’

19

——hiot

7.5 6.0 4.5 3.0 1.5 0.0

9.0

11.0

13.0

Q0'LEL~
6C1EL"
ereel—
cleel—

¥2'00lL—

A= BN
orsel”

S0ST i,
FAl A
zo06z1

60°0¥1—

cc 8yl
€6°051—

Ns

P B

N

19

132

134

136

|

L

10

20

40

60

920

110

130

150

170

S28



1SLe—

6569
869
vELL
ZshL
8T L+
YsL
veeL

9./8'L
G881
068'L
668°L
£66'L
8008
108
920'8

eS1'gl—

‘Ns

Iz

MeQ

1h

—, F00°¢ |

— Lo |

7.5 6.0 4.5 3.0 15 0.0

9.0

1.0

13.0

GO'66—

LocLL~
289k~
LocL—
86 vClL—

0E'SELT
lesel’
L08vL7
ererL
66651

FAA

0 LEL—
oz LeL’

L0°EEL—

‘Ns

I=

MeO

1h

131

133

|

90 80 70 60 50 40 30 20

L

190

0

10

150 130 110

170

S29



8092
1292
92
V2L
Vel
6.8L
288/
1881
16821
168/
¥26 L1
966 L
0008+

PO08-F

8008
clog
£80'8
28081

06081
608
860'81
colgl

6Tl —

‘Ns

I=

FsC

1i

=00'L

860
860

00'L

Li6°0

00t
00’} [
€0t

5.5 4.0 25 1.0

7.0

8.5

10.5

12.5

Z0°EE b
Sl
¥EsEL

LPOrl~
8e8yrl—-

lcl—

vrecl—
€LECLF
9.°¢CL
8.°¢Cl

9Tl —
SC'SCl—

86'9C1
00'/cl

celel—

00'0EL—
1Z0EL—
ogL-
£60EL
0el—
8zlEL—

‘Ns

I=z

FsC

122.0

MUMHJLLJJ‘W

1i

a!

127.0 1245

130.5

150 140 130 120 110 100 90

160

S30



vrle—

££6'91
0¥6'9
§56'9
Z96'9
vez I
EN.L
€LG 2
7682
v06' 2
pI6L
z00'8
v10'8
vZ0'8
omo.m_f

mNm.m_

€6E2CL—

U

‘Ns

LEZ

MeO

Br

1j

~00'¢

1860
196
€670
18671
£¥6°0
1660
‘60

—rz60[

0.0

3.0 1.5

45

7:5

9.0

11.0

13.0

f1 (ppm)

96'G6—

09" LEE~
ESVLIL—
vL6LL—

co'selL—
L9'GEL—

L9~
6e8Y L

LL'6SL—

16°0€ L~
ac'lel”

SLEEL
LEEEL”

gy vel—

‘Ns

EZ

MeO.

Br

1j

132

134

10

50

:
130

T
150

T
170

T
190

S31



LE9'9—

r89 Ly
899 /1
22801
989’2/

PO6° LL—

6862,
666 L ]
2008~

1208~ —=—""1
Sr0'8—

2808~ ]

ey
815 8.10 805 8.00 7.95

1 (ppm)

|

3.5

‘Ns

IZ

N
1K

4

=001

166°0
fGl°C

——90'}
90°¢C

‘00°L

-€0')

0.5

2.0

5.0

8.0

9.5

1.0

13.0

f1 (ppm)

GeL0L—

YETTIA
z0°sTL—
yO'LEL
wer)
SEGYLy
0Z'9%L
BEBYL-

90°¢el -

Legel—

Privl—

"‘Ns

EZ

N

7

1k

133

135

142

30

T
110

T
130

T
150

T
170

T
190

S32



697'L
Log L
ShS'L
265,
95,
21847
18821
mm@;
z00'8
108
zv0'e
150’8
950'8
590’8
00b'g!

986 L1 —

‘Ns

Ir=

N°

e

11

-86°0

6.0 4.5 3.0 1.5 0.0
f1 (ppm)

7.5

11.0 9.0

13.0

z8vely
6671
8Z'9z1
re6Zl
50°'LEL]
geLel
50°€E 1
£Z°GEL
z0LE1—

LOP¥L—
8e 8L~

"Ns

=

N’
11

]

10

150 130 110 90 80 70 60 50 40 30 20

170

190

S33



c6ee—

z8T 2
1621
el
59¢ /1
8¢ /1
968/
059 /-
0992/
€89/
SL6.
6L
96/
mmm.\._f

mmw.w_

gyl cl—

i\ “

—00°€

=06°0

0.0

3.0 1.5

4.5

7.5

9.0

11.0

13.0

95’ Lz~ ‘“
AR 7 AN 0
L0'GZL" o
zZe9ZL—
P6'9Z L— &
1£421— i
06'0E b
PLLEL 5
0Z'LELT 5=
sz LeL’
wn
Z9EL~ aLselL— i
95 /LL— 9g'geL
0Z'€TL—
66ZEL
:em_‘w
roErL—
4] Z
= £
P
\ g
NJ.S
T

20

T
30

T
50 40

T
60

70

T
130

T
150

T
170

T
190

S34



982'¢c—

6GeL
89¢/
LE1
51921
8l9 /1
829/
1£9°2
1184
18
188 L
88
18614
2662
1664
200'8]
150°8]
z90'8
£90'8
1908
z.108

‘Ns

Iz

N-

1n

~10'E

L0€
Mra.m
20T
860
Yot

=00°1L

8.5

5.5 4.5 3.5 2.5 1.5 0.5

6.5

7.5

9.5

11.0

129

S0'GlL—

9/ ¥C1
65°9C1
6,821
1070EL
€081
gglEL-t
8/ Q
00°SEL
957/€1

eLeyrl—
€815l —

‘Ns

=

N’

1n

0

10

90 80 70 60 50 40 30 20

170 150 130 110

190

S35



cove—

Y252
625 L
YesZ
0rS L
01841
FALYE
Yeg i
12844
g |
€68/
¥.8 L
z88t
6382
568/
6]
1¥6' ]
562
1562
000'8
¥00'8
1008
zi08
GL0'8
8018
zue
oLl'g
0zl'g
AKX
818

>

20T
£0C
£0E
20°1
90°L
80°L
£0°1L

——

=00°L

7.5 6.0 4.5 3.0 1.5 0.0

9.0

11.0

13.0

a8l —

6a'ez)
Al

£6'92)

16921

9F' LT )1
06°L2 )1
reaAR
86°8Z 11
£8°05 11
1S°1E )
61°2E
00°€E 1

..........mm_.u__.
687t L
90°se L

vL8YL—
IYSL—

10

0

90 80 70 60 50 40 30 20

170 150 130 110

190

S36



Z8T L
S8z
0622
1621
0ze'L
cees
SyeL
SieL
8L
195,
[P
viSL
€85L-
806 L
8 —m.hN
czoe
1€08
5608’

00L0}—

‘Ns

I=

F/,

1q

96t
Hg‘w

00'L
~20°€
=107
160

loo'y |

=G6'0

0.0

1.5

3.0

7.5 6.0 4.5

9.0

1.0

13.0

g7 A
81421
£8'8Z1
90'6Z 1
£5'621
GL°0S)
PR A
£8°0¢)
Fa A A
95°ZE L
89628 J\\
9l'sel
LLLEL

08'8¥l—
029G —

90 80 70 60 50 40 30 20

0

10

110

130

150

170

190

S37



0£8'9
£58'9
028'9
£69'9
666'9
6£0'2
6222
1622
pLE .
628 .
8pe /]
50 /|
15521
69G /1
629 11
999/
Y68 L
206' 2+
€86,
266'2
966 2
600'8
2108
20’
£e0'g

66021

I

N'N‘NS

X

Ph

1r

00"}
710°L
¥ZL'E
p0'C
20°E
'96° L

=280

7.5 6.0 4.5 3.0 1.5 0.0
f1 (ppm)

11.0 9.0

13.0

86°vC 1
gesel
(YA
oe'eel
¥e'ecl
08'0¢cL
SLLE
cCeel
m_‘.mm_‘/
20°9€L—
ySovl—

6E8PL—
ag 051’

I

N'N'NS

=

Ph

1r

L] mﬂl

130

190

20 10

50 40 30

80 70 60

20

110

150

170

S38



L0L9—

Nwm.\./
@mm.\.z

G5

Lez'g

Y62 6—

N
N” "Ns

—_—

TIPS

3

1s

v6
ey’

L
ek

00

=T

-0.5

0.5

1.5

25

3.5

4.5

6.5 5.5

8.5 7.5

9.5

11.0

f1 (ppm)

88'0L—

eV 8t

£5'€6—

910k~

62521
85 /2L
1518l
G zeL
Lezel
05 vEL

SO8¥L—

I

N’N‘Ns

—_
1s

TIPS

80 70 60 50 40 30 20 10

90

110

130

150

170

190

S39



€602

.voo.h
mro.hyf
Lr0 L~
LLVE
Nm_‘.hN
1024

SiEt,
H

Fee9

3aa

w =¢L'6

—_— =002

J¥eL

o 2507

‘ooe

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

S6C—
8zl

65 1C—

€Leel—
20821
L8e _.H

9°0rl—

SiEt,

3aa

-10

80 70 60 50 40 30 20 10

90

110

130

150

170

S40



€67 01
6050

mmm.o#
G0
91607
ze60]
P60

180°c—

cr6'9

mmm.mw
891 L7
S8 F.h\

SiEt,

Cl

3ba

=G¥'6

=Gl'g

=90'C
UWOO.N

vam.m I

90 85 80 75 7.0 65 60 55 30 45 40 35 30 25 20

1.0 05 0.0

1.5

8¢
SC'L—

Le—

11°82 _./
....N.mw_.w
gcect

6L6EL—

SiEts

Cl

3ba

80 Y0 60 50 40 30 20 10

90

110

130

150

170

S41



S8Y'0q
1050
h_‘m.o%
£€e5°0
868'0¢
.v_‘m.o__‘,
0e6'0

8l

802

oo_..h,Iz
5
mm.v.h\

SiEt,

NC

3ca

L

L9

9€'6

80°¢C

80°C
00¢

1.0 05 0.0

1.5

3.9 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

88'¢—
8l'L—

L0eC—

criol—

well—

19°8C1~
86°LEL—

6LVl —

SiEt,

NC

"

3ca

130

80 70 60 50 40 30 20 10

90

110

150

170

S42



€870
6670
mrm.owﬁ,
1£5°0

680
o_.m.ow
9260

8/1¢c—

8B E—

850°/~,
G0

(W J2N
18847

SiEt,

MeO,C

.._.JL._‘J,_A;

|

3da

1009
e06

=€l

=Le

=0T

=

3.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

1.0 05 00

1.5

¥e'C—
0cL—

09°cc—

6L'16—

78T
06221~
16621

80°LvL—

627491

SiEt,

MeO,C

3da

80 70 60 50 40 30 20 10

90

110

130

150

170

S43



6250
SPS0
195 0—

€C60
mmm.ow
560

1 v

PLOLy
160°L
Tl
v6T L
60€ L
T6EL
10721
e
6Ev L
S5v L
052
585 .
1851

SiEt,
H

3ea

Ph

L

F02'S
Fos'8

=10'¢

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

86°C—
eel—

6 1C—

0r'9zL)
V0Tl

08'9C1

Wzl T
A
1995 L —
76651
o/

SiEt,

Ph

3ea

80 70 60 50 40 30 20 10

20

110

130

150

170

S44



€E€50
6¥5'0
950
0850~

0680
9060
¢g60

6L2C—

9/6'9
686'9
€002
950,
690/
mwo.hk_‘
£60°L
0sc'L
FNXAYS
c6gL

SiEt,

3fa

b LJLA_L*

-86'g
Fzoe

+00°C

€60
F06°)
=£6'0

90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

1.0 0.5 0.0

15

We—
[AAV A

66l —

ON.mN_.
....n.mm ;w
€E'6CL

G8'6C 1~
A RA S

0L'6EL—

SiEt,

Cl

3fa

60 50 40 30 20 10

130 110 90 80 70

150

170

S45



1850
1650
¢l90

_.mw.oa
k_.om.ok_‘
€C60

S9€¢C—

91L'9
0.9
ceL9
€49
FAZA:]
05,9
1S0°L7
mr...o._ﬁi_ﬁ
L L
95L'L
o....h._mw
clif

SiEt,

3ga

J;__J_A_JLL‘.J_

216G
016

—00°¢

=£6°0

=160
660

~88°0 |

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

65°C—
el —

chic—

8e'001—

Y9G
v6 22l
6£'8Z)

erecl—
SSrrl—

SiEt,

3ga

-10

80 70 60 50 40 30 20 10

90

110

130

150

170

S46



9050
NNm.ov
€060
m_.m.n_wﬂ
SE6°0

SL0¢C—

¢LLE—

1158
.vom.mW
6199
€602
mor.hw
.wNP.h\

1SC' 4

SiEt,

MeO

_

3ha

=ze9

=Ze'6

=90°¢C |

—80'¢

=00}
102

Foo'L

0.5 0.0

1.0

Z2ia 200 S

3.5 30

45 4.0

5.0

65 6.0 55

7.0

85 80 75

e0e—
6C°L—

8/ 1C—

€065 —

¢060l—
6L —

gL0zl—

66'8C1—

ceerl—

05651~

SiEt,

MeQ

3ha

a1

80 70 60 50 40 30 20 10

90

110

130

150

170

S47



8150

98¥'0
Nom.oW
£e5'0—

8680
.v_‘m.o“_‘\,ﬁ
0e6'0

a9le—

Nt.h
mt.\.w
a8l
55T 2f
mmm..&
90¢'/

SiEt,

Jia

FsC

Lo e N g

=009

91’6

=00°C

/960
T

90 85 80 75 70 65 60 55 3.0 45 40 35 3.0 25 20

1.0 05 0.0

1.5

88'C—
8l'L—

l&'lc—

99°0C1
69°0C1
Lr'8Cl—
8c’icl
62°IlEL

09021
£€9°0¢ _.W

€8'ivl—

el — Aw |

8ceel—

ar'vel
LS'¥C1
¥5ve

15¥C _‘\

LLFEL

el — S

19sel—

6005 —
¥EosL—
6501~
ggogl”

SiEt,

3ia

FsC

124.0

127.5

-10

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

S48



G150
1es0—
828°0¢

£€8¥0
mmv.ow,
0980

Liee—

6/9°€—

SiEt,

MeO

Br

3ja

—cb'e

~60'E

=00°L

90 85 80 75 70 65 60 55 350 45 40 35 3.0 25 20

1.0 0.5 0.0

1.5

Sre—
Lol

6E°CC—

LE'65—

ZE L,
9C I~
LoGLL"

90cel—

96°I¥L—

19°851—

SiEt,

MeO

Br

3ja

-10

80 70 ®©0 S50 40 30 20 10

90

110

130

150

170

S49



6¥1'9—

€602~
GG/~
6677

3ka

2T

— =0l

=00'}

90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20

1.0 05 0.0

1.5

108
671
o’

FANAY

S —

c8'LEL—
0eerl—

3ka

80 70 60 50 40 30 20 10

90

110

130

150

170

S50



18¥0
18%0
€050
€050
6150
6150

0060
106'0
9160
9160

]

601C—

¥89'0
6890
1899
1829
1829
£8/°91
£8/°91
16291
16291
€649
£6.°9-

cLV'L
cLl'L
814
814
c8lL
8L
....w_...:
881’z

SiEt,
H

3la

W

~e0'9

=68

=8Z'C

90 85 80 75 70 65 60 55 50 45 4.0 35 30 25 20

1.0 05 0.0

15

60°C—
LTl

P56 —

8G'LLL—

9¥Cl—
16°8C1—

SS'6E1L—

SiEt,

3la

80 70 60 50 40 30 20 10

90

110

130

150

170

S51



14 4]
covo A

8e80
.vmw.ow
0480

€coc—

v8g'c—

gL
Wi

6L

90z 2

12z !

897’2

8T L "

662 2 s
8182} w T
£6g L w
919i— = m
€662 7 i
600'8

€8z
%3
Iz0')

=660
=16°L
=60

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.0 05 0.0

1.5

bee—
-
oo’

evic—

68°¢CLL—
o¥'6ll—

cS'6Cl—
PL'GEL-
.wm.mm_\w
vl —

k=
e igh’

S8'eel—
Wel—

85°9C1—

cS'6Cl—

0ocel—

3ma

125

130

-10

80 70 ©60 50 40 30 20 10

90

110

130

150

170

S52



mmv.j
Z0S0
8150

750
0/80—-
9880/
99¢ 1~
z8cL”

S6C'C
o_.w.Nv

€eg s

80Z'/
.vNN.hW
6€C°L

SiEt,

J

3na

—

=88'g
=60’

=rLe

=6’
~00¢

0.0

1.0

2.0

3.0

4.0

5.0

6.0

A0

8.0

9.0

¥oc—
8y —

6E°Gl—

08'9C—

IR ARY
60221~
161z1”

9L

SiEt,

3na

80 70 60 50 40 30 20 10

920

110

130

150

170

SS3



Lo
190 ° S
qmm.ow i M £0L—
8990 £50'9
P160 =806 | ©
6260 -
S¥6'0 | o 6052 L—
-2 v oy
S90F 6121
| 0 8a°0v
. o oviy
wmm.m = 05'6Z1—
e —= 100} | o
190°¢ i
"o
0L 1EL—
L o
<t
0
| =
o
o
| ©
[[p)
o
F o
| w
50T 4 &
0zZZ'L o :
YT L P SR
: 5] dir ] wm_‘./
897/ o w FLll AN
G0s/ b O © 00 |2
0z¢'. b P £ZVEl -
geg s ™ o  9TtEl O W
"o 6TEL o o
LEEL 7]
)
[e0)
o
" o

128 126
40 30 20 10

50

60

131

70

110 100 90 80
S54

120

3o0a
I J
150 140 130

160



P50
€950
8807
com.nlH
19¥'1
9Ll >

SIS0
me.ow

LS¥'e
9r'e
18¥'e
961'C

9zz'L
8271
erzL
Srz.
SEE'L |
1GE 21
69¢°/ 1
16E"L
10V L
&SL
9l i—
630°L
90L'L
STLL
sl
6rL L
99/'1

all

90 85 80 75 7.0 65 6.0 55 50 4;5 40 35 30 25 20

SiEt,

3pa

1.0 05 0.0

1.5

494
¥S'L—

es'sl—

Wi

9Z¥el
orvel
19°6C1
vo'/cL
FAXAY
€c’LeL
0s’/cl—
velelL—
vLEEL

L07rL—

10

20

110 100 90 80 70 60 50 40 30
S55

SiEt,
120

3pa
130

140

150




6090
SC90-
8280
80
GE€8°0
80
0980

LLS°0
ﬂmm.oww

99—

1602
0012
YOL'L
eLb i
PLL I
Vi
LLL 2
I AWE
JrAvE !
Zvef
TAVE
0z2 2
18T
05z 2]
¥eT 1]
€972
1921
Lz L

SiEt,

3qa

M

=10l

#96'L
~0z'8

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.0 05 0.0

1.5

6eC—
o'l

66°Ch—

66FC 1,
£€T8T1,
G/'8zZLY

18¢Pl—

SiEt,

3qa

60 50 40 30 20 10

130 110 90 80 70

150

170

S56



G950
me.ow

aben

~e6'S

N

1.0 05 0.0

.vmm.o\

969'}
00.')
904 —W
604}

6€2°9
re'9

ﬂw_..h
wm F._Lf
cre L
8re s
gL
8.2/
c8e't
862/
66¢C'L

3ra

Fog'g

=602

=oo'e

e

JVN:u

1.5

90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

Gge—
LB

¥8'8l—

.vv.mm_.
cl'9e _‘W
coect
L08ct
cract

¥S'8EL—

3ra

80 70 60 S50 40 30 20 10

90

110

130

150

170

S57



9€9°0

090
ONm.o%
¢59'0—

8P 10—
%m.o_\ﬁw
110}

€651 —

¢Sl

3

SiEt

TIPS——

3sa

L

I 89
7 €98

i 87
E.t.

= 00'¢

70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

7.5

[’
v—.mW
6EC
S¢L—
8Ll —

P98l —

6£'8L—

9°901—

3

SiEt

TIPS——

3sa

-10

130 120 110 100 90 80 70 60 50 40 30 20 10

140

SS8



€960
9660
0L0'L
POl

€501
290’1
9901
6901

€S

90012
€202
geL
oy
e

Si(n-Bu)s

10 05 0.0

.\

1.5

Il

88

ol
90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20

3bb

Cl

€l'8e _‘/
ow.mm_.w
LE°6CL

6C°6E1—

10

20

80 70 60 50 40 30

90
S59

110

Si(n-BU)g
130

3bb

150

Cl

170




€960
86670
oLo’)
Lo’}
€60'}
o0l
9901
6901

€51°¢

200,
€0’
8cl’/
crlL
SG1°L

— 618
wﬁ 98¢
——==

iy

a

<
7] = 96|
g I.n“mra 002

(2]
O

1.0 05 0.0

1.5

90 85 80 75 FO0 B3 60 D5 50 45 =#O 35 30 25 20

[410])
2581
mm.w_.v

FL8Cly
._wv.mm_.w
SL'6CL

€961 —

Si(i-Pr),

Cl

3bc

80 70 60 50 40 30 20 10

90

110

130

150

170

S60



9500
omo.o-w
SHO'D-
9/+0
mmw.@ﬂ
mmm.ow
9e6°0

1650

[42:3¢]
mNm.mW
€914
991,
LLVE
09Z'L

Si—Et

Cl

3bd

|

0Ce

~80°L

691

—80’}

e0’L
00°L

85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.0 05 0.0

1.5

L

L9~
] A

0L vZ—

6291
DD...KW
XAV NA

8L'8BZ 1y
SC'6C _‘W
6v'6cl

L0°6EL—

Si—Et

3bd

Cl

-10

50

90

130

150

Se1



€01°0—

916'0—

LLOEC—

0€6'9

hwm.mw
6917
S8 _..h\

=609

Si—t-Bu

Cl

3be

—€0'6

—80°¢C

=00

8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5

9.5

19°9-—

¢l9l—
80°¢cc—
25'9C—

¥L'9L
oo.hhv
Sg'il

G1°8C I~
T4

02’6l

Si—#-Bu

3be

Cl

-10

80 70 60 50 40 30 20 10

20

110

130

150

170

S62



LPe0—

90€¢C—

089
ONw.mV
[ 1
E.F._mﬂ
CLL L~
998°L

CF,
CF;

3bf

=09

=8l'¢

=50'¢
=00'¢

~00'¢

~00°)

5.0

0.0

1.0

2.0

3.0

4.0

6.0

7.0

8.0

9.0

9L'¢-—
$5'0—

96"
Gl'GC
S1'se
¥e'se

9L’ 0y —

SL'9L
00°LL+
SeLL

CF,

e et

6€°6C _‘M
Wweel—
91°9¢1—

wivl—

reocl—

Wweclh—

96°¢cl
66°CCl

8svelL—

SL9CL—

ZE0EL
¥ ocl-~
8501
E.omﬁ
oL'1gl

CF;

Cl

S S

i

-

3bf

130127 125 1238 122 120

131

LI,

-10

130 120 110 100 90 80 70 60 50 40 30 20 10

140

S63



c9v0—

SL5¢C—

wmh.m
mhh.ww
650°L7
mr...o._m\

650°L~
902"

ries
FARYA
Lee'L

gees
Ske L

vev' L
1e¥ L
Wyl
0sy'L
€S¥'L

Si—Ph

Cl

[=2]
o
™

76 IS5 ¥4 T3 2 Tf 0

=66'¢

-00'¢

=60'¢
£66°L
=I6'C

Yo'y

95 90 85 80 75 70 65 60 55 50 45 4.0 35 30 25 20

1.0 05 0.0

1.5

c6'v—

eove—

¥8'iz)
6087 |
6T
8671
Y6621
19YEL—
98°ce %
ov'E L

Si—Ph

Ph

Cl

3bg

80 70 60 350 40 30 20 10

130 110 90

150

170

S64



€48¢C—

1e2'9
pros
€00'2—
S0g'.
02E'L
¥eeL
€8¢’/
958,
it
eLt.

SiPh,

Cl

3bh

0Lc

0oc

=¥6'L

¥0'9
606

90 85 80 75 70 65 60 55 50 45 40 35 30 25 2.0

10 05 0.0

1.5

Le'ec—

Nw.hm_‘
mm.hm Lr
L9621
€loe F/
Se°0€ F\
SLeeL
68°GE _%
08'9¢L

SiPh,

Cl

3bh

10

40

60

150 140 130 120 110 100 90

160

170

S65



Clo—

v0ec—

2869
866'9
[4=125
912

— 1

Si(TMs)s

3bi

Cl

=L0'.2

= BLE|

W
i

&
o N
o N

7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5

8.5

SO L—

2081 —

LLB6C—

b8y
1e76C _.N
85'6cl

£8Pl —

Si(TMs),

Cl

3bi

80 70 60 50 40 30 20 10

90

110

130

150

170

S66



1810
€080
0280
1580
9980

0880

el
€621 4
80¥'L

661°¢C
mmN.NW
olee

G88'9
.vmw.mw
206’9
S0L'Z
44 F.hw
WL

Sn(n-Bu);

3bj

Cl

/509
“5l'6

=€0'9
~8L'9

8l'e

=00'¢
=16°1

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

99°¢l —
9L

80'6Z

S0'8CL
c€l'act
8lL'8clL
cc'8el
12'8cl

9eerl—

6'8¢
oo.mNW

iy
-
-
=
=
7

Cl

3bj

110

80 70 60 50 40 30 20 10

90

130

150

170

S67



8T
06T~
9,627

1269
1E6'9
950/
€10,
VST L]
92E /1
1es L1
£ve L
mmm.L
£9€' /1

E.L
3¢ /4
83c's
26¢4 ]
z6¢4]
£0F' /]
£0¥'L
10¥'L
10¥1

SnPh,

Cl

3bk

A

+ 10
= 00¢

FoL'S)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

618l
sz8lL”
66l —

1£°8¢1
1£°8C1
cract

€8°.€1
vL'6EL
ogect
Ir'6EL

[INAN
N Al

85824
PLBTL—
L6z

506z
ezl
siezt’

S898L—
66'9¢1—
eliel—

7

o
£
[ &
c
2

Cl

3bk

20 19 18 17

21

136.6

80 70 60 50 40 30 20 10

90

110

130

150

170

S68



8.0
1610
S08°0
6¥8'0
2980
¥i80
Sce _.\

o |
68¢ _‘&
SL¥ L
15¢°C
mmw.NV

9989
6189
0969
€169

va.m

92’6

=0¥'9
g9

— wm_uN.N

80'¢c

S — 002
~00'Z

0.0

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

8.0

€26
89°cl—
8y lL—
z8'0c—
A
€062

18921~
06’8zl
eocel

9covl—

819~
g8/

€C6—

€C0l;
ww.o_.\

Sl'[C—
€L L~
0s5'/¢—

1662
€062
01’62

08'9T 1
18921~
¥6'9z1"

98'8C1 -
06'8¢ _.\.

Sn(n-Bu);

IR

3bl

—_—

95 9.0

20.0 27.0

127.0

30 20 10

40

70

140 130 120 110 100

150

160

S69



6180
€€80
¢80
€580
9980
880

0¥ |
Ly _‘w
kvl

16T T
ez

oL
mmo.....w
89C L
08e'.L
6e.L
S8e L
868 L
80¥ L
L
[#A P
855 L
LS.

Sect
FA7ARN

16CC—
rree—
16EC—

Sn(n-Bu);

Ph

3bm

1.3

12

23 16 15 14

24

Flesl

- €9
F geg

I

= 66
- 00

LOF
1 00

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

1.0 05 00

|

15
96

8e'6—
69°Cl—
6Ll —

[AprAS
€0'6C

qm.mﬁ
mm.mm FW.
Z6'9214
O rAR
z9'8Z1
0/°GEL—

¥ IpL—
90yl

L8~
88"

SRR Y S

8€'6

B6E0L~
£roL

— A

vlLig—
ce'le
05i8—

L

96'9Z~,
£0'6Z
oLz
88'9Z1—
z6'0z1”
9z Iz
£eZ1—
A

L

L

Sn(n-Bu);

3bm

Ph

274

127.2

10

40

140 130 120 110 100

150

S70



¢80
9280
0rg80
€580

G980
9T FM

1SC' L
8¢ _.&
eyl

95¢€¢C
<0 w.NW
6r¥e

96891
20691
50691
11691
51691
6169
Y269
V0L
0502
9s0 2]
090'2]
190°21
¥i0 2
£vT L]
15T L]
asg s

sy

10 05 00

1.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

I

Sn(n-Bu);
Cl
3bn
Ll
oD
@ oe
. D‘_u‘_

10

20

10.0

16.5
40 30

270
50

60

Y0'0L—86'8.
S9EL—Z067
TR, B
roOF ==
0c /g2~ B0 LI~ ¢
697
oL A
bl
CIWAES —
98 L
6811 M
Zviz—
0eZe
8y 1z M
¥6.82 —
J
FR 7NN |A,v
959z~ |L_
15821~
20621~
90621
oV6ZL
Faq!
Z59eL
95°9¢L
09921
15821 &
90'6Z 1 2
15IEL 2
BLZPL— z

29.0
70

90 80
S71

129.0
100

3bn
A e A At Pttt
| 1“”
140 130 120 110

Cl
150

160

70



9610
6080
€280
1580
980
9/80

8T L
89T _‘\
96¢ F&
s
th.NW
ETANA

09.¢—

¥LG9
8199
2es9

9859
1159
¥859
250 LF
0.0L
€804

MeO

Sn(n-Bu);
3bo

B

€09
hﬁm_‘.m

919
Fe0'9

Feo2

=00t

96°1
Nmm.o

=860

30 285 20 15 1.0 05 00

3.5

50 45 40

5i5

6.0

6.5

7.0

ffAS

8.0

8.5

S€6—
L9°CL—
9€'8l—

IS
eo6c”

86° 15—

12801—
erehl—

1961 —

el'ecl—

6E°G¥L—

€965 —

2
=)
o
=)
c
(2]

3bo

MeO

27 19 18 T 10

28

80 70 60 50 40 30 20 10

90

110

130

150

170

S72



1810
85,0
0.0
¢Ll0
9/L'0
9810
80
€580
9980

erdA
19T

e
29¢ _.%
618 _.\
851
8/9¢
169°¢C
¥ole
91LT

S66'9
_.No.._..w

ee0'l
18 :.&

1L69
mwm.www

00c L
A YAV

Sn(n-Bu);

3bp

—

28’9
Wmm.m
=059
Hee9
Fer'e

Foo't

660
102
00z

10 05 0.0

15

30 25 20

50 45 40 35

55

80 75 70 65 6.0

agczL’

81'¢Tl~
1§61 —
9lL'scL”

96871 —

Sn(n-Bu);

o

3bp

275

295

85

AL

10

40

150 140 130 120 110 100 90

160

170

S73



98'8— = o se
goeL— I8~ el ¢
- LT Lo I -
VLl & - L
o —-a g
8z'12 &l ﬁ " 8z'12
E&.NW = = EE.NW Va6
8062’  ¥BB ©  gyez’ 896
88'6—
Ve L - g 9¢'Ln
0 i
L 9e'l)
= o
)
0
& 8z it~
e c
6 i f—
D 2912
& o LO'6T
Al e :
vz
s —_—
ol -8 L1ZL
L1ZL, nM b ¥
6L1T)
9z 9T -8 Aol
AN I mm.ww W i
99Tt B &
- O
LEIZL R=RVAT)
96'€Z) - oeECl
05T} 05T}
leoz) o leazt -
16921 i — S eoel =
EF i1 = = EF i1 @
6V 1Z) m = o 6Tl £
64°0EL— £ — -2 erogL— &
90 FEL— & = 7 90 FEL—
ok g
viopL— — o PLorL— O
W, E
o
- ©

10

9.0 8.0
20

17.0
30

40

27.0
50

60

29.0
70

80
S74

90

126.5
00

1

110

3bq
140 130 120

150

160



=)
2 LY 6~
1620 - 1567
6080 -3
5180 g 6¥0lL— 6 0L
1280 Feash o BgE-
¥Z80 - =
911 F 929
6L LY I ze9 -
161 1] 2 L9 0gleN o)
- s
00z |- 98'8Z
GLZ 1] —
wmqu 8 AN
il L U oz
PLE L] ikt
| 6¥ 12—
9zE' L o
o)
6.'8C~
& 98'87
o z6'82
o
0r0b— — F w0 <
u
B 16 LZ1—
o
)
)
w
o
L Ab. \w..l.u
; m
2 LEm 100
Z50°L S < 7 =
9072 = veeel/ Z =
[~
902 = = s e 2
e == WY _
0cT L | 5. ryrl—
££T L ~
el
o
" o

+

106 96
10

20

28.8 27.4 11.6
70 60 50 40 30
S75

80

128.0
90

110 100

120

140 130

150

160



2990
8190
9890
S69°0
9580
oum.ow
£88°0
9/Z'1
¥8Z'1
162 1

0L1LC—

06’9

m_.m.m..w
|34 WAys
S F.h&

Ge(n-Bu),

Cl

3bs

)

L
[=]
=
@ O

=1eL

— = OliC

B

90 85 80 75 70 &5 60 55 50 45 40 35 30 25 20

1.0 05 0.0

1.5

L1EL~
eLEL"
¥o'lc—
1992
nN.hN\

N_‘.wm_‘/
.vm.wm_‘w.
L6zl

Lovl—

Ge(n-Bu),

Cl

3bs

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

S76



mom.o
ONm.oW
PE6'0
6.6'0
€660
8001

ey L
69¥ L
8yl
143:¥A
8¢5/
108'4
o_.w.hﬂ

®]

Si(Et)s

002
{207
£00'Z

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

G9'E~
6e'L

L0°L¢CL
19°82 _.M
65°CEL—

orerl—

80°9€C—

Si(Et)3

60 40 20

80

110

140

170

200

230

S77



1800~

FAZeN o

9969
Em.m/
aco'l
2501
%EM
veLL
6612

6850

g@.oM
029077
mmw.o\

S06°0
_.Nm.oW
L8260
mmm.o.\

TMS

Si(Et)s

=08'G

10 09 08 07 06 05

658

=08'S
=GL'6

=080°L

3.5

0.5 -0.5

1.5

2.5

75 65 55 45

8.5

€20
18—
SLL—

08'GC—

6L°€CL—

6421~
AR

8yl —

TMS

Si(Et),

-10

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

S78



